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Provisional Application for

ELECTROLYTIC SYNTHESIS OF PERACETIC ACID

] ound of the I o

The present invention relates to the
sterilization and diasinfection arts It finds particular
application in conjunction with electrochemically produced
solutions containing oxidizing agents, such as peracetic
acid, for sterilization or disinfection of medical and
pharmaceutical equipment, food products, and the like, and
will be described with particular reference thereto It
should be appreciated, however, that the invention is also
applicable to other sterilization, disinfection, and
sanitization methods, including treatment of water, food
service equipment, and the like and has applications in
bleaching and 1in chemical synthesis

oxidizing agents, such as peracetic acid, and
hydrogen peroxide, are useful disinfectants and sterilants
for a variety of applications Peracetic acid has a number
of uses, including disinfection of waste and sterilization
of medical equipment, packaging containers, food processing
equipment, and the like Peracetic acid poses few disposal
problems because it decomposes to compounds which are
readily degraded in sewage treatment plants It has a broad
spectrum of activity against wmicroorganisms, and is
effective even at low temperatures

Conventionally, to form peracetic acid,
concentrated peracetic acid or peracetic acid precursors
are mixed with water and other chemicals to form a dilute
solution Items to be decontaminated, either by
sterilization or disinfection, are then immersed ain the
solution for a sufficient period to effect the required
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level of decontamination The decontaminated items are
then typically rinsed before use To ensure effective
sterilization or disinfection within a preselected period
of time, the concentration of peracetic acid is preferably
at or above a minimum effective level, typically around
1000-2000 ppm for sterilization of medical instruments
When the peracetic acid concentration is at or above the
minimum effective level for sterilization, complete
sterilization is expected in the time period for contact
Lower levels of peracetic acid are effective as
disinfectants Concentrations as low as 2-10 ppm, or less,
have been shown to be effective for disinfection, which
requires only the destruction of pathogenic microorganisms

In facilities where items are being sterilized or
disinfected at frequent intervals throughout the day, the
same batch of peracetic acid solution is often used
repeatedly However, peracetic acid tends to decompose
over time For example, a bath which is above the minimum
effective peracetic acid concentration for sterilization at
the beginning of a day, freguently drops below the
effective concentration without further additions of the
concentrated peracatic acld or precursors Elevated
ambient temperatures, the guantity of items sterilized or
disinfected, and the degree of contamination of the items,
all contribute to reducing the useful life of the bath In
addition, atorage conditions sometimes lead to degradation
of the peracetic acid precursors before use

Moreover, the precursors are often hazardous
materials which sometimes pose shipment and storage
problems Because of the risks of storage and also the
fact that they degrade over time, it is preferable to
maintain a limited supply of the precursors and reorder
them at frequent intervals

Recently, the cleaning and decontamination
properties of solutions formed by the electrolysis of water
under special conditions have been explored Electrolysis
devices are known which receive a supply of water, such as
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tap water, commonly doped with a salt, and perform
electrolysis on the water During electrolysis, an anolyte
solution is produced from the doped water at an anode and
a cathelyte solutien is produced at a cathode Examples of
such water electrolysis units are as described in U S
Patent Nos 5,635,040, 5,628,888, 5,427,667, 5,334,383,
5,507,932, 5,560,816, and 5,622,848, whose disclogures are
incorporated herein by reference

To create these anolyte and catholyte solutions,
tap water, often with an added electrically or ionically
conducting agent such as halogen salts including the salts
sodium chloride and potassium chloride, is passed through
an electrolysis unit or module which has at least one
anodic chamber and at least one cathodic chamber, generally
separated from each other by a partially-permeable barrier
An anode contacts the water flowing in the anodic chamber,
vhile a cathode contacts the water flowing in the cathodic
chamber The anode and cathode are connected to a source
of electrical potential tc expose the water to an
electrical field The barrier may allow the transfer of
selected electron carrying species between the anode and
the cathode but limits fluid movement between the anodic
and cathodic chambers The salt and minerals naturally
present in and/or added to the water undergo oxidation in
the anodic chamber and reduction in the cathedic chamber

An anolyte resulting at the anode and a catholyte
resulting at the cathode can be withdrawn from the
electrolysis unit The anolyte and catholyte may be used
individually or as a combination The anolyte has been
found to have anti-microbial properties, 1including anti-
viral properties The catholyte has been found to have
cleaning properties

However, electrochemically activated water is not
without shortcomings Electrochemically activated water
has a high surface energy which does not readily allow for
penetration of the electrochemically activated water into
creviced areas of medical instruments. Thus, complete kill
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may not be achieved Further problems have arisen on metal
surfaces coming into contact with the electrochemically
activated wvater, including the surfaces of the
dacontamination equipment and metal medical devices The
electrochemically activated water is corrosive to certain
metals Stainless steel, used to produce many medical
devices, is particularly susceptible to corrosion by
electrochemically activated water

Other chemicals are also amenable to
electrochemical conversion Khomutov, et al (“Study of the
Kinetics of Anodic Processes in Potassium Acetate,” Izv.
Vyseh, Uchebn, Zaved,, KXhim. Teknol. 31(11} pp 71-74
(1988)) discloses a study of the conversion of acetate
solutions to peracetic acid and acetyl peroxide in the
temperature range of -10°C to 20°C using a three-electrode
cell The anode and cathode regions of the cell were
separated by a barrier of porous glass Anodes of
platinum, gold or carbon, at a high potential, typically 2-
3 2 V relative to a eilver/silver chloride reference
electrode, were used in the study Potassium acetate
concentrations were initially 2-10 mol/L From
conductivity and viscosity measurements, Khomutov, et al
estimated that peracetic acid solutions were generated at
the anode with concentrations of active oxygen of 0 1 gram
equivalents/I. However, no direct measurements of peracetic
acid concentration 1i1n the bulk solution were nade
Moreover, the pH range of 8.2-10.4 disclosed by Khomutov,
et al 1s undesirable for many practical decontamination
solutions To reduce corrosion of the metal components of
the instruments to be decontaminated, a pH of close to
neutral is desirable.

The present invention provides a new and improved
system for generation of peracetic acid and other oxidizing
agents which overcomes the above referenced problems and
others
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Peracetic acid is manufactured in situ, aa
heeded, for a variety of applications, aincluding
decontamination of medical devices and treatment of food
products In a preferred embodiment, hydrogen peroxide is
generated in an electrolysis unit by reduction of oxygen
and then reacted with an acetyl donor, such as acetyl
salicylic acid, to form peracetic acia

One advantage of the present invention is that it
enables peracetic acid solutions to be prepared in situ, as
required

Another advantage of the present invention ais
that it enables antimicrobial solutions to be provided on
line or in batch form, on damand

Another advantage of the present invention is
that storage and shipment of hazardous sterilants is
avoided

Another advantage of the present invention
arising from the generation of peracetic acid on demand ie
that decomposition of peracetic acid duraing storaga is
avoided

Another advantage of the present invention is
that it enables the concentration of peracetic acid in a
microbial decontamination system to be maintained during
repeated use of the system

St1ll further advantages of the pregent invention
will become apparent to those of ordinary skill in the art
upon reading and understanding the following detailed
description of the preferred embodiments

i a o a
The invention may take form in various components
and arrangements of components, and in various steps and
arrangements of steps The drawings are only for purposes
of 1llustrating a preferred embodiment and are not to be
construed as limiting the invention



Zogon

&5
L

10

15

20

25

30

35

- § -

FIGURE 1 18 a schematic diagram of a preferred
embodiment of an electrolysis unit for generation of
sterilizing and disinfecting solutions of the present
invention,

PIGURE 2 is a first alternative embodiment of an
electrolysis unit according to the present inventaon,

FIGURE 3 is a plumbing diagram of a sterilization
or disinfection system including the electrolysis unit of
FIGURE 1, a reagent cup receiving well and a reagent cup,

PIGURE 4 1s second alternative embodiment of an
electrolysis unit according to the present invention, and

FIGURE S is a third alternative embodiment of an
electrolysis unit according to the present invention

v -}-1-] peion o ha ¥Prefexrrgd LmMbHodimer

With reference to FIGURE 1, an electrolysis unit
or cell 10 generates oxidlzing species for use as liquid
starilants and disinfectants, such as peracetic acid and
hydrogen peroxide The unit 10 includes two electrode
chambers, namely an anodic chamber 12 and a cathodac
chamber 14 An electrode 1is disposed in each of the
chambers Specifically, an anode 16 forms a wall of the
anodic chamber and a cathode 18 forms a wall of the
cathodic chamber Other walle of the two chambers may be
formed from materials which are compatible with peracetic
acid, such as insulated steel, plexiglass, or other
suitable material An ion selective barrier or membrane 20
connects the anodi¢ and cathodic chambers 12,14 and
controls the flow of dissolved species between them In
the embodiment of FIGURE 1, the barrier 20 is a cation
exchange membrane, which permits the migration of protons
(H* ions) between the chambers but limits migration of
anions between the two chambers The membrane also acts as
a saparation or barrier between electrolytes in the two
chambers Particularly preferred cation exchange membranes
are sulfonic acid based wmembranes Two such proton
permeable membranes, NAFION™ 117 and NAFION™ 450, are
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avallable from DuPont and Aldrich. Alternatively, filter
paper, such as Fisher brand P-5 filter paper, is used for
the membrane 20

Cptionally, the membrane is supported on a liquid
permeable support wall 22, such as a porous ceramic The
support wall provides a physical support for the membrane
and permits the movement of liquids and ions to and from
the membrane

As will readily be appreciated, the cell 10 may be

formed in a variety of configurations For example, the
cell 10’ 13 optionally cylindrical, with the membrane 20’
and support wall 22’ forming a concentric cylinder, which
separates the anodic chamber 12’ from the cathodic chamber
14/, as shown in FIGURE 2 (where like parts are identified
with a prime (*) The anode 16’ 15 1n the form of a rod
which is positioned in the center of the anodic chamber
The cathode 18’ forms an exterior wall of the unmit

With reference once more to FIGURE 1, source of
electric potential 24 applies a negative potential to the
cathode The potential is selected to be high enocugh for
the reduction of oxygen at the cathode A potential of
around 3-10 wvolts, relative to Ag/AgCl in 3M Nacl, is
preferred for this purpose, with a particularly preferread
potential of around 5V Current densities of from 1 uA/cm?
to about 1 Afcm® are suitable In one embodiment, the
potential i1s sufficient to provide a current flow of about
5 amps through a cathode of 50 cm’ in area (100 mA/cu?)

The cathode chamber 14 is fed with a supply of
oxygen, or an oxygen containing gas, such as air As shown
in FIGURE 1, the cathode 18 is a gas diffusion electrode
which permits the flow of air or other oxygen contalining
gas therethrough A compressor 28 supplies air under
slight pressure to an air chamber 29 adjacent an exterior
surface 30 of the gas diffusion electrode 18 The air
passes through pores 32 (shown schematically) in the
cathode 18 to an air-liquid interface between the air and
liquid entering the cathode from the cathode chamber
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Excess air is released from the air chamber 2% through an
air outlet 34 The outlet preferably includes a regulator
valve 35 which controls the outflow of air through the air
outlet This allows the pressure of the air in the air
chamber to be adjusted to a suitable level for maintaining
an air liquid interface within the cathode

An alkaline electrolyte 3§ is supplied to the
cathode chamber 14 through an inlet 38 The electrolyte
carries charge through the cathode chamber An acidic
electrolyte 40, is fed to the anode chamber through an
inlet 42 While the two electrolytes 36, 40 will be
described herein as "acid”" and “alkaline", it is to bhe
understood that these terms are used relatively, to
indicate a pH differential between the two electrolytes
Thus, the “alkaline” electrolyte may be slightly acid or the
‘ac1d” electrolyte slightly alkaline In all cases,
however, the alkaline electrolyte in the cathode chamber 14
18 always at a higher pH (i e , is more basic) than the
acid electrolyte in the anode chamber 12 and conversely,
the acid electrolyte 18 always at a lower pH (1 e , more
acidic) than the alkaline electrolyte In the embodiment
of FIGURE 1, the alkaline electrolyte preferably has a pH
of about 5-14, more preferably, a pH of 7-9, and most
preferably 7-7 5, while the acid electrolyte has a pH of
from 0 to about 4, more preferably 0-3, the difference
between the alkaline and acid pH preferably providing a pH
gradient of about 5-7, or more The acidic electrolyte is
thus one which is of sufficient strength to maintain a pH
gradient across the membrane A sulphuric acid solution at
a concentration of about 5% is a suitable acldic
electrolyte and has a pH of about 0 2

The alkaline electrolyte includes a solution of
electrolyte iona in water The i1ons carry charge through
the electrolyte Suitable charge carrying ions are
provided by salts of alkali and alkaline earth metals, such
as phosphates, carbonates, silicates (such as zeolites),
and sulfates of sodium and potassium, and other electrolyte
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materials which also function as buffers Bases,
particularly, hydroxides, such as sodjium hydroxide, may
alsc be used Phosphates and silicates are particularly
preferred electrolytes as these also provide buffering

A buffering system is preferably added (where not
already present as the charge carrying ion) to the alkaline
electrolyte to maintain the alkaline electrolyte at an
appropriate pH for generating hydrogen peroxide An
alkaline electrolyte with a slightly alkxaline pH is
preferred, preferably around 7-9, moat preferably around pH
7-8, although a pH as low as about pH 5 can be used. A
combination of buffers and or other compounds may be used
to adjust the pH The buffering system may also provide
the ionic conductance of the electrolyte, as discussed
above

As shown in FIGURE 1, the alkaline electrolyte is
delivered to the cathodic chamber inlet from a reserveir or
holding tank 50 by a pump 52, gravity feed, or other
convenlent means The buffering system is preferably added
to the alkaline electrolyte reservoir 50 Alternatively,
1t is metered directly into the chamber, if desired
Obviously, the pump $2 and reservoir 50 could be eliminated
1f a batch process was desired A second pump 54
circulates the sulphuric acid solution through the anode
chamber via the anode chamber inlet from a reservoir 56 of
sulphuric acid solution Peristaltic pumps are suitable
pumps 52, 54 ¢

The sulphuric acid is essentially unconsumed in
the electrolysis process In the embodiment of FIGURE 1,
it is circulated through the anode chamber Specifically,
the acid electrolyte is withdrawn from the anode chamber
through an outlet 58, transported to the reservoir 56
through a return line 60 and then returned to the chamber
12 In this way, a constant flow of the acid electrolyte
over the anode 1s maintained

Alternatively, the acid electrolyte solution is
not circulated in to and out of the anode chamber during



10

15

20

25

30

35

- 10 =

the electrolysis, but remains in the anode chanber
Optionally, it is stirred in the anode chamber to maintain
a flow of electrolyte over the anode The acid electrolyte
may be reused for extended periods of continuous peracetac
acad generation or for the production of several batches of
peracetic acid It may be 1introduced into the anode
chamber or the acid electrolyte reservoir in the form of a
sealed ampule, such as a plastic cup, which is opened by an
opener member 61 in the reservoir when a 1l1lid to the
reservoir is closed Optionally, water 18 added to the
reservoir to dirlute a concentrated acid solution to form
the acld electrolyte

The oxygen is converted at the cathode 18 to
peroxide ions, generally as follows

- L
0, + 2H,0 - 2HO, + 2H
or
0, + 20H™ - 2HO,
or

0, + H,0 +2¢ ~ » HO, + OH

The peroxide ions react with hydrogen iona or
water to form hydrogen peroxide

-

HO,  + H' -+ H0,
or

HO,  + H;0 = H0,+ OH ~

Protons (H') generated at the anode 16 are able to
pass through the membrane 20 into the cathode chamber to
take part in the reaction Optionally, a air outlet 82
for the cathode chamber allows air which has bubbled
through the alectrolyte tc leave the chamber The air
outlet may include a check valve or pressure relief valve
64 which opens when the chamber pressure reaches a
preselected minimum pressure
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Temperatures of from about freezing to the
boiling point of the electrolyte solution, more preferably
about 10-50 °C, most preferably, about 15-30 °C, are
suitable for the reactions taking place within the
electrolysis unit 10 Accordingly, it 1s not necessary to
heat the anode or cathode chambers

Solutions formed from the electrolyte solutions
in the anodic and cathodic chambers during electrolysis are
referred to as the anolyte and catholyte, respectively In
the embodiment of FIGURE 1, for example, the catholyte
comprises a solution of hydrogen peroxide and peroxide ions
with phosphate buffers Other oxidizing species may also
be present, such as peracetic acid, as will be discussed in
greater detail below

The ancde 16 and cathocde 18 preferably have large
surface areas The anode is preferably a dimensionally
stable anode (DSA) Suitable materials for the anode
include, but are not limited to, carbon (including
graphite), platinum, 1ridium oxide, lead dioxide, palladium
oxide, and ruthenium oxide In the case of iridium oxide,
lead dioxide, palladium oxide, or ruthenium oxide, the
oxide is preferably disposed on a substrate, such as a
titanium wire mesh or other noble metal substrate, which
supports the oxide and provides the anode with a large
surface area Other suitable anode materials include
precious metal-doped carbon and other metals, such as
precious metal-doped stainless steel, platinum, or
palladium Other materials include silver, nolybdenum,
platinum, or cobalt on a nickel support material, which is
in the form of a film sheet, screen, block, foam, or the
like

The cathode 18 is formed from any suitable
electron acceptor, such as platinum, titanium, gold, or
carbon (including graphite) Carbon, such as graphite, is
particularly preferred for generation of hydrogen peroxide
A suitable gas diffusion electrode includes a substrate,
formed from a sheet of a conductive material, such as brass
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or nickel, which has a mesh structure with fine pores for
admitting the oxygen A layer of carbon 1s coated on the
substrate The mesh provides support for the active
material (carbon) of the cathode Cathodes comprising
packed carbon beds, carbon frit, and open-celled porous or
sintered materials coated with carbon may also be used.
Other suitable cathode materials include platinum black
(high and low hydrophobicity), platinum/ruthenium on carbon
black (high and low hydrophobicity), platinum on carbon
black (high and low hydrophobicity), and carbon black

The pressure of the entering air keeps liquids
from passing through the gas diffusion cathode into the aar
chamber 29 similarly, the pressure of the ligquid within
the cathode chamber tends to keep gas from passing through
the cathode inteo the cathode chamber. The liquid gas
interface within the cathode is where the oxygen reduction
reaction takes place

Optionally the ancdic chamber 158 fluidly
connected waith a reference electrode 66, such as a
silver/silver chloride, to ensure that the selected applied
potential is being maintained The reference electrode is
preferably positioned as close to the anode as possible to
eliminate the effects of solution resistance on the
measured potential

The catholyte contains hydrogen peroxide and
peroxide ions generated in the cathcde chamber A
peracetic acid precursger, such as an acetyl donor, is
reacted with the hydrogen peroxide and peroxide ions in the
catholyte solution to form peracetic acad The catholyte
may also include a variety of other both short lived and
longer living oxidizing species which react directly with
the peracetic acid precursor or which participate in
reaction paths which lead to the formation of peracetic
acid from the precursor.

Suitable acetyl donors include, but are not
limited to acetyl salicylic acid, TAED, acetic acid, sodium
acetate, potass:ium acetate, acetic acid, and acetaldehyde
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The maximum amount of peracetic acid which may be generated
is limited, to some extent, by the solubility of the acetyl
danor  Thus, highly soluble acetyl donors are preferred
A particularly preferred acetyl donor is acetyl salicylac
acid

The peracetic acid precursor may be added before,
during, or after formation of hydrogen peroxide In one
enbodiment, shown in FIGURE 1, the peracetic acid precursor
1s added after formation of hydrogen peroxide and other
speclies Specafically, the catholyte containing hydrogen
peroxide is withdrawn from the chamber through an outlet 72
to a holding chamber 74 A pump 76, connected with the
outlet 72 1ls optionally used to pump the catholyte, or,
sufficient pressure is supplied by pump 832 to carry the
catholyte out of the chamber.

The peracetic acid precursor may be supplied in
so0lid form or as a solution In the embodiment of FPIGURE
1, the peracetic acid precursor is supplied to the holding
chamber 74 from a reservoir 78 as a solution of the
peracetic acid precursor 1n water

The preferred concentration of the precursor is
dependent on the solubility eof the precursor and on the
desired concentration of the peracetic acad In a
preferred embodiment, the precursor i1s metered into the
holding tank in a proportional amount, i e, in a
sufficient quantity that all or substantially all of the
precursor combines with hydrogen peroxide and or peroxide
ions In the case of acetyl salicylic acid as the
peracetic acid precursor, the acetyl salicylic acid reacts
with the peroxide in a ratio of from about 5 to about 7 1,
1 e, up to 7 moles of peracetic acid are generated from
approximately 7 moles of acetyl salicylic acid and 1 mole
of hydrogen peroxide

Optionally, a sensor 80, positioned within the
holding tank, or positiocned in a fluid line 82 connecting
the chamber outlet with the holding tank, or at another
suitable location, detects the hydrogen peroxide

| o5
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concentration The sensor preferably signals a control
system 84 which regulates the addition of the peracetic
acid precursor by opening and closing a valve 86, between
the reservoir 78 and the holding tank 74, or other suitable
regulator

A catholyte solution with a hydrogen peroxide
concentration of around 2300-2500 ppm is readily obtained
an under 5 minutes from the start of applying the
potential Adding a peracetic acid precursor to the
catholyte in a proportional amount has been found to
generate solutions of peracetic acid at concentrations
suitable for starilization or disinfection For example,
addang 5g/L of acetyl salicylic acid to 1 L of a 2500 ppm
hydrogen peroxide solution yields a peracetic acid solution
of about 1800 ppm The resulting peracetic acid solution
may be diluted, as desired, to an appropriate concentration
for the application in which it is to be used Optionally,
less than a proportional amount of the peracetic acid
precursor 1s used so that the resulting antimicrobial
solution contains both peracetic acid and hydrogan peroxide
as antimicrobial agents

In an alternative embodiment, the peracetic acid
precursor, in either liguid or solid form, 1ls mixed with
the alkaline electrolyte, prior to electrolysis of oxygen,
to form a solution of the alkaline electrolyte and the
precursor Specifically, the peracetic acid precursor 1s
mixed with the alkaline electrolyte in the reservoir 50, or
supplied directly to the chamber through a second inlet 88
Because acetyl donors, such a acetyl salicylic acid, tend
to hydrolyze at high pH (typically above about pH 9) it is
preferable, in this embodiment, to buffer the alkaline
electrolyte to a pR of below 9, more preferably, around pH
7-8 Where the acetyl donor is combined with the alkaline
electrolyte in the reservolr 50 and stored for a period of
time, for example, it is desirable to buffer the combined
solution within the reservoir to a pH of about 7-8 If the
acetyl donor is supplied to the ocathode chanber 14

ok
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separately from the alkaline electrolyte, the buffering
agent may be added directly to the chamber 14 or supplied
to the chamber mixed with the peracetic acid precursor In
this embodiment, the peracetic acid precursor is avajilable
to react with the hydrogen peroxide/peroxide i1ons as soon
as the peroxide is generated Howaver, the reaction may
continue to occur even after the catholyte has left the
cathode chamber

Other additives may be added to the catholyte
solution, elther before, during, or after generation of
peracetic acid to provide a suitable antimicrobial solution
when mixed with the peracetic acid and other oxidants
present These additives may include buffers, corrosion
inhibitors, surfactants, sequestrants, chelating agents,
and the 1like They may be added in liquid or solid form

Phosphates of alkali metals are suitable buffers
for all of the embodiments described herein One preferred
buffering system includes a combination of monosodium
phosphate, disodium phosphate and tripolyphosphates Such
a buffering system also provides anticorrosion properties
Another preferred buffering system includes one or more
potassium phosphates Other suitable buffers include
silicates, such as zeolites The buffering system also
serves to buffer the resulting peracetic acid solution to
a suitable pH for effective antimicrobial decontamination,
as will be described in further detail herein

Corrosion inhibiting and surface energy reducing
additives are optionally introduced ainto the catholyte
solution or to the resulting peracetic acid solution,
either by adding them to the alkaline electrolyte prior to
electrolysis, or during or subsequent thereto Other
additives, including, but not limited to, detergents,
chelators and sequestering agents, may also be added to the
solution, either in combination with the other additaves,
or separately

The corrosion inhibitory agents are selected in
accordance with the nature of the materials in the items
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being cleaned and/or decontaminated with the oxidizing
species Corrosion inhibitors which protect against
corrogion of aluminum and steel, including stainless steel,
include phosphates, sulfates, chromates, dichromates,
borates, molybdates, vanadates, and tungstates Some
additional aluminum corrosion inhibitors include 8-
hydroxyquinoline and ortho-phenylphenol

More specifically, phosphates are preferred for
inhibiting stainless steel corrosion Preferred phosphates
include, but are not 1limited to, monoscdium phosphate
(MSP}, disodium phosphate (DSP), sodium tripolyphosphate
(TSP), asodium hexametaphosphate (HMP), and sodium sulfate
either alone or in combination Preferred borates include
sodium metaborate (NaBO,)

Copper and brass corrosion inhibitors include
triazoles, azoles, benzoateg, tolyltriazoles, dimercapto-
thiadiazoles, and other five-membered raing compounds
Particularly preferred copper and brass corrosion
inhibitors include sodium salts of benzotriazole and
tolyltriazole which are preferred due to their stability in
the presence of strong oxidizing compounds
Marcaptobenzothiazole can also be utilized but is apt to be
oxidized or destabilized by strong oxidizers Ssalicylic
acid 18 an example of an acceptable benzoate corrosion
inhibitor

In hard water, phosphate buffers and corrosion
inhibitors tend to cause calcium and wmagnesium salts
present in the hard water to precipitate and coat the
instruments being decontaminated and/or cleaned and also
leaves deposits on parts of the electrolysis csystem In
such cases, a sequestering agent appropriate to prevent
precipitation such as sodium hexametaphosphate (HMP) , or
trisodium nitrilotriacetic acid (NTA Na;) is preferably
provided Because sodium hexametaphosphate is also a
corrosion inhibitor, it serves a dual purpose, both as a
corrosion inhibitor and as a sequestering agent other
sequestering agents include sodium polyacrylates ot
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coursa, if soft or deionized water is utilized, the
sequestering agent may bhe eliminated However, to ensure
universal applicability with any water that might be
utilized, the presence of a sequestering agent 1is
preferred

A surface energy reducing agent (surfactant) is
optionally added to the peracetic acaid solution to increase
penetration into crevices of items being treated This is
particularly important when cleaning and decontaminating
complex medical instruments which may contain microbial
contaminants in crevices, joints, and lumens Surface
energy reducing agents usable in accordance with the
present invention include various wetting agents Such
wetting agents include anionic, cationic, nonionie,
amphoteric, andfor zwitterionic surfactants Speciftic
classes of wetting agents which are useful include anioenie
and nonionic surfactants or combinations thereof Examples
of nonionic wetting agents usable in the present invention
anclude surfactants such as fatty alcohol polyglycol
ethers, nonylphenoxypoly (ethyleneoxy) ethanol, and
ethoxylated polyoxypropylene Specific examples include
Genapol UD-50™, Igepal™, Fluowet™, and Pegol™ The
wetting agents set forth above may be used alone or in
combination with each other

Amounts of corrosion inhibitor and wettaing agents
to be added to the peracetic acid solution will vary
dependang upon the type of agent being added and whether or
not one or more agents are added

The inorganic corrosion inhibitors are preferably
present 1n amounts ranging from about 0 01% to 20 0% weight
per volume (wW/v} Organic corrosion inhibitors are
preferably present in amounts ranging from about 0 01t to
5 0% w/v Phosphates are effective at concentrations in
the range of about 0 01% to about 11 0% w/v.

The wetting agents are preferably present in
amounts ranging from about 0.0001% to about 5 0% w/v  More
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preferably, the wetting agent is present in amounts ranging
from about 0 0001% to about 0.5% w/v

The electrolysis unit 10 thua described is suited
to batch or continuous supply processes Dilute solutions
of the oxidizing species generated, such as peracetic acid,
are advantageously used as antimicrobial solutions for
sterilization or disinfection, although the peracetic acid,
and or other oxidizing species generated, is optionally
used for other purposes In one preferred embodiment, the
unit is used for generating batches of peracetic acid
solution which can be used immediately, for disinfecting or
sterilizing items, or stored for later use

In ancother embodiment, the unit 10 is used to
procduce a stream of peracetic acid solution The peracetic
acid is carried from the holding tank 74, where present, or
directly from the cathode chamber, to a decontamination
system 90 or other site at which 1tems to be microbially
decontaminated are immersed in, sprayed with, or otherwise
contacted with the peracetic acid solution The peracetic
acid solution may also be supplied to a vaporizer where 1t
is convarted to vapor phase peracetic acad

This embodiment is suited to a variety of
purposes, such as decontamination of equipment, including
food processing, medical, and pharmaceutical equipment, for
disinfecting packaging such as food containers, for
removing Listeria and other bacteria from processed food,
such as hot dogs and other cooked and uncooked meats and
meat products, and for sterilizing waste and water  Other
applications for the peracetic acid and other oxidants
generated include bleaching and as a raw material for a
variety of chemical synthesis processes

Another embodiment includes the recirculation of
a sterilant or disinfectant solution containing the
peracetic acid generated A return line 92 carries the
used peracetic acid solution from the site 90 at which
ltems are sterilized or disinfected, to the cathode chamber
14 of the electrolysis unit 10 The peracetic acid
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concentration of the solution is increased and then the
solution is returned to the site The solution is
preferably recirculated in this way until the desired
peracetic acid concentration is achieved Once the desired
concentration 18 achieved, the recirculation may be
continued intermittently to maintain the desired peracetaic
acid concentration Alternatively, the solution 1is
recirculated continuously and the potential applied or the
compressor operated intermittently to maintain the
concentration

A sensor 94 optionally detects the peracetic acid
concentration FIGURE 1 shows the sensor positioned in the
return line 92 between the site 90 at which sterilization
takes place and the electrolysis unit, although other
suitable locations in the c¢irculation path are also
contemplated The sensor signals the control system, which
causes additional peracetic acid to be generated when the
concentration is below a predetermined level Other sensors
for detecting hydrogen peroxide or other oxidizing species
may also be employed The sensors may be disposable or
reusable

With reference to FIGURE 3, one embodiment of a
system for recirculating a peracetic acid decontaminant
solution through a decontamination system includes the
electrolysis unit 10 and a microbial decontamination
apparatus A, which 1s configured to sit on a counter top or
other convenient work surface. While the system is
described herein with particular reference to peracetic
acid, i1t should be appreciated that the solution may also
contain other oxidizing species which act as antimicrobial
agents, such as hydrogen peroxide

A door or 1id 100 of the apparatus A 1s manually
openable to provide access to a tray 102 which defines a
receiving region 104 for receiving items to be microbially
decontaminated In the illustrated embodiment, the tray
102 is configured to receive devices, such as endoscopes or
other long, coilable items Other trays with item

\
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receiving regions of different configurations for receiving
the 1tems themselves or item holding containers are also
contemplated A well 106 preferably receives a unit dose
of reagents for forming a sterilant, disinfectant, or other
microbial decontarminating solution In one preferred
embodiment, the dose of reagents includes a peracetic acid
precursor, preferably in a solid form, such as acetyl
salicylic acid and a measured amount of concentrated
alkaline electrolyte sufficient to provide the desired
concentration on addition of water Alternatively, the
peracetic acid precursor, which may be liguid or solid, is
added to the electrolysis unit from a vessel (not shown),
or aintroduced by cther suitable means

A reagent containing package €, which contains
the dose of reagents, is inserted ainto the well 106.
Optionally, the peracetic acid precursor is contained
separately from the other reagents withan the cup In che
preferred embodiment, the cup has a first compartment 110,
which holds the peracetic acid precursor and a second
compartment 112, which holds the alkaline electrolyte
solution Other reagents, such as buffers, corrosion
inhibitors, may be contained in one or other of the two
compartments 110, 112, or separately added to the well, for
example, 1n a third compartment

In another embodiment, the peracetic acid
precursor, buffers, and other additives are all contained
in a single compartment cup c.

Once the items are loaded into the tray and the
reagent carrying package € is inserted into the well, the
1id 100 is closed and latched A cup opener, such as a
cutter 114 is disposed at the bottom of the well 106 The
cutter 114 cuts the base of the cup, or otherwise creates
an opening in the cup, allowing the circulating water to
dissolve or entrain the dose of reagents

In a preferred embodiment, the cutter 114 opens
the compartment 112, containing the concentrated alkaline
electrolyte, buffers, corrosion inhibitors, surfactants,

Wwe
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and the like These are circulated through the system to
provide corrosion inhibition and buffer the circulating
solution to the desired pH The potential is applied
across the cell 10 and generation of hydrogen peroxide and
peroxide ions begins Then, the cutter 114 opens the
compartment 110 containing the acetyl salicylic acid which
circulates through the system and reacts with the hydrogen
peroxide and peroxide ions The water and reagents are
circulated through the electrolysis unit until a selected
concentration of peracetic acid is reached

Optionally, a fill valve 120 passes water through
a microbe removing filter 122 in flow paths of a fluiad
circulating system The microbe removing filter 122 blocks
the passage of all particles of around 0 24 or larger The
inconing water, which has passed through the filter, 1is
directed through a spray or distribution nozzle 124 and
fills the item receiving region 104 in the tray 102 As
additional water is received, it flows 1into the well 106
dissolving solid reagents, or entraining liguid reagents,
in the cup ¢, forming a scolution Filling is continued
until all air is forced through an air system 126 and an
entire interior volume is filled with the water After the
£111 valve 120 is closed, a pump 128 circulates the fluad
through the item receiving region 104 of the tray, the well
106, the electrolysis unit 10, and, optionally, a heater
130 The pump also forces the anti-microbial solution
through the filter 122 to a check valve 132 decontaminating
the filter Further, the pump forces the anti-microbial
solution through another microbe filter 134 in the arr
system 126 to a check valve 136 The circulation is
continued until sterilization or disinfection is achieved

A peracetic acid concentration sensor 138
optionally senses the concentration of peracetic acid in
the decontamination apparatus A In a preferred
embodiment, the concentration sensor controls the
application of the potential across the anode 16 and
cathode 18 or switches the potential off for a period of

N3
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time while the peracetic acid remains above a minimunm
preselected concentration When the peracetic acid
concentration drops to the mainimum preselected
concentration, or below, the voltage 1s applied to bring
the peracetic acid concentration up to the desired level
In an alternate embodiment, the concentration sensor
controls the valves which direct flow, through and around
the electrolysis unit 10 to control concentrations in the
decontamination apparatus

When decontamination 1s complete, a drain valve
140 1s opened, allowing the solution to drain from the
system Optionally, the drain valve is fluidly connected
to the electrolysis unit for carrying the used peracetic
acid solution back to the unit for destruction of oxidizing
species Air is drawn through the microbe filter 134 such
that sterile air replaces the fluid within the systen
Thereafter, the drain valve is closed and the £fill valve
130 opened again to £ill the system with a sterile rinse
fluid

With reference now to FIGURE 4, another
embodiment of an electrolysis unit 210 1s shown The unit
is similar to that of FIGURE 1, in that it includes two
electrode chambers, namely an anodic chamber 212 and a
cathodic chamber 214 An anode 216 forms a wall of the
anodic chamber and a gas diffusion cathode 218 forms a wall
of the cathodic chamber A barrier or membrane 220
connacts the anodic and cathodic chambers 212, 214 and
controls the flow of dissolved species between them In
this embodiment, however, the membrane 1s an anion exchange
membrane, rather than a proton permeable membrane The
membrane permits the migration of anions, including OH™ and
HO,”, between the chambers 212, 214, but limits mixing of
other species, such as cations, between the two chambers
Suitable anion exchange membranes include ammonium ion
membranes obtainable from Tokayama Neosepta, Asahi Glass,
Morgane, Pall, Sybron, Electrosynthesis Co , and others,
such as AMH and Asahl Glass Model AMP, both cobtainable from
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Electrosynthesis Co Optionally, the membrane is supported
on a liquid permeable support wall 222, such as a porous
ceramic

A Bsource of electric potential 224 applies a
potential across the anode 216 and cathode 218 A
compressor 228 supplies air or pure oxygen to the gas
diffusion electrode 218. The air enters the gas diffusion
cathode 218 where 1t reacts with an alkaline electrolyte at
the liquid gas interface within the cathode As in the
case of the electrolysis unit of FIGURE 1, the applied
potential causes the generation of peroxide ions (HO,”) at
the cathode 218 1in the alkaline electrolyte 236 In thas
embodiment, the alkaline electrolyte includes an alkala,
such as sodium or potassium hydroxide, which is supplied to
the cathode chamber through an inlet 238 A 0 1M to about
1M sodium hydroxide solution at a pH of 12~14 may be used,
although more dilute solutions may also be used

An acidic electrolyte 240 is fed to the anode
chamber through an inlet 242 In this embodiment, the
acidic electrolyte preferably contains a buffering system,
such as described for the embodiment of FIGURE 1, which
buffers the pH of the acid electrolyte to a pH of around 5-
9, more preferably, to a pH of about 7-8 An acid, such as
sulphuric acid, may also be added to the acid electrolyte
to adjust the pH, 1f desired As with the embodiment of
FIGURE 1, the pH gradient between the cathode and anode
chambers is preferably about 4-9, more preferably, about 5-
7

The sodium  hydroxide solution (alkaline
electrolyte) is delivered to the cathodic chamber inlet 238
from a reservolr 250 hy a pump 252, or other convenient
means A second pump 254 pumps the acid electrolyte to the
anode chamber inlet 242 from a reservoir 256

Surtable temperatures, electric charge, and other
operating conditions for the electrolysis unit of FIGURE 4
are as for the embodiment of FIGURE 1, where not expressly
stated otherwise
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The peroxide i1ons formed by reduction of oxygen
at the cathode migrate through the anion exchange membrane
220 to the anode chambher 212 In this embodiment, a
peracetic acid precursor 1s supplied to the anode chamber
(rather than the cathode chamber) where it reacts with the
peroxide ions which have passed through the membrane 220.
The peracetic acid precursor may be any of those previously
listed and may be added directly to the anode chamber from
a precursor reservolr 258 or mixed with the acid
electrolyte in the reservoir 256

In this embodiment, it is the sodium hydroxide,
alkaline electrolyte which is essentially unconsumed in the
electrolysis process It is withdrawn from the anode
chamber 212, through an outlet 260, and recirculated to the
reservoir 256 through a return line 260 In this way, a
constant flow of the alkaline elactrolyte over the cathode
is maintained The antimicrobial solution containing the
peracetic acid formed in the ancde chamber 1is withdrawn
from the anode chamber through an outlet 264 and carried by
a fluid line to a sate 266 at whach items are to be

decontaminated The decontaminant solution may be
recairculated through the anode chamber one or more times to
increase the peracetic acid concentration Further

additions of the acetyl donor to the recirculating solution
may be made from the reservoir 258, as desired As for the
embodiment of FIGURE 1, addatives, such as buffers,
corrosion inhibitors, surfactants, and the like, may be
added, but in this embodiment they are added to the aciad
electrolyte The additives may be added either prior to,
during, or after generation of peracetic acid, in either
ligquid or solid form In a preferred embodiment, the
buffers are added to the reservoir 256 and buffer the acid
electrolyte to a pH of about 5-9, more preferably, to a pH
of about 7-8 In another embodiment, the buffers, etc, are
added directly to the chamber, or mixed with the peracetic
acid precursor 1n reservoir 258

6
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As will readily be appreciated, the electrolysis
unit 210 may be employed in a similar decontamination
system to that shown in FIGURE 3, although in this case,
the solution circulating through the fluid flow paths, the
tray 102, and the well 106, passes through the anode
chamber 212 of the electrolysis unit 210, rather than the
cathode chamber 214 A multi-compartment cup C may also be
used in this embodiment, with the first compartment 112
holding a peracetic acid precursor and the second
compartment 110 holding the acidic electrolyte  Buffers,
corrosion inhibitors, surfactants, sequestering agents,
and other additives are disposed in one or other of the
compartments 110, 112 or separately added to the well 106

With reference now to FIGURE &5, another
embodiment of an electrolysis unit 310 is shown The unit
includes a chamber 312 An anode 316 forms a first wall of
the chamber and a gas diffusion cathode 318 forms a second
wall of the cathodic chamber Suitable anodes and cathodes
are as previously described As will be appreciated, no
membrane 1s needed in this embodiment as only one
electrolyte chamber 312 18 employed

A source of electric potential 324 applies a
potential across the anode 316 and cathode 318 A
compressor 328 supplies air or pure oxygen to the gas
diffusion electrode 318 The air enters the electrode and
is reduced at the air liquid interface As in the case of
the electrolysis unit of FIGURE 1, the applied potential
causes the generation of peroxide ions (HO,”) at the cathode
318 in an electrelyte 336 The peroxide and hydrogen
peroxide formed react with a peracetic acid precursor to
form peracetic acid The peracetlic acid precursor is
preferably one of those previously listed

In this embodiment, the electrolyte includes a
charge carrying species, such as a phosphate, carbonate, or
silicate, which may also act as a buffer Preferred
buffers include those previously described Acids or bases
may also be added to adjust the pH A peracetic acid
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precursor, preferably selected from those previously
listed, such as acetyl salicylic acid, is added to the
electrolyte prior to, during, or after hydrogen peroxide
generation

The electrolyte containing the acetyl salicylic
acid, or other peracetic acid precursor, preferably has a
pH of between about 2 and about 14, more preferably fron
about 5-9, and most preferably about 7-8 At hagh pH,
generation of peracetic acid occurs rapidly, but the
peracetic acid tends to break down fairly rapidly alsc
Additionally, where acetyl salicylic acid is the peracetic
acid precursor, it tends to decompose rapidly at at pH over
about 9, rendering it ineffective as an acetyl donor. At
low pH, peracetic acid generation 1s much slower, but
decomposition of peracetic acid is also slower Thus, the
preferred pH is partly dependent on the desired rate of
peracetic acid generation, and also on the desired lifetime
of the peracetic acid generated, and on the deterioration
time for the acetyl donor at the selected pH For some
applications, it may be desirable to generate the peracetic
acid quickly and then buffer the resultant solution with a
buffer, onca outside the electrolysis unit

The electrolyte is supplied to the chamber
through an inlet 338 from a reservoir 350 by a pump 352, or
other convenient means Suitable temperatures, electric
charge, and other operating conditions for the electrolysis
unit of FIGURE 5 are as for the embodiment of FIGURE 1,
where not expressly stated otherwise

The peroxide ions formed by reduction of oxygen
at the cathode 318 react with the peracetic acid precursor
The peracetic acid precursor may be added directly to the
anode chamber from a separate precursor reservoir 353 or
mixed with the electrolyte in the reservoir 350

In a preferred embodiment, a two compartment cup €

holds buffers, and other additives, such as corrosion
inhibitors, sequestrants, and surfactants in a first
compartment 354 and a peracetic acid precursor, such as
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acetyl salicylaic acid, 1n a second compartment 356 A cup
cutter 358, or other suitable cup-opening member,
sequentially opens the first and second compartments,
releasing the buffers and other additives, then the
peracetic acid precursor, into the reservoir A supply of
water delivers fresh water to the reservolr through a water
inlet line 360 The water nmixes with the peracetic aciad
precursor and other additives to form a solution which is
pumped by the pump ta the chamber 312 Alternatively,
corrosion inhibitors, and other additives are added to the
electrolyte after formation of peracetic acad

The antimicrobial solution containing the
peracetic acid formed in the chamber is withdrawn from the
chamber through an outlet 364 and carried by a fluid line
365 to a site 366 at which items are to be decontaminated
The decontaminant solution may be recirculated through the
chamber one or more times to increase the peracetic acad
concentration As shown in FIGURE 5, a return line 368
carries the used peracetic acld solution back to the
chamber 312 from the site 366 Further additions of the
acetyl donor to the recirculating solution may be made from
the reservoir 350, by opening a valve 370 in the inlet line
between the reservoir and the chamber 312, as desired
Alternatively, additional precursor may be added from the
separate reservoir 353, such as by pumping a metered amount
of an aqueous soclution of the precursor from the separate
reservolr to the chamber

In another embodiment, at least a portion of the
circulating peracetic acid 18 recirculated through the
reservoir 3s0 This helps to ensure that all of the
materials in the cup € are washed out of the reservoir 350
and carried to the chamber 312

In another embodiment, the buffers, etc., are
added directly to the chamber, or added to the peracetic
acid in the supply line 365

Paracetic acid concentration is measured by a
sensor 372 placed 1n contact with the peracetic acid
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flowing through the fluad 1lines The sensor signals a
control system 378 which operates valve 370 to add more
peracetic acid precursor from reservoir 350 (or from the
separate reservoir 353), as needed, to bring the peracetic
acid concentration up to a desired level

As will read:ly be appreciated, the electrolysis
unit 310 may be employed in a similar decontamination
system to that shown in FIGURE 3, although in this case,
the solution circulating through the fluid flow paths, the
tray 102, and the well 106, passes through the single
chamber 312 of the electrolysis unit 310, rather than
through an anode or a cathode chamber

In several applications, it is desirable to
maintain the peracetic acid at or slightly above a manimum
level for extended pericds For example, 1in the spray
treatment of food containers or food stuffs, such as
precooked hot dogs, or in other treatment processes where
a conveyor system 1s used to transport items to be
sterilized through the antimicrobial spray, it is desirable
for the sprayed antimicrobial solution to be recirculated
and reugsed for extended periods, such as hours or even
days Even 21in relatively short term antimicrobial
processes, which are effected in an hour or less, such as
the sterilization of medical instruments, the presence of
bodily fluids or other contaminants may degrade the
peracetic acid such that it is desirable to replenish the
peracetic acid concentration during the process The
peracetic acid solution can be maintained at the
preselected level in a number of ways

In one method, the acetyl salicylic acid, or
other precursor, is added to the appropriate electrolyte
(the acid electrolyte in the embodiment of FIGURE 4, the
alkaline electrolyte in the embodiment of FIGURE 1, the
single electrolyte in the embodiment of FIGURE 5) in
excess Hydrogen peroxide ig generated in a sufficient
amount to react with a portion of the acetyl salicylic acid
and bring the peracetic acid concentration up to the
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desired level Then the potential (and/or the supply of
oxygen) 1s switched off When the peracetic acid becomes
depleted, the potential is applied (or supply of oxygen
switched on) and more peroxide is generated This combines
with some of the residual acetyl salicylic acid to form
peracetic acid

In a second method, additional acetyl salicylac
acid is added to the recirculating peracetic acid solution
as needed In this method, the potential may be applied to
the electrolysis unit continuously.

In a third method, decomposition products of
peracetic acid (such as acetic acid) act as peracetic acidq
precursors which are reconverted to peracetic acid in the
electrolysis unit by reaction with hydrogen peroxide or
peroxide ions

While not aintended to limit the invention, the
following examples are illustrative of the methods of
preparing the antimicrobaial solutions containing one or
more oxidizing agents

EXAMPLES

EXANPLE 1
Anodic Generation of Peracetic Acid

An alkaline electrolyte for the catholyte was
prepared by dissolving 50 g/L NaHPO, and 5 g/L acetyl
salicylic acid ain 2 laters of deionized water An acia
electrolyte for the anolyte was prepared by diluting 100 mL
of concentrated sulphuric acid in 2 liters of deionized
water to form a 5% H,SO, solution An electrolysis unit of
the type shown in FIGURE 1 was used The cathode was a gas
diffusion electrode formed from brass coated with carbon
A DSA anode was used The membrane was a Nafion 450 cation
exchange membrane Peristaltic pumps were used to pump the
two electrolytes from reservoirs to the respective cathode
and anode chambers at a flow rate of about 15 mL/min A
current of 5 anmps (~5 volts) was applied to the cell A
compressor supplied air to the cathode The anolyte wvas
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recirculated through the reservoir and anocde chamber The
catholyte was collected and analyzed with indicator strips
at intervals over a period of 45 minutes

Within 30 seconds, a peracetic acid concentration
of 10-20 ppm was obtained After 10 minutes, the peracetic
acid concentration was about 1500 ppm and the hydrogen
peroxide concentration was about 1000 ppn The
concentrations of peracetic acid and hydrogen peroxide
remained at these levels throughout the 45 minute test

EXANPLE 2
Generation of Peracetic acid in a Single-Chamber Cell

An electrolyte was prepared by dissolving 50 g/L
Na,HPO, and 5 g/L acetyl salicylic acid in 2 liters of
deionized water to form a solution having a pH of 7 7 An
electrolysis unit of the type shown in FIGURE 5 was used
The cathode was a gas diffusion electrode formed from brass
coated with carbon A DSA anode was used A peristaltic
punps was used to pump the electrolyte from the reservoir
to the chamber at a flow rate of about 17 mL/min A
current of 5 amps (~5 volts) was applied to the cell A
compressor supplied air to the cathode The electrolyte
leaving the chamber was analyzed for peracetic acid with
indicator strips at intervals

Within 10 minutes, the peracetic acid
concentration was between 1000 and 2000 ppm and the
hydrogen peroxide concentration was between 1000 and
2500ppm

The invention has been described with reference
to the preferred embodiment Obviously, modifications and
alterations will occur to others upon reading and
understanding the preceding detailed description It is
intended that the invention be construed as including all
such modifications and alterations insofar as they come
within the scope of the appended claims or the egquivalents
thereof
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Having thus described the preferred embodiment,
the invention is now claimed to be

1 A method for preparing an antimicrobial
solution containing peracetic acid substantially as
descraibed herein

2 An apparatus for preparing an antimicrobial
solution containing peracetic acid substantially as
described herein.
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ELECTROLYTIC SYNTHESIS OF PERACETIC ACID
Abstract of the pisclosure

An electrolysis unit (10, 210) has an :ion
selective barrier (20, 220) for separating an anodic
chamber (12, 212) from a cathodic chamber {14, 214) Alr
is fed to a gas diffusion cathode (18, 218) to generate
hydrogen peroxide and peroxide ions 1in an alkaline

electrolyte 36 flowing through the cathode chamber A
peracetic acid precursor, such as acetyl salicylic acig,
reacts with the peroxide to form peracetic acid BY

selecting a proton permeable membrane or an anion exchange
membrane for the barrier, the peracetic¢ acid may be formed
in either the alkaline electrolyte or in an acid
electrolyte flowing through the anode chamber,
respectively In one preferred embodiment, a solution
containing the peracetic acid is transported to a site
where articles, such as medical instruments, are to be
decontaminated The oxidizing species are generated as
required, aveiding the need to store  hazardous
decontaminants
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LOS ESTADOS UNIDOS DE AMERICA

A TODOS AQUELLOS A QUIENES LA PRESENTE VINIERE

Departamento de Comercio de los Estados Unidos
Oficina de Patentes y Marcas de los Estados Unidos

Agosto 14 del 2000

Por la presente se certifica que lo que obra anexo a ésta
es copla fiel de los registros en la Oficina de Patentes y
Marcas de los Estados Unidos de aquellos escritos de 1la
solicitud de patente mas adelante identificada que reunid
los requisitos para que se le concediera una fecha de
presentacidn sobre la base de 35 USC 111

Namero de Solicitud. 60/147,327
Faecha de Presentacién Agosto 5 de 1999

Por autoridad del
Comigionado de Patentes y Marcas

N WILLIAMS
Funcionario certificante

(Hay un sello-oblea)



1%l

Numero de Etiqueta del apoderadc MED 2 1151 P

SOLICITUD PROVICIONAL BAJO CFR 37 1 53 ©

IMPRESION TRANSMITIDA

POR EL COMISARIO ASSISTENTE DE PATENTES EN WASHINGOTN, D C
20231 5

Se transmite adjunto la presentacion de solicitud de
Patente Provisional de

1) Tom L Merk 2)Paul S Malchesky

7851 Bairchwood Drive 239 Barrangton
Ridge

Chesterland, Ohio 44026 Painesville Twp ,OH
44077

Ciudadano Estadounidense Ciudadano Estadounidense

3)Chung-Chiun Liu

2919 E OQverlook Road
Cleveland Hts , OH 44118
Ciudadano Estadounidense

Titulo
SINTESIS ELECTROLITICA DEL ACIDO PERACETICO

Adjunto se encuentra

30 Paginas de la descripcién

1 Pagina del resumen

1 Pagina de las reaivindicaciones

5 Hojas de los dibujos (Figuras 1-5)

X Un cheque con la cantidad de $150 oo por la
tasa de presentacidn de solicitud
provisional se adjunta

X El comisario esti autorizade con la

presente para solicitar cualquier tasa
adicional que puede requerirse en cualquier
momento durante 1la prosecucidén de esta
solicitud sin especificar autorizacidn o
para acreditar cualquier sobre pago , para
depositar en la cuenta No 06-0308




U}

La 1nvencion se realizd por un agencia del gobierno de los
Estados Unidos o bajo un contrato con una agencia del
goblierno de los Estados Unidos

X NO

podnd ]

_ 51, El nombre de la agencia del gobiernc de los
Estados Unidos y nimero de contrato son

Todas las llamadas se dirigen a Thomas E Kocovsky, Jr, al
teléfono (216) 861-5582

Toda la correspondencia se dirige a
Thomas E Kocovsky, Jr

FAY, SHARPE, BEALL, FAGAN

MINICH & McKEE, LLP

1100 Superior Ave , 7" Floor
Cleveland, Chio 44114-2518

Fecha firma
Thomas E Kocovsky, Jr
FAY, SHARPE, BEALL, FAGAN
MINICH & McKEE, LLP
1100 Superior Ave , 7™ Floor
Cleveland,Ohio 44114-2518
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REIVINDICACIONES

Habiendo asi descripto la modalidad preferida, la invencién
est4 ahora reivindicada por

1 Un método para preparar una solucidn antimicrobiana
gue contiene &cido peracético sustancialmente como se ha
descrito

2 Un aparato para preparar una solucidén antimicrobiana
que contiene &cido peracetico sustancialmente como se ha
descrito
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ALVARO CASTELLANOS M & CIA.
ABOGADOS
Carrera # No. 8308
Apartado 6M5
Bogotd COLOMBIA

Sefior

Jefe de la Division de Nuevas Creaciones
Superintendencia de industnia y Comercio
Miruisterio de Desarrollo Econtmico

E S D

b

Re PODER conferido por la sociedad STERIS INC.

)

134

Yo, XIMENA CASTELLANOS ABONDANO, mayor de edad, identificada y domiciliada

como aparece al pié de mi firma, atentamente manifiesto a Uds que sustituyo en la

Dra MARGARITA CASTELLANOS ABONDANO, el poder que me confirié la sociedad

STERIS INC., en Mentor, Ohio, ESTADOS UNIDOS DE AMERICA, de Agosto 31 del 2.000

Debidamente legalizado por el Ministerio de Relaciones Exteriores el dia 11 de

Octubre del 2.000 bajoelNo 354036

, con las mismas facultades que me

fueron conferidas, para tramitar la solicitud de Patente de Invencién titulada :

" STNIESIS ELECTROLICA DE ACIDO PERACETICO ",

a

Del Seflor Jefe,

(gena Castellanos Abondano

CC No 39 773 330 de Usaquén

TP A No 58 236 de Del Cons Sup de la Judicatura
Carrera 9 No 93-09 - Santafé de Bogota
Teléfono 6107420 - 6107480

Santafé de Bogots,

MQrgaﬁ Castellanos Abondano

C C No 39 779 654 de Usaquen
TP A No 70819 del Cons Sup de la Judicatura

Carrera 8 No 93-09 - Santafé de Bogota
Teléfono 6107420 - 6107480
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POWER OF A1TORNLY % Yigb

1{We) David C Dvorak,Scnior Vice President,
Corporate Sec § Gen Counsel of STERIS INC ,
donuciled in 43425 Business Park Draive

rPODIR ‘

-

Yo {1 nsolros) David C Dvorak, en representacidn

de STERIS
dowiciliado (s)

Temecula,

425 Business Park Drive
CAL 590, Estados Unidos de A

Nombro (am na Castellanos A y/o

nos A

w4 Colombia apoderados
n poder especial aniplio y

suliclenle p r de Ias olicinas y auloridades

mlnfﬁlvle
cunvlivier]
de Invencidn regisiros de marcas modelos y dibujos
indusirisles  deposilos de nombres comercinles y
«nsefias  regisiros de derechos de autor y conlralos
sabie los nusmos as comn sus prosrogas renovaciones
motriones de inspaso caymbios de nombre y/o
domicilin  elaborar trambiar y registsar conlralos de
heenciy y leenclas de cualesquiera clases mtervenir
comn dewmandante o enmo demandado en cualgquicr
el y recurso y anle cualyuier juez corparacion
luncionario publico o auloridad en accliones judiciales
administrolivas y de policin {ales como oposiciones al
tegisien de marcas acciones de caducidad canrelacidn
vilidad acciones reinvidicatorlas acciones derivadas
di |y nhlencidn o explolacidn de licenclas acriones de

.mmpc-lt-uria desleal dumandas penales acciones de

nclemnizacion de perjuicios reclamns y observaclones
a solicliudes de patenies modelas y dibujos indusiriales
e el ejercicio de medidas caulelares y en olras acclones
o medidas similares

A esie electo lo (s} {aculla (xmas) para elevar solicltu
i s Jormular descripciones ennniendas prolesias de
clwaclones oposiciones cancelaciones nulidades
apehiciones y reclamos pagar impuesios cuolas y
qravdimenes prescrilos por la ley renunciar o desistir a
tt rechas concedidos o en curso de concesitn recibir
tiddy elase de dacumentos y valares dando el descrgo
tespectivo y en genersl pwa dar ante dichas autori
dules todos los pasos necesarios al eleclo indicado y
tomar todas las medidas que creyeren conducentes al
v syuarda de mis (nuesiras) inlereses con todas las
demss lacullades legales necesarias

1 <t poadds £ eomprende la lacultad de ralificar o conlirmar
« w mil {nuesiro) nombre lo actundo asi como la lacullad
do de<istir transiglt campromeler, y la de sustitulrlo
u lado o en parle y revacyr sustiluciones  Asi milsmo
nombro (amos) 2 Ximena Castellanos A. y/o
Margarita Castellanos A.

L
mis (nuesiros)
iepreseniantes con lacultades de recibir nolificaciones
v pwa designar apoderados judiciales o extrajudiciales

Olorgado y firmado en Mentor, Ohio, EE. UU.A

oy 31 de Agosto de 49 2000
i ma
Nombre
Cago

P

1N

2 §
"

Herehy appusing Temecula, CA 92590, usa

Ximena'Castellanos A y/o Margarita Castella-

n?q‘aA }

of Sania [é de Bognlyr Colomiua mylour) brue and
lawlul stlarneys with special ample and suilicient power
fo oblain lrom the Colombian adminisirative judicial
and police allices and authorities In anyi nslynce

privileges ol palenls ol invention registration of
trademarks Industilal models and drawings registration
of commercial names and emblems registrahion ol
copyright and conliacts relaled thereto as will as
exlensions renewals and recordal of ssiguingnls and
changes of name and domicile relyied 1o He 1bove 1o
prepare procecute and register licenses of any kind lo
acl as plaintill or delendant in any instance or 1 course

an belore any judge corporilion  public oflichl or
wlhority,in judicial administrative and police actions

such as opposilions 1o the regisiration ol (rademarks

cxluaity cancellation and nullily aclions chin actions
th rived Irom the ollaining or explotacion of liccnses

aclions ol unlair compelition penal demands actions
ol indemnities loy damages clwns or ohservalions on
patent appheations models and industrial designs in
the excercise ul prevenlive measures and in olher
aclions or similar proceedings

lo that efleci they hereby empowercd 1o hile
applications  formulate deseniphions  amendments
prolests , decluiations  ypposihons cancellations
mulliies appeals and claims 1o pay laxes quolas and
assessments prescrnibed by law renounce or waive the
rights granied or In the process of concesion o recelve
all kinds ol documents amd valushles  giving 1he
respreclive relese al receipt and fn yeneral In
lake belare said authoritic s lhe necessuy sleps 1o such
ellect and any measures that they inay deem pertined
1o the safeguard of my {our) interesi{s) with all the ather
necessary legal powers

This power includes the Icully 1o yalily or conlim
desist settle and compromise on my {owr) behall andio
substitule this power In whole or In parl and lo revoke
substitulions Al the same hme lH{we) hereby apponl

Ximena Castellanos A y/o Margarita Caste
llanos A.
mylowr)

represwuiativels} in
wilh powers 1o 1cceive natilicalions and to
designate judiciat and exirajudicial allorneys

Granied and signed in Mentor, Ohio USA

w3 WW )
Signalure l\f a / v} 1\/ ﬂ[

A 2000

David C Dvorak
Senior Vice President, Corporate

Secretary § General Counsel
STERIS INC

Name
Title
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County, aforesaid, TN
The State of ®hio, Do Hﬂ‘!hﬂ Cﬂ‘tllﬂ That. ‘/(I) L.-‘(Ld / -Qr &@

i e e —————— i e — v e ———

88
Loke Countp before whom the annexed acknowledgment, oatH, affidavit, was taken, was at the
date thereof a NoTary pusLIc, :n and for said County, duly authorized by the
laws of Ohio to take the same, also to make acknowledgments, affidavits and
proofs, of deeds or conveyances for land tenements or hereditaments situated
and lying in said State of Ohio, and further that ] am well acquainted with his
handwriting and believe his signature thereto 1s genuine, and that the annexed

instrument 18 executed accopding to the laws of the State of Ohio

Commission expires B celr ¢/, KXOM( .
an 'Etsnmtmg Whereo 71 hereunto_gubscribe my jame and affix the seal of sald
Court, at Painesville, Qh;ﬂﬁbh_,ﬁ__ day of &ﬁtex__.g_a Dr1g:Recd

[
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Ittt

1-\('!? ’\
! [IRL}

A 90-91492"

REYT BROTHERS SPRINGRELDY, OHIO 1 B00-322 7711

e1ka, CLERK OF COURTS
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Hnited SEAE ' America 7 A

DEPARTMENT OF STATE

@ all to fohom these presents shall come, Greetings:

I Certify That the document hereunto annexed i1s under the
Seal of the Secretary of State of the State(s) of Ohio, and
that such Seal(s) is/are entitled to full faith and credit *

In testimony whereof, I, Strobe Talbott, Acting
Secretary of State , have hereunto caused the
seal of the Department of State to be affixed and
my name subscribed by the Assistant
Authentaication Officer, of the said Department,
at the city of Washington, in the Distract of
Columbia, this sixteenth day of September, 2000

™ .,
.
YRR r}i nAd
N y o Aching Secretary of State
|

tssued pursuant to CHXIV Siate of g \ By A/ |
?;c;:sml?z’ulscs:'m.su;: Adsistant Authentication Officer,
301 28USE 1733t toq 8 USC Department of State
1443(f), RULE 44 Feders! Rules of
Civil Procedhre.

*For the contents of the annexed document,the Department assumes no

responsibili
This certificate Is not ngld if it 1s removed or altered in any way whatsoever
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Umited States of America
State of Ohio
Office of the Secretary of State

I J KENNETH BLACKWELL, Secretary of
State do hereby certyfy that I am the duly elected qualified and acting Secretary of State of the State of

k

Ohio and [ further certify that LYNNE L MAZEIKA

whose signature and official seal are affixed to the attestation herefo attached, was af the date hereof, the
duly clected, contnussioned and quahfied CLERK OF THE COURT OF COMMON PLEAS OF
LAKE COLINTY, OHIO, and that she is the proper official to niake smd atfestation, winch 1s m due
Jorm, and that her acls are entitled to full fath and credit

\

IN TESTIMONY WHLREOF | have hereunto
subscribed my name and affixed the official

Seal of the Secretary of State of Ohio at

Columbus Ohio this 11y, day of
September 2000

SEC4000 (Rev. 1/99)
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Consitocs Gmerad do Colomdes A &

500 NORTH MICHIGAN AVENUE SUITE 2040
CHICAGO ILLINOIS 60611

TEL (3121923 1196 FAX(312)923 1197

No 1458
Chicago, septiembre 21 de 2000

El suscrito Cénsul General de Colombia, CERTIFICA, que el sefior(a)
como SECRETARIA DEL ESTADO DE OHIO,
ejercia en

J KENNETH BLACKWELL, quien

autenticd la firma del signatarioc del poder precedente,

la fecha las funciones 1indicadas y su firma corresponde a la

registrada en este Consulado Que la compafiia STERIS INC , e3 una

sociedad constituida de acuerde con las leyes de EE UU vy cumple
Que el{la) sefior{a) DAVID C

su objeto conforme a las mismas
guien en su caracter de representante legal de la citada

DVORAK,
compafiia confiere el poder precedente
La presente certificacién se expide en cumplimiento del articulo

480 del Cbébdigo de Comercio
respongsabilidad alguna por el

no asume

El Cénsul General
contenido del documento
PAGADO IMPUESTO DE TIMBRE Y DERECHOS CONSULARES
US$57 oo (Cincuenta y siete dblares) EE o~
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TRADUCCION OFICIAL No 2K-1005
de un documento escnto en INGLES, el cual para su identificacion lleva el sello
de la Traductora e Intérprete Oficial Res 2755/68 y 01144/97 de Minjusticia, al

gual que la presente

(Anexos a un Poder otorgado por STERIS INC )
ESTADO DE OHIO
CONDADO DE LAKE
Yo, Lynne L Mazeika, Escnbano de la Corte Ordinana, una Corte de Registro
del Condado de Lakes antes mencionado, certifico por medio dei presente que
ROBERTA J BERTON, ante quen el mnstrumento, juramento o declaracion
anexo fue tomado, era en la fecha del mismo un Notano Publico en y para
dicho Condado debidamente autonzado por las leyes de Ohio para tomar el
mismo, y para tomar reconocimientos, declaraciongs y pruebas de escnturas o
traspasos de terenos, tenencias 0 heredamientos situados y que queden en
dicho Estado de Ohio, y ademas que conozco su escritura y verdaderamente
creo que su firma en el mismo es auténtica, y que el instrumento anexo esta
otorgado de acuerdo con as leyes del Estado de Ohio-
La comisi6n vence el 11 de marzo de 2001
En testimonio de lo cual, he impuesto aqui mi firma y he fijado el sello de dicha
Corte en la ciudad de Pamesville, Ohio hoy dia 5 de Septiembre de 2000

(fdo) Lynne L Mazeika, Escnbano de las Cortes

Lynne L Mazeika, Escrnibano
No A 50-91492 (Sello en relieve)
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ESTADOS UNIDOS DE AMERICA
ESTADO DE OHIO
OFICINA DEL SECRETARIO DE ESTADO

Yo, J KENNETH BLACKWELL, Secretano de Estado certifico por
medio del presente que soy el Secretano de estado del Estado de Ohio
debidamente elegido, habiitado y en ejercicio, y certifico ademas que LYNNE
L MAZEIKA cuya firma y sello oficial estdn impuestos en la certficacion
adjunta al presente, era en la fecha de la misma el ESCRIBANO DE LA
CORTE ORDINARIA DEL CONDADO DE LAKE, OHIO, debidamente elegido
comisionado y habilitado, y que ella es la funcionana competente para hacer
dicha certificacién, la cual estd en debida forma y que sus actos como tat
tienen derecho a plena fe y crédito

EN TESTIMONIO DE LO CUAL, he suscnto aqui mi nombre y he fijado
el sello oficial del Secretano de estado de Ohio, en Columbus, Ohio, el dia 14
de Septiembre de 2000

" (fdo) J Kenneth Blackwell
J KENNETH BLACKWELL
Secretano de Estado
(Sello en oblea ocre)
000464774
ESTADOS UNIDOS DE AMERICA
DEPARTAMENTO DE ESTADO
A TODOS A QUIENES 1.0S PRESENTES LLEGAREN, SALUDO

1y

%t
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Certifico que el documento anexo al presente esla bajo el selio del
Secretano de Estado del Esiado de Ohio, y que tal sello merece plena fe y
crédito *

En testmono de fo cual, yo, Strobe Taibott, Secretario de Estado
Encargado, he hecho fijar al prasente a! sello del Departamento de Estado y he
hacho suscnhlr' m nombre por el Funcionano de Autenticacién de dicho
Departamento, en la ciudad de Washington, en el Distrito de Columbia, hoy dia
diecisers de Septiembre de 2000

(fdo) Strobe Talboit

Secretario de Estado Encargado
Por (fdo) llegible
Funcionano de Autenticacidn Asistente
Departamento de Estado

o El Depto no asume minguna responsabiidad por el contenido de los

documentos anexos

e Este certificado no es valido si se remueve o altera de otra forma

EN ESPANOL, la legalizaci6n de !a firma de J Kenneth Blackwell por el
Consulado de Coiombla en Chicago, No 1458 de fecha Septiembre 21, 2000
y autenticacidn de la firma consular de José Fernando Gomez Mora por el
Ministeno de Relaciones Exienores de Colombia bajo el numero 354036 de

Octubre 11, 2000

ES TRADUCCION FIEL. Y COMPLETA, a la cual me remio para su

Wz

9
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T Huited JIHHE'TE America

DEPARTMENT OF STATE

T all to whom these presents shall come, Greetings:

I Certify That the document hereunto annexed 1s under the
Seal of the Secretary of State ¢of the State(s) of Ohio, and
that such Seal(s) is/are entitled to full faith and credat *

In testaimony whereof, I, Strobe Talbott, Acting
Secretary of State , have hereunto caused the
seal of the Department of State to be affixed and
my hame subscribed by the Assistant
Authentication Officer, of the said Department,
. at the city of Washington, in the District of
- Columbaia, thliug;xteenth day of September, 2000

v 4 qi\ﬁ‘“'

ook D“?ﬁ“"“ﬁ M Y

“mwﬂ“& vl Acting Secretary of State
e

O -

o
tssued pursuant to CHXIV Stae of  ®

15 1789 1 St 68-69 22
f;es'f:tzos'.' 22 USC 2651, $ USC Assistant Authentication Officer,

301 28USE 1733 et seq B USC
o “ Rokes of Department of State

Civil Procedure.

*For the contents of the annexed document,the Department assumes no

responsibil
Thus certificate %S not vlghd if 1t 1s removed or altered in any way whatsoever



Considodss Zonerad do Golombea

500 NORTH MICHIGAN AVENUE SUITE 2040
CHICAGO ILUNOIS 60611

e TEL.(312)923 1196 FAX{312)923 1197

No &MY 7 Chicago, SEP 22 aﬂﬂﬂ

El suscrito Cénsul General de Colombia, CERTIFICA que el sefi
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- uien autpriza el prese dgcumentp, e) ﬂ_a le ente, en la
fecha alli expresada, las funciones de
y que la firma y sello que en el documenito aparecen como suyos son los que usa y acostumbra en sus

a actos oficiales
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Umited States of America Y 4
State of Ohio
Office of the Secretary of State

'}

I J KENNETH BLACKWELL, Secretary of
State do hereby certify that I am the duly elected qualified and acting Secretary of State of the State of

Ohio, and I further certify that LYNNE L MAZEIKA

whose signature and official seal are affixed to the attestation hereto attached, was at the date hereof, the
duly elected, comnusstoned and quahfied CLERK OF THE COURT OF COMMON PLEAS OF
LAKE COUNTY, OHIO, and that she 15 the proper official to make smd attestation, which s in due

form, and that her acts are entitled to full fmith and credit

N IN TESTIMONY WHEREOF I have hereunto

subscribed my name and affixed the official

Seal of the Secretary of State of Ohio at
Columbus Ohio this 714, day of
September 2000

SEC4000 (Rev 1/99)

8% n ;
oS 02755"\:9 o5 C 24031
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County, aforesaid,
The State of Ohio, ss Do Roedp Canty That. & M‘b‘%

1ak

BARRETT BROTHEAS, SPRINSHELD, OHIO 1-800-322-7711 ks

Coney

I, ynne L Mel, lrk of the Coof Common le, Court of Record of Lake

before whom the annexed acknowledgment, cath, davit, was taken, was at them,'
date thereof a NOTARY PUBLIC, 1n ana for said County, duly authorized by the
laws of Ohio to take the same, also to make acknowledgments, affidavits and
procfs, of deeds or conveyances for land tenements or hereditaments situated
and lying in sald State of Qhio, and further that I am well acquainted with his
handwriting and believe his signature thereto js genuine, and that the annexed
instrument 13 executed _ggcording tg the laws of the State of Ohio

Commussion expires L ROAL .
a ’Eunmnng ¥hereo hereunt seribe my pame and affix, the seal of said
Court, at Painesville, Ohio, tlg&_ﬁ_ day of Ao omArta D-15=R 00

m et
oo O e S
R 90-9 14" e

0515512‘;‘ “‘- [~y
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AFFIDAVIT

Assignment

, Roberta J Bertone, do hereby swear by virtue of my signature below, that the
attached document 1s a true copy of the original International Convention Assignment
(filed with the United States Patent and Trademark Office on August 2, 1999) on which
| was the Notary Public and which evidences the assignment of all international patent
nghts in the invention titled ELECTROLYTIC SYNTHESIS OF PERACETIC ACID to
STERIS INC

S , 2000 Zg&j{g &fﬁw_

Roberta J Bertone
- Notary Public

Dated September

-
el Notary Public State of Ohio
Recordad in Lake County
- My Comm Expires 03-11-01
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~ Attormey Docket No MED 2 1151

ASSIGNMENT
we, Tom L. Merk of 7851 Birxchwood Drive, City

3¢ land, County of Geauga, and State of Ohio; Paul
sky of 235 Barrington Ridge, City of Painesville

To , County of Lake, and State of Ohio, and Chung-
Cricnibp”/Tiu of 2319 E Overlock Road, Caty of Cleveland

gate, County of CQuyahoga, and State of Ohio, having
invented cextain new and useful improvements in

BLECTROLYTIC SYNTHESIS OF PERACETIC ACID

for which we are about to make application for Lettars
Patant of the United States, do hereby, in coraideration
of One Dollar (S1 au) and othexr good and wvaluable
consideration, receipt of which is hereby acknowledged,
sell, assigm, and tranasfer unto STERIS INC a Delaware
corporation, having a principal place of business at

43425 Businass Perk Drava
Tamecula, CA 92550

the full and exclusive righe, titls, and interest in and
to the said invention in the United States and its
territoriel possessions, and in all foreign countries with
all rights under the Intermational Convention including
the right to claim priority, and the entire and exclusive
right, title, and interest in and to any and all Letterg
Patent which may be granted therefor in the United States
and 1ts territorial possesgicns and in any and all foreagn
countries, and in and to any and al) divisions, reissues,
continuations, and extensions thereof

We therefore authorize and request the Patent Office
officials in the United States and in any and all forelgn
countries to issue any and all Letters Patent when
granted, solely to the said

STERIS INC.

for its sole use, and that of its successors, and assigns



» Ly 2
Hwhﬂl Qh& . on this _Ls-i day

N

« Tom L Merk
Ohows- ,
gk |

Personally appeared before me thie day, the above
named Tom L Merk to wme perscnally known, who acknowledged
that he signed the foregoing instrument for the uses and

purposes therein mentioned, and that the same is his free
act and daed

In testimony whereof, 1 have hergynto sef my hand and
affixed my seal, this lﬁ' day of Img(mﬂ , 2000

£

(Seal) Notey Pube, Biets of Oie




Signed nt “Fﬁt&L @ft,w— , on this I§r day

af s 2000

.
]

<’
o

STATE OF M )
COUNTY OF ‘darl{-t g 88

Personpally appeared before ma this day, the above
nawed Paul 8 Malchesky to ma personally known, who
acknowledged that he gigned the foregeoing instrument for
the uses and purposes therein menticned, and that the same
is his free act and deed

In testimony whereo kS have heramt.o si my hand and .
affixed my seal, this day of . 2000

"Wl Q. Brine

4 Notapy Public

(Seal) Nowy Fublic, Sists of Ohle




on this l§‘f day

A

Chung-~Chiun Liu =

YAV

B

“*; ATE, OF
t ‘*@g&‘wﬁ/oi y

Personally appeaxed befora me cthis day the above
named Chung-Chiun Liu te me perscnally known, who
acknowledged that ha sigmed the foregoing instrument for

the usesa and purposes therein mentioned, and chat the same
is his free act and deed

In testimony whexeo have herxeynpto saty my hand end
affixed my seal, this _ = Qay of M , 2000

ova.

ota Public

g

ss8

mwum
(8aal)

LeVAELIUZANERTILEL ASH

TOTAL F B8



TRADUCCION OFICIAL No 2K-1004

de un documento escnto en INGLES, el cuat para su identficacién lleva el sello
de la Traductora e Intérprete Oficial, Res 2755/68 y 01144/97 de Minjusbcia, al

igual que la presente

DECLARACION
Cesion
Yo, Roberta J Bertone, por medio del presente juro en virtud de mi firma
méas adelante que el documento adjunto es fiel copia de la Cesion de
Convencion Internacional (presentada en la Oficina de Patentes y Marcas de
Estados Unidos el 2 de Agosto de 1999) en la cual actué como Notaro Ptiblico
y la cual de prueba de la cesién de todos los derechos de patentes
internacionales sobre la invencion titulada SINTESIS ELECTROLITICA DE
ACIDO PERACETICO a favor de STERIS, INC
(fdo) Roberta J Bertone
Roberta J Bertone

Notano Pubkco
Fecha Septiembre 1, 2000 Notaro Publico Estado de Ohio
Registrado en el Condado de Lake
Mi com Vencs 03-11-01
CESION

Considerando que nosotros, Tom L Merk con domiciho en 7851
Birchwoad Drive, Ciudad de Chesterland, Condado de Geauga y Estado de

i 47

30




Ohio, Paul S Maichesky con domicilio en 239 Barrington Ridge, Ciudad de
Pamesville Township, Condado de Lake y Estado de Ohio, y Chung-Chiun Liu
con domicilto en 2919 E Overlook Road, Ciudad de Cleveland Heightsm
Condado de Cuyahoga y Estado de Ohio, hemas inventado ciertas mejoras
nuevas y utiles en relacién con
SINSTESIS ELECTROLITICA DE ACIDO PERACETICO
Para los cuales estamos proximos a solicitar Patente en los Estados Unidos,
por medio del presente, con compensacion de suma de Un dblar ($1 00) y otras
consideraciones positivas y de valor, cuyo recibo se reconoce por medio del
praesente, vendemos, cedemos y traspasamos a favor da STERIX INC una
sociedad de Delaware, con domicilio pnncipal de negoctos en
4325 Business Park Dnve
Temecula, CA 92590
el derecho, titulo e interés, pleno y exclusivo en y sobre dicha invencidn en los
Estados Unidos y sus posesiones termntonales y en todos fos paises exiranjeros
con todos los derechos bajo la Convencidn Intemacional incluyendo el derecho
a rewvindicar pnondad y el derecho, titulo e interés pleno y exclusivo en y sobre
todas las Patentes que puedan otorgarse para la misma en los Estados Unidos
y sus posesiones temtonales y en todos y cada uno de los paises extranjeros y
en y sobre todas las dwsiones, re-expediciones, continuaciones y extensiones
de la msma
Por o tanto, autonzamos y solicitamos a los funcionanocs de la Oficina de

Patentes en los Estados Umnidos y en cualquiera y todos los paises extranjeros,




que expidan toda y cualquier patente cuando sea concedida, exciusivamente a
dicha STERIS INC
para su uso exclusivo y el de sus sucesores y Cesionarnos
Firmado en Mentor, Ohio, hoy dia 1° de Agosto, 2000
(fdo) legible
Tom L Merk
ESTADO DE OHIO
CONDADO DE LAKE
Comparecio personaimente ante mi hoy el antes nombrado Tom L Mark
a quien conozco personaimente, quien reconoctd que él firma el antenor
instrumento para los usos y fines alll mencionados y que el mismo es su acto y
escnto voluntano
En testmonio de lo cual, he impuesto agui mi firma y he fijado mi setlo
hoy dia 1° de Agosto de 2000
(fdo) Roberia J Bertone
Notano Publico
Roberta J Bertone
Notano Publico, Estado de Ohio
Registrado en el Condado de Lake

M; comisidn vence 05-11-01

Firmado en Mentor, Ohio, hoy dia 1° de Agosto, 2000
{fdo) legible

i1




Paul S Maichesky
ESTADO DE OHIO
CONDADO DE LAKE
Comparecid personalmente ante mi hoy el antes nombrado Paul S
Malchesky a quien conozco personalmente, quien reconocié que él firmé el
antenor instrumento para los usos y fines alh mencionados y que e mismo es
Su acto y escrnito voluntano
En testimonio de o cual, he impuesto aqui m: firma y he fijado mi sello
hoy dia 1° de Agosto de 2000
(fdo) Roberta J Berione
Natano Publico

Roberta J Bertone

Firmado en Mentor, Ohio, hoy dia 1° de Agosto, 2000
{fdo) iegible
Chung-Chiun Liu
ESTADO DE OHIO
CONDADO DE LAKE
Comparecié personalmente ante mi hoy el antes nombrado Chung-
Chiun Liu a quien conozco personalments, quien reconocté que él firmé el
antenor instrumento para los usos y fines all: mencionados y que el mismo es

su acto y escrito voluntano




)
16 140

En testimonio de lo cual, he impuesto aqu: m firma y he fijado mi sello

hoy dia 1° de Agosto de 2000

(fdo) Roberta J Bertone

Notano Publico

Roberia J Bertone
ESTADO DE OHIO
CONDADO DE LAKE
Yo, Lynne L Mazeika, Escnbano de la Corte Ordinana, una Corte de Registro
del Condado de Lakes antes menctonado, certifico por medio del presente que
ROBERTA J BERTON, ante quien el instrumento, juramento o declaracién
anexo fue tomado, era en la fecha del mismo un Notano Publico en y para
dicho Condado debidamente autonzado por las leyes de Ohio para tomar el
mismo, y para tomar reconocimientos, declaraciones y pruebas de escrituras o
traspasos de terrenos, tenencias 0 heredamientos situvados y que queden en
dicho Estado de Ohio, y ademas que conozco su escritura y verdaderamente
creo que su firma en el mismo es auténtica, y que el instrumento anexo esté
otorgado de acuerdo con las leyes del Estado de Ohio-
La comsién vence el 11 de marzo de 2001
En testimonio de lo cual, he impuesto aqui mi fima y he fijado el sello de dicha
Corte en la ciudad de Pammesvilie, Ohio hoy dia 5 de Sephembre de 2000

{fdo) Lynne L. Mazeika, Escnbano de las Cortes

pERtA
pORA pued ?i oﬂﬂ“m
ges. 027'-”‘;;‘ e poLob 3/

Lynne L Mazeika, Escnbano
No A 950-91491 (Sello en reheve)



ESTADOS UNIDOS DE AMERICA
ESTADO DE OHIO
OFICINA DEL SECRETARIO DE ESTADO
Yo, J KENNETH BLACKWELL, Secretano de Estado, certfico por
medio del presente que soy el Secretano de estado del Estado de Ohio
debidamente elegido, habilitado y en ejercicio, y certifico ademés que LYNNE
L MAZEIKA cuya firma y sello oficial estdn impuestos en la certificaci6n
adjunta al presente, era en la fecha de la misma el ESCRIBANO DE LA
CORTE ORDINARIA DEL CONDADO DE LAKE, OHIO, debidamente elegido,
comistonado y habiitado, y que ella es la funcionana competente para hacer
dicha certificacion, la cual estd en detida forma, y que sus actos como tal
tienen derecho a plena fe y crédito
EN TESTIMONIO DE LO CUAL, he suscnto aqui mi nombre y he fijado
el sello oficial del Secretano de estado de Ohio, en Columbus, Oho, ef dia 11
de Septiembre de 2000
(fdo) J Kenneth Blackwell
J KENNETH BLACKWELL
Secretano de Estado
(Sello en oblea ocre)
00046477-3
ESTADOS UNIDOS DE AMERICA
DEPARTAMENTO DE ESTADO
A TODOS A QUIENES LOS PRESENTES LLEGAREN, SAL.UDO

:s”"ﬂr\




Certifico que 1 documento anexo al presente esta bajo el selio del
Secretano de Estado del Estado de Ohio, y que tal sello merece plena fe y
crédito *

En testmonio de lo cual, yo, Strobe Talbolt, Secretano de Estado
Encargado, he hecho fijar al presente el sello del Departamento de Estado y he
hecho suscnbir mn nombre por el Funcionano de Autenticacion de dicho
Departamento, en ia ciudad de Washington, en el Distnio de Columbia, hoy dia
dieciseis de Septhembre de 2000

(fdo) Strobe Talbott

Secratano de Estado Encargado
Por (fdo) llegible
Funcionano de Autenticacion Asistente \
Departamento de Estado

-

o El Depto no asume ninguna responsabikdad por et contemdo de los . -
documentos anexos R

s Este certificado no es valido si se remueve o altera de otra forma ‘ ] .

EN ESPANOL, la legalizacibn de la fima de J Kenneth Blackwell por el
Consulado de Colombia en Chicago, No 3147 de fecha Septiembre ?ga 2000
y autenticacién de la firma consular de José Fernando Gomez Morq’po::?l
Ministeno de Relaciones Exteniores de Colombia bajo el numero 354034 de

Octubre 11, 2000 . ¥ R ;

ES TRADUCCION FIEL. Y COMPLETA, a la cual me remito-para su

A e K e ]

DORA DUQUE DE BERNAL
TRADUETORA E INYERPRETE OFICIAL
RES. 02755/68 ¥ 01144707 BNRIUSTICIA
REP DE cOLeMEin

confrontacién
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2500
& TAED (pH = 9,3-5, 43)
= Alpha-0-GPA (pH = 11,89-5, 28)
‘= 1500 A Beta-0-GPA (pH = 9,83-5,46) —
a ® Anhidrido Acetico (pH = 4,3)
= X AAS (pH = 10, 94-5, 78)
< 1000 % OAS (pH = 6.88-6, 44) —
500 -
0 | T T T l
10 20 30 40 o0 60 10 60 90
TIEMPO (MINUTOS)
Fig. 6
2500
pH = 10,94 (nuevo EDG)
2000 —pH = 10,87
i pH = 5,0
-a- _"’pH - 6. 78 PH > 4, ]|
® 21500 pH - 4.8
i; pH = 11,4
1000
pH = 11,14
500 - pH = 11,9
0 1 1 1
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