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ABSTRACT

An acidic aqueous hydrogen peroxide Solution is provided
with improved disinfectant activity. Concentrated Solutions
preferably contain up to about 8 wt./wt. % H2O2 and
as-used concentrations contain about 0.5% wt.?wt.% H2O2.
The Solution also contains from 0.05 to 8.0 wt.?wt.% of at

least one phosphorous-based acid, e.g. phosphoric acid
and/or a phosphonic acid with from 1 to 5 phosphonic acid
groups, and from 0.02 to 5 wt./wt.% of at least one anionic
surfactant. The surfactant is selected from C8 to C16 alkyl
aryl Sulfonic acids, Sulfonated C12 to C22 carboxylic acids,
C8 to C22 alkyl diphenyl oxide Sulfonic acids, naphthalene
Sulfonic acids, C8 to C22 alkyl Sulfonic acids, and alkali
metal and ammonium Salts thereof, and alkali metal C8 to

C18 alkylsulfates, and mixtures thereof. Most preferably the
Solution has an emulsifier and/or hydrotrope, e.g. an alky
lated Sulfonated diphenyl oxide Salt, an alkyl aryl polyoxy
ethylene Surfactant, and/or a polyoxyethylene Surfactant.
The Solution may also contain corrosion inhibitors and/or
lower alcohols.

21 Claims, No Drawings
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about 0.05 to about 8 wt./wt.% of the solution, and iii) at
least one anionic Surfactant Selected from the group con
sisting of C8 to C16 alkyl aryl Sulfonic acids and alkali
metal, ammonium, calcium and magnesium Salts thereof,
sulfonated C12 to C22 carboxylic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C6 to
C22 alkyl diphenyl oxide Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, naphtha

HYDROGEN PEROXDE DISINFECTANT
WITH INCREASED ACTIVITY

This application is a continuation-in-part of U.S. patent
application Ser. No. 09/356,345 filed Jul. 19, 1999 now U.S.
Pat. No. 6,346.279, which claims the benefit of U.S. provi
sional patent application 60/112,047 filed Dec. 14, 1998.
FIELD OF THE INVENTION

lene Sulfonic acids and alkali metal, ammonium, calcium

The present invention relates to disinfectants and, in
particular, it relates to hydrogen peroxide Solutions with
improved disinfectant and antimicrobial properties.
BACKGROUND TO THE INVENTION
15

A wide range of disinfectants is known, as discussed for
example in Disinfection, Sterilization, and Preservation,
edited and partially written by Professor Seymour S. Block,
Fourth Edition, published 1991 by Lea & Febiger, Pennsyl
vania. Certain peroxygen compounds, chlorine compounds,
phenolics, quaternary ammonium compounds and Surface
active agents are known for their germicidal properties. The
rate of disinfection is relatively slow in many cases, and
Some compounds emit Volatile organic compounds or leave
a persistent residue in the environment.
Hydrogen peroxide is finding favour in many applications
because its breakdown products, water and oxygen, are
innocuous, and it tends to have broad Spectrum antimicro
bial activity. Broad Spectrum activity is important in Situa
tions where harmful organisms are present but their identity

from about 0.02 to about 5 wt.?wt.% of the Solution.

25

AS hydrogen peroxide tends to be unstable and decom
poses over time, Steps must be taken to Stabilize the hydro
gen peroxide Solutions for Storage purposes. Various ways
have been proposed to improve the Stability of hydrogen
peroxide compositions. For example, Sodium Stannate,
Sodium nitrate, and diethylene triamine penta

35

useful as stabilizers, as disclosed in U.S. Pat. No. 5,523,012
to Winterton et al., which issued Jun. 4, 1996.

40

(methylenephosphonic acid) have been reported as being

The anionic Surfactant is preferably present in a concen
tration of from about 0.08 to about 5 wt.?wt. 76 of the
50

Solution.

Preferably, the pH of the solution is from about 0.7 to
about 3.5.

The solution may further contain a corrosion inhibitor in
55

a concentration of from about 0.05 to about 10 wt.?wt % of

the Solution. Also, the Solution may contain a monocarboxy
lic acid, a polycarboxylic acid, or mixtures thereof, in a
concentration of from about 0.05 to about 4 wt.?wt.% of the

60

having a pH of from about 0.5 to about 6 and comprisingi)
phosphorus-based acid in a concentration range of from

Also preferably, the phosphorus-based acid may be
present in a concentration of from about 0.2 to about 8
wt.?wt.% of the Solution.

Accordingly, the invention provides an aqueous Solution

about 20 wt./wt. % of the solution, ii) at least one

Sulfonic acid or an alkali metal Salt or ammonium Salt
thereof.

0.5 to about 8, wt.?wt.% of the Solution.
45

SUMMARY OF THE INVENTION

hydrogen peroxide in a concentration of from about 0.01 to

The Solution may contain an additional component
Selected from the group consisting of emulsifiers,
hydrotropes, detergents and mixtures thereof in a concen
tration of up to about 3 wt./wt. % of the solution, and
preferably in a concentration of from about 0.04 to about 3
wt./wt.% of the solution. The emulsifiers and detergents
may be polyoxyethylene Surfactants. The hydrotrope may be
Selected from the group consisting of alkylated Sulfonated
diphenyl oxides, alkylated Sulfonated diphenyl oxide Salts,
and mixtures thereof, and preferably is a C6 alkylated
Sulfonated diphenyl oxide disodium Salt.
The anionic Surfactant is preferably dodecyl benzene
Preferably, the hydrogen peroxide concentration may be
from about 0.05 to about 8 and, more preferably from about

contact lenses, which has from about 0.1% to about 1.0% of

an ocularly compatible Surfactant. Winterton discloses that,
in one experiment, addition of about 0.4% anionic Sulfos
luccinate Surfactant improved the killing time for aspergillus
fumigatus to 6.9 minutes, compared to 9.4 minutes for a
Solution containing 0.1% nonionic Surfactants. However,
even 6.9 minutes is far too long for many applications.
The present invention is directed to improving the efficacy
of hydrogen peroxide based Solutions.

The phosphorus-based acid may be selected from the
group consisting of the derivatives of phosphorous oxides in
which the phosphorous atom is in the +5 oxidation State,
phosphonic acids having 1 to 5 phosphonic acid groupS and
salts thereof, and mixture thereof. Preferably, the
phosphorus-based acid is Selected from the group consisting
of phosphoric acid, 1-hydroxyethylidene-1,1-diphosphonic
acid, and mixtures thereof.

is not known.

A major drawback of most disinfectants used heretofore
has been the length of time needed to reduce the bacterial
count after the disinfectant has been applied to a bacterially
contaminated material. For example, it may take 30 minutes
or more after application of the disinfectant to disinfect a
treated Surface. In many circumstances this rate of disinfec
tion is far from Satisfactory.
Combinations of hydrogen peroxide with various Surfac
tants are known. For example, Winterton et al. discloses, in
U.S. Pat. No. 5,523,012, a buffered disinfecting solution for

and magnesium Salts thereof, C8 to C22 alkyl Sulfonic acids
and alkali metal, ammonium, calcium and magnesium Salts
thereof, alkali metal, ammonium, calcium and magnesium
C8 to C18 alkyl sulfates, alkyl or alkenyl esters or diesters
of SulfoSuccinic acid in which the alkyl or alkenyl groups
independently contain from Six to eighteen carbon atoms
and alkali metal, ammonium, calcium and magnesium Salts
thereof, and mixtures thereof, in a concentration range of

65

Solution. The Solution may also contain an alcohol compris
ing one to Six carbon atoms in a concentration of from about
0.1 to about 10 wt.?wt.% of the Solution.

In accordance with another aspect of the invention, the
present Solution may be made in concentrated form for
dilution by the end user with water.
In accordance with a further aspect, the invention pro
vides a powdered formulation which can be diluted with
water to produce the present aqueous Solution.

US 6,803,057 B2
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8.0 wt./wt.% of the solution, preferably from about 0.20 to
about 8 wt./wt.%, and more preferably from about 0.20 to
about 6 wt./wt.%. The solution may be ready-to-use or
concentrated So as to require dilution by the end user. The
lower concentrations are used in ready-to-use formulations,
while higher concentrations are used in commercial liquid

3
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the past few years, efforts have been concentrated on
developing chemicals that will be highly effective against
microorganisms when highly diluted, will be low in toxicity
to humans and other animals, and will not injure the envi
ronment. Of all the known disinfectants and antimicrobials,
hydrogen peroxide appears to have exceptional potential,
especially in terms of toxicity and injury to the environment
because the decomposition products are benign. For
example, at concentrations of 1-3 wt./wt. 76 aqueous
Solution, hydrogen peroxide is considered non-corrosive and
non-irritating, at concentrations of 3–7 wt./wt.% aqueous
Solution, hydrogen peroxide is considered non-corrosive but
an eye irritant; and at concentrations of above about 8
wt./wt.% aqueous Solution, hydrogen peroxide is consid
ered corrosive, more So at higher concentrations, and also a
Strong oxidizing agent.
The higher concentration levels of hydrogen peroxide
Solutions required to provide fast, effective action are not
practical or economically viable, may be Subject to hazard
ous goods regulations and require Special precautions for
handling and use. Heretofore, one of the major drawbacks of
hydrogen peroxide, in low concentrations, is that its anti
microbial action is too slow. A Second major drawback is
that it has not been considered possible to stabilize the
peroxide Sufficiently to make the Solution commercially
acceptable. For example, prior references indicate that a 0.1
wt./wt.% aqueous Solution of hydrogen peroxide requires
60 minutes to disinfect Surfaces contaminated with Staphy
lococcuS aureus, whereas a 25.8 wt./wt.% aqueous Solution
of hydrogen peroxide requires only 20 Seconds to disinfect
Surfaces contaminated with StaphylococcuS aureus. The
latter Solution is clearly unacceptable for commercial use,
both from a Safety Standpoint and an economic Standpoint.
It has now been found that the addition of phosphorus
based acids and certain anionic Surfactants greatly, and
Surprisingly, enhances the bactericidal and/or Virucidal
activity of aqueous hydrogen peroxide Solutions. The
phosphorus-based acids are inorganic acids or organic acids.
Especially preferred are phosphorus-based acids Selected
from the group consisting of the derivatives of phosphorous
oxides in which the phosphorous atom is in the +5 oxidation
State and phosphonic acids having 1 to 5 phosphonic acid
groupS and Salts thereof.
More preferably, the phosphorous based acids are phos

COncentrateS.

15

thereof, and mixtures thereof.
25

35

e.g. up to a year or more.

Solutions according to the invention have phosphorus
based acids in a concentration of from about 0.05 to about

2-Sulfo C-C fatty acid Salts and Sodium methyl-2-Sulfo
C-C esters are preferred.
A preferred Salt of naphthalene Sulfonic acid is Sodium
alkyl naphthalene Sulfonate.
Preferred salts of C8 to C22 alkyl sulfonic acids are

sodium octyl (C8) sulfonate, sodium C14-C17 sec-alkyl
40

45

50
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under the trade mark BRIOUEST and some from Solutia
Inc. under the trade mark DEQUEST

The preferred phosphorous based acids are also known for
their Sequestering properties and Serve, advantageously, to
Stabilize the Solution against hydrogen peroxide degrada
tion. These Stabilizing properties are particularly important
in respect of Solutions containing higher concentrations of
hydrogen peroxide which tend to break down quickly. Thus,
Solutions of the present invention also have a long shelf life,

Of the listed anionic surfactants, the C8 to C16 alkyl aryl
Sulfonic acids and their aforesaid Salts are preferred as they
are widely available and relatively inexpensive. They are
also biodegradable. Preferred alkyl aryl sulfonic acids and
their Salts are dodecyl benzene Sulfonic acid, and tridecyl
benzene Sulfonic acid and their Salts, e.g. Sodium,
potassium, ammonium Salts.
Of the Sulfonated C12 to C22 carboxylic acids and their
aforesaid Salts, Sulfonated 9-octadecanoic acid, disodium

phoric acid (H3PO), Sodium tripolyphosphate, and phos

be used alone but mixtures of phosphoric acid and at least
one of the phosphonic acids are preferred. Some of these
phosphonic acids are available from Albright & Wilson

lene Sulfonic acids and alkali metal, ammonium, calcium

and magnesium Salts thereof, C8 to C22 alkyl Sulfonic acids
and alkali metal, ammonium, calcium and magnesium Salts
thereof, alkali metal, ammonium, calcium and magnesium
C8 to C18 alkyl sulfates, alkyl or alkenyl esters or diesters
of SulfoSuccinic acid in which the alkyl or alkenyl groups
independently contain from Six to eighteen carbon atoms
and alkali metal, ammonium, calcium and magnesium Salts

phonic acids consisting of 1-hydroxyethylidene-1,1,–

diphosphonic acid, amino tri(methylene phosphonic acid),
diethylenetriaminepenta-(methylene phosphonic acid),
2-hydroxyethylimino bis(methylene phosphonic acid), eth
ylene diamine tetra(methylene phosphonic acid). Each may

The anionic Surfactant enhances the bactericidal activity
of the Solution and is Selected from the group consisting of
C8 to C16 alkyl aryl Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, Sul
fonated C12 to C22 carboxylic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C6 to
C22 alkyl diphenyl oxide Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, naphtha

Sulfonate, and the Sodium Salts of 1-octane Sulfonic acid,
1-decane Sulfonic acid, and tridecane Sulfonic acid.

Of the aforesaid C8 to C18 alkyl sulfates, sodium lauryl
Sulfate and Sodium octyl Sulfate are preferred.
Of the alkyl or alkenyl esters or diesters of Sulfosuccinic
acid in which the alkyl or alkenyl groups independently
contain from Six to eighteen carbon atoms and alkali metal,
ammonium, calcium and magnesium Salts thereof, disodium
laureth SulfoSuccinate and Sodium dioctyl SulfoSuccinate are
preferred.
The C6 to C22 alkyl diphenyl oxide sulfonic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof are required if the solution is to be an effective
virucide. In such formulations, C6 and C10 alkylated Sul
fonated diphenyl oxide disodium Salt are the most preferred.
However, also preferred are other alkylated sulfonated
diphenyl oxide disodium Salts, including dodecyl diphenyl
oxide disulfonic acid and disodium 4-dodecylated dipheny
loxide Sulfonate.

60
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The Solution may contain each anionic Surfactant alone or
in combination with each other. A preferred mixture of
anionic Surfactants is a combination of dodecyl benzene
sulfonic acid and C6 alkylated Sulfonated diphenyl oxide
disodium Salt. A Solution according to the invention having
these anionic Surfactants will Serve both as a bactericide and
as a virucide.

The anionic Surfactant is present in a concentration of
from about 0.02 and 5 wt./wt.% and preferably from about

US 6,803,057 B2
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S
0.08 to about 3.6 wt./wt.%. Again, the higher amounts apply

A corrosion inhibitor may be added for the purpose of
improving compatibility of the Solution with non-ferrous
metals. Examples include a benzo triazole, a
hydrobenzotriazole, a carboxybenzotriazole, Sodium nitrite,
Sodium molybdate, Sodium gluconate and Sodium benzoate
and combinations thereof. When included, the preferred

to the concentrate forms of the Solution while the lower

amounts apply to the ready-to-use forms.
Concentrated forms of the present Solution may contain
up to about 20 wt./wt.% hydrogen peroxide and preferably
up to about 8 wt./wt. 76. Ready-to-use preparations may
contain from about 0.01 to about 1.0 wt.?wt.%. As will be

concentration is from about 0.05 to about 10 wt.?wt.%, more

illustrated by the examples which follow, solutions of about
0.5 wt./wt.% are effective in substantially reducing bacterial
and/or viral activity.
Solutions having about from about 0.01 to about 1.0
wt.?wt %, especially about 0.5 wt./wt.% hydrogen peroxide
are Suitable for use as household and commercial

disinfectants, bactericides and/or Virucides, Sanitizers and

cleaners. Solutions having about 3 to about 4 wt./wt.% are
Suitable for use as multi-purpose cleaners and bleach alter

15

0.05 to about 4.0 wt.?wt.% of the Solution.

natives in healthcare facilities, households and commercial

To enhance the marketable qualities of the product, addi
tives Such as colouring agents or dyes and Scents or fra
grances may be added.
Because hydrogen peroxide has a broad Spectrum of
activity, it is useful in many different applications. In the
healthcare field, the Solution may be used in hospitals,

facilities. Solutions having about 6 to about 8 wt./wt.%
hydrogen peroxide are Suitable for use as a Sporicides,
fungicides, Virucides and/or bactericides, broad Spectrum
Sanitizers, general purpose cleaners, and bleach alternatives,
particularly in institutional, healthcare and food applica
tions.

Other Surfactants, in the form of detergents, emulsifiers or
hydrotropes, may be present in the Solutions. For example,
certain emulsifiers, detergents, and hydrotropes are benefi
cial for cleaning Surfaces with organic matter or grease and
for providing stability to the solution. Typically, the
emulsifiers, detergents and hydrotropes are present in a total
concentration of about 10 to about 30 parts per hundred parts
of hydrogen peroxide or up to about 3 wt./wt.% of the
Solution. Preferably, they are present in a concentration of
from about 0.04 to about 2.0 wt./wt.%, and more preferably

clinics, laboratories, dental offices, home care and chronic
25

oxide (EO) alcohol ethoxylate (AE) sold in association with

the trade-mark Alfonic L610-3.5. Also, preferred alkyl aryl
polyoxyethylene Surfactants which are emulsifiers are C8 to
C16 alkylphenol alkoxylates. These include octyl phenol
ethoxylate which is Sold in association with the trade mark
TRITON X405.

A preferred method for preparing the Solutions of the
present invention comprises adding the phosphorus-based

35
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45

Preferred hydrotropes are alkylated Sulfonated diphenyl
oxides and alkylated Sulfonated diphenyl oxide Salts, e.g. C6

alkylated sulfonated diphenyl oxide disodium salt (which is
also useful as an anionic Surfactant, as noted above).

50

The pH of the solutions is from about 0.5 to about 6, and
more preferably from about 0.7 to about 3.5. Preferred
ready-to-use solutions have a pH from about 1.5 to about

acid(s) and the anionic Surfactant(s) and optionally the
emulsifiers, detergents and/or hydrotropes to distilled or
otherwise purified water prior to the addition of hydrogen
peroxide. If there are any other ingredients, e.g. alcohols,
Scents, colouring agents, dyes, corrosion inhibitors, natu
rally occurring carboxylic acids, these are preferably added
before the hydrogen peroxide. To achieve the desired pH,
buffering agents may be added following the addition of the
hydrogen peroxide.
It will be clear to the person skilled in the art how to
manufacture a powdered concentrate which can be dissolved
in water by the end user to produce an aqueous Solution
according to the invention. Similarly, it will also be clear to
the skilled person how to make an even more concentrated
disinfecting Solution than the Solution described herein.
Therefore, the present invention is directed also to concen
trated versions of the present inventive Solution and a
powdered concentrate which may be dissolved in water to
form the present liquid Solution. In powdered form, the
hydrogen peroxide is present as Sodium percarbonate or
Sodium perborate. The phosphorus based acid and anionic
Surfactants are either in Salt form or in acid form, as will be

3.5. Preferred concentrate versions of the inventive Solution

have pH values ranging from about 0.7 to about 2. To
achieve the preferred pH values, buffering agents may be
added to the Solution. These buffering agents include phos
phoric acid, and Sodium or potassium hydroxide, the latter
being otherwise known as caustic potash.
Additional additives may be added to further enhance
performance. These include a short-chain alcohol, e.g. a
C1-C6 alcohol, especially methanol, ethanol, iso-propanol,
n-butanol and n-pentanol. Preferably, the short chain alcohol
is present in a concentration of from about 0.1 to about 10

55

wt.?wt.% of the Solution. Addition of the alcohol is believed

65

to provide improved germicidal activity and additional
cleaning ability for organic contaminants.

care facilities. It may also be used in food and beverage
processing and preparation, animal husbandry, the hospital
ity industry and for general Sanitation, e.g. janitorial Ser
WCCS.

from about 0.1 to about 2.0 wt.?wt.% of the Solution.

Preferred emulsifiers and detergents are non-ionic alky
lated alkoxylate Surfactants, preferably polyoxyethylene Sur
factants. Preferred polyoxyethylene Surfactants are alkyl
polyoxyethylene Surfactants and alkyl aryl polyoxyethylene
Surfactants. A preferred alkyl polyoxyethylene Surfactant
which is a detergent is C6-C10 alkyl, 3.5 moles of ethylene

preferably from about 0.05 to about 1.5 wt./wt.%.
Naturally occurring carboxylic acids Such as monocar
boxylic acids, polycarboxylic acids, and mixtures thereof
may be added. These ingredients have known pH buffering,
Stabilizing and cleaning properties. Preferred monocarboxy
lic acids are glycolic acid and acetic acid. A preferred
polycarboxylic acid is citric acid. When included in the
Solution, they are present in a concentration of from about

understood by the person skilled in the art.
The invention may also be better understood by reference
to the following examples:
EXAMPLE I

A solution of the present invention (Solution A) was
by weight 75% phosphoric acid (HPO), 75 parts by weight
50% Briquest 301-50A (trade mark) amino tri(methylene
phosphonic acid), 25 parts by weight 45% hydrotrope Dow
fax (trade mark) C6 alkylated sulfonated diphenyl oxide
disodium salt, 25 parts by weight 98% Biosoft S-100 (trade
mark) dodecyl benzene Sulfonic acid, 10 parts by weight
Triton X-405 70% (trade mark) octyl phenol ethoxylate

prepared with 695 parts by weight distilled water, 20 parts

60

emulsifier and 150 parts by weight 50% hydrogen peroxide.
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The ingredients were mixed in a passivated vessel, with
hydrogen peroxide being the last ingredient added to the
solution. The pH of the solution was 1.27.
Aliquots of this Solution were tested for mycobacterial,
Sporicidal, fungicidal, bactericidal and Virucidal activity and
compared against commercially available disinfectants. For
testing for bactericidal and Virucidal activity, aliquots were
diluted with water, with 1 part solution to 15 parts water.
Quantitative carrier tests were conducted on the Samples
using a first method for testing mycobacterial, Sporicidal,
fungicidal, and bactericidal activity. A Second quantitative
carrier test method was employed to test Virucidal activity.
The first method is the American Society of Testing and
Materials (“ASTM') standard quantitative carrier test
(ASTM Method E2111-00), described in the publication
entitled “Standard Quantitative Test Method to Evaluate the
Bactericidal, Fungicidal, Mycobactelicidal and Sporicidal
Potencies of Liquid Chemical Germicides”, American Soci
ety for Testing of Materials, West Conshohocken, Pa. The
Second Both test methods incorporated the essential require

8
assays. The plaque forming units (PFU) were then deter
mined. To avoid false positive results, further controls were
carried out by exposing the cell monolayers to a non
Virucidal and non-cytotoxic dilution of the test products and
then using the Same monolayers for plaque assayS. If the
number of plaques on Such pre-exposed monolayerS was the
Same as those exposed to Earle's Solution, the product was
regarded as free from interference. In the tests, there were
three control carriers to every five test carriers.
The test results are shown in Tables Ia and Ib.

bacteria
CFU * *

ments of the Canadian General Standards Boards standard

entitled “Assessment of Efficacy of Antimicrobial Agents for
Use on Environmental Surfaces and Medical Devices'

(CGSB 1997). These methods will now be described.
The inside bottom Surface of glass Vials was used as the
carrier Surface for mycobacterial, Sporicidal, fungicidal,

TABLE Ia

15

25

Organism

Contact time

ATCC 19659*
ATCC 7955*
ATCC 15442*
ATCC 15442*
ATCC 15442*
ATCC 6538*
ATCC 10708*
ATCC 15755*
ATCC 9533*

6
6
10
3
1
1
1
20
5

hours
hours
minutes
minutes
minute
minute
minute
minutes
minutes

Control

Solution A

1.96 x 10
3.12 x 107
179 x 10
1.25 x 10°
1.45 x 10
1.40 x 10
1.16 x 10°
1861O
4.0 x 10

O
O
O
O
O
O
O
O
O

bactericidal tests. StainleSS Steel disks were used as the

carrier Surface for Virucidal tests. Silk Suture loops were not
used because of the extreme difficulty in using them for

TABLE Ib

Standardized tests.

viruses

All test organisms were first Suspended in bovine Serum
at a final concentration of 5 wt.?wt.% of the Solution. When

the product was to be tested after dilution, water with a
Standard hardness of 200 ppm as calcium carbonate was
used as the diluent. The water was prepared according to the

PFU : *

35

formula in AOAC International (1990).
Phosphate buffer, at pH 7.2, was used to make dilutions of
Spores and vegetative bacterial cells and to rinse membrane
filters in tests for sporicidal and bactericidal tests. The
diluent and filter rinse used for mycobacterial and fungicidal

40

tests was sterile normal saline (0.85% sodium chloride).

Earle's balance Salt Solution was used to prepare dilutions of
the virus prior to infectivity assayS.
The general Steps for quantitative analysis of
mycobacterial, Sporicidal, fungicidal and bactericidal activi

ties of the test disinfectant involved i) inoculating carriers
with inserts centred in Vials, ii) dyeing the inoculated
carriers, iii) removing the inserts, iv) adding a test disinfec
tant to the inoculated carrier, V) diluting the test disinfectant
at the completion of a known exposure time at a known
temperature, vi) filtering and vii) placing the filters onto a

5 minutes
5 minutes

Solution A

8.7 x 10
8.7 x 10

1.
1O

*ATCC 19659 Bacillus subtilis;
*ATCC 7955 Clostridium sporogenes;
*ATCC 15442 Pseudomonas aeruginosa;
*ATCC 6538 Staphylococcus aureus;
*ATCC 10708 Salmonella chloreraeSuis;
* ATCC 15755 Mycobacterium terrae:
*ATCC 9533 Trichophyton mentagrophytes;

EXAMPLE II
50

Solution A of Example I was tested further, according to
a third method which is the AOAC 960.09 method, titled

"Germicidal and Detergent Sanitizing Action of
Disinfectants', Final Action AOAC XV, 1995, Part 6.3.03
55

(hereinafter referred to as the “AOAC960.09 method”). The
AOAC 960.09 method is a suspension test standardized by
the AOAC, Association of Official Analytical Chemists,
which uses a contact time of 30 Seconds.

60

test virus in bovine serum. After the inoculum had dried, it

was exposed either to Earle's buffer solution or the test
disinfectant for the required contact time and temperature.
Each disk was placed in a vial with eluent/diluent and

ATCC VR-192*
ATCC VR-192*

Control

45

(CFU) were then determined.
carriers, except that phosphate buffer was applied to the
dried inoculum instead of disinfectant in the case of Spori
cidal and bacterial tests, and Sterile Saline was applied in the
case of mycobactericidal and fungicidal tests. In the tests,
there were three control carriers to every Seven test carriers.
For Virucidal activity, each StainleSS Steel disk received

Contact time

* ATCC VR-192* Sabin vaccine strain of polio virus Type I
**CFU = colony forming units; PFU = plaque forming units

medium, followed by incubating. The colony forming units
Control carriers were used in the same manner as test

Organism

65

Samples of the organism being tested were mixed with
5% bovine serum. 56 mL portions of Solution A were diluted
with 4 liters of 200 ppm synthetic hard water. Each dilute
Solution was applied to an organism at 20° C. and the
organism count per milliliter was determined before appli

vortexed to recover the inoculum. The control and test

cation of the Solution, and 30 seconds and 60 seconds after

eluates were inoculated into cell cultures for virus plaque

application of the solution. The results are shown in Table II.

US 6,803,057 B2

Organism

ATCC 15442
ATCC 6538
ATCC 33592*
ATCC 51575*

9

10

TABLE II

contained about 0.01% hydrogen peroxide. A sample of
commercial sodium hypochlorite bleach was diluted 1:20 to

Initial Count

94.5
44.5
32.3
94.5

x
x
x
x

10
10
10
10

Count

Count

30 sec

60 sec

&10
218
&10
&10

&10
75
&10
&10

form Solution D.
The contaminated tiles were cleaned with 50 mL of each

Solution being tested and cleaning efficiency values were
based on reflectance measurements. The results are shown in
Table V.
TABLE V

* ATCC 33592 Staphylococcus aureus (methicillin resistant); ATCC 51575
Enterococcus faecalis (vancomycin resistant)

Solution

EXAMPLE III

Solution A of Example I was tested further, again in
accordance with the AOAC 960.09 method.

15

Samples of the organism being tested were mixed with
5% bovine serum. The undiluted Solution A was applied to
the organisms at 20° C. and the organism count per milliliter
was determined before application of the solution, and 30
Seconds and 60 Seconds after application of the Solution. The
TABLE III

ATCC 10708
ATCC 15442
ATCC 6538
ATCC 33592
ATCC 51575

Initial Count

117
94.5
44.5
79.5
32.3

x
x
x
x
x

10
10
10
10
10

Count

Count

30 sec

60 sec

&10
&10
&10
&10
&10

&10
&10
&10
&10
&10

Solution B (0.06% H.O.)
Solution C (0.01% H.O.)
Solution D (Na hypochlorite)

94.6
93.7
11.3

Standard Detergent

77.2

Distilled water

11.4

EXAMPLE VI to X

results are shown in Table III.

Organism

Efficiency (%)

25

Experiments were conducted to Study the contribution of
individual components of the present inventive formulation
towards overall efficacy. The following legend applies to
assist in the understanding of Examples VI to X below.
Phosphorous-based Compounds
HPO=phosphoric acid
STPP=Sodium tripolyphosphate
BRIO UEST

AD PA - 6 OAW

(HEDP)=1-

hydroxyethylidene-1,1-diphosphonic acid

Briquest 301-50A (ATMP)=amino tri(methylene phos
phonic acid)
Anionic Surfactants

Biosoft S-100 (DDBSA)=dodecyl benzene sulfonic acid

EXAMPLE IV

The test according to Example II (i.e. using the AOAC
960.09 method) was modified, using 50% bovine serum

which was added to the organism. 56 mL portions of
Solution A were diluted with 4 liters of 200 ppm synthetic
hard water. Each dilute Solution was applied to an organism
at 20° C. and the organism count per milliliter was deter
mined before application of the Solution, and 30 Seconds and
60 Seconds after application of the Solution. The results are

35

Hostapur SAS-30=Sodium C14-C17 sec-alkyl sulfonate
40

Stepanol WAC (SLS)=Sodium lauryl sulfate
Standapol LF (SOS)=Sodium octyl sulfate
Stepan Mild SL3 (SLSS)=disodium laureth sulfosucci

45

DOWFAX hydrotrope=C6 alkylated Sulfonated diphenyl

nate

TABLE IV

ATCC 15442
ATCC 6358
ATCC 10708

Oxide disodium Salt

Petro ULF (ANS)=Sodium alkyl naphthalene sulfonate
Bioterge PAS-8 (SOS)=Sodium octyl sulfonate

shown in Table IV.

Organism

Dowfax C10L C10=C10 alkylated Sulfonated diphenyl

Oxide disodium Salt
Count

Count

Initial Count

30 sec

60 sec

235 x 10
115 x 10
81.3 x 10

&10
&10
&10

&10
&10
&10

EXAMPLE V

50

Alfonic L610-3.5=C6-C10 alkyl, 3.5 moles of ethylene

55

Tests were carried out to determine the cleaning efficiency
of diluted Solutions of Solution A compared to commercially
available cleaners. A fourth test, namely Procedure CAN/
CGSB 2.1, Method 20.3 was used, in which synthetic soil,
of brown iron oxide pigment, kerosene, Stoddard Solvent,
white petroleum jelly, lubricating oil and shortening, was
applied to white vinyl tiles. As a control, a 1% CGSB
Standard detergent in 125 ppm hard water, was used.
One portion of Solution A was diluted in 125 ppm hard

60

water to form Solution B, which contained about 0.06%

65

hydrogen peroxide. Another portion of Solution A was
diluted in 125 ppm hard water to form Solution C, which

Alpha-Step MC-48 (SMSE/SFA) =Solution containing
SMSE and SFA (relative ratio of components not given
by manufacturer)
SMSE=Sodium methyl 2-sulfo C-C ester
SFA=disodium 2-sulfo C-C fatty acid Salt
Non-ionic Surfactants (Emulsifiers)
oxide (EO) alcohol ethoxylate (AE)
TRITON X-405 (OPE)=octyl phenol ethoxylate
Anionic Surfactants (Hydrotropes)

C6 DOWFAX hydrotrope=C6 alkylated Sulfonated diphe
nyl oxide disodium Salt
EXAMPLE VI

Formulations A1 to A5 were prepared and tested on the

gram positive Surrogate Staphylococcus aureus (also
referred to as ATCC 6538) according to the ASTM Method
E2111-00 and the AOAC 960.09 method discussed above

under Examples I and II, respectively. The results were
compiled and are shown in Table VI below.

US 6,803,057 B2
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12
960.09 Suspension test, it can be seen that the formulation
exhibits a high level of germicidal activity which is attrib
utable to the anionic Surfactant, dodecyl benzene Sulfonic
acid (DDBSA). This is quite expected as concentrations of
DDBSA as low as 200 ppm are known to be effective in
sanitizing (cf. Lopes, J. A. (1986) “Evaluation of dairy and
food plant Sanitizers against Salmonella typhimurium and
Listeria monocytogenes", J. Dairy Sci., 69, 2791-2796).
However, when the more challenging ASTM quantitative
carrier test is used, it is apparent that both the DDBSA and
the hydrogen peroxide are necessary to achieve disinfection.

TABLE VI
FORMULATION

INGREDIENT -

% w/w

A1

% w/w

A2

A3

A4

% w/w % w/w % w/w

A5

% wifw

HPO (75%)

O.15

O.15

O.15

0.27

O.15

0.11
O.47
0.28

0.11
O.47
0.28

0.20

BRIOUEST
ADPA-60AW

0.11
O.47
0.28

0.11
O.48
0.29

C6 DOWFAX

O.18

O.18

O.18

O.18

Hydrotrope (45%)

0.08

0.08

0.08

0.08

BIOSOFT S-100

O.18

O.18

(60% HEDP)
O.18

(98% DDBSA)

0.18

0.18

TRITON X-405

O.08

O.08

O.08

O.OS

(70% OPE)
H.O. (50%)

0.06
2.OO

0.06

0.06
2.OO

2.OO

0.04
1.10

1.00
1.94
to 100

100
1.97
to 100

0.55
1.91
to 100

pH
Water
Germicidal Results
AOAC 96009

100
1.91
to 100

1.93
to 100

0.18

The results for formulation A3 show that the anionic

surfactant, DDBSA, is necessary for disinfection.

O.18

0.18

EXAMPLE VII

15

Formulations B1 to B3 were prepared and tested on the

gram positive Surrogate Staphylococcus aureus (ATCC
6538) according to the ASTM Method E-2111-00. The
results were compiled and are shown in Table VII below.

6.22

6.04

NM

6.22

>6

6.22

3.43

1.66

6.22

>6

TABLE VII

suspension test,
contact time
30 seconds
ASTM Method
E2111-OO

FORMULATION

INGREDIENT 9% w/w

Contact time: 3 min

Briquest ADPA-60AW (60% HEDP)

C6 Dowfax Hydrotrope (45%)
Alfonic L610-3.5 (100% AE)
35 Hydrogen Peroxide (50%)

Biosoft S-100 (98% DDBSA)
pH
Water
40 Germicidal results

ASTM Method E-2111-00 carrier test,

phosphoric acid does not contribute to the bactericidal
activity of the Solution. In the above experiments, the
phosphoric acid is used to buffer the solution to pH levels
slightly below 2 as shown.
Formulations A1, A4 and A5 are exemplary embodiments
of the present invention containing 1.00, 1.00 and 0.55
wt./wt.% hydrogen peroxide, respectively. These Solutions
result in a greater than 6 Logo reduction in bacteria counts,
showing them to be effective disinfectants using both meth
ods of testing.
Formulation A2 is similar to formulation A1 except that
the hydrogen peroxide has been omitted. Using the AOAC

O.18

O.18

O.18

0.08

0.08

0.08

O.OS

O.OS

O.05

0.05

0.05

0.05

1.10

1.10

1.10

0.55

0.55

0.55

O.18

O.18

O.18
0.18
about 2
to 100

6.85

0.18
0.18
about 2 about 2
to 100 to 100

6.85

6.56

Contact time: 3 min

45

microbe inoculum on the Surface of a carrier (a small glass
or Steel disc or plate) and then immersing the carrier in the

(not presently shown) that, at these concentration levels,

O.32
0.29

used in higher risk applications where the presence of even

germicide Solution. The germicide Solution must penetrate a
large lumped mass of organism/culture broth in order to
effectively reach all microbes and effect a good kill.
Although Formulation A4 contains 0.27 wt./wt.% phos
phoric acid as compared to 0.15 wt./wt.% of Formulations
A1 to A3, and A5, it has been found in Separate experiments

O.58

STPP (90% sodium tripolyphosphate)

infection results than the AOAC960.09 test. This method is

low levels of bacteria cannot be tolerated, Such as in the

B3

0.29

infectant.

disinfection of Surgical instruments used in the health care
industry. The ASTM Method E2111-00 involves drying the

B2

% w/w % w/w

O.48

Briquest 301-50A (50% ATMP)

of less than 3Logo). A 6-Logo reduction is considered effective as a dis

The AOAC 960.09 method gives rise to more favourable
involves adding a Small drop of the organism inoculum to a
tube of germicide Solution and mixing for the Specified
contact time. The microbes are Suspended in and Surrounded
entirely by the germicide solution. The ASTM Method
E2111-00 evaluates bactericidal activity of liquid chemical
germicides to be used on non-porous environmental Surfaces
and is more challenging, giving rise to less favorable dis

% w/w
0.29

Table VI. Single-factor experiments with 1% and 0.55% hydrogen perox
ide. Numbers shown under germicidal results are Logo reduction in the
number of viable organisms. NM: not measurable due to substantial
growth - plates had colonies too numerous to count (typically a reduction

disinfection results than the ASTM Method E2111-00 and

B1

25

carrier test,

Table VII. Efficacy of formulations based on different phosphorous con
taining acids. Actual concentrations calculated and shown in bold-faced
font. Numbers shown under germicidal results are Logo reduction in the
number of viable organisms. A minimum of 6- Logo reduction is consid
ered effective as a disinfectant.

50

Formulations B1 to B3 are exemplary embodiments of the
present invention containing 0.55 wt./wt.% hydrogen per
oxide. These Solutions result in a greater than 6 Logo
reduction in bacteria counts, showing them to be effective
disinfectants.

55

60

Formulations B1, B2 and B3 differ only in the type of
phosphorous based acid that is utilized. In formulation B1,
the phosphorou S-based acid employed is

1-hydroxyethylidene-1,1,-diphosphonic acid (HEDP, a
diphosphonic acid). Formulation B2 has been prepared with
amino tri(methylene phosphonic acid) (ATMP, a triphospho
nic acid), while formulation B3 is not based on a phosphonic
acid, but rather on another phosphorous-based acid, tripoly
phosphoric acid (a polymerized form of phosphoric acid).
Phosphoric acid and tripolyphosphoric acid are derivatives
of phosphorous oxides in which the phosphorous atom is in

65

the +5 oxidation state. It is believed that all Such derivatives

will be useful in the present inventive formulation. These
experiments demonstrate that other phosphorous-based

US 6,803,057 B2
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acids,alone, can be employed in preparation of the claimed
composition without a significant drop in biocidal efficacy.

TABLE VIII-continued
Germicidal

activity

EXAMPLE VIII

ASTM Method
E-2111-OO
Contact time:

Formulations C1 to C9, based on 0.55 wt./wt.% hydrogen
peroxide, were prepared and tested in accordance with
ASTM Method E-2111-00 against Staphylococcus aureus

6.21

5.45

6.4

NM

3 min:
Staph. aureus

(ATCC 6538). The only difference among formulations C1
to C9 is in the identity of anionic surfactant used. Formu
lation C10 was prepared and tested as a control. The results

Table VIII. Efficacy of formulations based on different anionic surfactants.
Actual concentrations calculated and shown in bold-faced font. Numbers

are shown in Table VIII below.
TABLE VIII

6.76

15

shown under germicidal results are Logo reduction in the number of
viable organisms. A minimum of 6-Logo reduction is considered effective
as a disinfectant. NM means not measurable due to substantial growth plates had colonies too numerous to count (typically a reduction of less
than 3logs).

FORMULATION

INGREDIENT

(% w/w)
Phosphoric
acid (75%)

C1

C2

C3

% w/w % w/w % w/w % w/w
O.15
0.11
O.48
0.29

O.15
0.11

ADPA-60AW (60%)

O.15
0.11
O.48
0.29

C6 Dowfax

O.18

Hydrotrope

0.08

Alfonic

Briquest

(45%)

C4

C5

% wifw

0.29

O.15
0.11
O.48
0.29

O.15
0.11
O.48
0.29

O.18

O.18

O.18

O.18

0.08

0.08

0.08

0.08

O.OS

O.05

O.OS

O.OS

O.OS

0.05

O.48

25

L610-3.5 (100%)

0.05

0.05

0.05

0.05

Hydrogen

1.10

1.10

1.10

1.10

1.10

Peroxide (50%)

0.55

0.55

0.55

0.55

0.55

Dowfax C1OL

O.39

C10 (45%)
Stepan Mild SL3
(SLSS) (32%)

0.18
O.54
0.17

Petro ULF

O.18

(ANS) (95%)
Stepanol WAC
(SLS) (29%)

0.17

Biosoft S-100

(98%)

0.55
0.16
O.18

0.18

pH

about 2 about 2 about 2 about 2

about 2

Water
Germicidal

to 100

to 100

to 100

to 100

to 100

activity
ASTM Method

35

6.76

5.91

6.76

6.83

E-2111-00,
Contact time:

3 min:
Staph. aureus

45
FORMULATION

INGREDIENT

(% w/w)

C6

C7

C8

C9

% w/w % w/w % w/w % w/w

C10

% wifw

Phosphoric
acid (75%)
Briquest

O.15
0.11
O.48

O.15
0.11
O.48

O.15
0.11
O.48

O.15
0.11
O.48

O.15
0.11
O.48

ADPA-60AW

0.29

0.29

0.29

0.29

0.29

C6 Dowfax

O.18

O.18

O.18

O.18

O.18

Hydrotrope (45%)

0.08

0.08

0.08

0.08

0.08

Alfonic L610-3.5

O.OS

O.05

O.OS

O.OS

O.OS

(100% AE)

0.05

0.05

0.05

0.05

0.05

1.10

1.10

1.1

1.1

1.1

Peroxide (50%)

0.55

0.55

0.55

0.55

0.55

Hostapur SAS-30
(30% SAS)
Standapol LF
(35% SOS)
Alpha-Step MC-48
(37% SMSE/SFA)
Bioterge PAS 8
(SOS) (38%)

55

O.45
0.17

60

O.51
0.18

O42
0.16

pH

about 2 about 2 about 2 about 2

about 2

Water

to 100

to 100

to 100

to 100

to 100

Sulfonic acids and alkali metal, ammonium, calcium and

magnesium Salts thereof.
Formulations C5 and C9 contain sodium lauryl sulfate
and Sodium octyl Sulfate, respectively, which belong to the
and magnesium C8 to C18 alkylsulfates. More specifically,
formulation C5 is based on a sulfated C alcohol.
Formulations C6 and C8 contain sodium octyl sulfonate
and sodium C14-C7 sec-alkylsulfonate, respectively, which
belong to the group consisting of C8 to C22 alkyl Sulfonic
acids and alkali metal, ammonium, calcium and magnesium
salts thereof.

O.60

0.18

magnesium Salts thereof. More Specifically, formulation C3
is based on an ethoxylated ester of SulfoSuccinic acid, with
a hydrophobic chain of equivalent length Cs.
Formulation C4 contains Sodium alkyl naphthalene Sul
fonate which belongs to the group defined as naphthalene

class identified herein as alkali metal, ammonium, calcium

50

(60% HEDP)

Hydrogen

Formulation C3 contains disodium laureth SulfoSuccinate

which is a member of the group defined as alkyl or alkenyl
esters or diesters of SulfoSuccinic acid in which the alkyl or
alkenyl groups independently contain from Six to eighteen
carbon atoms and alkali metal, ammonium, calcium and

40

6.76

All formulations C1 to C10 contain C6 alkylated Sul
fonated diphenyl oxide disodium salt which is both a hydro
trope and an anionic Surfactant belonging to the class of
anionic Surfactants defined herein as C6 to C22 alkyl diphe
nyl oxide Sulfonic acids and alkali metal, ammonium, cal
cium and magnesium Salts thereof. This member of the class
contributes to Virucidal rather than bactericidal properties of
the present inventive formulation, as will be discussed
further below in Example X. For the purposes of this
Example IX, C10 acts as a control.
Formulation C1 contains dodecyl benzene Sulfonic acid
which belongs to the group consisting of C8 to C16 alkyl
aryl Sulfonic acids and alkali metal, ammonium, calcium and
magnesium Salts thereof.
Formulation C2 contains C10 alkylated sulfonated diphe
nyl oxide disodium salt which belongs to the group defined
as C6 to C22 alkyl diphenyl oxide sulfonic acids and alkali
metal, ammonium, calcium and magnesium Salts thereof.

65

Formulation C7 contains a mixture of sodium methyl
2-sulfo C-C ester and disodium 2-sulfo C-Cls fatty
acid Salt which are members of the class consisting of
sulfonated C12 to C22 carboxylic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof. More
Specifically, formulation C7 is an example of a Sulfonated
carboxylic acid and a Sulfonated methyl-ester of that acid.
Formulations C1, C2, C4 and C6 comprise surfactants
which have a Sulfonic acid moiety as the polar head, and
hydrophobic chains of lengths equivalent to C-C,
Co-C12, Cs-12, and Cs, respectively.

US 6,803,057 B2
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Formulations C1, C2, C4, C5, C6, C7, and C9 are all

effective as disinfectants as they were able to achieve a
greater than 6 logo reduction in bacterial counts. Although

TABLE X
FORMULATION

formulations C3 and C8 are not so effective as to be

considered disinfectants, they are nonetheless highly
effective, achieving a greater than 5 logo reduction in

5

INGREDIENT

(% w/w)

bacterial counts. In contrast, formulation C10 resulted in
bacterial counts which were too numerous to count, i.e. leSS

E3

E4

E5

% wifw

O.15

O.15

O.15

acid (75%)

0.11

0.11

0.11

0.11

O.48
0.29

O.48
0.29

O.48
0.29

O.48
0.29

O.15

O.18

(60% HEDP)
C6 Dowfax

O.18

O.18

O.18

Hydrotrope (45%)

0.08

0.08

0.08

0.08

Alfonic L610-3.5

O.OS

O.OS

O.OS

(100% AE)
15 Hydrogen

O.OS

0.05

0.05

1.1

1.1

0.05

0.05

1.1

1.

1.1

0.55

Peroxide (50%)

0.55

0.55

0.55

Biosoft S-100

O.18

O.18

O.18

(98% DDBSA)
Phosphoric acid

0.18
O.08

0.18

0.18

(75%) (for adjusting

0.06

Formulations D1 to D3 according to the present invention
were prepared and tested using ASTM Method E-2111-00
on the gram positive Surrogate StaphylococcuS aureuS

Water

(ATCC 6538). The only difference among these formula

Germicidal activity

tions is the pH value and amount of NaOH buffer added to
achieve the pH value. The results were compiled and are

Quantitative virus test

shown in Table IX below.

E2

Phosphoric
Briquest
ADPA-60AW

than a 3 logo reduction in bacterial counts. The above tests
show that formulations according to the present invention
exhibit bactericidal activity.
EXAMPLE IX

E1

% w/w % w/w % w/w % w/w

0.55
O.18

0.18

O.15

0.11

pH to about 1.8)
to 100

to 100

to 100

to 100

to 100

1.72

O.08

4.12

4.55

4.24

(CGSB 1997)
25

Contact time: 5 min:

Log10 reduction
in Polio Virus

TABLE IX

Table X. Efficacy results versus polio virus. Actual concentrations calcu
lated and shown in bold-faced font. A minimum 3-Logo reduction is con

FORMULATION

sidered effective as a virucide.
D1

D2

D3

INGREDIENT (% w/w)

% w/w

% w/w

% w/w

Phosphoric acid (75%)

0.15

0.15

0.15

0.11

0.11

0.11

Briquest ADPA-60AW (60%)

O.48

O.48

O.48

0.29

0.29

0.29

O.18

O.18

O.18

0.08

0.08

0.08

O.OS

O.OS

O.05

0.05

0.05

0.05

1.10

1.10

1.10

0.55

0.55

0.55

C6 Dowfax Hydrotrope (45%)
Alfonic L610-3.5 (100%)
Hydrogen Peroxide (50%)

Biosoft S-100 (DDBSA) (98%)

O.18

O.18

O.18

0.18

0.18

0.18

NaOH (50%) to pH shown

pH 3.8

pH 5.0

PH 6.O

Water

to 100

to 100

to 100

6.57

6.14

S.O.3

35

40

Germicidal activity
ASTM Method E-2111.00
Contact time: 3 min

45

What is claimed is:

1. An aqueous solution having a pH of from about 0.5 to

Table IX. Efficacy of formulations at differing pH. Actual concentrations
calculated and shown in bold-faced font. Numbers shown under germicidal
results are Logo reduction in the number of viable organisms. A minimum
of 6- Logo reduction is considered effective as a disinfectant.

about 6 and consisting essentially of i) hydrogen peroxide in
a concentration of from about 0.01 to about 20 wt.?wt.% of

the Solution, ii) at least one phosphorus-based acid in a
50

The results in Table IX show that the composition is
effective over a wide pH range up to at least 6.0. However,
germicidal activity is seen to exhibit an inverse dependence
on pH. For practical purposes the maximum limit for effi
cacy has been set at a pH of about 6.0.
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EXAMPLE X
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virus ATCC VR-192 in accordance with the second test

described under Example I. The results are included in Table

concentration range of from about 0.05 to about 8 wt./wt.%
Selected from the group consisting of C8 to C16 alkyl aryl

of the Solution, and iii) at least one anionic Surfactant
Sulfonic acids and alkali metal, ammonium, calcium and

Formulations E1 to E5 containing 0.55 wt./wt.% hydro
gen peroxide, were tested against the non-enveloped polio
X below.

Only formulations E3 to E5 are effective as virucides
Since only they were able to achieve a greater than 3 logo
reduction in viral counts. Table X demonstrates that viru
cidal activity is highly dependant on the
1-hydroxyethylidene-1,1,-diphosphonic acid and the C6
alkylated Sulfonated diphenyl oxide disodium Salt, as shown
by the results for formulations E1 and E2. Furthermore,
formulation E4 shows that dodecylbenzene Sulfonic acid, an
indispensable component for activity verSuS vegetative
bacteria, is not required for Virucidal activity. Formulation
E3 shows that virucidal activity is not affected by the
presence of the non-ionic surfactant, Alfonic L610-3.5
(C6-C10 alkyl, 3.5 moles of ethylene oxide (EO) alcohol
ethoxylate (AE). Formulation E5 shows that phosphoric acid
is not a requirement for Virucidal activity.
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magnesium Salts thereof, Sulfonated C12 to C22 carboxylic
acids and alkali metal, ammonium, calcium and magnesium
salts thereof, C6 to C22 alkyl diphenyl oxide sulfonic acids
and alkali metal, ammonium, calcium and magnesium Salts
thereof, naphthalene Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C8 to
C22 alkyl Sulfonic acids and alkali metal, ammonium,
calcium and magnesium Salts thereof, alkyl or alkenyl esters
or diesters of SulfoSuccinic acid in which the alkyl or alkenyl
groups independently contain from Six to eighteen carbon
atoms and alkali metal, ammonium, calcium and magnesium
Salts thereof, and mixtures thereof, in a concentration range
of from about 0.02 to about 5 wt.?wt.% of the Solution.

2. An aqueous Solution according to claim 1 wherein the
phosphorus-based acid is Selected from the group consisting

US 6,803,057 B2
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of the derivatives of phosphorous oxides in which the
phosphorous atom is in the +5 oxidation State, phosphonic
acids having 1 to 5 phosphonic acid groups and Salts thereof,

Sisting of emulsifiers, hydrotropes, detergents and mixtures
thereof in a concentration of from about 0.04 to about 3

wt.?wt.% of the Solution.

15. A solution according to claim 14 wherein the emul
sifiers and detergents are polyoxyethylene Surfactants.
16. A solution according to claim 14 wherein the hydro
trope is Selected from the group consisting of alkylated
Sulfonated diphenyl oxides, alkylated Sulfonated diphenyl

and mixture thereof.

3. A Solution according to claim 2 wherein the
phosphorus-based acid is Selected from the group consisting
of phosphoric acid, Sodium tripolyphosphate,
1-hydroxyethylidene-1,1,-diphosphonic acid, amino tri

(methylene phosphonic acid), diethylenetriaminepenta
(methylene phosphonic acid), 2-hydroxyethylimino bis
(methylene phosphonic acid), ethylene diamine tetra
(methylene phosphonic acid), and mixtures thereof.

4. A Solution according to claim 3 wherein the
phosphorus-based acid is Selected from the group consisting
of phosphoric acid, 1-hydroxyethylidene-1,1-diphosphonic

oxide Salts, and mixtures thereof.

17. A Solution according to claim 14 containing a C6
alkylated Sulfonated diphenyl oxide disodium Salt.
18. An aqueous solution having a pH of from about 0.5 to

about 6 and consisting essentially of i) hydrogen peroxide in

a concentration of from about 0.01 to about 20 wt.?wt.% of
15

the Solution, ii) at least one phosphorus-based acid in a

acid, and mixtures thereof.

concentration range of from about 0.05 to about 8 wt./wt.%

5. A Solution according to claim 1 wherein the anionic
Surfactant is Selected from the group consisting of dodecyl

of the Solution, iii) at least one anionic Surfactant Selected

8. A Solution according to claim 1 wherein the
phosphorus-based acid is present in a concentration of from

from the group consisting of C8 to C16 alkyl aryl Sulfonic
acids and alkali metal, ammonium, calcium and magnesium
salts thereof, sulfonated C12 to C22 carboxylic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof, C6 to C22 alkyl diphenyl oxide sulfonic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof, naphthalene Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C8 to
C22 alkyl Sulfonic acids and alkali metal, ammonium,
calcium and magnesium Salts thereof, alkyl or alkenyl esters
or diesters of SulfoSuccinic acid in which the alkyl or alkenyl
groups independently contain from Six to eighteen carbon
atoms and alkali metal, ammonium, calcium and magnesium
Salts thereof, and mixtures thereof, in a concentration range
of from about 0.02 to about 5 wt.?wt.% of the solution, and

about 0.2 to about 8 wt.?wt.% of the Solution.

iv) a corrosion inhibitor in a concentration of from about

benzene Sulfonic acid and alkali metal, ammonium, calcium

and magnesium Salts thereof, C6 to C22 alkyl diphenyl

oxide Sulfonic acid and alkali metal, ammonium, calcium

and magnesium Salts thereof, and mixtures thereof.
6. A Solution according to claim 5 wherein the anionic
Surfactant is Selected from the group consisting of dodecyl
benzene Sulfonic acid and an alkali metal Salt thereof, a C6
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alkylated Sulfonated diphenyl oxide disodium Salt, and mix
tures thereof.

7. A Solution according to claim 1 wherein the Solution
has a hydrogen peroxide concentration of from about 0.5 to
about 8 wt.?wt.% of the Solution.

9. A Solution according to claim 1 wherein the anionic
Surfactant is present in a concentration of from about 0.08 to

0.05 to about 10 wt.?wt.% of the Solution.
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19. An aqueous solution having a pH of from about 0.5 to

about 6 and consisting essentially of i) hydrogen peroxide in

about 5 wt.?wt.% of the Solution.

10. A solution according to claim 1 having a pH of from

a concentration of from about 0.01 to about 20 wt.?wt.% of

about 0.7 to about 3.5.
11. A concentrated Solution which can be diluted with

the Solution, ii) at least one phosphorus-based acid in a
concentration range of from about 0.05 to about 8 wt./wt.%

water to produce a Solution according to claim 1.
12. A powdered formulation which can be dissolved in
water to produce a Solution according to claim 1.
13. A Solution according to claim 1 wherein the Solution
has a hydrogen peroxide concentration of from about 0.05 to
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about 8 wt.?wt.% of the Solution.
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14. An aqueous solution having a pH of from about 0.5 to

about 6 and consisting essentially of i) hydrogen peroxide in
a concentration of from about 0.1 to about 20 wt.?wt.% of

the Solution, ii) at least one phosphorus-based acid in a
concentration range of from about 0.05 to about 8 wt./wt.%
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of the Solution, iii) at least one anionic Surfactant Selected

from the group consisting of C8 to C16 alkyl aryl Sulfonic
acids and alkali metal, ammonium, calcium and magnesium
salts thereof, sulfonated C12 to C22 carboxylic acids and
alkali metal, ammonium calcium and magnesium Salts
thereof, C6 to C22 alkyl diphenyl oxide sulfonic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof, naphthalene Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C8 to
C22 alkyl Sulfonic acids and alkali metal, ammonium,
calcium and magnesium Salts thereof, alkyl or alkenyl esters
or diesters of SulfoSuccinic acid in which the alkyl or alkenyl
groups independently contain from Six to eighteen carbon
atoms and alkali metal, ammonium, calcium and magnesium
Salts thereof, and mixtures thereof, in a concentration range
of from about 0.02 to about 5 wt.?wt.% of the Solution, and

iv) an additional component Selected from the group con
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of the Solution, iii) at least one anionic Surfactant Selected

from the group consisting of C8 to C16 alkyl aryl Sulfonic
acids and alkali metal, ammonium, calcium and magnesium
salts thereof, sulfonated C12 to C22 carboxylic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof, C6 to C22 alkyl diphenyl oxide sulfonic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof, naphthalene Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C8 to
C22 alkyl Sulfonic acids and alkali metal, ammonium,
calcium and magnesium Salts thereof, alkyl or alkenyl esters
or diesters of SulfoSuccinic acid in which the alkyl or alkenyl
groups independently contain from Six to eighteen carbon
atoms and alkali metal, ammonium, calcium and magnesium
Salts thereof, and mixtures thereof, in a concentration range
of from about 0.02 to about 5 wt.?wt.% of the Solution, and

iv) an monocarboxylic acid, a polucarboxylix acid, or mix

tures thereof, in a concentration of from about 0.05 to about
4 wt.?wt.% of the Solution.

20. An aqueous solution having a pH of from about 0.5 to
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about 6 and consisting essentially of i) hydrogen peroxide in
a concentration of from about 0.01 to about 20 wt.?wt.% of

the Solution, ii) at least one phosphorus-based acid in a
concentration range of from about 0.05 to about 8 wt./wt.%

of the Solution, iii) at least one anionic Surfactant Selected
65

from the group consisting of C8 to C16 alkyl aryl Sulfonic
acids and alkali metal, ammonium, calcium and magnesium
salts thereof, sulfonated C12 to C22 carboxylic acids and
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alkali metal, ammonium, calcium and magnesium Salts
thereof, C6 to C22 alkyl diphenyl oxide sulfonic acids and
alkali metal, ammonium, calcium and magnesium Salts
thereof, naphthalene Sulfonic acids and alkali metal,
ammonium, calcium and magnesium Salts thereof, C8 to
C22 alkyl Sulfonic acids and alkali metal, ammonium,
calcium and magnesium Salts thereof, alkyl or alkenyl esters
or diesters of SulfoSuccinic acid in which the alkyl or alkenyl
groups independently contain from Six to eighteen carbon
atoms and alkali metal, ammonium, calcium and magnesium
Salts thereof, and mixtures thereof, in a concentration range
of from about 0.02 to about 5 wt.?wt.% of the Solution, and

iv) an alcohol comprising one to six carbon atoms in a
concentration of from about 0.1 to about 10 wt.?wt.% of the
Solution.

20
21. An aqueous solution having a pH of from about 0.7 to

about 3.5 and consisting essentially of i) hydrogen peroxide
in a concentration of from about 0.01 to about 20 wt.?wt.%

of the Solution, ii) a phosphonic acid having from 1 to 5
phosphonic acid groups in a concentration of from about 0.2
to about 8 wt./wt.% of the solution, iii) an anionic alkyl aryl
Sulfonic acid in a concentration of from about 0.08 to about
5 wt./wt.% of the solution, and iv) an additional component
1O

Selected from the group consisting of emulsifiers,
hydrotropes, detergents and mixtures thereof in a concen

tration of from about 0.04 to about 3 wt.?wt. 76 of the

Solution, Said additional component including at least one
polyoxyethylene Surfactant and a alkylated Sulfonated
diphenyl oxide Salt.
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