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TITLE
IBUPROFEN COMPLEXES AS WOOD PRESERVATIVES

Technical Field

This invention relates to preservatives fbr wood
and other cellulosic materials. Specifically, '
protection of cellulosic materials is provided by the
application of solutions of ibuprofen complexed with

copper or zinc ions. These complexes readily penetrate

the cellulosic materials.

Background

The decay of wood and other cellulosic materials
by fungi, and the consumption of wood by termites,
cause significant economic loss. Until recently, the

most widely used wood preservative has been chromated
copper arsenate (CCA). However, production of CCA for
use in residential structuyures was prohibited as of
January 2004 due to issues raised concerning the
environmental impact and safety of arsenic and chromium
used in CCA-~-treated lumber. As CCA replacements,
arsenic-free and chromium-free wood preservatives are
sought. Retention in treated wood of copper and other

“metal ions that are effective fungicides is a
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challenge. Metal salts are generally water soluble and
rapidly leach from treated wood, which causes loss of

the preservative function.

Wood rotting fungi are typically either white-xrot
or brown-rot basidiomycetes. Brown-rot fungi are the
most destructive wood rotting organisms, though they
make up only 7% of all wood rotting basidiomycetes
(Gilbertson and'Ryvarden (1986) North}American :
Polypores, Abortiporus-Lindtneria, V1. Gronslands
Grafiske A/S, Olso, Norway). The brown-rot fungi are

generally tolerant of cbpper; the typically used wood
preservative, which is effecti#e against the white-rot
fungi. Thus, compounds active against brown-rot fungi

are needed in wood preservatives.

!Ibuprofen has been shown to be toxic to many
different isolates of brown-rot fungi [Clausen, Report
#IRG/WP 10160, (1996) USDA Forest Products Lab. ,
Madison, WI].. In addition, ibuprofen has been found to
be toxic to termites (Connick et al, (2001)
Environmental Entomology, v30, p449~455). The
potential value of ibuprofen as a wood preservative,
however, would be limited by the fact that is only

slightly soluble in water, so solutiong with effective

Thus there is a need for 1buprofen-containing wood
preServatives that can penetrate wood, and vet be fixed

in the wood to provide long-term protection.
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'Summarx

One embodiment of this invention provides an
aqueous“composition comprising in admixture (a) a
complex comprising (i) ibuprofen, and (1i) copper ions,
zinc ions or a mixture thereof; and (b) ammonia and/or
ethanolamine; wherein component (b) is present in an

amount sufficient to solubilize the complex.

Another embodiment of this invention provides a
process for preparing a composition by combining the
components (a) and (b) described above, and

solubilizing a complex as formed therefrom.

A further embodiment of this invention provides a
process for preserving a cellulosic material, or an
article that comprises a cellulosic material,
comprising contacting the cellulosic material or the

article with the composition described above.

Yet another embodiment of this invention provides
a cellulosic material, or én article comprising a
cellulosic material, wherein the above described
composition is adsorbed on or absorbed in the

cellulosic material.

Pétqiled Degcription
A complex that is formed from ibuprofen, and

copper and/or zinc ions, is solubilized by, for
example, ammonia or ethanol amine, and is used in such
form as é deeply-penetrating and long lasting
préservative for wood and other cellulosic materials.

As the metal ion.cbmplex is solubilized in an agqueous
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medium, 1t can be readily adsorbed onto, and/or
absorbed or imbibed into, wood or other cellulosic
materials. Upon loss or evaporatlon of the solvent or
CO- solvents in the solution, the complex becomes
insoluble, thereby fixing the ibuprofen and the metal
ion(s) within the target material, and providing an
effective preservative composition for the cellulosic

material .

A cellulosic material is preserved in the sense
that:contact with a composition of this invention
protects the material against decay oﬁ deterioration
from deleterious effects as caused by-eithér or both of
pests and living organisms. Resistance to brown-rot
fungi 1is imparted to the cellulosic materials due to
the brown-rot fungicidal activity of ibuprofen, and
white-rot fungal protection is imparted due to the
copper and/or zinc ions. The termiticidal activity of
1buprofen also aids in preservation of the cellulosic
materials.' The'pétential for deteridration or
destruction of a cellulosic material by exposure to
natural conditions or hazards is thus réduced and
preferably prevented by the presence in and/or on the‘
material of a composition of this invention. A process
of this invention provides preservation for cellulosic
materials by prov1d1ng contact of the materlals with a
composition of this invention, and thus achieves the
benefits of protection against adverse conditions,
pests and organisms, such as termites and fungi as

described above.

The cellulosic materials that can be treated with
& composmtlon of this invention are those that contain

Oor are derived fromwcellulose, which is a
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‘ pélysaccharide that forms the main constituent of the
cell wall in most plants, and is thus the chief
constituent of most plant tissues and fibers. These
cellulosic materials include wood and wood products
such as lumber, plywood, oriented strand board and
paper, in addition to lignin, cotton, hemicellulose and
cellulose itself. References herein to thé
preservation bf wood by the use of a composition of
this invention, or by the performance of a process of
this invention, or references to the usefulness of a
composition hereof as a wood preservétive, should
therefore be understood to be references to the
preservation of all types of cellulosic materials, not

- just wood alone.

Ibuprofen with Copper/Zinc in Solution

Ibuprofen used to préparé preservative solUtions
of this invention may be supplied as ibuprofen or
sodium.ibuprofenate. These compounds are soluble in

methanol and ethanol but relatively insoluble in water.

The fungitoxic metals copper and zinc, in ionic
state, e.g. copper ion, may be used to form complexes
with ibuprofen that are solubilized in order to provide
a preservative composition according to this invention.
Any soluble copper salt may be a source of copper ions,
for example, Cu(II) salts may include copper.Sulfate,
copper sulfate pentahydrate, cupric chloride, cupric
acetate, and copper carbonate. Particularly useful as
the copper salt is copper sulfate pentahydrate. Any
soluble zinc salt may be a source of zinc ions, for
example Zn(II) salts may include zinc sulfate, zinc
chioride, =zinc acetate, zinc nitrate, and zinc

carbonate. Particularly useful as the zinc salt is
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zinc acetate. Mixtures of copper ion sources and zinc
ion sources may be used in the compositions of this
‘invention as well. Sources of ibuprofen, and copper

ions and zinc ions, as described above, are available

commercially.

To form a composition of this invention, the
components thereof are combined in admixture. For
example, an aqueous solution may be prepared that
contains ibuprofen or an ibuprofen salt, and a copper
and/or zinc Salt or other source of copper ions. The
mixture in solution of the compdnents as de3cribed
above forms a complex. A complex as used herein is

~essentially a salt, but may also be described as an
assoclation containing organic and/or inorganic
components 1in any combination that is held together by
covalent or electrostatic bonds, or by bondS that are
intermediate between covalent and electrostatic bonds
such as in a coordination compound. One exémple of the
cOmbinatioh of components‘as mentioned above leads to
formation of a complex between an ibuprofenate and a
copper ion,nand‘the complex precipitatesainaqueous
solution, as shown in Diagram I. Shown is a simplified
diagram. The structure of the copper complex can be
found in Trinchero et al, Biopolymers (2004) 74, p120 —
124 . .
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COsNa

| CHg3
Ibuprofen - - Sodium ibuprofenate

e

Copper ibuprofenate
insoluble

Diagram If

By combining these components in an agueous ammoniacal
solution, the ibuprofenate and metal ion complex was

found to remain fully soluble as shown in Diagram II:
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| Copper ibuprofenate ammonia complex
water soluble

Diagram II

In preparing this solution, it is particularly
useful to inélude ammonium hydroxide in sufficient
concentration to preclude the formation of a
precipitate while mixing the components. A solvent or
co-solvent such as ammonia is present in sufficient
amount to maintain solubility of the complex in the
aqueous mixture. Typically, ammonia as used to prepare
the solution is uéed in an amount such that it is
present at about 0.5% to 3% by weight in the final
solution. Preferred is 1.4 wt$ ammoniacal water
solution. Ethanolamine may be used in an amount of
about (¢.5% to 3% by weight of the solution as an
alternative to ammonia. Additionally, combinations of
ethanolamine and ammonia may be used. Although use of
ammonia is preferred, other solvents or co-solvents

that form a solution with water, that solubilize the
complex as readily as ammonia, and also evaporate as
readily as ammonia from the cellulosic material after
treatment, may also be used in addition to or in place
of ammonia or ethanol amine in the sdivent system in

which the complex is solubilized.
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.In general, SOIubility of the complex is
determined by wvisual observation, and a complex is
considered to be solbilized when a sufficient amount of
the complex is digsolved in thehéolution to permit a
desired amount of the complex.toﬁbe adsorbed on:and/or

absorbed in the cellulosic material when the treatment

thereof occurs.

Mixtures of ibuprofen with copper and/or zinc ions
are used in the preservative compositions of this
invention in amounts effective to provide a desired
level of protection in.view of the service conditions
(including the nature of the target material, the
contemplated end use, and the geographic location) that
the cellulosic material to be treated will experience.

The concentration of ibuprofen in the CLreatment

200 to about 700“ppm, ér in the range of about 300.to' N
about 500 ppm. The copper and/or zinc ions are
typically used at a concentration in the treatment
solution in the rangé of about 500 ppm to about 11,000
ppm. Marine use generally requires the higher
cOncentrations, up to about 11,000 ppm while land use
may invblve concentrations between about 500 and 6, 000
ppm. It is particularly useful to include
corresponding amounts of lbuprofen and copper and/or
zinc such that these components are present in a
cdmplex 1 comparable amounts. .One method of
determining the content of a complex in a treated
cellulosic material is to burn the material and analyze
-the ash f@r its content of the components that have

been used to prepare the complex. A composition hereof
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.may be made by mixing the components in any suitable

device, such as a blender or rotating mixer.

Though the preserﬁative compositions of this
invention that are used in treating cellulosic
materials are largely if not completely dissolved in
solutions such as ammoniacal solutions, a more
concentrated master batch may be made that is readily
transported for commercial'purposeé, and then diluted
prior to use. Such a concentrated master batch may be
a slurry, contalining partially precipitated"ibuprofen'-
copper and/or zinc complexes. The siurry is prepared
for use in treatment by increasing the volume of
solution by the addition of one or more solvents or co-
solvents, for example to a final concentration where
ammonia is used in the solvent system and an
approximately 1.4 wt% ammoniacal water solution is

obtained.

Features of Ibuprofen and Copper and/or Zinc Complexes

in Ammoniacal Solution as Wood Preservative

Compositions

The solubility properties of the ibuprofen and
copper and/or zinc complexes as used’herein.provide'
8pecific'attributes valuable in a preservative
compositionQ These complexes are insoluble in water,
but have been found to typically be well dissolved, 1if
not be completely soluble, in a solvent system such as
an ammoniacal solution. When the complex is well
dissolved in the solvent system, deep penetration of
the preservative solution into cellulosic material such
as wood, well past the surface wood, 1is obtained.
Followingnpenetration, a solvent or co-solvent such as

ammonia readily evaporates from the wood, leaving the

- 10 -
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brown-rot fungicidal and termiticidal ibuprofen and the
white-rot fungic¢idal copper and/or\zinc ions as a
complex in the wood where it becomes precipitated and
binds tehaciously'to cellulose.  Thus, there is little

leaching of ibuprofen or copper and/or zinc ions from

the treated wood.

_.Additional Components in Wood Preservative Solution

Preservative compositions ©of this invention may

include antifungal and/or termiticidal components in
addition to those discussed above, singly oxr in
combinations. Examples include without limitation

tungstate and/or' molybdate ions; tropolones; and hydrolyzed

olefin/maleic anhydride copolymers.

Molybdate and/or tungstate ions used as additional
components in preservative solutions of this invention
may be obtained from any soluble source of molybdate or
tungstate, such as potassium molybdate, ammonium
molybdate, sodium molybdate dihydrate, molybdenum
oxide, molybdic acid, potassium tungstate, ammonium
tungstate, sodium tungstate dihydrate, tungsten oxide,
tungstic acid. Additional compounds that may be used
as sources of tungstate or holybdate ions include
compounds such as silicotungstates, phosphotUngstates,
borotungstates, silicomolybdates, phosphomolybdates and
boromolybdates. .
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Molybdate and/or tungstate ions form complexes
with copper and/or zinc ions that are insoluble in
water, but that have substantial if not complete
solubility in a solvent system such aé an ammoniacal
solution. These components penetrate a cellulosic
material such as wood when dissolved in solution, and
are retained in the wood after loss of the ammonia.
When molybdate and/or tungstate ions are used as
additional preservative components in a composition
having complexes of copper and/or zinc, copper and/or
zinc is added in sufficient amount to form complexes
with both the ibuprofen component and the mblybdate
and/or tungstate component. Suitable amounts.of
molybdate and/or tungstate ions range from about 10 to
about 6,000 ppm depending on factors related to the use
to be made of the cellulosic material, as discussed
above. Particularly suitable is a concentration

between about 200 and about 1,700 ppm.

The term “tropolone” is commonly used to refer to
tropolone itself (2-hydroxycyclohepta-2,4,6-trienone)
and compounds that are derivatives of tropolone and
have similar properties, such as the natural compounds
beta-thujaplicin (also known as hinokitiol), gamma -
thujaplicin, and beta-dolabrin. Any of these
tropolones having antifungal and/or termiticidal
activity may be used as additional components in the
preservative compositions of this ihvention. These
compounds are soluble in methanol and ethanol but

relatively insoluble in water.

Tropolones also form complexes with copper and/or
zinc ions that are insoluble in:water but that have

substantial if not complete solubility in a solvent

- 12 -
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system.such aS'an ammoniacadl solution.: This component
penetrates a cellulosic material such as wood when
disSOlved in solution, and is retained in the wood
after loss of a solvent such as ammonia . Whén a
CLropolone is used as an additional preservative '
component in a composition containing copper and/or
zinc ions, copper and/or zinc is added in an amount
Sufficient to form a complex with both the ibuprofen
COmponent and the tropolone"component. Suitable
amounts of tropolone for use in a composition hereof
range from about 100 to about 1,000 ppm depending on
factors related to the use to be made of the cellulosic
material, as discussed above. Particularly suitable is

a concentration between abOut.zoo'and about 700 ppmd

Hydrolyzed olefin/maleic anhydride copolymers Fform
complexes with copper and/or zinc ions that are '
insoluble in water, but that have substantial if not
complete solubility in a solvent system such as an
ammoniacal solution. This component penetrates é
cellulosic material such as wood when dissolved in
Solution, and 1s retained in the wood after loss of a
solvent such as ammonia. When hydrolyzed olefin/maleic
anhydride copolymers are an additional preservative
component in a composition containing copper and/or
zinc ions, copper and/or zinc ions are added in an
amount sufficient to form a complex with both the
1buprofen component and the hydrolyzed olefin/maleic

anhydride copolymer component.

Hydrolyzed olefin/maleic anhydride copolymers are
prepared by hydrolysis of olefin/maleic anhydride
copolymers, using for example agueous NaOH, to form

negatively charged carboxylate anions which can complex
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with cbpﬁer énd zinc.ions. Olefins of particular use
in the olefin/maleic anhydride copolymers for
hydrolysis are octene and styrene. Mixtures of
different tvypes of olefin/maleid'anhydride copolYmers,
such as a mixture of octene/maleic anhydride copolymer
and styrene/maleic anhydride copolymer may also be
used. The synthesis of olefin/maleic anhydride
copolymers is known from sources such as US 3,706,704
and US 3,404,135; and copolymers Suitable for use
herein are generally between about 10,000 and about

50,000 in molecular weight.

A preferred procegs for the sfnthesis of
styrene/maleiC'anhydride'¢opolymers,.which results in
copolymers of molecular weight ranging between 20,000
and 100,000, depending on the specific conditions used,

- makes use of a combination of toluene and isopropyl -
alcohol as both a solvent and as a chain transfer
agent. Using this combination, rather.than lsopropyl
alCohol alone, reduces the percent of mono 1sopropyl
maleate ester formed during the polymerization Ffrom
about 20% to about 1%. In addition, the molecular
‘weight of the copolymer product is increased from about
18,000 when using isopropyl alcohol alone, to over
20,000 when using a toluene:isopropanol ratio of 1:1.
Molecular weights of over'Qo,OOO may be achieved using

a ratio of 76:4.

Copolymers of up to about 1,000,000 molecular
wéight'may be used in the preservative compositions of
the invention, but, in concentrated solution,
copolymers with greater than about 80,000 molecular

- weight are viscous and therefore difficult to use.

Therefore, preferred in this invention are
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olefin/maleic anhydride copolymers with molecular
weight below about 80, 000. More preferred are
copolymers with molecular weights ranging between 2,000

and about 40,000.

In addition, a'copper chelating compound, such as
is described in US 6,978,724,

' | | may be
included in a composition hereof to enhance copper
retention in treated articles. A suitable copper
chelating compound may have a . functional group such as
one r more of the following: amidoximes, hydroxamic
acids, thiohydroxamic acids, N-hydroxyureas, .
N-hydroxycarbamates, and N-nitroso-alkyl-
hydroxylamines. A suitable copper chelating compound
forms a complex with copper and/or zinc that is
insoluble in water, but has solubility in an ammoniacal
solution that is similar to the solubility of the
.ibuprofenr—édpper and/or zinc complex.described.above. 
The complex formed by the Chelatiﬁg compound also
penetrates a cellulosic material deeply when dissolved
in the solution, and is retained in the wood after loss
of a solvent or co-solvent such as ammonia. When a
copper chelating compound is present as an additiomnal
component in a composition of this invention, copper
and/Yor zinc ions are added in sufficient amount such
that it/they form complexes with both the ibuprofen and

the chelating compound.

A functional group in a copper chelatiﬁg compound
can be provided by methods such as the following: in
an amidoxime, reacting nitrile-containing compounds
-with hydroxylaMine; in a hydroxamic acid, adding

hydroxylamine to anhydride groups of copolymers such as

‘- 15 -
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styrene/maleic ahhydride or octene/maleic anhydride,
and forming styrene/N#hydroxymaleamic acid copolymer or
octene/N-hydroxymaleamic acid copolymer; in a
thiohydroxmic acid, adding hydroxylalmine to
dithiocarboxylic acids; in a N-hydroxyurea, reacting
hydroxylamine with an isocyanate; in a N-
hydroxycarbamate, by reacting hydroxylamine with either
a linear or cyclic carbonate; and in a N-nitroso-
alkyl-hydroxylamine, by nitrosation of alkyl

hydroxylamines.

Preferred chelating compounds contain two or more
amidoxime and/or hydroxamic acid groups. By acid
catalysis, the amidoxime functionality can be readily
converted to the corresponding hydroxamic acid
functionality in aqueous solution. A convenient route
to this preferred class of compounds is by addition of
hydroxylamine to the corresponding nitrile compound.
Various methods are known for preparing nitrile
cOméounds; A particularly useful method is‘
cyanoethylation, in which acrylonitrile, or other
unsaturated nitrile, undergoes a conjugate addition

- reaction with’protic nucleophiles such as alcohols and
amines. Preferred amines for cyanoethylation are
primary amines, secondary amines having 1 to 30 carbon
atoms, and polyethylene amine. Preferably, a
cyanoethylation catalyst is used, such as lithium
hydroxide, sodium hydroxide, or potassium hydroxide,
between about 06.05 mol % and 15 mol % based on

unsaturated nitrile.

A wide variety of materials can be cyanoethylated.
Cyanoethylates can be derived from the reaction of

acrylonitrile with carbohydrates, such as regenerated
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oeiluloee, dextran, dextrin, gums (guar, loCuet"bean,
honey locust, flame tree, tara, arabic, tragacanth, and
karaya); starches (corn, potato, tapioca and wheat)

or modlfled.natural,polymers such as cellulose
xanthate, dimethylthiourethane of cellulose, ethyl
cellulose, ethylthiourethane of cellulose, |
hydroxyethylcellulose, methylcellulose, and
phenyithiourethane of cellulose. Other natural
jpolymersethat have been cyanoethylated include flax,
jute, manila, sisal, and proteins such' as blood
albumin, caseln, gelatin, gluten, soybean protein,
wool, corn:aein, or materials derived from such natural
polymers.. Pre-treatment of high'molecular'weight or
water-insoluble carbohydrates and starohes with enzymes '
may be used if necessary to increaee the solubility of
the amidoxime or hydroxamic acid copper complex in an

‘agqueous ammonia, ethanolamine or pyridine solution.

Synthetlc polymers such as acetone- formaldehyde
condensate, acetone-isobutyraldehyde condensate, methyl
ethyl ketone-formaldehyde condensate, poly(allvl
alcohol), poly(crotyl alcohol), poly (3-chloroallyl
alcohol), ethylene-carbon monoxide copolymers,
polyketone from propylene, ethylene and carbon
monoxide, poly(methallyl alcohol, poly(methyl vinyl
ketone, and poly(vinyl alcohol) have also been
cyanoethylated and can also serve as platforms for

further modification into metal-binding polymers.

Pfeferably the cyanoethylates are derived from
sucrose and sorbitol. Most preferred is cyanocethylated

sorbitol (DS=6.0), called CE-Sorbsé.
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The nitrile groups of these cyanoethylates or
cyanoalkylates can be reacted with hydroxylamine to
form the amidoxime or hydroxamic acid. If
hydroxyiaminé hydrochloride is used instead of
hydroxylamine, sodium hydroxide, sodium carbonate or
ammonium hydroxide'may be used to neutralize the
hydrochloric acid. Ammonium hydroxide is preferred.
‘The amidoxime of sorbitol can be prepared by
hYdroxylamine reaction of CE-Sorb6. This amidoxime of
sorbitol is particularly useful as an additional

component 1in the preservative Compositions of this

invention.

Preservative Treatment

A solution of  ibuprofen and copper and/or zinc
complexes, optionally containing additional
preservative compounds, may be applied by dipping,
brushing, spraying, soaking, draw-coating, rolling,
pressure-treating or other known methods. The ‘
preservative compositions may be applied to any
cellulosic material, including for example wood,
lumber, plywood, oriented strand board, cellulose,
hemicellulose, lignin, cotton and paper. Particularly
efficaciouS.is imbibing into wood under the standard
pressure treatment process for waterborne preservative
systems. A vacuum may be applied before and/or after

~application of the wood preservative. Removal df ailr
from the wood under vacuum, then breaking the vacuum in
the presence of preservati?e éolution, enhancés

penetration of the solution into the wood.

A particularly useful treatment process for wbod_

is as follows: Wood, either dry or fresh cut and green

- 18 -
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-is plaéed‘in:a chamber that is then sealed and
evacuated in aaregulated cycle which is determined by
the species of wood. Generally, for Southern Yellow
Pine (SYP) wood, thé period of evacuation is about 30
minutes, during which time the pressure within the
sealed chamber is brought to a level of about two

inches of mercury or less. The evacuated pressure in

the chamber can vary from 0.01 to 0.5 atm. The purpose

of this step is to remove air, water, and volatiles
from'the wood. The preservative compositions of the
invention then are introduced into the closed chambexr
in an amount sufficient to immerse the wood completély
without breaking the vacuum to the air. Pressurization
of the vessel is then initiated and the pressure
maintained at a desired level by a diaphragm or other
pump for a given period of time. Initially, the
pressure within the vessel will decrease as the aqueous
comp081tlon within the container penetrates into the
wood. The pressure can be ralsed to maintain a
de51rable level throughout the penetration period of
treatment. Stabilization of the pressure within the
vessel is an indication that there is no further
penetration of the liquid into the wood. At this
poiht, the pressure can be released, the wood allowed
to equilibrate with the solution at'atmospheric“
pressure, the vessel drained, and the wood removed. In
this part of the process, the pressures used can be as
high as 300 psig, and are generally from about 50 to
250 psig.

Articles Incorporating Preservative Compositions

" Articles of this invention are those having been

treated with a preservative composition described

- 19 -
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herein. Folloﬁing treatment of articles such as those
made from or incorporating wood, lumber, plywood,
oriented strand board, paper, cellulose, cotton,
lignin, and hemicellﬁlose, the ammonia in an ammoniacal
solution of the preservative compogition will
dissipate. The ibuprofen - copper and/or zinc complex
is retained on and/or in the article. Additional

components, 1f included in the composition used for

treatment, are retained on and/or in the treated

articles as well.

Compositions containing components in addition to

an ibuprofen ~copper and/or zinc complex that are

anhydride copolymers; copper chelating compounds
having at least two'funotional groups selected from
amidoximes, hydroxamic acids, thiohydroxamic acids, N-
hydroxyureés, N;,hydroxycarbamates{ and N-nitroso- _
alkyl—hydroxylamines; molybdate and/or tungstate ions:
Oor a tropolone; and mixtures of these components.
Particularly useful in such compositions is a copper
chelating compound with at least two hydrOxamic groops
being derived from styrene/maleic anhydride or

octene/maleic anhydride, or a copper chelating compound

based on an amidoxime of sorbitol.

The process of this invention for treating
cellulosic material also includes a step of
incorporating the cellulosic material, or a treated
article oontaining the cellulosic material, such as
wood, into a structure such as a house, cabin, shed,
burial'vault Or container, or marine facility, or into

a consumable device such as a piece of outdoor

- 20 -
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furniture, or a truss, wall panel, piexr, sill, or piece

of decking for a building.

EXAMPLES

The present invention is further illustrated in
the following Examples. The scope of the claims should

not be limited by the preferred embodiments set forth

in the examples, but should be given the broadest

interpretation consistent with the description as a whole.

The meaning of abbreviations is as follows:
“oone.” means concentrated, “sec” means secohd(s),'“ml”
means milliliter(s), “L” means liter(s), “g” means
gram(s), “mmol” means millimoie(s), “mtorr” means
millitorr(s), “hr” means hour(s), “min” means
minute(s), “mm” means millimeter(s), “om” means
centimeteris), “nm” means nanometer(s), “Mw” means
weight average molecular weight, “Mn” means number
average molecular weight, “mw” means molecular weight,
“XRF” stands for X~ray fluorescence spectroscopy, “RH”
is relative humidity, “MHz” means megahertz, “NMR”
means nuclear magnetic resonance, “IR” means infrared,
“ICP” means ion couples plasma, “LC/MS means liquid
chromatography/mass spectroscopy, and “S$/S” means
stainless steel. .“SD” is standard deviation, “SMA” is
styrene/maleic anhydride copolymer, “SMA-NOH” 1is
styvrene/N-hydroxymaleamic acid copolymer, “OMA” 18

octene/maleic anhydride copolymer.
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"SYP” ishﬁsOuthern vellow pine”, an acronym for
closely related pine species that includes Pinus '
caribaea Morelet, Pinus elliottii Englelm., Pinus
palustris P. Mill., Pinus rigida P. Mill., and Pinus
taeda L. “AWPA” is the American Wood-Preserver'’s
Association. AWPA standards are published in the “AWPA
Book of Standards”, AWPA P.O. Box 5690, Granbury, TX
76049. The protocol for preservation of SYP stakes is.
based on AWPA Standard, Method E7-01, Sec. 4, 5, 6, and
7 and E11-97. According to AWPA Standard E7-01, the

- stakes are graded visually according to the following

criterion for fungal decay and insect attack as

follows:

Decay Grades
Grade No. Description of Condition

10 Sound. _

9.5 Suspicion of decay permitted

S Trace decay to 3% of cross section

8 Decay from 3 to 10% of cross section

7 Decay from 10 to 30% of cross section
6 Decay from 30 to 50% of cross section
4 Decay from 50 to 75% of cross section
0 Failure

Termite Grades
Grade No. Description of Condition

10 Sound. | -

9.5 1l Co 2 small nibbles permitted _

S Slight evidence of feeding to 3% of cross
' . section

8 Attack from 3 to 10% of cross section

7 Attack from 10 to 30% of cross section

6 Attack from 30 to 50% of cross section

4 Attack from 50 to 75% of cross section

O Failure

The termite grades and decay grades are used to
report insect damage and wood decay, respectively, in
the tables below. “"Gross retention” refers to the

amount of treatment ligquid remaining 1in the wood
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immediat‘ely after imbibition. “Retention” refers to the
- amount of preservative remaining in the wood after the
imbibing liguid -has been removed from the wood by
drying. Thé ‘amounl: can be expresséd as ppfn or as a
weight. A ‘witness stake” or “witness sample” is a
whole stake, or a portion of a treated stake, that will
be retained as a sample for future analysis. “D8” is

degreé of substitution.

GENERAL METHODS

All reactions and manipulations were carried out
in a. standard laboratory fume hood open to atmosphere.
‘Deionized water was used where water is called for in
the subsegquent procedures. Sorbitol, AIBN,
acrylonitrile, lithium hydroxide wmonohydrate,
hydroxylamine hydrochloride, copper sulfate
pentahydrate, and Chromazurcl S [1667-99-8] were
obtained from Sigma-Aldrich Chemical (Milwaukee, WI)
and used as received. Concentrated ammonium hYdroxide
and glacialw acetic acid were obtained from EM Science
(Gibbstown, NJ) and used as received. Cyanoethylated

sucrose [18307-13-7] and copper acetate monohydrate

were obtained from Acros Organics (Geel, Belgium) and
used as received. Sucrose was obtained from Pathmark

Supermarket (Wilmington, DE) and used as received.

pH was determined with pHydrion paper from Micro
Esgential f;aboratory (Brooklyn, NY). Degree of
substitution (DS) of the cyanoethylate is expressed in
terms of equivalents of ‘acrylonitrile used in the

cyanoethylation step. IR spectra were recorded using a
™

Nicolet Magna 460 spectrometer. LC/MS analyses were
™

performed using a Micromass LCT instrument. DNMR

m
spectra were obtained on a Bruker DRX Avance (500 MHz

- 23 -



CA 02633401 2013-04-26

WO 2007/079211 PCT/US2006/049542

1g, 125 MHz 130) using deuterated solvents obtained
from Cambridge Isotope Laboratories. Elemental analyses
were performed by Micro-Analytical Inc, Wilmington, DE.
Pressure treatment of southern yelibw pine wood was
performed in a high-pressure lab using stainless steel
pressure vessels following the AWPA standaxrd process
(AWPA P5-01). XRF analysis was performed on.anAxioszM
'Wavelength Dispersive.x~ray'Fluorescence Spectrometer
manufactured by'Panalytical inc., Eindhoven,

Netherlands.

Chromazurol S test for presence of copper

Treated wood was tested for the presence of copper
with Chromazurol S using the method described by AWPA
A3-00 Sec. 2. A 0.167 % w/w Chromazurol S in 1.67 %
w/w aqueocus sodium acetate solution was sprayed onto a
freshly cut treated wood surface. A éhange’from.the
yellow solution color to a dark blue color in the
sprayed area indicates that a minimum of 25 ppm copper
is present. Stakes 965 mm (38”) long are cut to 457 mm
(187) from each end and the remaining 50.8 mm (2”)
piece. (witness piece) in the middle was treated on the
freshly cut surface with the spray solution of

- Chromazurol-S. A freshly cut surface turned dark blue
on exposure to the solution, which is an indication of
complete penetration of the wood by the wood

preservative treatment solution.

Dimensions of wood as per AWPA E17-~-01 Sec. 4.2.4:
All wood was cut using inch measurements. The wood

was cut as accurately as practicable, given that wood

: : . : €
will change dimensions with moisture content; the

- 24 -
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cutting error is estimated to be within one mm in any
- dimension. Conversions to metric are provided.

Fahlstrom stake: 0.156” X 1.5 X 10”7 (4 mm X 38

mm X 254 mm)

Decay stake: #” 'X %" X 18”7 (19 mm X 19 mm X
450 mm)

Pre-Decay stakes: ¥” X %" X 385_ (19 mm X 19 mm X
1154 wmm) | | '
Depletion stakeﬁ 1.5 X 1.5 X 18" (38 mm' X 38
mm X 450 mm)

Blocks: ¥ X %" X %" (19mm X 19 mm X 19 mm)

Preparation of styrene/maleic¢ anhydride copolymer
Styrene/malelc anhydride copolymer (SMA) was

prepared as follows.

An 18 L multi-necked flask was equipped with two
dropping funnéls; reflux céndenser, heating mantel,
mechanical stirrer, and nitrogen bubbler. The flask
was charged with 9500 g (11 L) of toluene and 500 g
(640 ml) of isopropanocl. To this solution was added
1276 g of maleic anhydride powder. A solution of 15 g
of AIBN'dissolved in 500 g (578 ml) of toluene was
prepared and placed in one of the dropping funnels.

The second funnel was charged with 1302.6 g of styrene.
The apparatus was sealed and purged with nitrogen. The
maleic anhydride solution was warmed to 60 °C and about
one-third of the AIBN solution was added. Then about
150 ml of styrene was added to the flask from the
funnel. There was about a 5 minute induction period
during which oxygen was consumed. After a white-

precipitate began to form, indicating that the
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polymerization had begun, the remaining styrene was
added in 150 ml portions during 60 minutes. The AIBN

solution was added in thirds over 60 minutes. The

addition of styrene and.AIBN maintained the reacﬁion
temperature at about 70°C to 80 °C without much

additional heat from the mantel. After addition was

complete, the reaction temperature was maintained at

about 80 °C for an additional 2 hours by using the

heating mantel. The white slurry of copolymer was then

cooled to about:room.temperature, filtered, washed with

warm toluene, and dried in a vacuum oven at 90 °C to

obtain 2460 g (95.5 % yield) of SMA and 40 g of mono

1sopropyl maleate. " The Mw = 40,400 and the Mn
18,600.

The washings were evaporated to give an
additional 0.4 g of mono isopropyl maleate (*H NMR

(CDC1;3) : 81.32 (d, J = 1.2, CH3, 6H), 5.15 (m, CH, 1H),

6.36 (m, CH, 2H) ppmn.

Preparation of hydrolyzed octene/maleic\anhzdride
copolymer

A 1:1 co-polymer of octene and_maleic anhydride

monosodium salt was prepared as described in US 3706704

and US 3404135. The Mw of the octane/maleic anhydride

copolyméer (OMA), which is the precursor of hydrolyzed
1:1 octene/maleic anhydride copolymer monosodium salt,

was determined by size exclusion chromatography to be

8595 +/- 50. The resulting co-polymer was hydrolvzed

with aqueous sodium hydroxide solution and brought to a

27.1% w/w solution in water.

Preparation of CE-Sorb6: Cyanoethylation of Sorbitol
A 1000 ml 3-necked round-bottomed flask equipped

with an mechanical stirrer, reflux condenser, nitrogen

"‘26"’
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'purge; dfOppiﬁg funnel;'aﬁd thermometer was charged
with water (18.5 ml) and lithium hydroxide monohydrate
(1.75 g) and the fifSt portion of sorbitol (44.8 g).,
The solution was heated"té 42 °C with a waﬁer bath with
stirring and the second portion of sorbitol (39.2 g)
was added directly to the reaction flask. The first
portion of acrylonitrile (L00 ml) was then added to the
reaction drop-wise via a 500 ml addition funnél over a
period of 2 hr. The reaction was slightly exothermic,
raising the temperature to 51 °C. The final portion of
sorbitol (32 g) was added for a total of 0.638 moles
followed by a final portion of acrylonitrile (190 ml)
over 2.5 hr while keeping the reaction temperaturé
below 60 °C. (A total of 4.41 moles of acrylonitrile
was used.) The reaction solution was then heated to
50-55 °C for 4 hr. The solution was then allowed to
cool to room temperature and the reaction was
neutralized by addition of acetic acid (2.5 ml).

Removal of the solvent under reduced pressure gave the

product as a clear, viscous oil (324 g). The IR

spectrum showed a peak at 2251 cm~1, indicative of the
nitrile group. A DS = 5.6 was determined by LC/MS,

which i1is rounded to 6 in CE-Sorbé.

Reaction of CE-Sorbé with Hydroxylamine Hydrochloride
A 1000 ml three-necked round-bottomed flask was

equipped with a mechanical stirrer, condenser, and
addition funnel under nitrogen. CE-Sorbé6é (14.77 g,
29.5 mmol) and water (200 ml) were added to the flask
and stirred. In a separate 500 mlL Erlenmeyer flask,
hydroxylamine hydrochloride (11.47 g, 165 mmol, 5.6 eq)
was dissolved in water (178 ml) and then treated with

~ ammonium hydroxide (22.1 ml of 28% ammonia solution,
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177 mmol, 6.0 eq) for a total volume of 200 ml. The
hydroxylaminé solution was then added in one pQrtion
directly'to the'mixturevin.the round-bottomed flask at
room temperature. The stirred mixture'was heated at
80 °C for 2 hr, pH = 8-9, and then allowed to cool to

room témperature. The IR spectrum indicated loss of
most of the nitrile peak at 2250 cm~1 and the

appearance of a new peak at 1660 cm~1l, indicative of

the amidoxime or hydroxamic acid.

EXAMPLE 1

Ammoniacal Solution of Styrene/N-Hydroxymaleamic Acid

Copolymer, Ibuprofen/Copper Complex, and
Mélybdape/Cogger Complex as Preservative

A) Preparation of Styrene/N-Hydroxymaleamic Acid
Copolymer, Ibuprofen/Copper Complex, and

Molybdate/Copper Complex in Ammoniacal Solution

A 5 L round-bottomed flask equipped with addition
fuﬁnel, heating mantel, thermocouple well, and
mechanical stirrer was charged with 72.2 g (0.357 mol)
of styrene/maleic anhydride copolymer (SMA) resin
(prepared as described in General Methods) and 500 ml

~of water. A solution of 23.6 g of hydroxylamine 50%
w/w in water (0.357 mol) and 18.9 g sodium carbonate
(0.179 mol) in 101 ml of water was added through the
addition funnel during 15 minutes. The mixture was
heated for 3 hours at 55 °C to give a clear solution
containing styrene/N-hydroxymaleamic acid copolymer.
To the polymer solution was added 250 g of conc.
ammonium hydroxide, 250 ml of water, 11.1 of sodium
ibuprofen (Aldrich, Milwaukeé, WI), 15.14 g of sodium
molvbdate dihydréte, and 116.7 g (0.468 mol) of copper
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sulfate pentahydrate -The product was diluted with
water to a final weight of 20 Kg to give an imbibing
solution containing 1485 ppm.COpper 500“ppm ok
ibuprofen, and 500 ppm of molybdate ion.

B) Wood preservation treatment procedure and

Environmental Testing for Decay Stakes Treated with
.Ammonlacal l Solution of Ibuprofen/Copper Complex,

Molzbdate/CoEEer'Comglex and Styrene/N-Hydroxymaleamic
Acid Copolymer

Selection and Preparation of Stakes

- The following methods are based.on AWPA Standard,
Method E7-01, Sec. 4, 5, 6, and 7 and E11-97.

' SYP boards, 3.175 cm X 35.56 cm X 243.84 cm (5/4”
x 14”7 x 8 ft) and 3.175 cm X 30.48 cm X 243.84 cm (5/4”
x 12" x 8 ft) were obtained from,Delawaré County Supply
(Boothwin, PA). The boards were cut into pre-decay
stakes of 19 mm x 19 mm x 96.5 cm (%” X %" X 38”) in
size (AWPA.Standard;2Meﬁhod E7-01, Sec 4.2, with the
exception that the boards were milled without
equillibration). The stakes were segrégated by visual
inspection (AWPA Standard, Method E7-01, Sec. 4.1) and
stakes having knots, cracks, resin and sap pockets,
signs of infection by mold, stain, and wood destroying
fungi were eliminated. The remaining stakes were
sorted into groups by weight (AWPA Standard, Method E7-
01, Sec. 5). The group of stakes weighing between 200g
and 220 g was chosen for the imbibing experiment and
placed in a controlléd envirdnmént chamber at 23°C and
RH of 50% (Model 1-60LLVL Humidity Cabinet, Percival
Scientific Inc., Boone, IO) for 21 days (AWPA.Standard
'Method-E7~Ol, sec. 4 and E11- 97 Sec. 3). After

equilibration in the environment chamber, each stake
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‘was equipped with two S/S identification tags and
secured with 24.6 mm S/S nails. Each stake was then
weighed (welights glven in Table 1: Dry welght) and

dlmenSLOned and the results recorded.

Wood Preservation Treatment Procedure

Treatment was carried out in a stainless steel
pressdre vessel:designed and fabricated at the DuPont
Experimental Station (Wilmington, DE). Pressure was
suppliedfby'a Diaphragm Pump (Model S216J10; Sprague
Products Div. of Curtiss-Wright Flow Control Corp.
Brecksville; OH) . The pressure vessel was construéted

- from sched. 80 SS pipe measuring 12.7 cm (5”) diam. and
was closed at each end with SS flanges and caps. The
length of the pipe varied depending on the length of
the wood to be treated. Typically, a 101.6 cm (407)
length was chosen for treating 387 wood specimens.
Other lengths of pipe were added via flanges to extend
the length of the pressure vessel to accommodate 243 .84

cm (8 ft) spec1mens or shorter lengths of pipe were

used to treat 25.4 cm (10”) specimens.

Ten labeled pre-decay stakes were loaded into a
stainless steel separation rack (to simulateesticking,
‘which is physical separation of lumber by placing small
pieces of wood between boards to separate them), as
well as two witness stakes (total 12 stakes), and
placed in the pressure vessel. The pressure vessel was
sealed and a vacuum of 69.85 cm Hg gauge (13 5 psig)
was applled for a period of 30 minutes. The'vacuum was
broken by introduction of the imbibing fluid (the
solution prepared in Example 1A) to fill the pressure
vessel andcover.thewood. Air pockets were removed by

circulating imbibing fluid through the vessel, and
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pressure of 7.18 kilopaScal gauge (150 psig) was
applied with a diaphragm pump for a period of)30:
minutes. The pressure was released and the stakes
allowed to equilibrate in the"imbibing solution for 15
minutes. The pressure vessel was drained and the
treatment rack bearing the stakes was removed. The
stakes were lightly wiped with a paper towel, weighed
(weights given in Table.lz Wet weight), ahd placed on
open racks in é ventilated enclosure to dry. The
original dry weight subtracted from the wet weight for
each block indicated the amount of uptake of treatment

solution, as given in Table 1.

Table 1. Penetration of Treatment Solution in SYP Pre-

\
Decay Stakes

| Gross |
Stake |Dry wt Wet wt |[retention [Dry Wt. 3
ID (g) (g9) wks (g)

247.1 212.37

257.71

251 .4
238.59

153.251431.
1 206.12| 452,

207.03{ 455. 248.71
F1779 .81 442.08 238.27]
F1781 [192.99/450.63 257 .64
F1783 [202.01] 454.16] 252.15
F1785 [207.96|454.46 246.5

After 14 days the stakes were weighed, the results
recorded, and returned to the humidity chamber. After
a total of 21 days in the chamber, the stakes were
weighed and the results recorded in Table 1 column5

(AWPA Standard, Method E7-01, Sec. 6).

Two additional sets of stakes, prepared as

described above, were separately imbibed with 1:2 and
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~1:4 dilutions of the solution prepared in Example 1A.

Dilutions were made with a 1.4% ammonia water solution.
In addition, a set of stakes was prepared and imbibed
with a 1.4% ammonia water solution to serve as

controls.

The four sets of 10 labeled stakes were cut to B
'J45.7‘cm (18”) decay stake 1ength; cutting from each end
and leaving a 5.1 cm (2”) witness section from the
center of the étake..All witness sections were tested
for copper penetration using the Chromazurol S test
described in the General Methods. All witness sections
tested turned dark blue. 1ndlcat1ng complete penetratlon

of the wood by the wood preservative treatment

solution.

Each 45.7 cm (18") stake wés weighed, dimenSioned
and the results recorded. The groups of 10 stakes from
each half were bundled togéther and labeled for ground
insertion at two separate test.sités (Newark, DE and
Starke, FL). The bundles were stored in a cool area
(AWPA Standard, Method E7-01, Sec. 7) until the stakes
were installed in the ground. The sﬁakes were placed in
the ground as pex AWPA E7-01. The positioning of the

- stakes was randomized in the test sites as pei.AWPA E7 -
0l. At 12 months the stakes in Starke, FIL, were removed
from the ground.and visually graded for decay and
termite attack (insect damage) according to AWPA
protocol E7-01l. Results are given in Table 2, along
withtheﬂaverage of gradings for a set of stakes with
the same treatment solution, and the standard
deviation. A score of 10 indicates no decay or damage.

A score of 0 indicates complete decomposition.
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Table 2. Decay and insect damage data for stakes
treated with different dilutions of styrene/N-
hydroxymaleamic acid 00p61ymer,_ibuprofen/copper
complex, and molybdate/copper complex and tested in

Starke, FL.

12 mo grading

Insect

Treatment | amage
| - 001889 10
1485 ppm Cu/500 ppm MoO4 10
/500 ppm Ibuprofen/SMA-NOH 10
10
10

bl manm o o T A e

00120

743 ppm Cu/250 ppm MoO4/250
ppm Ibuprofen/SMA-NOH

00191

371 ppm Cu/125 ppm Mo0Os/125
- ppm Ibuprofen
/ SMA-NOH
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L 1 sD | 1.22 | 11.}_0;_!

00195 | F1o88

10 10 |
Solvent Cohtrol Water/"Ammonta“ 1090

— Fieez | 8 [ o

F1996 9 10
10
" " Fa000 | 5 | 0
“W0402
W0404 10 10

w0406 10 g
Avg Q.2
0.98 0.92

MD

I

mechanical damage

At 12 months the stakes in Newark, DE were removed
from the ground and graded. A summary of the results
are given in Table 3 as averages of the gradings, along

with averages of the gradings at Starke from Table 2.

Table 3. Averages of decay and insect damage scores for
stakes treated with different dilutions of styrene/N-
hydroxymaleamiC'acid copolymef, ibuprofen/copper
complex, and wmolybdate/copper complex and tested in

Newark, DE and Starke, FL.

| L ocation Treatment Time (Months Avg Decay damage
Starke, FL opm _bupofen /SMA- NOH | 12 0.8
Ibupofen /SMA-NOH 12 9.3 10
371 ppm Cu/125 ppm MoQ, /125 ppm
Ibupofen /ISMA-NOH 12 9.1 2,
o Control 12 9.2 9.6
Newark, 1485 ppm Cu /500 ppm MoQ, /500 _
DE opm _ibupofen /SMA- NOH - 12 10
743 ppm Cu /250 ppm MoQ, /250 ppm |
[bupofen /SMA-NOH | 12 10 10
371 ppm Cu /125 ppm MoQO4 /125 ppm --
Ibupofen /SSMA-NOH 12 10 10 4!
. Control 12 9.7 10




CA 02633401 2008-06-16
WO 2007/079211 PCT/US2006/049542

Since there“was little decay and insect damage at‘
these sites 1in 12 mOnths,'the’differences between the
treated and control stakes are small to none. It is
expected that over 1oﬁger periods of timé, tréated
stakes will show less decay and insect damage with

respect to controls at these sites.

EXAMPLE 2
Ammoniacal solution of"Ibuprofen, styrene/N-

Hydroxymaleamic Acid Copolymer and Copper/Tungstate

Complex as Preservative

A) Preparation of Ibuprofen, Styrene/N-Hydroxymaleamic

Acid Copolymer and Copper/Tungstate Complex in
‘Ammoniacal solution ' ' ' o

A 5 L round-bottomed flask equipped with addition
funnel, heating mantel, thermocouple well, and
mechanical stirrer was charged with 81.7 g (0.404 mol)
of SMA resin (prepared as described in General Methods)
and 500 ml of water. A.solutiOn of 26.7 g of
hydroxylamine”SO% w/w in water (0.404 mol) and 21.4 g
sodium carbonate (0.202 mol) in 102 ml of water was
added through the addition funnel during 15 minutes.
The mixture was heated for 3 hours at 55 ° C to give a
clear solution. To the polymer soluticn was added 200
g of conc. ammonium hydroxide, 100 ml of water, 11.1 of
sodium ibuprofen, 13.3 g of sodium tungstate dihydrate,
and 116.7 g (0.468 mol) of copper sulfate pentahydrate.
The product was diluted with water to a final weight of
20 Kg to give an imbibing solution containing 1485 ppm
copper, 500 ppm of ibuprofen, and SOO)ppm of tungstate

ion.

- 3K ....'..
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B) Penetration of Ammoniacal Solution of IbugrofegL

Styrene/N-Hydroxymaleamic Acid Copolymer and

Copper/Tungstate Complex in Wood Blocks
The ammoniacal solution of'ibuprofen, styrene/N-

hydroxymaleamic acid copolymer and copper/tungstate
complex prepared in Example 2A was imbibed into wood
using a wood impregnation system similar to that
described by the American Wood Preservers Association
(AWPA) as AWPA Standard, Method E11-97. Standard '
laboratory glassware and a vacuum pump were used to
imbibe 32 pre-weighed Southern Yellow Pine (SYP) wood
blocks measuring 19 mm X 19 mm X 19 mm. The blocks
were free of knots, resin and sap pockets, had no
visible sign of infection by mold, stain, and wood
destroying fungi, had no cracks, had a ring count of 6
- 10 rings per inch, and contained at least 50% summerxr
wood. The blocks were pre-conditioned for 21 davs in"e
humidity chamber set at 23°C +/- 0.5° C and relative
humidity of 50% +/- 2%. Under these conditions the
blocks achieved equilibrium.moisture content of 9 -
105, which was determined by using a Moisture Meter,
Model PM6304 from the Control Company (Friendswood,
TX) . The blocks were weighed, and'weighte recorded"in.'
Table 2 (dry weight). An imbibing vessel was prepared
usingfaglass flask measuring 10.16 cm in diam. X .
30.48 cm long having three openings, two of which were
standard taper ground glass 29/26 joints and a central

one having a standard taper ground glass 102/75 ball

LO prevent floating and the imbibing vessel was

evacuated for 30 min. The vacuum was broken by
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introduction of 800 ml of imbibing solution. This
amount of sblutibn was sufficient to cover the blocks.
Thirty-two blocks wereMimbibed with the i1ibuprofen,

| stYréne/N~hydroxymaleamic.acid copolymer and
copper/tungstate_complex ammoniacal solution prepared |
in Example 2A. The blocks were imbibed under
atmospheric pressure for 30 minutes. iThe blocks were
gently wiped with a towel to remove ény surface
solution and were then immediately weighed while wet to
ensure that the wood was penetrated by the imbibing

‘solution. Table 4 shows that the blocks gained weight

and that the imbibing was successful.

Table 4. Solution Penetration in wood blocks treated
with ammoniacal solution of ibuprofen, styrene/N-

hydroxymaleamic acid copolymer and copper/tungstate

complex.
- ] Gross B
D dry wt |wet wt|Retention
1D# (g) | (g) (g9)

E2000111.00164B3 | 3.7989|8.8683!

*
E2000111.00164B8 | 3.7654|8.7191 *
B2000111.00164B12 3.7243/8.8693 5.1450

E2000111.00164B4 | 3.7024|8.935

E2000111.00164B5 | 3.7495/8.7519
E2000111.00164B9 | 3.6952/8.8941] 5.1989}x
E2000111.00164B13| 3.6304(8.4484] 4.8180

E2000111.00164B1 | 3.7651|8.7851] 5.0200 _ .
E2000111.00164B2 | 3.7762|8.8288 . |
E2000111.00164B6 | 3.7336/8.8576
E2000111.00164B7 | 3.7509 8.882
E2000111.00164B10| 3.7696/8.8722] 5.1026] |
E2000111.00164B11| 3.7383/8.8606] 5.1223x
E2000111.00164B14| 3.6986/8.6108] 4.9122
E2000111.00164B15| 3.7361/7.3361] 3.6000

:

E2000111.00164B16 8.8297| 5.1123*
E2000111.00164B17| 3.7336/8.7432] 5.0096]
£E2000111.00164B18| 3.7096/8.8448] 5.1352 |
IE2000111.00164BI9 3.7725/8.9467] 5.1742
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[E2000111.00164B20| 3.7318

[prmimmiimcipimne

E2000111.00164B21| 3.7797
!E2000111.00164B22_3.6§6l
E2000111.00164B23| 3.6815
E2000111.00164B24| 3.6839|8.7593] 5.0754

E2000111.00164B25| 3.7436/8.7211 4.9775 |

8.7683 5.0365
8
8
8
8
8
E2000111.00164B26] 3.6802|8.8776 5.1974
8
8
8
8
8
8

.9181 5.1384
.8339 5.1878

.8583] 5.1768] |
.

E2000111.00164B27| 3.7695/8.7463] 4.9768
E2000111.00164B28| 3.6679/8.9446| 5.2767
E2000111.00164B29| 3.6875 .8084‘ ' 5.1210]
E2000111.00164B30| 3.7189[8.9465 5.2276/*

E2000111.00164B31]| 3.6554/8.5079 4.8525
E2000111.00164B32| 3.6937|8.8544f 5.1607
__ B 119.107 161.3220

e marks blocks having a gross retentioh”falling
within +/- 5% of the group average

}

Y

Decay stakes were prepared—aé per Example 1 ﬁsing
the solution prepared in Example 2A. In addition, a 1:2
dilution of the solution prepared in Example 2A, and a
1:4 dilution of the solution prepared in Example 2A
were used to treat decay stakes in the same manner. The
same contfol stakes as in Example 1, Table 2 were used
for comparison. The stakes were placed in the ground in
Starke, FL and examined after 12 montﬁs for'decay and
insect damage as per AWPA standard E7-01. The results

are given in Table 5.
}

Table 5. Decay and insect damage data for stakes
treated with different dilutions of ammoniacal solution
of ibuprofen, styrene/N-hydroxymaleamic acid copolymer

and copper/tungstate complex and tested in Starke, FL.

12 mo grading

Insect
Treatment Stake 1D decay damage
1485 ppm Cu /500 ppm WO, / 500 F1546 10 | 10
ppm lbuprofen /[SMA-NOH - F1548 8 10

i —

| _F1550 10 |10
| F1552 | 1 ! 10
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F1554 | 10 10
F1556 10 10

10 10
o F1562 10 10

7 7
._ 10 10
| ‘ L o Avg 9.50 9.70
‘ ~ B SD 1.03 0.90
743 ppm Cu /250 ppm WQ, /250 ppm 10 10
Ibuprofen /SMA-NOH F1620 10
o F1622 | 10 10 |

321 ppm Cu/125 ppm WO,/ 125 ppm
Ibuprofen /SMA-NOH

00195
Solvent Control Water/Ammonia

W0404 |
WQ0406 10 O

Avg  9.20 9.6
SD 0.98 92

In a similar manner, Decay Stakes were prepared

with the same treatment and environmentally tested in
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Newark, DE. A summary of the results are given in
"Table 6 as averages of gradings at Newark, and Starke

(from Table 5);

Table 6. Averages of decay and insect démage data for
stakes treated with different dilutions Of ammoniacal
solution of ibuprofen, styrene/N-hydroxymaleamic acid
copolymer and copper/tungstate complex and tested in

Newark, DE, compared to Starke, FL resultsQ

Location Treatments: Conc. in ppm Time (Months) { Avg Decay damage
| Cu 1485/W0Q, 500/lbupofen 500/SMA- _ .. --
Starke, FL NOH 2 95| 9
Cu 743/WO0O, 250/Ibupofen 250/SMA- --
_ ~ NOH 2 9.7 9.
2 . - . -
2

g

. |

Control

1
| 1
Cu 371/WOQ, 125/Ibupofen 125/SMA- —
~ - L NOH 1
1

Newark, Cu 1485/WQ, 500/ibupofen S00/SMA-

DE NOH

Cu 743/WQ, 250/Ibupofen 250/SMA-
NOH |

Cu 371/ WO, 125/ibupofen 125/SMA-

~ NOH 12 BT
Controf B 97! 1

.

Since there was little decay and insect damage at
these sites in 12;months, the differences between the
treated and control stakes is small to none. It is
expected that over longer periods of time, treated
stakes will show less decay and insect damage with

respect to controls at these sites.
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EXAMPLE 3

Ammoniacal Solution of Ibuprofen, Hydrolyzed

Octene/Maleic Anhydride Copolymer and Copper/Tungstate

Complex as Preservative

A) Preparation of Ibuprofen, Hydrolyzed Octeng/Maleic

Anhydride Copolymer and Copper/Tungstate Complex in
Ammoniacal:Solution_

A 2 L resin kettle was charged ﬁith 6.64 of sodium
ibuprofen, 8.00 g of sodium tungstate dihydrate, 300 g
of water and 250 g of conc. ammonium.hydroxide. TO
this soluﬁion was added 116.7 g of copper sulfate
pentahydrate. To this was added 382.5 g of a 27.1%

“'aqueous:solution of hydrolyzed copolymer of
octene/maleic anhydride monosodium salt, prepared as
described in General Methods. The mixture was diluted
with 1.4% ammonium hydroxide to give a final weight.of
20 Kg. The final solution contained 1485 ppm of
copper, 300 ppm of tungstate iomn, and 300 ppm of

ibuprofen.

B) Wood Preservation Treatment Procedure and

Environmental Testing for Pre-Decay Stakes Treated with

Ammoniacal Solution of Ibuprofen, Hydrolyzed

Octene/Maleic Anhydride Copolymer and Cogger/Tunggt§§e'

Complex
Ten pre-decay stakes were prepared and treated

with the solution prepared in Example 3A as described
in Example 1B. The uptake (Gross Retention) of
treatment solution is evident from the results given in

Table 7.
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Table 7. Retention of Treatment Solution in SYP Pre-
Decay Stakes
— L

_ Gross |
Dry Wt Wet WC Retention
ID l(g) (g) (g)

e e

246.23
216.46
236.35
238.39
235.11
238.95

The 10 labeled stakes were cut to 45.7'cm (18”)
'lengths, cutting from each end andleaﬁing a 5.1 cm
(27) witness section from the center of the stake. All
witness sections were tested for copper penetration
using the Chromazurol S test described in the General
Methods. All witness sections tested turned.dark blue
indicatihgcomplete,penetration of the wood by the wood -

preservative treatment solution.

Each 45.7 cm (18%") stake was weighed, dimensioned
and the results recordéd. The group of 10 stakes from
each half were bundled together'and.labeled for groﬁnd
insertion at two separate test sgites (Newark, DE and
Starke, FL). The bundles were stored in a cool area
(AWPA Standard, Method E7-01, Sec. 7) until the stakes
were installed in the ground. The stakes were placed in
the ground as per AWPA E7-01. The positioning of the
stakes was randomized in the test sites as per AWPA E7-
01. After 12 months the stakes in Starke, FL were

removed from the ground and visually graded ‘for decay
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and termite attack (insect damage) acéording to AWPA

protocol E7-01. The results are given in Table 8.

Table 8. Decay and insect damage data for stakes
treated with ammoniacal solution of 1buprofen,
hydrolyzed octene/maleic anhydride copolymer and

copper/tungstate complex and tested in Starke, FL.

12 mo grading

Insect

Treatment deca damaqe

1485 ppm Copper /300 ppm
W0O,/300 ppm Ibuprofen/
‘hydrolyzed OMA

{

Stakes treated with the tést solution showed much
less damage than untreated control stakes.' The stakes
in.Newérk, DE were graded at 12 months. A.summary of
the results are given in Table 9 as averages of
gradings at the Newark site, in comparison to the

averages at the Starke site (from Table 8).
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Table 9. Averages of decay and insect damage data for
stakes treated with ammoniacal solution of ibuprofen,
hydrolyzed octene/maleic anhydride copolvmer and
copper/tungstate Complex.and tested in Néwark, DE,

compared with Starke, FL results.

Time
Treatment: Conc. In ppm Months
Cu 1485/WQ,4 300/Ibuprofen

Location

Starke, FL _300/hydrolyzed OMA 12 10
| | Cu 743/WQ, 150/ibuprofen | | |
150/hydrolyzed OMA 12 - 9.65
Cu 371/WO, 75/Ibuprofen -
75/hydrolyzed OMA 12 9.35
Control IIIHEIII | 4.4
Cu 1485/WO0O, 300/1buprofen - ' o
Newark, DE 300/hydrolyzed OMA | 12 10
Cu 743/WOQ, 150/Ibuprofen 150/ ..
______hydrolyzed OMA 12 9.95
Cu 371/WOQO, 75/Ibuprofen | |
| 75/hydrolyzed OMA - 12 9.85
L Control L 12 8.8

With damage to controls extensive, strong
protection by all treatment solutions was observed at
the Starke, FL site. Since there wés little decay and

insect damage at the Newark site in 12 months, the
differences between the treated and control stakes are
small. It is expected that over longer bexiods of time,
treated stakes will show iess decay and insect damage.

with respect to controls at this site.

EXAMPLE 4
Ammoniacal Solution of Ibuprofen/Copper/Tungstate

Complex and CE-Sorb6 amidoxime as Preservative

A) Preparation of.Ibugrofen/CoEEer/Tungstate Complex
and CE-Sorbé6

A solution of 116.7 g of copper sulfate
pentahydrate;-7.98 g of sodium tungstate dihvydrate,

- 44 -
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9.9

9.8

9.35
3.8

10
10

9.9
9.75
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6.64 g of sodium ibuprofen, 155 g of conc. ammonium
hydroxide (57% ammonium hydroxide), and 250 g of water
was prepared. To this was added 92.2g of a 57 %
solution of the amidoxime of CE~Sorb6 having a DS = 6.0
(prepared as described in General:Methods). The mixture
wag stirred for 30 minutes at room temperaturé'to .
prepare a concentrated wood preservation solution. The
concentrated solution was then diluted to a.final
weight of 20 Kg with l.4%ﬁaqueous ammonium.hydtoxide
solution to prepare a wood preservation solution having
1485 ppm copper, 300 ppm ibuprofen, and 300 ppm

tungstate i1on.

B) Wood Preservation Treatment Procedure and
Environmental Testing for Pre-Decay Stakes Treated with
Ammoniacal Solution of TIbuprofen/Copper/Tungstate

Complex and CE-Sorbé amidoxime
Ten stakes were prepared and treated with the

'solution prepared in Example 4A as described in Example
1B. The uptake of treatment solution was evident from

the results given in Table 10.

Table 10. Penetration of Treatment Solution in SYP

. Pre-decay Stakes

—

Gross
Dry Wt [Wet Wt |Retention
ID (9) (g)
W2119 216.84
W2121 224 .3

8
w2123 | 245.64| 468.11 222 .47
W2125  237.69

W2127 | 240.22| 470.31 230.09

W2129 _232.53
W2131 236.53
W2133 | 426.15] 471.89| - 45.74
W2135 | 232.6| 474.7 24:_;.1'
W2137 249.8| 483.59 1233.79

y——

.
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The 10 labeled stakes were cut to 45.7 cm (18”)
decay'stake length, cutting from.each end and 1eav1né a
5.1 cm (27) witness section from the center of the
- stake. All witness sections were tested for coppex
penetration using the Chromazurol S test described in
rhe General Methods. All witness sections tested turned
dark blue indicating complete penetration of the wood

by the wood:preservative treatment solution.

Pre-decay stakes were simlilarly prepared and
treated with 1:2 and 1:4 dilutions of the treatment
soiution prepared in Example 4A. Each 45.7 cm (18%)
stake was weighed, dimensioned and the results
recoxrded. The group of 10 Stekes from each half were
bundled together and labeled for ground insertion at
two separate test sites (Newark, DE and Starke, FL).
The bundles were stored in a cool area.(AWPA—Standardu
Method E7-01, Sec. 7) until the stakes were installed
in the ground; The stakes were placed in the greund.as
per‘AWPA.E7—01. The positioning of the stakes was
randomized in the test sites as per AWPA E7-01. After
12 months, the stakes in Starke, FL were removed from
the ground and visually graded for decay and termite
attack according to AWPA protocol E7-01. Stakes
treated with ammoniacal solution of
ibuprofen/copper/tungstate complex and CE-Sorbé
amidoxime prepared in Example 4A show less damage than

controls as seen in the results in Table 11.

Table 11. Decay and insect damage data for Decay stakes
treated with different dilutions of ammoniacal solution
of ibuprofen/copper/tungstate complex and CE-Sorbé

amidoxime tested in Starke, FL.

- a6 -
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e — e B e, i A,
v— -

[ro—

12 mo scores

| Stake Insect
A BRSNS o ID Decay damage
Copper(1485ppm)/W0O4(300ppm/Ibuprofen(300ppm)/ | 1168 10 | 10 |
~ CE-Sorbb amidoxime 10 |
] | 1174 10 B
10 10
R
) e 10
_ - | | 1184 10 1
— ~ ' 0
o - 10
| sD | ©
‘Copper(742ppm)W0O4(150ppm)/ibuprofen(150ppm)/ 10 |}
L CE-Sorb6 amidoxime 10 |
. 10
-
) 1270 10
10 10|
B I 1276 9 10
] SD 0.63 0.6
Copper(371ppm)WO4(75ppm)/Ibuprofen(75ppm)/ 10
CE-Sorb6 amidoxime 1280 S 10
S—
9
_ _ _ | _8 7
) 1288
1290

g

Untreated Controls

1442

|
— —
EIRIR
8 o
LCJ"JC!'J<J')Ci)€:1'JHO:'JO
|

DO ID]|PL|DDIOIO| O

1446
1448
1450
1452
- 1454
1456 |
1458

OO

- 47 -



CA 02633401 2008-06-16
WO 2007/079211 PCT/US2006/049542

Avg 4.4
8D 2.94

The stakes iﬁ Newark, DE were also graded at 12

months. A summary of the réesults are given in Table 12

as averages of gradings, compared to the averages for

the Starke site.

Table 12. Averages of decay and insect damage data for
Decay stakes treated with different dilutions of

ammoniacal solution of ibuprofen/copper/tungstate

complex and CE-Sorbé6 amidoxime tested in Newark, De and

Starke, PL.

| Avg
Time Avg Insect
Locatton Treatment: Conc. in ppm ‘Months) Decay damae

Cu 1485/W0O4 300/Ibuprofen 300/
CE-Sorb6 amidoxime

—— - Al

Cu 743/WQ, 150/Ibuprofen 150/
CE-Sorb6 amidoxime

Cu 371/WO, 75/Ibuprofen 75/ CE-

- Sorb6 amidoxime |
__Jecowo |

| Cu 1485/W0O, 300/Ibuprofen 300/
Newark,DE | CE-Sorb6 amidoxime

Cu 743/ WQ, 150/Ibuprofen 150/

Starke,FL

CE-Sorb6 amidoxime 12

- Cu 371/WO, 75/Ibuprofen 75/ CE—
Sorbb amidoxime - 12
| Control 12

- With decay and insect damage to controls
eXtensive, strong protection by all treatment solutions
was oObserved at the Starke, FL site. Since there was
little decay and insect damage at the Newark site in 12

months, the differences between the treated and control
stakes are small. It is expected that over longer
periods of time, treated stakes will show less decay

and insect damage with respect to controls at this

site.

- a8 -
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Preparation and Environmental Testing of Fahlstrom

Stakes Treated w1th Ammonlacal _solution of

Ibugrofen/Cogger/Tungstate Comglex and CE- SorbS
Selection and preparation of Fahlstrom stakes

The following methods are based on AWPA Standard,
Method E7-01, Sec. 4, 5, 6, and 7 and E11-97.
SYP boards, 3.175 cm X 35.56 cm X 243.84 cm (5/4”
x 147" x 8 ft) and 3;175 cm X 30.48 cm X 243.84 cm (5/4”
X 12" x 8 ft) were obtained from Delaware Couhty Supply
(Boothwin, PA). The boards were cut into Fahlstrom
stakes of 4 mm x 38 mm X 254 cm (0.156” X 1.5” X 107)
in size (AWPA Standard,'Method E7-01, Sec 4.2, with the
exception that the boards were milled without
equilibration). The stakes were segregated by visual
inspection (AWPA Standard, Method E7-01, Sec. 4.1) and
stakes having knots, cracks, resin and sap pockets,
-signs of infection by mold, stain, and wood destroying
fungi were eliminated. The remaining stakes were
sorted into groups by'weight (AWPA Standard, Method E7-
Ol,.Sec. 5). Stakes weighing between 20g and 25 g were
chosen for the imbibing experiment and -placed in a
controlled environment chamber at 23° C and RH of 50%
(Model 1-60LLVL Humidity Cabinet, Percival Scientific
Inc., Boone, IO) for 21 days (AWPA Standard, Method E7-
0l, Sec. 4 and E11l-97, Sec. 3).!After equilibration in
the environment chamber, each stake was identified by a
painted number. Each stake was then weighed and

dimensioned and the results recorded.

Treatment of the Fahlstrom stakes was carried out

in a stainless steel pressure vessel designed and

fabricated at the DuPont Experimental Station
(Wilmington, DE). Pressure was supplied by a Diaphragm
Pump (Model S216J10; Sprague Products Div. of Curtiss-

_ 49 -
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"Wright"Flow Control Corp., Brecksville, OH) . The
pressure vessel was constructed from sched. 80 SS pipe

. measuring 12.7 cm (5”) diam. and was cloeed at each end

.’with'SS flanges aﬁd—ceps; The length of the pipe
varied depending on the length of the wood to be
treated. Typically, a 101.6 cm (40”) length was chosen
for treating 38” wood specimens. Other lengths of pipe
were added via flanges.t0~extend the length of the
pressure vessel to accommodate 243}84‘cm (8 f£t)

specimens or shorter lengths of pipe were used to treat

25.4 cm (107) specimens.

Batches of ten labeled stakes were loaded into a
stainless steel separation rack (to simulate sticking,
which is physical separation of lumber by placing small
pieces of wood between boards to separate them, as well
as two witness stakes (total 12 stakes), and pleced in
the pressure vessel. The pressure vessel was sealed
and a vacuum of 69.85 cm Hg gauge (13.5 psig) was
applied for a period of 30 minutes. The vacuum was
broken by introduction of the imbibing fluid, the
ammoniacal solution of ibuprofen/copper/tungstate
eomplex and CE-Sorbé6é prepared in Example 4A, to fill
the pressure vessel and cover the wood. Ailr pockets
were removed by'circulating imbibing fluid through the
vegssel, and pressure of 7.18 kilopascal gauge (150
psig) was applied with a diaphragm pump for a period of
30 minutes. The pressure was released and the stakes
allowed to equilibrate in the imbibing solution for 15
minutes. The pressure vessel was drained and the
treatment rack bearing the stakes was removed. The
stakes were lightly wiped with a paper towel and
weighed. The Fahlstrom stakes gained weight in a manner

similar to the stakes in Tables 1. and 3., which
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indicated that the ammoniacal solution of

ibuprofen/copper/tungstate complex and CE-Sorbé was
- successfully imbibed into the wood. Fahlstrom stakes

were similarly treated with 1:2 and 1:4 dilutions of

the treatment solution prepared in Example 4A.

The Fahlstrom stakes described were placed in the
ground, along with untreated control stakes, at
Hialeah, FL; Starke, FL, Newark, DE, and LaPlace, LA as
per AWPA E7-01. The positioning of the stakes was
randomized in the test sites as per AWPA E7-01. The
stakes were evaluated for decay at 6 months vs.
untreated control stakes according to AWPA standard E7-
01. Results from the stakes in Hialeah are giVen”in |
Table 13. “

Table 13. Decay gradings of Fahlstrom stakes treatéd '
with ammoniacal solution of ibuprofen/copper/tungstate

.complex and-CE-SorbS amidoxime at Hialeah, FL.

e

Installed 2/2/06 ' ) 8/1/2006
. 6 Mo
L Treatment . Stake 1D decay
1485 ppm Copper /300 ppm WQO,/300 ppm | 261-02 10 -
Ibuprofen/CE-Sorb6 amidoxime 261-03
M
S —
L 261-13
. 261-28
261-30
) 261-38
L 261-41 -
L2%$42
’ B ~ L - Avg
| SD
Copper (742 ppm)/WQ, (150ppm)/ 263-05 10
Ibuprofen (150ppm)/CE-Sorb6 amidoxime 263-06 10
L 263-14 0.5
#*_g_ 263-15
) . 263-18
- 263-20
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263-26

) | 263-37
263-38

] 26343

AVC ' 9.75
o B SD | 040
"~ Copper 371 ppMmYWQ4, 75ppm)/ 264-05

Ibuprofen (75ppm)/CE-Sorb6 amidoxime 264-11

)
8
7
' 0
8

S | 26423 [
264-24
264-27 9.5
264-28 10
"
264-39 10
264-44
=
) 8D 1.05 .
Untreated Controls 8
| 275-04 7
L 275-05 7
- 275-07 | 6
27508 | 8 |
275-11 6
275-13 7 |
_ — 27515 | 6
L _ | 27518 | 8
' | | 275-20 8
79
SD 0.83

A summary of the results for 6 month gradings of
the stakes at all four sites is given in Table 14 as

averages of gradings at each site.

Table 14. Averages of decay and insect damage scores
for Fahlstrom stakes treated with ammoniacal solution

of ibuprofen/copper/tungstate complex and CE-Sorbé

amidoxime

Time Avg Insect
|_ocation Treatment:: Conc. in ppm Months Avg Decay | damage

Cu 1485/WQ, 300/Ibuprofen 300/ | 8 g
Starke, FL | CE-Sorb6 amidoxime '

“Cu 743/WO, 150/Ibuprofen 150/ o
CE-Sorb6 6 .7 10

e e
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WO 2007/079211 PCT/US2006/049542
I ' | I Cu 371/WOQ, 75/Ibuprofen 75/ CE- |
| ____Sorb6 amidoxime o __6 - Ly
o | Control |

Newark, Cu 1485/W O, 300/Ibuprofen-300/

DE CE-Sorb6 amidoxime
- Cu 743/WO, 150/Ibuprofen 150/

CE-Sorb6
- Cu 371/WO0O, 75/Ibuprofen 75/ CE-
Sorb6 amidoxime

] Control

Hialeah, Cu 1485/ W0, 300/ibuprofen 300/

FL CE-Sorb6 amidoxime

Cu 743/WQ, 150/Ibuprofen 150/
CE-Sorb6 amidoxime

Cu 371/WO, 75/Ibuprofen 75/ CE-

Sorb6 amidoxime
Control
LaPlace, Cu 1485/WQ, 300/Ibuprofen 300/

o

CE-Sorb6 amidoxime
Cu 743/WO, 150/Ibuprofen 150/
CE-Sorb6 amidoxime

Cu 371/WO, 75/lbuprofen 75/ CE-
Sorbb amidoxime

Control

XXXX means no insect damage observed at thls 81te

* |

Protection from decay was observed for all
- treatments at the Hialeah site. It is expected that
over longer periods of time, treated Fahlstrom stakes

will show less decay and insect damage with respect to

controls at the additional testing sites
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CLAIMS
What 1s claimed 1is:
1. An agueous composition comprising 1in admixture (a) a

complex comprising (i) ibuprofen, and (i1) copper 1ons, zinc
ions or a mixture thereof; and (b) ammonia and/or

ethanolamine; wherein component (b) 1s present 1n an amount

sufficient to solubilize the complex.

2. The composition as claimed in Claim 1 which further

comprises an additional component (c) selected from one or

both of an antifungal component and a termiticidal component.

3. The composition as claimed in Claim 1 or Claim 2 further

comprising at least one hydrolyzed olefin/maleic anhydride

copolymer.

4. A process for preserving cellulosic material, or an

article that comprises cellulosic material, comprising

contacting the cellulosic material or article with the

composition of any one of Claims 1 to 3.

5. The process as claimed in Claim 4 wherein the cellulosic
material is wood, lumber, plywood, oriented strand board,

cellulose, hemicellulose, lignin, cotton or paper.

0. The process as claimed 1n Claim 4 or Claim 5 which
comprises dipping, brushing, spraying, draw-coating, rolling,
Or pressure-treating the cellulosic material or article with

the composition as claimed 1n any one of Claims 1 to 3.

7. The process as claimed 1in any one of Claims 4 to ©

further comprising a step of incorporating the cellulosic

material or the article into a structure or into a consumable

device.
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8. Cellulosic material, or an article comprising a

cellulosic material, wherein the composition as claimed 1n any

o

one of Claims 1 to 3 is adsorbed on and/or absorbed in the

cellulosic material.

9. The material or article as claimed in Claim 8 wherein the

cellulosic material 1s wood, paper, cellulose, cotton, lignin,

or hemicellulose.

10. A structure or consumable device comprising the

cellulosic material or article as claimed 1n Claim 8 or Claim

9.

33
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