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Figure 3, Sliced interior section of a wood block untreated, treated at 0.22 pounds per 
cubic foot with injected copper salt particulates, and treated and developed. 

Untreated Treated at 0.22 Treated and 
Developed 

PW26.70 

  



US 2005/0252408 A1 

PARTICULATE WOOD PRESERVATIVE AND 
METHOD FOR PRODUCING SAME 

RELATED APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
application 60/571.535 filed on May 17, 2004, which is 
incorporated herein by reference, to co-pending U.S. patent 
application Ser. No. 10/868,967 filed Jun. 17, 2004, and to 
U.S. Provisional Application titled: MILLED SUBMI 
CRON CHLOROTHALONIL WITH NARROW PAR 
TICLE SIZE DISTRIBUTION, AND USES THEREOF, 
filed on Oct. 8, 2004, which is also incorporated herein by 
reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

0002 not applicable 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT 

DISC 

0003) not applicable 

SEQUENCE LISTING 

0004 not applicable 

FIELD OF THE INVENTION 

0005 The present invention relates to particulate-based 
biocidal compositions, particularly wood preservatives com 
prising particles including one or more copper compounds. 
More particularly, the invention relates to a method of 
manufacture of particulate-based biocidal compositions 
capable of being injected into wood, the biocidal composi 
tions, methods of preserving wood using the compositions, 
and wood treated with the compositions of this invention. 

BACKGROUND OF THE INVENTION 

0006 Preservatives are used to treat wood to resist insect 
attack and decay. The commercially used preservatives are 
Separated into three basic categories, based primarily on the 
mode of application, into waterborne, creosote, and oil 
borne preservatives. Waterborne preservatives include chro 
mated copper arsenate (CCA), ammoniacal copper quat, 
ammoniacal copper Zinc arsenate, and ammoniacal copper 
arsenate. Wood treated with these chemicals. Sometimes turn 
green or grey-green because of a chemical reaction between 
copper in the preservative and the Sun's ultraViolet rays. The 
preservatives leach into the Soil over time, but the copper 
amines leach from Wood at rates Several times those 
observed for CCA. 

0007. The primary preserved wood product has histori 
cally been Southern pine lumber treated with chromated 
copper arsenate (CCA). Most of this treated lumber was 
used for decks, fencing and landscape timbers. There has 
recently been raised concerns about the Safety and health 
effects of CCA as a wood preservative, primarily relating to 
the arsenic content but also to the chromium content. In 
2003/2004, due in part to regulatory guidelines and to 
concerns about Safety, there has been a Substantial cessation 
of use of CCA-treated products. A new generation of copper 
containing wood preservatives use a form of copper that is 
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Soluble. Known preservatives include copper alkanolamine 
complexes, copper polyaspartic acid complex, alkaline cop 
per quaternary, copper azole, copper boron azole, copper 
bis(dimethyldithiocarbamate), ammoniacal copper citrate, 
copper citrate, and the copper ethanolamine carbonate. In 
practice the principal criteria for commercial acceptance, 
assuming treatment efficacy, is cost. Of the many copper 
amine compositions listed above, only the copper ethanola 
mine carbonate and ammoniacal copper are in widespread 
use. There are Several problems with these new copper 
amine-containing preservatives. 
0008. The soluble copper containing wood preservatives 
are very leachable, compared to CCA. This leaching is of 
concern for at least two reasons: 1) removal of the copper 
portion of the pesticide from the wood by leaching will 
compromise the long term efficacy of the formulation, and 2) 
the leached copper causes concern that the environment will 
be contaminated. Copper is extremely toxic to certain fish at 
sub-part per million levels. One study reported the Synthetic 
Precipitation Leaching Procedure gave the leachate from 
CCA-treated wood contained a baseline concentration of 
about 4 mg copper per liter, leachate from copper (ammo 
nium) boronazole-treated wood contained seven times the 
baseline; leachate from copper bis(dimethyldithiocarbam 
ate) treated wood had twice the baseline concentration; 
leachate from alkaline copper quaternary treated wood had 
over Seven times the baseline concentration; and leachate 
from copper citrate treated wood had over fifteen times the 
baseline concentration. Copper leaching is Such a problem 
that some states do not allow use of wood treated with the 
Soluble copper containing wood preservatives near water 
ways. 

0009. The commercial soluble copper containing wood 
preservatives cause increased metal corrosion, for example 
of nails within the wood. Preserved wood products are often 
used in load-bearing out-door Structures Such as decks. 
Traditional fastening material, including aluminum and 
Standard galvanized fittings, are not Suitable for use with 
Wood treated with these new preservatives. Many regions 
are now Specifying that hardware, e.g., fittings, nails, 
Screws, and fasteners, be either galvanized with 1.85 ounces 
Zinc per Square foot (a G-185 coating) or require Type 304 
Stainless Steel. 

0010 Further, the copper-containing portion of the treat 
ment is not protective against Some biological Species, and 
these Soluble copper containing wood preservatives require 
higher copper loading, a Second organic biocide, or both to 
be effective. Indeed, we believe the amines from the copper 
amine complex encourage the growth of molds, particularly 
Sapstain molds. 
0011) Another concern with soluble copper preservative 
products generally is that most preservative materials are 
manufactured at one of Several central locations but are used 
in disparate areas and must be shipped, Sometimes Substan 
tial distances. The cost of providing and transporting the 
liquid carrier for these Soluble products can be considerable, 
and the likelihood of an extreme biological impact on fish is 
very high if transported Soluble copper wood preservative 
material is Spilled or accidentally released near a waterway. 
0012 Finally, the cost of the amine-between three and 
4 moles of amine are required to Solubilize a mole of copper) 
is very high. This application proposes wood preservatives 
which solve each of these problems. 
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SUMMARY OF THE INVENTION 

0013 The principal aspect of the invention is sparingly 
Soluble or Substantially insoluble, biocidal particulates 
adapted to be incorporated into as a preservative treatment 
into wood and wood products. The biocide particulates 
preferably contain one or more sparingly Soluble, copper-, 
Zinc- and/or tin-containing particulates. Optionally the bio 
cidal particulates can comprise Solid, Substantially insoluble 
organic biocides. Optionally, one or more of the biocidal 
particulates can further comprise a permeable coating of a 
Substantially insoluble organic biocide. The biocide particu 
lates of the current invention are also advantageously incor 
porated in nonfouling paints and coatings. Additionally, the 
biocide particulates when used in foliar applications on 
crops provides an efficacious treatment that is more resistant 
to rain, and the amount of the biocide may be reduced 
compared to prior art formulations having larger mean 
particle sizes and wider particle size distributions. 
0.014) A first embodiment of this invention is an effective, 
long-lasting, environmentally responsible, non-Staining/col 
oring, inexpensive, non-corrosion-inducing, injectable, Spar 
ingly Soluble copper-Salt-containing particulate preservative 
treatment for wood and wood products that is Substantially 
free of hazardous material. AS used herein the term inject 
able means readily injectable into Southern Pine wood using 
conditions standard in the industry (e.g., partial vacuum and 
up to 120 psig) for a distance of at least Several inches into 
the wood. A Second embodiment of this invention is an 
effective, long-lasting, inexpensive, non-corrosion-induc 
ing, micron- to Sub-micron-sized, sparingly Soluble copper 
Salt-containing particulates for use in non-fouling paints and 
coatings, and for use in foliar applications. 
0.015 A third embodiment of this invention is an effec 
tive, long-lasting, environmentally responsible, non-stain 
ing/coloring, inexpensive, non-corrosion-inducing, inject 
able, Sparingly Soluble zinc-salt-containing particulate 
preservative treatment for wood and wood products that is 
substantially free of hazardous material. A fourth embodi 
ment of this invention is an effective, long-lasting, inexpen 
Sive, non-corrosion-inducing, micron- to Sub-micron-sized, 
sparingly Soluble zinc-Salt-containing particulates for use in 
non-fouling paints and coatings, and for use in foliar appli 
cations. 

0016. Another embodiment of this invention is an effec 
tive, long-lasting, environmentally responsible, non-stain 
ing/coloring, inexpensive, non-corrosion-inducing, inject 
able, sparingly Soluble tin-Salt-containing particulate 
preservative treatment for wood and wood products that is 
Substantially free of hazardous material. 
0.017. A fifth embodiment of this invention is an effective, 
long-lasting, environmentally responsible, non-Staining/col 
oring, inexpensive, non-corrosion-inducing, injectable, Sub 
Stantially insoluble Solid organic biocide-containing particu 
late preservative treatment for wood and wood products that 
is Substantially free of hazardous material. A sixth embodi 
ment of this invention is an effective, long-lasting, inexpen 
Sive, non-corrosion-inducing, Sub-micron-sized, Substan 
tially insoluble Solid organic biocide-containing particulate 
for use in non-fouling paints and coatings, and for use in 
foliar applications. AS used herein, the term “organic bio 
cide” also includes organometallic biocides. By “Substan 
tially insoluble” (or “sparingly soluble” as the term relates to 
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organic biocides), we mean the organic biocide has a Solu 
bility in water of less than about 0.1%, and most preferably 
less than about 0.01%, for example in an amount of between 
about 0.005 ppm and about 1000 ppm, alternatively between 
about 0.1 ppm and about 100 ppm or between about 0.01 
ppm and about 200 ppm. 

0018. The copper-containing particles, the zinc-contain 
ing particles, tin-containing particles, and the Substantially 
insoluble Solid organic biocide-containing particles can be 
used independently, but considerable Synergy can be 
achieved by using these in combinations of two or all three. 
In Some embodiments, copper(I) oxide and/or Zinc oxide 
may be used to partially or completely replace the sparingly 
Soluble copper Salts and the Sparingly Soluble Zinc Salts 
respectively. Certain copper Salts of organic biocidal mate 
rials and copper(I) oxide, and also the sparingly soluble 
copper Salts, are generally referred to as copper-containing 
biocidal compounds. Similar terms are used for Zinc com 
pounds. 

0019. In a preferred embodiment, the copper-containing 
particulates comprise Sparingly Soluble copper Salts. Exem 
plary particles comprise for example copper hydroxide and 
optionally a copper oxide. At least about 20%, 30%, 50%, or 
75% of the weight of the copper-based particles may be 
composed of the Sparingly Soluble copper Salt. Exemplary 
copper-containing particles of the invention are Sufficiently 
Small to be injectable into the wood. For example, Substan 
tially all of the copper-containing particles may be sized to 
occupy pores or vesicles of wood. In one embodiment, 
exemplary wood preservatives comprise copper-containing 
particles having a size distribution in which at least 50% of 
particles have a diameter Smaller than 0.25 microns, 0.2 
microns, or 0.15 microns. That particular characteristic, 
however, is not determinative on whether or not particles are 
Suitable for injection into wood. 

0020. As used herein, particle diameters may be 
expressed as “de” where the "XX" is the weight percent (or 
alternately the Volume percent) of that component having a 
diameter equal to or less than the d. The do is the diameter 
where 50% by weight of the component is in particles 
having diameters equal to or lower than the diso, while just 
under 50% of the weight of the component is present in 
particles having a diameter greater than the do. Particle 
diameter is preferably determined by Stokes Law settling 
velocities of particles in a fluid, for example with a Model 
LA 700 or a CAPATM 700 sold by Horiba and Co. Ltd., or 
a SedigraphTM 5100T manufactured by Micromeritics, Inc., 
which uses X-ray detection and bases calculations of size on 
Stoke's Law, to a size down to about 0.2 microns. Smaller 
sizes are preferably determined by a dynamic light Scattering 
method, preferably with a CoulterTM counter. 

0021. In one embodiment, wood or a wood product are 
impregnated with dispersed copper-containing biocidal par 
ticles of the invention. Sparingly Soluble copper Salts in 
particles within Wood or wood products are less leachable 
than a dried injected Solution of the Sparingly Soluble copper 
Salts, and is also leSS leachable than prior art Soluble 
copper-amine preservatives. Preferably, the copper-contain 
ing biocidal particles are Sufficiently insoluble So as to not be 
quickly removed by leaching but are Sufficiently Soluble to 
exhibit toxicity to primary organisms primarily responsible 
for the decay of the wood. 
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0022 Generally, crystalline sparingly soluble salts are 
preferred because they have lower rates of dissolution than 
do amorphous Salts. However, Sparingly Soluble amorphous 
Salts are equally effective, and particulates made from amor 
phous Salts can have copper release and copper-leach char 
acteristics similar to those of the Substantially crystalline 
sparingly Soluble Salts. Any discussion relating to Substan 
tially crystalline should be considered a preferred variant of 
the invention, as the same disclosure is generally equally 
applicable to amorphous sparingly Soluble copper Salts, or 
Substantially amorphous sparingly Soluble copper Salts. 

0023) A “sparingly soluble" salt as used herein has a K. 
in pure water between about 10 to about 10' for salts 
with only one anion, and from about 10' to about 10’’ for 
salts with two anions. Preferred sparingly soluble salts have 
a K between about 10' to about 10°. As used herein, 
preferred sparingly Soluble inorganic Salts includes Salts 
with a K of between about 10 to about 10" for salts 
with only one anion, and from about 10' to about 10’’ for 
Salts with two anions. Preferred sparingly Soluble copper 
Salts include copper hydroxide, basic copper carbonate, 
basic copper chloride (copper oxychloride), and basic cop 
per Sulfate. The copper-containing particulates can comprise 
or consist essentially of any sparingly Soluble copper Salts, 
including those Selected from copper hydroxides, copper 
carbonates (e.g., “yellow copper carbonate); basic (or 
"alkaline') copper carbonate, basic copper phosphate, basic 
copper phosphoSulfate, basic copper Sulfates including par 
ticularly tribasic copper Sulfate, basic copper nitrates, cop 
per oxychlorides (basic copper chlorides); copper borates; 
basic copper borates, Copper ferricyanate; Copper Fluoro 
Silicate; Copper Thiocyanate; Copper diphosphate or Cop 
per pyrophosphate, Copper Cyanate; and mixtures and com 
binations thereof. In a preferred embodiment the Sparingly 
Soluble copper Salts in the copper-containing biocidal par 
ticles comprise or consist essentially of one or more copper 
Salts Selected from copper hydroxides, copper carbonates, 
basic copper carbonates, basic basic copper phosphate, basic 
copper phosphoSulfate, tribasic copper Sulfate; copper oxy 
chlorides (basic copper chlorides); basic copper borates, and 
mixtures thereof. In one embodiment, the particles comprise 
at least about 20%, 30%, 50%, or 75% of the weight of the 
any of these sparingly Soluble copper Salts. The most pre 
ferred inorganic copper Salts are copper hydroxide and basis 
copper carbonate. 
0024. In another embodiment the copper-containing par 
ticulates can comprise or consist essentially of the group 
consisting of copper oxide, with the proviso that at least one 
of the biocides is not a copper oxide. Of the copper oxides, 
CuO is preferred over CuO. 
0.025 In any of the above the sparingly soluble copper 
Salt can have a Substantial amount of one or more of 
magnesium, Zinc, or both, wherein these cations are either 
dispersed within the Sparingly Soluble copper composition 
or be a separate phase within a particulate. In preferred 
embodiments of the invention, at least Some particulates 
comprise copper hydroxide, basic copper carbonate, or both, 
having magnesium ions therein. In more preferred embodi 
ments, the copper hydroxide or basic copper carbonate 
comprises between 6 and 20 parts of magnesium per 100 
parts of copper, for example between 9 and 15 parts of 
magnesium per 100 parts of copper. Alternatively, in another 
more preferred embodiments, the copper hydroxide com 
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prises between 6 and 20 parts total of magnesium and Zinc 
per 100 parts of copper, for example between 9 and 15 parts 
total of magnesium and Zinc per 100 parts of copper. In Some 
embodiments, the basic copper carbonate comprises 
between 6 and 20 parts of magnesium per 100 parts of 
copper, for example between 9 and 15 parts of magnesium 
per 100 parts of copper, or alternatively between 6 and 20 
parts total of magnesium and Zinc per 100 parts of copper, 
for example between 9 and 15 parts total of magnesium and 
Zinc per 100 parts of copper. Alternatively or additionally, in 
a preferred embodiment, the copper hydroxide and/or basic 
copper carbonate comprises between about 0.01 and about 5 
parts of phosphate per 100 parts of copper, for example 
between 9 and 15 parts of phosphate per 100 parts of copper. 

0026. In another preferred embodiment, slurry alternately 
or additionally comprises Zinc or copper borate particulates, 
or basic Zinc borate, or basic copper borate. AS the Solubility 
of copper borate is very pH Sensitive, in a preferred embodi 
ment the sparingly Soluble copper Salts comprise an alkaline 
material, e.g., copper hydroxide or copper carbonate, to 
reduce the Solubility of the copperborate. If present, the Zinc 
borate loading can range from 0.025% to 0.5%, for example, 
independent of the copper loading in the Wood. 

0027. In any of the above-described embodiments, the 
sparingly Soluble copper Salt in copper-containing particu 
lates can further comprise the Substantially insoluble copper 
Salt, for example copper phosphate, Cu(PO). If there are 
particulates Substantially comprising Cu3(PO), copper 
oxide, or copper 8-quinolinolate, the particulates should be 
exceedingly Small, e.g., less than about 0.07 microns, pref 
erably less than about 0.05 microns, to provide maximum 
Surface area to help dissolution of the particles, and the 
Wood treatment should contain a sparingly Soluble copper 
Salt-contining particulates, e.g., basic copper carbonate, 
basic copper borate, basic copper phosphate, basic copper 
phosphoSulfate, basic copper chloride, tribasic copper Sul 
fate, copper hydroxides, and the like. 

0028. The zinc analogs of the above are useful for the 
Zinc-based particulates of the alternate embodiments of the 
invention. In one embodiment the copper-based particulate 
material can further comprise one or more Sparingly Soluble 
Zinc Salts Selected from Zinc hydroxide, Zinc oxides, Zinc 
carbonate, basic Zinc carbonate, Zinc phosphate, basic Zinc 
phosphate, Zinc oxychloride; Zinc fluoroborate; Zinc borate, 
Zinc fluoride, “basic Zinc borate” (Zinc borate and Zinc 
hydroxide in close proximity), or mixture thereof. Zinc 
borate, with a Solubility product constant in pure water of 
5x10-11, is the preferred sparingly soluble zinc salt. Fur 
ther, if in the presence of a high pH, Such as would be 
provided by Zinc hydoxide or zinc carbonate, the solubility 
is further reduced. The Zinc Salts may be in a separate Salt 
phase, or may be mixed Cu/Zn Salts, or combinations 
thereof. The zinc may be in the form of particulate zinc 
oxide. In preferred embodiments the particle comprises at 
least about 40%, preferably at least about 60%, and more 
preferably at least about 80% by weight of one or more 
sparingly Soluble copper Salts, sparingly Soluble Zinc Salts, 
or mixtures or combinations thereof. 

0029. In one embodiment the particulate product can 
comprise zinc-containing biocidal particles comprising one 
or more of crystalline Zinc compounds Selected from Zinc 
hydroxide; Zinc oxides, Zinc carbonate, Zinc oxychloride; 
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Zinc fluoroborate; Zinc borate, Zinc fluoride, or mixture 
thereof. The preferred zinc-based material are Zinc hydrox 
ide, basic Zinc borate, basic Zinc carbonate, Zinc oxide, or 
mixture thereof, which may be doped with other cations, 
e.g., from 0.1 to 10% copper, from 0.1 to 10% magnesium, 
or both, for example, based on the total weight of the cations. 
In preferred embodiments the particle comprises at least 
about 40%, preferably at least about 60%, and more pref 
erably at least about 80% by weight of one or more crys 
talline Zinc compounds. 
0030 Synergy is often observed in wood preservatives 
with organic biocides coupled with biocidal sparingly 
Soluble Salts, and this Synergy is also seen in foliar appli 
cations and in non-fouling paint. It is believed that certain 
organic biocides are normally long-lasting and very effective 
against most (but not all) undesired bio-organisms, but are 
ineffective against and may be Subjected to degradation be 
a few bio-organisms. A principal function of the copper in 
such a system may be to inhibit growth of those bio 
organisms that degrade the organic biocides and/or that are 
resistant to the organic biocides. The most preferred embodi 
ments of this invention have copper-based particulates and 
optionally one or more of zinc-based particulates and tin 
based particulates, and further comprise between about 
0.01% to about 20% by weight of one or more organic 
biocides, based on the weight of the copper- and zinc 
containing materials. In addition, in Some embodiments, the 
particulates form a carrier to carry the organic biocides into 
the wood and help ensure the biocide is well-distributed 
throughout the wood. Preferred embodiments of the inven 
tion are injectable copper-containing biocidal particles that 
further comprises one or more organic biocides attached to 
particulates. In other preferred embodiments, the organic 
biocides are themselves in injectable particulate form, and 
are combined with the particulate sparingly Soluble metal 
Salts (copper, Zinc, or tin) to form an injectable slurry of 
particulates. 
0031. Other aspects of this invention include 1) methods 
to manufacture the Sub-micron particulates having the nar 
row particle size distributions which are advantageous in 
foliar applications and antifouling paint applications, and 
which are required in wood preservative applications; 2) 
methods of formulating the compositions that comprise the 
particulates for use in foliar applications, wood preservation, 
and paint formulations; 3) methods of transporting the 
particulates, and 5) wood and wood products treated with 
the particulate preservative treatment compositions. We 
believe the combination of methods to manufacture inject 
able particles into wood, as well as Our formulations, rep 
resent a Significant discovery. The slurries of this invention 
can be essentially unaffected by the use of hard water in the 
Slurry. In contrast, the Soluble copper-amine Solutions used 
in the prior art precipitated an objectionable residue of 
calcium and magnesium carbonates onto the Surface of the 
Wood. Injection of the present formulation uses the Standard 
operating procedure that is commonly practiced in the 
industry. The present formulation reduces and optionally 
eliminates the nitrogen content of the prior art products, and 
We believe the nitrogen is associated with the enhanced rate 
of Sapstain growth which presently necessitates the use of 
expensive Sapstain control agents. Removal of the fraction 
of particles having a diameter greater tha 1 micron, accom 
plished with a component of this technology, also means the 
Slurries are stable-slurry particles Settle over the course of 
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days or even weeks, So there is little danger of a slurry 
Settling prior to injection. The Sparingly Soluble biocidal 
particles are relatively non-leachable, being comparable 
with the leach rates associated with the CCA products, and 
being much lower than the leach rates associated with 
Soluble copper amine wood preservatives. Due to lower 
leach rates, the wood treated with the preservatives of this 
invention should be usable underground, near waterways, 
and also in marine applications. The costs per pound of 
copper is estimated to be 30% to 50% lower than present 
copper-MEA-carbonate preservatives. Corrosivity of the 
product will be less than that associated with the copper 
amine preservatives. Freight should be only one third that 
asSociated with the copper-amine preservatives. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0032 Unless otherwise specified, all compositions are 
given in "percent', where the percent is the percent by 
weight based on the total weight of the entire component, 
e.g., of the particle, or to the injectable composition. In the 
event a composition is defined in "parts” of various com 
ponents, this is parts by weight wherein the total number of 
parts in the composition is between 90 and 110. 
0033. The term “effective” as it pertains to preservatives 
means the biocidal particulates are sufficiently distributable 
through the wood product, and is Sufficiently Soluble and 
available So as to provide a bio-active concentration of 
copper ions in the wood matrix. By “bio-active” we mean 
the preservative treatment is Sufficiently biocidal to one or 
more of fungus, mold, insects, and other undesired organ 
isms which are normally the target of wood preservatives 
Such that these organisms avoid and/or can not thrive in the 
treated wood. Too low a solubility (or “release rate”), and 
the copper is not bioactive. At the same time, the injectable 
copper-containing particles of this invention is intended to 
have one or more organic-based biocides incorporated there 
with in amounts the same as are currently being used with 
Soluble copper preservatives, and efficacy is based on the 
combination of the copper (and/or Zinc) component in 
combination with the organic biocides. 
0034. By “long-lasting” we mean the preservative treat 
ment has an effective life of at least about 20 years under 
normal outdoor ground-contact use, for example. Too high 
a Solubility of the particulates, and the biocides and biocidal 
Salts are can be leached out of the wood at too fast a rate. 
Such fast leaching creates environmental problems, i.e., the 
leached copper contaminates the environment, and also 
longevity problems, i.e., So much biocide may be leached 
from the wood that the remaining treatment can no longer 
provide a bio-active concentration of copper ions. 
0035 Leaching is a function of particle size and the 
Solubility of the Sparingly Soluble material. Larger size 
particles have lower leach rates, while particles in a size 
range from 1 to 10 nanometers under certain circumstances 
will not have a leach rate much different than that of an 
injected and dried copper Salt Solution. In preferred embodi 
ments of this invention, the do is at least 0.04 microns, 
meaning at least 50% by weight of the copper-containing 
particulates have a size greater than 40 nanometers. In more 
preferred embodiments, the do is 0.08 microns or greater. In 
one preferred embodiment, at least 80% by weight of the 
copper-containing particulates have a size between 0.05 
microns and 0.4 microns. 
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0.036 Leaching is not the only mechanism whereby mate 
rial can be flushed from wood. Because the material is in 
particulate form, there is a possibility that particulates will 
be flushed from the wood. Evidence Suggests that very Small 
Substantially Spherical nanoparticles, i.e., Spherical particles 
of Size 5 to 20 nanometers, can migrate freely through a 
Wood matrix. However, while Said particles are easy to 
inject, they are also clearly easily transported through wood 
and would be easily flushed from the wood. These wood 
preservative treatments would not be long-lasting. There 
fore, in preferred embodiments of the invention the material 
is Substantially free of Substantially spherical particulates, 
wherein the particle diameter is less than about 20 nanom 
eters, particularly less than 15 nanometers. By Substantially 
free we mean the do is greater than 0.02 microns. 
0037 Generally, the leaching rate from dispersed particu 
lates is controlled by 1) diffusion and boundary layer effects 
around the limited Surface area available to water; 2) the 
activation energy needed to disrupt the crystal and to thereby 
cause dissolution, and 3) the absolute solubility of the 
material. Solubility of copper is Strongly dependent on the 
pH, and for the hydroxide is about 0.01 ppm at pH 10, 2 ppm 
at pH 7, but is 640 ppm at pH 4. Wood has a “pH between 
4 and 5. Therefore, copper hydroxides are a component of 
the preferred Substantially crystalline (or amorphous spar 
ingly Soluble) copper material, as the hydroxides will raise 
the pH of the water in the wood. Additionally, alkali-metal 
bases, Such as alkali-metal hydroxides, alkali-metal carbon 
ates, and less preferred alkalii-metal Salts of organic car 
boxylic and/or Sulfonic acid containing material having 1-4 
carbon atoms per acid moiety, can be included in the liquid 
portion of the injected slurry to neutralize wood. Other 
useful bases include tribasic alkali phosphates and alkali 
borate Salts. 

0.038 Leaching will be discussed extensively infra. 
Advantageously, the particulates of the present invention 
provide at 240 hours into an AWPAE11-97 leach test a total 
leached copper value that is within a factor of two above, to 
within a factor of five below, preferably within a factor of 
three below, the total leached copper value obtained by a 
wood sample treated with CCA and subjected to the same 
teSt. 

0039. By “substantially free of hazardous material” we 
mean the preservative treatment is Substantially free of 
materials. Such as lead, arsenic, chromium, and the like. By 
substantially free of lead we mean less than 0.1% by weight, 
preferably less than 0.01% by weight, more preferably less 
than 0.001% by weight, based on the dry weight of the wood 
preservative. By Substantially free of arsenic we mean leSS 
than 5% by weight, preferably less than 1% by weight, more 
preferably less than 0.1% by weight, for example less than 
0.01% by weight, based on the dry weight of the wood 
preservative. By substantially free of chromium we mean 
less than 0.5% by weight, preferably less than 0.1% by 
weight, more preferably less than 0.01% by weight, based on 
the dry weight of the wood preservative. 

0040. By “environmentally responsible' we mean the 
wood preservative (including co-biocide) has a bioactive 
effectiveness that is at least about equal to that of injected 
copper-amine preservatives. Further, the environmentally 
responsible material is Substantially free of Small nanopar 
ticles which can be readily flushed from wood. Therefore, in 
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preferred embodiments of the invention the ds is greater than 
5 nanometers, preferably greater than about 20 nanometers. 
Nanoparticle-sized metal particulates may be toxic to certain 
aquatic life, though the data is very preliminary. Addition 
ally, environmentally responsible wood preservatives are 
beneficially substantially free of organic solvents. By Sub 
Stantially free we mean the treatment comprises less than 
10% organic solvents, preferably less than 5% organic 
Solvents, more preferably less than 1% organic Solvents, for 
example free of organic Solvents, based on the weight of the 
sparingly Soluble and Substantially insoluble biocides in the 
Wood preservative. 
0041. By “injectable” we mean the wood preservative 
particulates are able to be pressure-injected into wood, wood 
products, and the like to depths normally required in the 
industry, providing an effective dispersion of biocidal par 
ticles throughout the injected Volume, using equipment, 
preSSures, exposure times, and procedures that are the same 
or that are Substantially similar to those currently used in 
industry. PreSSure treatment is a proceSS performed in a 
closed cylinder that is pressurized, forcing the chemicals 
into the wood. Copper loading, also called copper retention 
is a measure of the amount of preservative that remains in 
the wood after the pressure is released. It is given as "pcf.” 
or pounds of preservative per cubic foot of wood. Retention 
levels that must be reached are dependent on three variables: 
the type of wood used, the type of preservative used, and the 
use of the wood after treatment. The Sparingly Soluble 
copper-salt particulates of this invention are typically 
expected to be added to wood in an amount equal to or leSS 
than 0.25 pounds as copper per cubic foot. In preferred 
embodiments of the invention incising is not expected to be 
required to inject the Slurries of the present invention into 
lumber having thicknesses of 6 to 10 inches. 
0042. Injectability requires the particulates be substan 
tially free of the size and morphology that will tend to 
accumulate and form a filter cake, generally on or near the 
Surface of the wood, that results in undesirable accumula 
tions on Wood in one or more Outer portions of the wood and 
a deficiency in an inner portion of the wood. Injectability is 
generally a function of the wood itself, as well as the particle 
size, particle morphology, particle concentration, and the 
particle size distribution. 
0043 Another key aspect of the invention is to make a 
variety of biocidal particulate Slurries available that are 
injectable into wood, thereby Serving as a particulate wood 
preservative. Requirements of injectability into wood for 
Substantially round, e.g., the diameter is one direction is 
within a factor of two of the diameter measured in a different 
direction, Such as would be found in milled particles, are: 

0044) 1) the do is equal to or less than about 1 
micron, but is preferably about 0.7 microns or less, 
more preferably about 0.5 microns or less, for 
example equal to or less than about 0.3 microns, or 
equal to or less than about 0.2 microns, 

0045 2) the do is equal to or less than about 2 
microns, preferably equal to or less than 1.5 microns, 
more preferably equal to or less than about 1 micron; 
and 

0046) 3), the do is less than 0.5 microns, preferably 
less than 0.4 microns, and the do is greater than 0.02 
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microns, more preferably greater than 0.05 microns, 
for example a slurry where the do is between about 
0.1 microns and about 0.3 microns. We believe the 
first criteria primarily addresses the phenomena of 
bridging and Subsequent plugging of pore throats, 
the Second criteria addresses the phenomena of form 
ing a filter cake, and the third criteria addresses the 
issue of having particulates disposed in the wood 
which have an optimum size to ensure the treatment 
has an acceptable bio-activity and lifetime. Once a 
pore throat is partially plugged, complete plugging 
and undesired buildup generally quickly ensues. 

0047. However, there are minimum preferred particulate 
diameters for the wood treatment, which depend Somewhat 
on the copper salt(s) that are in the particulates. If the Salts 
have a high Solubility, very Small particulates having a large 
Surface to mass ratio will result in too high a copper ion 
concentration, and too fast a copper leaching, compared to 
preferred embodiments of this invention. Generally, it is 
preferred that for sparingly Soluble copper or Zinc Salts, the 
do be above 0.01 microns in diameter, preferably greater 
than 0.03 microns, for example greater than 0.06 microns in 
diameter. While organic biocide particles can be Smaller 
than the sparingly Soluble copper Salt particles, as these 
compounds generally exhibit lower Solubility in water than 
do the Sparingly Soluble copper Salts, nevertheless a pre 
ferred minimum do for organic biocide particulates is also 
0.01 microns. 

0.048. By injectable, unless otherwise specified we mean 
injectable into normal Southern pine lumber. This invention 
also encompasses injecting the particulates into other Woods 
as well as into for example heartwood. Selected other woods 
and heartwood may require a Smaller Substantially lower 
criteria on particle dimensions for injectability, and Such 
formulations can be made as discussed herein, but the 
formulation most of interest is a commercially operative 
formulation developed for normal Southern Pine. Such a 
formulation will typically be useful for all other woods. 
0049. By “non-staining/non-coloring” we mean the wood 
preservative does not impart undesired color to the wood. 
Large particulates, or large agglomerations of Smaller par 
ticulates, impose a visible and undesired color to the treated 
Wood, which for copper is generally bluish or greenish. 
Surprisingly, Visible coloring is usually indicative of poor 
injectability or agglomeration. Individual particles of diam 
eter less than about 0.5 microns that are widely dispersed in 
a wood matrix do not color a wood product to any Substan 
tial degree. Filter cake forms unsightly coloring. An aggre 
gation of particles, Similar to filter-cake, could contribute 
un-wanted color. Preferably the doos is less than 1 micron. 
Even particulates having a size greater than 0.5 microns can 
impart very visible color, and agglomerates of Similar size 
have the same effect as do large particles. In a preferred 
embodiment of the invention, the dos and more preferably 
the dos of the particulates and aggregates of particlates in the 
Wood are Smaller than 0.5 microns, for example equal to or 
less than 0.35 microns, more preferably equal to or less than 
than 0.3 microns. Certain compounds, particularly basic 
copper carbonate, copper hydroxide, basic copper phos 
phate, and copper oxychloride are preferred because they 
impartleSS color than do other particles of comparable size. 
0050 Additionally, the presence of a zinc salt, a magne 
sium Salt, or both either as a separate phase or as a mixed 
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phase may also reduce color. In one embodiment, fine 
particulates of iron oxide can be included in the injectable 
Slurry to help mask any visible color, and also to act as a UV 
blocker to protect the surface of the wood. The finely ground 
iron oxides are comparable to or Smaller than the injectable 
particulates conmprising the Sparingly Soluble copper or 
Zinc Salts, or the particles comprising Solid Substantially 
insoluble organic biocide material. 
0051. By “inexpensive” we mean the wood preservative 
is prepared using techniques So that the cost of the wood 
treatment is competitive with for example copper-ethanola 
mine-complex treatments and other commonly used treat 
ments. AS the cost of copper is Substantially constant regard 
less of the Source, inexpensive relates primarily to the costs 
of manufacture, Separation, sizing, and preservation of the 
particulate material. There are many techniques to create 
very Small nanoparticles, but most of these processes are far 
too costly to be useful in the mass production of a copper 
based wood preservative treatment. Generally, the term 
"inexpensive” means at a processed cost less than or equal 
to the current costs of the Soluble copper-co-biocide treat 
mentS. 

0052 The preferred method of production of the spar 
ingly Soluble copper and Zinc Salts begins with a precipita 
tion process, in the absence of water/Solvent emulsions and 
the like. Preferably the reactants are of standard industrial 
quality, as opposed to higher levels of purity. Feedstock of 
Sparingly Soluble Salts, organic biocides, and the like can be 
obtained commercially. The particles Start with certain char 
acteristics including Size distribution and morphology, e.g., 
having a do of between 1 to 8 microns. Surprisingly, the d50 
of the feedstock is relatively unimportant. The critical Step 
in the cost-effective manufacturing of injectable sparingly 
Soluble copper Salt particles, injectable sparingly Soluble 
copper oxide particles, injectable sparingly Soluble Zinc Salt 
particles, injectable sparingly Soluble Zinc oxide particles, 
and injectable sparingly Soluble or Substantially insoluble 
organic biocide particles, is wet milling. Particles made by 
other processes, particularly emulsion precipitation pro 
ceSSes and fuming processes, are not Sufficiently cost effec 
tive to manufacture commercially acceptable copper par 
ticulates for Wood preservation. 

0053 Generally, the presence of any salt will induce 
corrosion. The Wood preservatives of the present invention 
have a reduced tendency, compared to a similar concentra 
tion of copper obtained from the Soluble copper treatments 
Such as the amine-copper-complex treatments and alkano 
lamine-copper-complex treatments in use today, to corrode 
of metal that contacts the wood. The degree of corrosion will 
depend in large part on the Salts Selected, as well as on 
adjuvants including the dispersants and Stabilizers. 

0054 We also believe that another problem with the 
Soluble amine-complexed copper preservatives is that the 
commonly used Soluble copper compounds provide nitro 
gen-containing nutrients (amines) which are believed to act 
as food-stuff and causes an increase in the presence of 
Sapstain molds, therefore requiring additional biocides 
effective on Sapstain molds to be added to protect the 
appearance of the wood. When there is also bio-available 
carbon Sources, in addition to bio-available nitrogen, the 
problem is made worse. Advantageously, the wood preser 
Vative is Substantially free of any amines other than certain 
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Selected amines that may be used as a Supplemental biocide. 
By Substantially free we mean the treatment comprises leSS 
than 20% amines, preferably less than 10% amines, for 
example less than 5% amines, more preferably less than 1% 
amines, alternately free of amines, based on the weight of 
the Sparingly Soluble or Substantially insoluble biocides in 
the wood preservative. Alternatively, the term means there is 
less than one amine molecule or moiety per four copper 
atoms, preferably less than one amine molecule or moiety 
per ten copper atoms. Again, amines that are used as 
Supplemental biocides, if any, are excluded from this limi 
tation. While basic copper nitrate is a useful sparingly 
Soluble copper Salt for use in this invention, in most embodi 
ments of the invention the wood preservative is also Sub 
Stantially free of nitrates. 
0.055 Another embodiments of the invention is an inject 
able particulate preservative for wood that is Substantially 
free of bio-available nitrogen, and also is Substantially free 
of bio-available carbon. By Substantially free of bio-avail 
able nitrogen we mean the treatment comprises less than 
10% of nitrates and organic nitrogen, preferably less than 
5% of nitrates and organic nitrogen, more preferably leSS 
than 1% of nitrates and organic nitrogen, for example leSS 
than 0.1% of nitrates and organic nitrogen, based on the 
weight of the copper in the wood preservative. In most of the 
Soluble or complexed copper treatments, there are between 
1 and 4 atoms of organic nitrogen that act as a complexer or 
carrier for one atom of copper. In the preferred embodiments 
of this invention, there is less than 0.3 atoms, preferably less 
than 0.1 atoms, for example less than 0.05 atoms of organic 
nitrogen per atom of copper in the wood preservative 
treatment. Again, organic nitrogen-containing compounds 
that are used Specifically as Supplemental biocides are 
excluded from this limitation. By substantially free of bio 
available carbon we mean the treatment comprises less than 
40% of bio-available organic material (defined as material 
that is degradable or that will during the lifespan of the 
treatment will become degradable), preferably less than 20% 
of bio-available organic material, more preferably less than 
10% of bio-available organic material, based on the weight 
of the copper in the wood preservative. Again, organic 
compounds that are used as Supplemental biocides, if any, 
are excluded from this limitation. It is believed that the 
presence of bio-available organic carbon may encourage the 
growth of certain molds. 
0056. In one embodiment, the copper-based particles are 
Substantially free of polymers, Such as organic polymers. By 
Substantially free, it is meant that the biocide-containing 
particles are less than about 50% by weight polymer, pref 
erably less than about 35% by weight polymer, for example, 
less than 25% by weight polymer, such as less than 15% by 
weight polymer. In one embodiment, the copper-based par 
ticles are essentially free of polymer, by which it is meant 
the copper-based particles comprise less than about 5% by 
weight polymer. Generally, polymers, if present, should be 
limited to the lowest practicable amount necessary to act as 
functional dispersants/stabilizers. The ratio of the weight of 
copper present in the particles to polymer present in the 
particles may be at least about 1 to 1, for example at least 
about 2 to 1, 4 to 1, 5 to 1, 7 to 1, or at least about 10 to 1. 
For example, if ratio of the weight of copper present in the 
particles to the weight of polymer present in the particles is 
at least about 2 to 1, the particles comprise at least about 
twice as much copper by weight as polymer. 

Nov. 17, 2005 

0057 By “substantially crystalline” we mean for 
example greater than about 30%, preferably greater than 
about 50%, by weight of the material of interest (copper salt, 
Zinc salt, and the like) is crystalline. A material is Substan 
tially crystalline if the material give the distinctive X-ray 
diffraction patterns of the crystalline entity (relating to d 
spacing, not present in the amorphous material). The pre 
ferred method for determining crystallinity is by calorim 
etry, by measuring the heat of dissolution of the Sample in 
a Solvent and comparing this heat with the measured heats 
of amorphous and crystalline Standard of the same Salt, 
provided the dissolution of the crystalline Salt is Substan 
tially different than the dissolution of the corresponding 
amorphous Salt. 
0058 As crystallinity is difficult to measure, the follow 
ing exemplary compounds meet the requirements for Sub 
Stantially crystalline copper compounds: copper(II) borate; 
copper boride (CuB); yellow copper(I) carbonate, basic 
copper carbonate; copper(II) carbonate dihydroxide 
(CuCOxCu(OH)); copper(II) carbonate dihydroxide 
(2CuCOxCu(OH)); copper (I and II) chloride; copper(II) 
chloridex2HO; copper oxychloride (CuClxCu(OH)); 
copper(I and II) cyanide; copper(I and II) fluoride; cop 
per(II) formate; copper(I and II) oxide; copper phosphatex3 
water, copper(I and II) sulfate; basic copper phosphate, basic 
copper phosphoSulfate, tribasic copper Sulfate; copper sili 
cate, and copper(I) thiocyanate. The term (I and II) means 
the copper(I) Salt and the copper(II) salt. These Salts are 
further considered Substantially crystalline with as much as 
10% by weight based on the weight of the copper being 
Substituted with magnesium, Zinc, or both. The following 
exemplary compounds meet the requirements for Substan 
tially crystalline Zinc compounds: Zinc carbonate; Zinc chlo 
ride, Zinc cyanide; Zinc diphosphate, Zinc fluoride; Zinc 
fluoridex4 water, Zinc hydroxide, Zinc oxide, Zinc phos 
phate, and Zinc Sulfate. These Salts are further defined as 
substantially crystalline with as much as 10% by weight 
based on the weight of the zinc being Substituted with 
magnesium, copper, or both. The following exemplary com 
pounds meet the requirements for Substantially crystalline 
tin compounds: tin(II) diphosphate (pyrophosphate); tin(II) 
phosphate (Sn(PO)); and tin(II) sulfate. 
0059. Several of the copper salts described herein are 
available in crystalline and in amorphous phases. Generally 
crystallinity is preferred, as the lattice energy of the crystal 
is expected to slow down dissolution. However, amorphous 
copper Salts are useful in the invention, and for the leSS 
Soluble Salts the amorphous phases may be preferred over 
crystalline phases. Phosphate-stabilized copper hydroxide, a 
preferred sparingly Soluble copper hydroxide used in 
embodiments of this invention, is typically Substantially 
amorphous. Amorphous sparingly Soluble Salts are equally 
effective, and they can be treated with one or more coatings, 
or can be made of a particular size, or of more insoluble 
Salts, Such that the amorphous material may easily have 
release and leach characteristics like the Substantially crys 
talline Salts. And discussion relating to Substantially crys 
talline should be considered a preferred variant of the 
invention, as the same disclosure is generally equally appli 
cable to amorphous material, or Substantially amorphous 
material. 

0060 AS used herein, the term “copper-containing par 
ticulate” as it pertains to wood preservatives means a 
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particle having a size between about 0.7 microns and about 
0.01 microns that comprises at least one sparingly Soluble 
copper Salt. The term "particle' is used interchangably with 
the term “particulate,” while the term “nanoparticle” refers 
to particles having a size less than about 0.01 microns in 
diameter. The term "copper” includes, unless Specifically 
Stated otherwise, the cuprous ion, the cupric ion, or mixture 
thereof, or combination thereof. The term "copper-contain 
ing” means the particle comprises at least about 20%, 30%, 
50%, or 75% by weight of one or more sparingly soluble 
copper compounds. In another embodiment, essentially all 
(e.g., more than 95%) of the weight of the copper-containing 
particles are composed of sparingly Soluble copper com 
pounds. 

0061 AS used herein, the term “zinc-containing particu 
late” as it pertains to wood preservatives means a particle 
having a size between about 0.7 microns and about 0.01 
microns that comprises at least about 20%, 30%, 50%, or 
75% by weight of one or more substantially crystalline or 
sparingly Soluble Zinc compounds. In another embodiment, 
essentially all (e.g., more than 95%) of the weight of the 
Zinc-containing particles is composed of one or more Sub 
Stantially crystalline or sparingly Soluble Zinc compounds. 
The preferred sparingly Soluble zinc-containing materials 
are Zinc hydroxide, Zinc borate (Zn(BO)xH2O), and Zinc 
carbonate. Again, if the borate is used as the anion, prefer 
ably the composition also comprises one or more Salts of 
carbonate or hydroxide to maintain a Slightly elevated pH 
within the wood matrix, to slow dissolution of the borate 
Salts. If zinc-based particulates are used, they are advanta 
geously used with copper-based particulates. 

0.062. As used herein, the term “tin-containing particu 
late” as it pertains to wood preservatives means a particle 
having a size between about 0.7 microns and about 0.01 
microns that comprises at least one sparingly Soluble tin Salt. 
Generally, tin-based particulates are not preferred because 
tin does not have the desired bio-activity. Tin oxides are 
believed to be particularly inert. The preferred sparingly 
soluble tin material are tin hydroxides, Sn(OH) and 
Sn(OH). 
0.063 Preferred particles comprise at least 30%, prefer 
ably at least 50%, more preferably at least 70%, for example 
between about 80% and about 98% by weight of total of 
copper hydroxides, copper(I) oxide, basic copper carbon 
ates, copper carbonates, copper oxychloride, basic copper 
phosphate, basic copper phosphoSulfate, tribasic copper 
Sulfate, alkaline copper nitrate, basic copper borate, copper 
Silicate, or mixtures thereof. The various particles within a 
Wood preservative can comprise different biocides, even 
different sparingly Soluble copper Salts. For example, a 
treatment may contain particles that comprise copper borate 
or copper borate in combination with copper hydroxide 
and/or basic copper Salt, particularly basic copper carbonate, 
other particles that comprise basic copper carbonate, option 
ally patrticles that comprise basic copper phosphate, and 
even other particles that comprise copper oxide. The par 
ticles having different phases may in preferred embodiments 
be of different sizes, depending on the copper material 
present. 

0064. In one embodiment, exemplary wood preservatives 
have a do equal to or Smaller than 0.5 tim, 0.25 um, 0.2 um, 
or 0.15 lum. Advantageously, the do, and preferably the doo, 
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are within a factor of three of the diso, and very preferably is 
less than 1.2 microns. In one embodiment, the do is at least 
25 nanometers, for example, at least 50 nanometers. 
0065. There is a large number of references describing 
how to make copper-containing "nanoparticles.” These ref 
erences generally can not be used to manufacture the par 
ticulates at the desired cost. One method that is particularly 
not cost effective is using an emulsion precipitation or 
emulsion crystallization technique, where Small particles are 
allowed to grow in a certain phase of an emulsion, where the 
ultimate size of the particle is limited by the amount of a 
component in a droplet in the emulsion. Both inorganic Salts 
and organic biocidal particulates can be formed in this 
manner, but not at a cost where Such materials would be 
useful for foliar applications on crops nor for wood preser 
Vation. 

0066. In one embodiment of the invention, a preliminary 
copper-based particles are prepared, Such as by precipita 
tion, from a mixture comprising copper and an amine. The 
copper and amine may be present in the form of a copper 
amine complex. Preferred precipitates comprise copper 
hydroxides. The particles may be prepared by modifying a 
pH of the mixture comprising copper and the amine, Sur 
prisingly in a downward direction to pH 6 or with an alkali 
hydroxide to obtain a pH greater than about 13. A dispersant 
may be added to the mixture before obtaining the precipitate. 
In one embodiment, the pH is adjusted so that the pH is 
between about 5.5 to about 7. Suitable acids for adjusting the 
pH include, for example, Sulfuric acid, nitric acid, hydro 
chloric acid, formic acid, boric acid, acetic acid, carbonic 
acid, Sulfamic acid, phosphoric acid, phosphorous acid, 
and/or propionic acid. The anion of the acid used may be 
partially incorporated in the precipitated Salt, as may other 
cations, Such as magnesium and/or zinc. 

0067. Another embodiment of a method for preparing 
copper-based particles comprises precipitation of copper 
based particles from a Solution comprising (a) copper, Such 
as in the form of a copper salt, and (b) a pH modifying agent, 
Such as a hydroxide. Exemplary hydroxides may be Selected 
from hydroxides of group 1a and/or group 2a elements, Such 
as Sodium and potassium hydroxide. 

0068 U.S. Pat. No. 4,808,406, the disclosure of which is 
incorporated by reference, describes a useful method for 
producing finely divided Stable cupric hydroxide composi 
tion of low bulk density comprising contacting Solutions of 
an alkali metal carbonate or bicarbonate and a copper Salt, 
precipitating a basic copper carbonate-basic copper Sulfate 
to a minimum pH in the range of greater than 5 to about 6, 
contacting the precipitate with an alkali metal hydroxide and 
converting basic copper Sulfate to cupric hydroxide. Another 
method of manufacturing the copper compounds is the 
method described in U.S. Pat. No. 4,404,169, the disclosure 
of which is incorporated by reference. This patent describes 
a process of producing cupric hydroxides having Stability in 
Storage if phosphate ions are added to a Suspension of copper 
Oxychloride in an aqueous phase. The copper oxychloride is 
then reacted with alkali metal hydroxide or alkaline earth 
metal hydroxide, and the cupric hydroxide precipitated as a 
result of the Suspension is washed and then re-Suspended 
and Subsequently Stabilized by the addition of acid phos 
phate to adjust a pH value of 7.5 to 9. The Suspended copper 
Oxychloride is preferably reacted in the presence of phos 
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phate ions in an amount of 1 to 4 grams per liter of the 
suspension and at a temperature of 20 to 25 C. and the 
resulting cupric hydroxide is Stabilized with phosphate ions. 
0069. There are numerous methods of preparing very 
Small particles of copper Salts, and the above list is exem 
plary and not complete. It is important to note that the size 
of the precipitates is relatively unimportant, annd the cost of 
the reagents is exceedingly important. The material need not 
be of high purity. Indeed, it is desirable to have one or more 
“contaminants' in the precipitating Solutions. Smaller diam 
eters are obtained when the concentration of impurities Such 
as Mg, Ca, Zn, Na, Al and Fe in the Suspension is high. Fe 
present in the Suspension acts especially Strongly to prevent 
formation of large-diameter cuprous hydroxide particles. 
0070 Copper hydroxide is not particularly stable. 
Hydroxides can be changed to oxides by for example in a 
quick and eXothermic reaction by exposure of the copper 
hydroxide particles to acqueous Solution of glucose. Copper 
hydroxide may react with air, Sugars, or other compounds to 
partially or completely form copper oxide. The conditions 
for conversion are highly favored during kiln-drying treated 
Wood, which contains gluconuuronic acids, which are Sugar 
like molecules, and heat and a dehydrating condition. How 
ever, as taught by U.S. Pat. No. 3,231.464, the disclosure of 
which is incorporated herein by reference thereto, the pres 
ence of magnesium or magnesium and Zinc can help Stabi 
lize cupric hydroxide from converting to copper oxide via 
the loss of a water molecule. The preferred copper hydroxide 
particles used in this invention are stabilized. U.S. Pat. No. 
3,231,464 teaches stabilizing the copper hydroxide with 
added magnesium Zinc, or both, at a Cu:Mg and/or Cu:Zn 
weight ratio of 8:1. Copper hydroxide prepared in a manner 
So as to contain Significant magnesium and/or Zinc hydrox 
ides are more stable and resistant to degradation to copper 
oxides. The preferred copper hydroxide particles comprise 
between 50% and 90 copper hydroxide, with the remainder 
comprising Zinc hydroxide, magnesium hydroxide, or both. 

0071. In one embodiment of the invention, copper-based 
particles are precipitated from a mixture of a copper Salt 
Solution and a hydroxide (and optionally other anions) in the 
presence of at least one group 2a metal or Salt thereof, Such 
as magnesium or a magnesium Salt. In one embodiment, the 
copper-based particles are precipitated from a mixture com 
prising at least about 0.05 parts magnesium, for example at 
least about 0.1 parts magnesium per 9 parts copper. The 
mixture may comprise at least about 0.25 parts magnesium 
per 9 parts copper. The mixture may comprise less than 
about 1.5 parts magnesium, for example, less than about 1.0 
parts, or less than about 0.75 parts magnesium per 9 parts 
copper. Copper-based particles prepared in accordance with 
the present invention will comprise a group 2a metal or Zinc 
if Such materials (metal ions) were used in preparation of the 
particles. In another embodiment, the copper-based particles 
are precipitated from a mixture comprising at least about 0.2 
parts magnesium, for example at least about 0.25 parts 
magnesium per 22.5 parts copper. The mixture may com 
prise at least about 0.5 parts magnesium per 22.5 parts 
copper. The mixture may comprise less than about 3.5 parts 
magnesium, for example, less than about 2.5 parts magne 
sium, or less than about 2 parts magnesium per 22.5 parts 
copper. The parts here merely reflect weight ratioS of the 
cations in the Solution to be precipitated, and the parts do not 
imply concentration. 
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0072 Alternatively, or in combination with the group 2a 
metal or Salt thereof, the copper-based particles may be 
precipitated from a Solution comprising Zinc metal or Salt 
thereof. For example, the mixture may comprise at least 
about 0.1 parts Zinc, for example, at least about 0.25 parts 
Zinc, at least about 1.0 parts Zinc, or at least about 2.0 parts 
Zinc per 22.5 parts copper. The mixture may comprise leSS 
than about 3.0 parts Zinc, for example, less than about 2.5 
parts Zinc, or less than about 1.5 parts Zinc per 22.5 parts 
copper. Preferably, the mixture additionally comprises at 
least about 0.25 parts magnesium, for example, at least about 
0.5 parts magnesium, at least about 1.0 parts magnesium, or 
at least about 2 parts magnesium per 22.5 parts copper. The 
mixture may comprise less than about 5.0 parts magnesium, 
for example, less than about 2.5 parts magnesium, or leSS 
than about 2 parts magnesium per 22.5 parts copper. 
0073 While Svarious precipitation methods can provide 
Small particles of Sparingly Soluble Salts, the product usually 
has a Small fraction of particles that are unacceptably large. 
A very Small fraction of particles having a particle size 
above about 1 micron causes, in injection tests on Wood 
Specimens, Severely impaired injectability. Large particles, 
e.g., greater than about 1 micron in diameter, should be 
broken down by wet-milling. Even for processes that pro 
vide very Small median diameter particles, Say a few tenths 
of a micron in diameter, the precipitation proceSS Seems to 
result in a Small fraction of particles that are larger than 
about 1 micron, and these particles plug up pores and 
prevent acceptable injectability. The do, preferably the 
doos, of injectable particles is less than about 1 micron. 
Additionally, wet milling preferentially breaks down rod 
shaped particles, which are particularly troublesome. 
0074. We have surprisingly found that wet ball milling, 
with milling media of Specified characteristics, can advan 
tageously modify particle size and morphology of sparingly 
Soluble copper Salts, sparingly Soluble Zinc Salts, copper 
oxides, Zinc oxides, iron oxides, and even Solid organic 
biocides known to be highly resistant to milling, Such as 
chlorothalonil, to a size wher the compounds are readily 
injectable into wood. This finding is central to the invention. 
We have Surprisingly found that both organic and inorganic 
particulates can be readily milled into an injectable material 
by wet milling with a milling material such as a 0.3 to a 0.7 
mm milling media having density greater than 3 grams/cm, 
for example equal to or greater than 3.8 grams/cm. Such as 
0.5 mm diameter Zirconium Silicate, preferably greater than 
5.5, grams/cm provided by a 0.5 mm milling bead of 
Zirconium oxide which may contain one or more dopants 
Such as cerium and/or yttrium, and/or magnesia in a Stabi 
lizing amount. Additionally, regardless of the particle size of 
the feedstock, the particles can be broken down to injectable 
Size in a matter of minutes to at most a few hours. Benefi 
cially all injectable formulations for wood treatment should 
be wet-milled, even when the “mean particle size” is well 
within the range considered to be “injectable” into wood. 
0075. The milling media, also called grinding media or 
milling beads, is central to this invention. The Selection of 
milling media is expressly not a routine optimization. The 
use of this media allows an average particle Size and a 
narrow particle size distribution that had previously not been 
obtainable in the art, nor did the results in the prior art allow 
one to predict the unexpected results we obtained. A major 
contribution of this invention is a method of preparing a 
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particulate biocide product having a do equal to or less than 
about 1 micron, comprising the steps of: 1) providing the 
Solid inorganic or organic biocide, and a liquid comprising 
a Surface active agent, to a mill; providing a milling media 
comprising an effective amount of milling beads having a 
diameter between 0.1 mm and 0.8 mm, preferably between 
about 0.2 mm and about 0.7 mm, more preferably between 
about 0.3 mm and about 0.6 mm, wherein these milling 
beads have a density greater than about 3 grams/cm3, 
preferably equal to or greater than 3.5 grams/cm3, more 
preferably equal to or greater than 3.8 grams/cm3, most 
preferably equal to or greater than 5.5 grams/cm3, for 
example a Zirconia bead having a density of about 6 grams/ 
cm3; and 2) wet milling the material at high speed, for 
example between 300 and 6000 rpm, more preferably 
between 1000 and 4000 rpm, for example between about 
2000 and 3600 rpm, where milling speed is provided for a 
laboratory scale ball mill, for a time sufficient to obtain a 
product having a mean Volume particle diameter of about 1 
micron or Smaller, for example between about 5 minutes and 
300 minutes, preferably from about 10 minutes to about 240 
minutes, and most preferably from about 15 minutes to 
about 60 minutes. As little as 5% by volume of the milling 
media need be within the preferred specifications for milling 
Some materials, but better results are obtained if greater than 
10% by weight, preferably greater than 25% by weight, for 
example between 40% and 100% by weight of the milling 
material is within the preferred specifications. For milling 
material outside the preferred specifications, advantageously 
this material has a density greater than 3 grams/cm and a 
diameter less than 4 mm, for example 1 or 2 mm Zirconia or 
Zircionium Silicate milling beads. 
0.076 The milling media advantageously comprises or 
consists essentially of a Zirconium-based material. The pre 
ferred media is zirconia (density ~6 g/cm), which includes 
preferred variants Such as yttria Stabilized tetragonal Zirco 
nium oxide, magnesia Stabilized Zirconium oxide, and 
cerium doped Zirconium oxide. For Some biocides, Zirco 
nium silicate (density -3.8 g/cm) is useful. However, for 
Several biocides Such as chlorothalanil, Zirconium Silicate 
will not achieve the required action needed to obtain the 
narrow Sub-micron range of particle sizes in Several pre 
ferred embodiments of this invention. In an alternate 
embodiment, at least a portion of the milling media com 
prises or consists essentially of metallic material, e.g., Steel. 
The milling medium is a material having a density greater 
than about 3.5, preferably at least about 3.8, more preferably 
greater than about 5.5, for example at least about 6 g/cm. 
0.077 We believe that density and particle size are the two 
most important parameters in the milling media. Preferably 
the milling media comprises or consists essentially of par 
ticles, having a size (diameter) between about 0.1 mm and 
about 0.8 mm, preferably between about 0.3 mm and about 
0.7 mm, for example between about 0.4 mm and 0.6 mm. 
Also preferably, the milling media can have a density greater 
than about 3.8 g/cm, preferably greater than about 5.5 
g/cm, more preferably greater than about 6 g/cm. The 
Zirconium-based milling media useful in the present inven 
tion can comprise or consist essentially of particles having 
a diameter (as the term is used in the art) between about 0.1 
mm and about 0.8 mm, preferably between about 0.3 mm 
and about 0.7 mm, for example between about 0.4 mm and 
0.6 mm. 

Nov. 17, 2005 

0078. Not all the milling media need be the preferred 
material, e.g., having a preferred diameter between 0.1 mm 
and 0.8 mm, preferably between 0.2 mm and 0.7 mm, more 
preferably between 0.3 mm and 0.6 mm, and having a 
preferred density equal to or greater than 3.8 grams/cm, 
preferably greater than or equal to 5.5 grams/cm, more 
preferably greater than or equal to 6 grams/cm. In fact, as 
little as 10% of this media will provide the effective grind 
ing. The amount of the preferred milling media, based on the 
total weight of media in the mill, can be between 5% and 
100%, is advantageously between 10% and 100%, and is 
preferably between 25% and 90%, for example between 
about 40% and 80%. Media not within the preferred catt 
egory can be Somewhat larger, Say 1 mm to 4 mm in 
diameter, preferably from 1 mm to 2 mm in diameter, and 
advantageously also has a density equal to or greater than 
3.8 grams/cm. 
0079 A first aspect of the invention is a method of 
preparing a Submicron biocide product comprising the Steps 
of: 1) providing the solid biocide in particle form to a ball 
mill, providing a liquid to a mill, and providing a milling 
media to the mill, wherein the milling media comprises at 
least 5%, preferably at least 10%, more preferably at least 
25% by weight of the milling media having a particle 
diameter between 0.1 to 0.8 mm, preferably between 0.3 and 
0.7 mm, and having a density equal to or greater than 3.8 
g/cm, preferably equal to or greater than 5.5 g/cm; and 2) 
milling the material for a time Sufficient to obtain a product 
having a mean Volume particle diameter do of about 1 
micron or Smaller. The mill Speed is advantageously fast, for 
example from 1000 rpm to about 4000 rpm, and the milling 
time is preferably between 10 minutes and 240 minutes. 
0080 Generally, less dense milling media will provide a 
relatively larger diso, which can be useful for foliar applica 
tions. The denser milling media, for example media having 
a density greater than 5.5 g/cm, provides a smaller dso. 
Surprisingly, varying the milling time has very little affect 
on the do. The preferred dense milling media is Zircionia, 
cerium doped Zirconia. The Zirconium oxide can comprise 
any Stabilizers and/or dopants known in the art, including, 
for example, cerium, yttrium, and magnesium. An alternate 
useful dense milling material is Steel. Generally, at least 25% 
by weight of the milling media must have a density greater 
than 3.8 and a diameter between 0.1 and 0.7 mm to reliably 
obtain injectable particles of Sparingly Soluble copper Salts. 
0081. Manufacturing injectable solid substantially 
insoluble organic biocide particles, e.g., chlorothalonil, can 
beneficially be performed by 1) providing the chlorothalonil 
and a liquid comprising Surface active agents to a mill, and 
2) milling the material with a milling media having a density 
greater than 5.5 grams/cm, for example milling beads 
comprising a Zirconium oxide having a diameter between 
about 0.1 mm and about 0.7 mm. The invention also 
encompasses a organic biocide particulate product, e.g., a 
chlorothalonil product, having a do below about 1 micron, 
typically below about 0.5 microns, and preferably between 
0.1 and 0.3 microns, which advantageously also exhibits a 
d, that is less than about three times the do, preferably less 
than about two times the diso. 
0082 The attainment of the injectable size, which gen 
erally requires both a do below 0.5 microns and a dos leSS 
than three times the do, was a Surprising development. 
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Milling sparingly Soluble copper Salts for Several days with 
a 2 mm milling media could not provide the required particle 
size distribution, even if the feed material had a d50 of less 
than 0.3 microns. Milling a milling-resistant organic biocide 
with 1 mm zirconia provided a chlorothalonil product with 
a do of 2 to 3 microns. Yet, Surprisingly, milling each of 
these with a preferred milling media, e.g., Zirconia-based 
milling beads having a diameter between 0.4 and 0.5 mm, 
provided each of these products in injectable Sub-micron 
slurries in under a few hours, often in less than 30 minutes. 
0.083 Advantageously, the liquid comprises one or more 
dispersants and/or Stabilizers. The presence of these pro 
motes a Smaller d50 and a narrower particle size distribution, 
because agglomeration of particulates is discouraged. Aque 
ous dispersing agents for Such dispersed Solids are well 
known to those skilled in the art and include, but are not 
limited to, nonionic Surfactants Such as ethylene oxide/ 
propylene oxide block copolymers, polyvinyl alcohol/poly 
Vinyl acetate copolymers, polymeric nonionic Surfactants 
Such as the acrylic graft copolymers, anionic Surfactants 
Such as polyacrylates, lignoSulfonates, polystyrene Sul 
fonates, maleic anhydride-methyl vinyl ether copolymers, 
naphthalene Sulfonic acid formaldehyde condensates, phos 
phate ester Surfactants Such as a tristyrenated phenol ethoxy 
late phosphate ester, maleic anhydride-diisobutylene 
copolymers, anionically modified polyvinyl alcohol/polyvi 
nylacetate copolymers, and ether Sulfate Surfactants derived 
from the corresponding alkoxylated nonionic Surfactants, 
cationic Surfactants; Zwitterionic Surfactants, and the like. 
0084. The milling of the organic biocides is advanta 
geously performed in the presence of an aqueous medium 
containing Surfactants and/or dispersants, Such as those 
known in the art. Use of other media, including for example 
polar organic Solvents Such as alcohols, generally does not 
offer added advantage Sufficient to outweigh the cost and 
asSociated hazards of milling with Solvents. Because it is 
now possible to achieve a Smaller particle size and a 
narrower particle size distribution using the present inven 
tion than was previously known in the art, the number and 
amount of Stabilizers and/or dispersants are leSS critical. AS 
used herein, the term "Surface active agent' includes both 
Singlular and plural forms and encompasses generally both 
Stabilizers and dispersants. The Surface active agent may be 
anionic, cationic, Zwitterionic, or nonionic, or a combination 
thereof. Generally, higher concentrations of Surface active 
agents present during milling result in a Smaller particle size. 

0085. However, because we have surprisingly found a 
milling media and conditions where very Small particles and 
a narrow particle size distribution are obtainable, we can use 
leSS/lower amounts of Stabilizers and/or dispersants than 
would otherwise be used. For example, advantageously the 
total weight of Surface active agents in the present invention 
can be less than about 1.5 times the weight of the particulate 
organic biocide, preferably less than about the weight of the 
particulate organic biocide. A Stabilizing amount of the 
Surface active agent can be used, generally not leSS than 
about 2%, and typically not more than about 60% by weight, 
based on the weight of the particulate organic biocide. Other 
adjuvants, Such as: fillers including biocidal fillerS Such as 
Zinc oxide and non-biocidal fillerS Such as Silica; Stabilizer/ 
dispersants Such as a poly(oxypropylene) block copolymer 
with poly(oxyethylene), commercially available from 
BASF, PROXEL GXL (1,2-benzisothiazolin-3-one, com 
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mercially available from ICI, and/or PVP K-30 poly(vinyl 
pyrrolidone), commercially available from BAS; typical 
Viscosity modifierS/stabilizerS Such as Xanthan gum com 
mercially available from Kelco); typical anti-foaming agents 
Such as Antifoam FG-10, a Silicon emulsion commercially 
available from Dow Corning, antifreeze Such as propylene 
glycol; chelators such as EDTA, HEDP, and the like, can be 
added to the water before or during milling. Milling is best 
done in a wet mill or high Speed media mill. 
0086 Examples of suitable classes of Surface active 
agents include, but are not limited to, anionics Such as alkali 
metal fatty acid Salts, including alkali metal oleates and 
Stearates, alkali metal lauryl Sulfates, alkali metal Salts of 
disooctyl SulfoSuccinate; alkyl aryl Sulfates or Sulfonates, 
lignoSulfonates, alkali metal alkylbenzene Sulfonates Such as 
dodecylbenzene Sulfonate, alkali metal Soaps, oil-Soluble 
(e.g., calcium, ammonium, etc.) Salts of alkyl aryl Sulfonic 
acids, oil Soluble Salts of Sulfated polyglycol ethers, Salts of 
the ethers of SulfoSuccinic acid, and half esters thereof with 
nonionic Surfactants and appropriate Salts of phosphated 
polyglycol ethers, cationicS Such as long chain alkyl qua 
ternary ammonium Surfactants including cetyl trimethyl 
ammonium bromide, as well as fatty amines, nonionicS Such 
as ethoxylated derivatives of fatty alcohols, alkyl phenols, 
polyalkylene glycol ethers and condensation products of 
alkyl phenols, amines, fatty acids, fatty esters, mono-, di-, or 
triglycerides, various block copolymeric Surfactants derived 
from alkylene oxides Such as ethylene oxide/propylene 
oxide (e.g., PLURONICTM, which is a class of nonionic 
PEO-PPO co-polymer surfactant commercially available 
from BASF), aliphatic amines or fatty acids with ethylene 
oxides and/or propylene oxides Such as the ethoxylated alkyl 
phenols or ethoxylated aryl or polyaryl phenols, carboxylic 
esters solubilized with a polyol or polyvinyl alcohol/poly 
Vinyl acetate copolymers, polyvinyl alcohol, polyvinyl pyr 
rolidinones (including those Sold under the tradenames 
AGRIMERTM and GANEXTM), cellulose derivatives such as 
hydroxymethyl cellulose (including those commercially 
available from Dow Chemical Company as METHO 
CELTM), and acrylic acid graft copolymers, Zwitterionics, 
and the like; and mixtures, reaction products, and/or copoly 
mers thereof. 

0087 Additionally or alternatively, the surface active 
agent may include, but is not limited to, low molecular 
weight Sodium lauryl Sulfates, calcium dodecyl benzene 
Sulfonates, tristyryl ethoxylated phosphoric acid or Salts, 
methyl vinyl ether-maleic acid half-ester (at least partially 
neutralized), beeswax, water Soluble polyacrylates with at 
least 10% acrylic acids/Salts, or the like, or a combination 
thereof. 

0088 Additionally or alternatively, the surface active 
agent may include, but is not limited to, alkyl grafted PVP 
copolymers commercially available as GANEXTM and/or 
the AGRIMERTM AL or WP series, PVP-vinyl acetate 
copolymers commercially available as the AGRIMERTM VA 
Series, lignin Sulfonate commercially available as REAX 
85A (e.g., with a molecular weight of about 10,000), tristyryl 
phenyl ethoxylated phosphoric acid/salt commercially avail 
able as SOPROPHORTM 3D33, GEROPONTM SS 075, cal 
cium dodecylbenzene Sulfonate commercially available as 
NINATETM 401 A, IGEPALTM CO 630, other oligomeric/ 
polymeric sulfonated Surfactants such as Polyfon H 
(molecular weight ~4300, sulfonation index -0.7, salt con 
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tent ~4%), Polyfon T (molecular weight ~2900, Sulfonation 
index ~2.0, salt content ~8.6%), Polyfon O (molecular 
weight ~2400, Sulfonation index ~1.2, salt content ~5%), 
Polyfon F (molecular weight ~2900, sulfonation index -3.3, 
salt content ~12.7%), Reax 88B (molecular weight ~3100, 
sulfonation index ~2.9, salt content ~8.6%), Reax 100 M 
(molecular weight ~2000, sulfonation index 3.4, salt content 
~6.5%), and Reax 825 E (molecular weight ~3700, Sulfona 
tion index ~3.4, salt content ~5.4%), and the like. 
0089. Other notable surface active agents can include 
nonionic polyalkylene glycol alkyd compounds prepared by 
reaction of polyalkylene glycols and/or polyols with (poly 
)carboxylic acids or anhydrides, A-B-A block-type Surfac 
tants Such as those produced from the esterification of 
poly(12-hydroxyStearic acid) with polyalkylene glycols; 
high molecular weight esters of natural vegetable oils Such 
as the alkyl esters of oleic acid and polyesters of polyfunc 
tional alcohols; a high molecular weight (MW-2000) salt of 
a naphthalene Sulfonic acid formaldehyde condensate, Such 
as GALORYLTM DT 12OL available from Nufarm; MOR 
WET EFWTM available from Akzo Nobel; various 
Agrimer'TM dispersants available from International Special 
ties Inc.; and a nonionic PEO-PPO-PEO triblock co-polymer 
surfactant commercially available as PLURONICTM from 
BASF. 

0090. Other examples of commercially available surface 
active agents include Atlox 4991 and 4913 surfactants 
(Uniqema), Morwet D425 surfactant (Witco), Pluronic P105 
surfactant (BASF), Iconol TDA-6 surfactant (BASF), 
Kraftsperse 25M surfactant (Westvaco), Nipol 2782 surfac 
tant (Stepan), Soprophor FL Surfactant (Rhone-Poulenc), 
Empicol LX 28 surfactant (Albright & Wilson), Pluronic 
F108 (BASF). 
0.091 In one embodiment, exemplary suitable stabilizing 
components include polymers or oligomers having a 
molecular weight from about 250 to about 10, preferably 
from about 400 to about 10, more preferably from about 
400 to about 10", and can include, for example, homopoly 
mers or co-polymers described in “Polymer Handbook,” 3rd 
Edition, edited by J. Brandrup and E. H. Immergut. 

0092. In another embodiment, exemplary suitable stabi 
lizing components include polyolefins Such as polyallene, 
polybutadiene, polyisoprene, poly(Substituted butadienes) 
Such as poly(2-t-1 butyl-1,3-butadiene), poly(2-chlorobuta 
diene), poly(2-chloromethyl butadiene), polyphenylacety 
lene, polyethylene, chlorinated polyethylene, polypropy 
lene, polybutene, polyisobutene, polybutylene oxides, 
copolymers of polybutylene oxides with propylene oxide or 
ethylene oxide, polycyclopentylethylene, polycyclolhexyl 
ethylene, polyacrylates including polyalkylacrylates and 
polyarylacrylates, polymethacrylates including polyalkyl 
methacrylates and polyarylmethacrylates, polydisubstituted 
esterS Such as poly(di-n-butylitaconate), poly(amylfuma 
rate), polyvinyletherS Such as poly(butoxyethylene) and 
poly(benzyloxyethylene), poly(methyl isopropenylketone), 
polyvinyl chloride, polyvinyl acetate, polyvinyl carboxylate 
esterS Such as polyvinyl propionate, polyvinyl butyrate, 
polyvinyl caprylate, polyvinyl laurate, polyvinyl Stearate, 
polyvinyl benzoate, polystyrene, poly-t-butyl Styrene, poly 
(Substituted Styrene), poly(biphenyl ethylene), poly(1,3-cy 
clohexadiene), polycyclopentadiene, polyoxypropylene, 
polyoxytetramethylene, polycarbonates Such as poly(oxy 
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carbonyloxyhexamethylene), polysiloxanes, in particular, 
polydimethyl cycloSiloxanes and organo-Soluble Substituted 
polydimethyl siloxanes Such as alkyl, alkoxy, or ester Sub 
Stituted polydimethylsiloxanes, liquid polysulfides, natural 
rubber and hydrochlorinated rubber, ethyl-, butyl- and ben 
Zyl-celluloses, cellulose esterS Such as cellulose tributyrate, 
cellulose tricaprylate, and cellulose tristearate, natural resins 
Such as colophony, copal, and shellac, and the like, and 
combinations or copolymers thereof. 
0093. In still another embodiment, exemplary suitable 
Stabilizing components include co-polymers of Styrene, 
alkyl Styrenes, isoprene, butenes, butadiene, acrylonitrile, 
alkyl acrylates, alkyl methacrylates, Vinyl chloride, 
Vinylidene chloride, Vinyl esters of lower carboxylic acids, 
and C.B-ethylenically unsaturated carboxylic acids and 
esters thereof, including co-polymers containing three or 
more different monomer Species therein, as well as combi 
nations and copolymers thereof. 
0094. In yet another embodiment, exemplary suitable 
Stabilizing components include polystyrenes, polybutenes, 
for example polyisobutenes, polybutadienes, polypropylene 
glycol, methyl oleate, polyalkyl(meth)acrylate e.g. poly 
isobutylacrylate or polyoctadecylmethacrylate, polyviny 
lesters e.g. polyvinylstearate, polystyrene/ethyl hexylacry 
late copolymer, and polyvinylchloride, polydimethyl 
cycloSiloxanes, organic Soluble Substituted polydimethyl 
Siloxanes Such as alkyl, alkoxy or ester Substituted polydim 
ethylsiloxanes, and polybutylene oxides or copolymers of 
polybutylene oxides with propylene and/or ethylene oxide. 
In one embodiment, the Surface active agent can be adsorbed 
onto the Surface of the biocide particle, e.g., in accordance 
with U.S. Pat. No. 5,145,684. 
0095) Another aspect of the invention is a method of 
preparing a Submicron organic biocide product for use as a 
foliar treatment, or as an additive in paints or coatings, 
comprising the Steps of: 1) providing the organic biocide to 
a mill, and 2) milling the material with a milling media 
having a density greater than about 3.5 and having a 
diameter between about 0.1 mm and about 0.7 mm. The 
density of the milling media, and especially of the milling 
media within the size range 0.3 to 0.7 mm, is advantageously 
greater than about 3.8, for example greater than about 4, 
preferably greater than about 5.5, for example equal to or 
greater than about 6 grams per cubic centimeter. Ceramic 
milling media is preferred over metallic milling media. 
0096. In each embodiment, the milling load is preferably 
about 50% of the volume of the mill, though loadings 
between 40% and 80% are efficient. In each embodiment, 
advantageously water and Surface active agents are added to 
the product before or during milling. In each embodiment, 
the product can be transported as a stable slurry, as a 
wettable powder, or as granules that disintegrate on mixing 
with water to release the product. 
0097 Wet milling can be done in a sand grinder charged 
with for example partially stabilized zirconia beads with 
diameter 0.5 mm; alternately wet milling in a rotary Sand 
grinder with partially Stabilized Zirconia beads with diameter 
0.5 mm and with stirring at for example 1000 rpm; or by use 
of a wet-ball mill, an attritor (e.g., manufactured by Mitsui 
Mining Ltd.), a perl mill (e.g., manufactured by Ashizawa 
Ltd.,), or the like. Modifications of the above processes are 
within the skill of one of ordinary skill in the art, and such 
modifications will not be described here. 
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0.098 However, we surprisingly found that a milling 
proceSS using 0.5 mm high density Zirconium Silicate and 
more preferably 0.5 mm Zirconia grinding media provides 
further efficient attrition, especially for the removal of 
particles greater than about 1 micron in the commercially 
available copper-based particulate product available from 
Phibro-Tech., Inc. The milling process usually takes on the 
order of minutes to achieve almost complete removal of 
particles greater than 1 micron in size. This wet milling 
proceSS is inexpensive, and all of the precipitate can be used 
in the injectable copper-containing particulate wood treat 
ment. The milling agents can be Zirconia, partially Stabilized 
Zirconia, Zirconium Silicate, and yttrium/Zirconium oxide, 
for example, recognizing that the more dense materials give 
faster particle size attrition. The size and density of the 
milling material is believed to be important, even critical, to 
obtaining a commercially acceptable process. The milling 
agent material having a diameter of 2 mm or greater are 
ineffective over hours and days, milling material of diameter 
of 1 mm is ineffective over times in the prior art, e.g., 10 
minutes to an hour, while milling agent material having a 
diameter of 0.5 mm is effective typically after 15 minutes of 
milling. 

0099 We have surprisingly found that copper-based par 
ticulates that are manufactured by a Straightforward precipi 
tation process, using conditions known in the art to produce 
Small particles, e.g., particles having a size less than 10 
microns, can be readily milled into an injectable material. 
Therefore, milling other precipitate material with 0.5 mm 
diameter Zirconium silicate (or any comparable product, 
e.g., a 0.3 mm to 0.7 mm sized Zirconium Silicate or 
Zirconium oxide) can mill in a matter of minutes a Substan 
tially crystalline (or amorphous sparingly Soluble) powder 
material having a larger initial average size into a product 
that can be readily injected into wood. Milling with 0.5 mm 
Zirconium Silicate and/or Zirconia media not only quickly 
reduced further the magnesium Stabilized copper hydroxide 
product, but this grinding medium was also found to be 
effective of other forms of basic copper compounds Such as 
other Stabilized copper hydroxides, copper carbonate, triba 
sic copper Sulfate, copper oxychloride, and copper oxides, 
and also on Solid organic biocides. The results of milling of 
a variety of materials with the 0.5 mm milling material 
described above for 15 minutes are shown in Table 2. 
Copper hydroxide material with an initial median size of 2.5 
microns was quickly milled to an injectable material having 
a median particle size of 0.3 microns. Additional milling 
time would doubtleSS further reduce the median and average 
particle size. A copper carbonate material having a median 
Size of 3.4 microns was milled to a material having a median 
size of less than 0.2 microns. FIG. 1 shows the face of wood 
injected with unmilled product and the face of wood injected 
with the milled product. In the color photographs the plug 
ging is especially visible. A tribasic copper Sulfate material 
having a median size of 6.2 microns was milled to a material 
having a median size of less than 0.2 microns in under 30 
minutes. A copper oxychloride material having a median 
Size of 3.3 microns was milled to a material having a median 
size of 0.4 microns. 

0100 Milling is believed to break up larger particles. It 
would also break particles having one large dimension, e.g., 
rod-like particles, which are know to have injection prob 
lems. Milling can be combined with for example centrifu 
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gation to create a more uniform product. Alternatively, 
milling can be combined with a coating process to form a 
more Stable material. 

0101. In another preferred embodiment, slurry comprises 
a sparingly Soluble copper Salt particulates and also com 
prises Zinc borate particulates. Preferably at least Some of 
the Sparingly Soluble copper Salt-based particulates com 
prise copper borate. It is known to use a two stage proceSS 
where a Zinc or copper Salt is injected into the wood 
followed by a Second Step wherein the borax is injected and 
the insoluble metal borate is formed in situ. Such a compli 
cated, time-consuming, and therefore expensive process in 
not sufficiently cost-effective. As the solubility of copper 
borate is very pH sensitive, in a preferred embodiment the 
sparingly Soluble copper Salts comprise an alkaline material, 
e.g., copper hydroxide or copper carbonate, to reduce the 
solubility of the copper borate. 

0102) In any of the above-described embodiments, the 
preservative can further comprise the Substantially insoluble 
copper Salt copper phosphate, Cu(PO). Generally, in 
preferred embodiments, if Cu(PO) is present it is a 
coating over other sparingly Soluble copper Salts, wherein 
the Cu (PO) provides a fairly inert coating for a period of 
time before it dissolves or partially dissolves. 
0103) In any of the above-described embodiments, the 
preservative can further comprise the Substantially insoluble 
copper Salt copper phosphate, Cu(PO). If there are cop 
per-based-particulates Substantially comprising CU(PO) 
and/or copper oxide, the particulates should be exceedingly 
Small, e.g., less than about 0.05 microns, preferably less than 
about 0.04 microns, to provide maximum Surface area to 
help dissolution of the particles, and the wood treatment 
should contain another type of Substantially crystalline (or 
amorphous sparingly soluble) copper-based particulates, 
e.g., basic copper carbonate, copper borate, tribasic copper 
Sulfate, copper hydroxides, and the like. 
0104 Basic copper phosphate is more preferred for the 
Solid particulates, as it is more Soluble and more bioactive 
than copper phosphate. Additionally, the phosphate ions can 
retard leaching of copper, neutralize acids in the wood, and 
in Some instances help reduce corrosivity of the treated 
Wood to metals. Mixtures of basic copper phosphate and 
basic copper Sulfate are also useful, and they are often called 
basic copper phosphoSulfate. 
0105 Conversely but advantageously, basic copper 
borate has a lower Solubility than copper borate, which is 
advantageous because copper borate particles can dissolve 
fairly quickly, in terms of the expected life of a wood 
preservative. Basic copper borate has an advantage that the 
anion, borate, has advantageous biocidal and fire retarding 
properties. 

0106 AS copper salts are millable and injectable, and 
organic biocides that are known to be difficult to mill are 
millable and injectable, there is no reason to doubt that 
organo-copper compiounds will also not be millable and 
injectable. In any of the embodiments, the preservative may 
comprise copper organic materials, especially those materi 
als having a sparingly Soluble partially crystalline nature, 
e.g., the ground copper organic Salts disclosed in U.S. Pat. 
No. 4,075,326. In any of the above-described embodiments, 
the copper composition in copper-based particulates and/or 
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copper-based particulate material can further comprise the 
Substantially insoluble copper Salt copper 8-quinolinolate. In 
any of the above-described embodiments, the composition 
can further comprise copper quinaldate, copper Oxime, or 
both in particulate form. Its particularly noteworthy that 
organo-metallic meterials, Such as the copper Salt of 8-hy 
droxyquinoline, copper oxime, and even traditionally oil 
borne biocides Such as copper naphthaenate, can now be 
milled into Submicon injectable particles, and injected into 
and dispersed throughout Wood, without use of dissolving 
oils. The Zinc analogs are equally millable. 
0107 Preferred embodiments of the invention comprise 
particles comprising one or more of copper hydroxide, 
alkaline copper carbonate, alkaline copper oxychloride, 
tribasic copper Sulfate, alkaline copper borate, basic copper 
phosphate, or mixtures thereof. The most preferred embodi 
ments of the invention comprise particles comprising copper 
hydroxide, basic copper carbonate, basic copper borate, 
basic copper phosphate, or mixtures thereof. 
0108 Coatings for the Copper-Containing and Zinc-Con 
taining Particulates. 
0109. In any of the above-described embodiments, the 
copper-containing particulates can further comprise one or 
more materials disposed on the exterior of the particles to 
inhibit dissolution of the underlying sparingly Soluble cop 
per material at least for a time necessary to prepare the 
formulation and inject the prepared wood treatment compo 
sition. Additionally or alternatively the acid-Soluble particles 
are coated with a Substantially inert coating, for example a 
thin outer coating of e.g. copper phosphate or copper Sulfide, 
or a coating of a polymeric material Such as dispersants 
and/or Stabilizers, or with a thin hydrophobic coating of oil 
and/or of a liquid organic biocide, or any combination 
thereof. In one embodiment the particles are treated with a 
dispersing material which is Substantially bound to the 
particles. 

0110. The milled organic and inorganic particles 
described above are readily Slurried and injected into wood 
after the milling process. Generally, however, milling is 
done well before the particles are slurried and injected. The 
particles may be shipped in a dry form or in a wet form. The 
milled particles may be transported to a site as a dry mix or 
as a concentrated slurry, which is then formed into an 
injectable slurry, and then after Some indeterminate Storage 
time the particles may be injected into wood. Some particu 
lates in Solution have a tendency to grow over time. Others 
tend to agglomerate. Therefore, it is advantageous to have a 
coating on the particle to Substantially hinder dissolution of 
the particle while the particle is Slurried, and to make the 
particles Substantially non-interacting and non-agglomerat 
ing. But, the coating should not overly hinder dissolution of 
the particle in the wood matrix. 
0111 Generally, the discussion focuses on the preferred 
copper-containing particulates, but the compositions and 
methods are equally applicable on the zinc-containing and 
tin-containing particulates. The Sparingly Soluble copper 
material, Zinc material, and/or tin material can be Stabilized 
by a partial or full coating of an inorganic Salt. The manu 
facturing process is amenable to the formation of a Substan 
tially inert inorganic coating on the particle that will be of 
Such low thickness that the coating will not Substantially 
hinder particle dissolution in the wood. The preferred coat 
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ings are very low Solubility metal Salts of the underlying 
metal cations, e.g., copper, Zinc, or tin. Exemplary very low 
solubility salts include copper sulfide (Ksp -10), cop 
per(II) phosphate (Ksp -10), and copper 8-quinolinolate 
(Ksp -10'). The zinc and tin analogs are also very 
insoluble. The selection between sulfide, 8-quinolinolate, 
and phosphate generally depends on which coating shows 
the greatest protection for the particular Substantially crys 
talline (or amorphous sparingly soluble) material, at the 
particular size distribution and particle morphology that may 
exist. A coating of a very low Solubility Salt can Substantially 
arrest the dissolution/reprecipitation proceSS by Severely 
limiting the amount of copper that can dissolve. The coating, 
however, is mechanical protection only. Exposed portions of 
the underlying Substantially crystalline (or amorphous spar 
ingly soluble) copper-, zinc-, or tin-based particulates are 
Subject to dissolution. Further, the inorganic coating is 
generally at most a few atoms to a few nanometers in depth. 
0112 The particles may be wet-milled using a very fine 
milling material and a fluid containing a Source of phosphate 
ions, or less preferably (because of odor and handling 
problems) sulfide ions. In one preferred embodiment, the 
wet milling proceSS uses as the milling fluid a composition 
comprising between a few hundred ppm of phosphate to 
about 6% phosphate, for example between 0.1% phosphate 
to 3% phosphate. Small amounts of phosphate will take 
hours or days to form a completely protective coating, while 
a more concentrated Solution may form a protective coating 
in minutes. Advantageously the milling liquid has a pH 
between about 6 and about 9.5, for example between about 
7 and about 8.5. This high concentration of phosphate is not 
wasteful because the milling fluid can be re-used, and also 
because the milling fluid is a relatively small volume. Such 
milling of particles of inorganic copper and inorganic Zinc in 
the phosphate-containing milling fluid, for example for a 
time ranging from 5 minutes to 4 hours, typically from 10 
minutes to 30 minutes, will promote the formation of a thin 
coating of copper(Zinc) phosphate over the sparingly soluble 
copper material. AS the coating is probably only a few atoms 
in thickness, the coating will dissolve in good time within 
the wood So as not to impair exposure of the underlying 
sparingly Soluble copper material in the wood. Alternatively, 
a Source of Sulfide or 8-quinolinolate can be added to the 
milling liquid. Sulfide is again not preferred, for Safety 
CaSOS. 

0113. In another embodiment, the copper-containing par 
ticles after milling can be exposed to a rinse Solution that 
contains between a few hundred ppm of phosphate to about 
6% phosphate, for example between 0.1% phosphate to 3% 
phosphate. 

0114. The invention also embraces embodiments where 
particles are Substantially free of an inorganic coating. 

0115 Copper-containing particles, zinc-containing par 
ticles, tin-containing particles, and even Solid Substantially 
insoluble organic biocide particles may additionally com 
prise an organic coating, e.g., a organic layer that partially 
or completely covers the exterior Surface area of the par 
ticulates. Indeed, in most preferred embodiments of the 
invention, the Surface of the particles has bound thereto at 
least Some dispersants and/or Stabilizers, and these qualify 
as an organic covering. Generally Such coatings are 
extremely thin, with a particulate comprising for example 
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between about 0.1% to about 50% by weight, more typically 
from about 0.5% to about 10%, of the weight of the 
above-mentioned sparingly Soluble Salts. The coating may 
cover only a portion of the exterior Surface area. The organic 
coating advantageously is a thin layer of organic material 
that at least partially coats the particulate and for a period of 
time reduces the tendency of the sparingly Soluble copper, 
Zinc, and/or tin Salts in the particulates to dissolve in the 
Slurry. This organic coating can comprise a variety of 
materials having a variety of functions over and above being 
an organic layer acting as a protective layer temporarily 
isolating the Sparingly Soluble Salt from the aqueous carrier 
to slow dissolution of particulates in the slurry, including: 1) 
an organic biocide carrier, 2) dispersing/stabilizing agents, 
3) wettability modifying agents, 3) substantially insoluble 
organic biocides, or any combinations thereof. The coating 
can comprise for example light oils, hydrophobic oils, and 
dehydrating oils, polymeric particles that are usually func 
tionalized with for example carboxylate and or Sulfonate 
moieties, organic biocides including for example an amine, 
azole, triazole, or any other organic biocides, dispersing 
agents and Stabilizing agents/anti-coagulating agents includ 
ing for example an organic compound having one or more 
polar functional groups which increase adherence, for 
example: mono-and/or poly-carboxylic acids that may be at 
least partially neutralized with a metal, or a film-forming 
polymer Such as a Sulfonated ionomer; a Surfactant; ampho 
teric agents, or mixtures thereof. These and other organic 
and/or organometailic components that form an organic 
layer will generally be referred to as a “hydrocarbon layer” 
or “organic coating.” 
011.6 An organic coating comprising oils may be formed 
by contacting particulates with a hydrocarbon composition 
containing at least a portion of the materials to be deposited 
onto the exterior Surface of the particle. The contacting may 
occur in a slurry or may be done with a paste of water-wetted 
particulates or may be done with dried particulates. The leSS 
free water, the easier it is to promote adherence between the 
hydrocarbon composition to the particulates. Drying oils and 
Surface active agents Such as Stabilizers can also promote 
adherance of organic layer to the particle. Incorporating 
Some Solvents, typically polar Solvents, e.g., at least 10%, 
for example at least 30% or at least 50% by weight of 
Solvents Such as one or more of alcohols, amides, ketones, 
esters, ethers, glycols, and Such into the may help the 
hydrocarbon layer composition wet the particulates, and will 
allow thinner hydrocarbon layers to be deposited. Solvents 
are lower molecular weight and higher Volatility than oils, 
and Solvents may be Stripped from the organic coating 
before slurrying the particles or during kiln drying of the 
Wood. Advantageously, in one embodiment most of the 
Solvent of the hydrocarbon composition is volatile and is 
removed prior to injection of the particulates into the wood. 
This will leave a thin layer of a more concentrated biocide 
in heavier oils and/or binders than was found in the hydro 
carbon/biocide composition. The organic coating generally 
becomes more adherent if the coated particulates are 
allowed to age, and or are Subjected to heat, for example to 
35 C or above for a period of an hour, for example. 
0117 2) Surface-Active Agents. The surface active 
agents are advantageously included in the liquid while 
milling, and Such agents are similarly useful in the product. 
The numerous Stabilizers and dispersants listed in with 
respect to milling are included here by reference. Agents 
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improving the Suspension and dispersion of the particulates 
include dispersants Such as phenyl Sulfonates, alkylnaphtha 
lene Sulfonates and polymerized naphthalene Sulfonates, 
polyacrylic acids and their Salts, polyacrylamides, poly 
alkoxydiamine derivatives, polyethylene oxides, polypropy 
lene oxide, polybutylene oxide, taurine derivatives and their 
mixtures, and Sulfonated lignin derivatives. Surfactants 
include anionic Surfactants, cationic Surfactants, nonionic 
Surfactants, or combinations thereof. Polyethyleneimine can 
act as a Surfactant or a Stabilizer and will also chelate copper. 
Dispersants can be used at 0.1% to 50%, preferably 0.5% to 
20% or 5-10% of the particulate product. 

0118 Aqdvantageously, if there are a plurality of types of 
particles in a Slurry, the Surface active dispersants and 
Stabilizers are compatible and prevent the various types of 
particles from interacting or agglomerating. 

0119) 3) Organic Biocides-As previously stated, the 
particles may be combined with one or more additional 
moldicides or more generally biocides, to provide added 
biocidal activity to the wood or wood products. The absolute 
quantity of organic biocides incorporated into most wood 
treatments is very low compared to the amount of inorganic 
Salts, e.g., copper Salts. In general, the biocides are present 
in a use concentration of from 0.1% to 20%, preferably 1% 
to 5%, based on the weight of the copper Salts. The sparingly 
Soluble copper-Salt particulates of this invention are typi 
cally expected to be added to wood in an amount equal to or 
less than 0.25 pounds as copper per cubic foot. The organic 
biocide(s) at a 4% loading relative to the copper are present 
at about 0.16 ounces or about 3 to 4 milliliters of biocide per 
cubic foot. The organic biocides are often insoluble in water, 
which is the preferred fluid carrier for injecting the wood 
preservative treatment into wood, So getting adequate dis 
tribution of the biocide within the wood matrix is problem 
atic. In prior art formulations, the wood preservative may be 
for example admixed in a large excess of oil, and the oil 
emulsified with water and admixed with the soluble copper 
for injection into the wood. Problems arise if the injection is 
delayed, or if the slurry has compounds which break the 
emulsion, and the like. 

0120 In one embodiment, a substantial benefit is that a 
portion or all of the organic biocides incorporated into the 
Wood preservative treatment can advantageously be coated 
on to the particulates. Preferred preservative treatments 
comprise copper-based particles having one or more addi 
tional organic biocide(s) that are bound, Such as by adsorp 
tion, to a Surface of the particles. Wood and wood products 
may be impregnated Substantially homogeneously with cop 
per-based particles of the invention, each also comprising 
organic biocidal material bound to the Surface of the copper 
based particles. By Substantially homogeneously we mean 
averaged over a volume of at least a cubic inches, as on a 
microscopic Scale there will be Volumes having particulates 
disposed therein and other volumes within the wood that do 
not have particulates therein. By adhering the biocides on 
particulates, a more even distribution of biocide in ensured, 
and the copper is disposed with the biocide and therefore is 
best positioned to protect the biocide from those bio-organ 
isms which may degrade or consume the biocide. The 
homogenous distribution of preservative function within the 
wood or wood product is benefited. Finally, a formulation 
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with biocide adhering to particulates does not face the 
instability problems that emulsions face during the formu 
lation and injection phases. 
0121 Alternately or additionally, the organic biocide can 
be contained in milled injectable Solid organic biocide 
particulates. Generally, Such a Small quantity of organic 
biocides are required that the diso of the organic biocides is 
advantageously between about 0.2 to about 0.8 times the dso 
of the Sparingly Soluble copper Salts. 
0122) The biocides can be any of the known organic 
biocides. Exemplary materials having a preservative func 
tion include materials having at least one of one or more: 
aZoles, triazoles, imidazoles, pyrimidinyl carbinoles, 
2-amino-pyrimidines, morpholines, pyrroles, phenylamides, 
benzimidazoles, carbamates, dicarboximides, carboxam 
ides, dithiocarbamates, dialkyldithiocarbamates, N-halom 
ethylthio-dicarboximides, pyrrole carboxamides, OXine-cop 
per, guanidines; Strobilurines, nitrophenol derivatives, 
organo phosphorous derivatives, polyoxins, pyrrolethioam 
ides, phosphonium compounds, polymeric quaternary 
ammonium borates, Succinate dehydrogenase inhibitors, 
formaldehyde-releasing compounds, naphthalene deriva 
tives, Sulfenamides, aldehydes, quaternary ammonium com 
pounds, amine oxides, nitroSo-amines, phenol derivatives, 
organo-iodine derivatives, nitrites, quinolines Such as 8-hy 
droxyquinoline including their Cu Salts, phosphoric esters, 
organosilicon compounds, pyrethroids, nitroimines and 
nitromethylenes; and mixtures thereof. 
0123 Exemplary biocides include Azoles such as aza 
conazole, bitertanol, propiconazole, difenoconazole, dini 
conazole, cyproconazole, epoxiconazole, flucquinconazole, 
flusiazole, flutriafol, hexaconazole, imazalil, imibencona 
Zole, ipconazole, tebuoonazole, tetraconazole, fenbucona 
Zole, metconazole, myclobutanil, perfurazoate, pencona 
Zole, bromuconazole, pyrifnox, prochloraz, triadimefon, 
triadlmenol, trifumizole or triticonazole, pyrimidinyl 
carbinoles Such as ancymidol, fenarimol or nuarimol; chlo 
rothalonil; chlorpyriphos, N-cyclohexyldiazeniumdioxy, 
dichlofluanid; 8-hydroxyquinoline (oxine); isothiazolone; 
imidacloprid; 3-iodo-2-propynylbutyicarbamate tcbucona 
zole, 2-(thiocyanomethylthio) benzothiazole (Busan 30); 
tributyltin oxide, propiconazole, Synthetic pyrethroids, 
2-amino-pyrimidine Such as bupirimate, dimethirimol or 
ethirimol; morpholines Such as dodemorph, fenpropidin, 
fenpropimorph, SpiroXanin or tridemorph; anilinopyrim 
dines Such as cyprodinil, pyrimethanil or mepanipyrim, 
pyrroles Such as fenpiclonil or fludioxonil; phenylamides 
Such as benalaxyl, furalaxyl, metalaxyl, R-metalaxyl, ofu 
race or oxadixyl; benzimidazoles Such as benomyl, car 
bendazim, debacarb, fuberidazole or thiabendazole, dicar 
boximides Such as chloZolinate, dichloZoline, iproline, 
mycloZoline, procymidone or VincloZolin; carboxamides 
Such as carboxin, fenfuram, flutolanil, mepronil, oxycar 
boxin or thifluZamide, guanidines Such as guazatne, dodine 
or iminoctadine, Strobilurines Such as azoxystrobin, 
kresoxim-methyl, metominostrobin, SSF-129, methyl 2-(2- 
trifluoromethyl)pyrid-yloxymethyl-3methoxycacrylate or 
2-.alpha. {(alpha.-methyl-3-trifluoromethyl-ben 
Zyl)iminoloxy-o-tolylgly oxylic acid-methylester-O-me 
thyloxime (trifloxystrobin); dithiocarbamates such as fer 
bam, mancOZeb, maneb, metiram, propineb, thiram, Zineb or 
Ziram; N-halomethylthio-dicarboximides Such as captafol, 
captan, dichlofluanid, fluorormide, folpet or tolfluanid; 
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nitrophenol derivatives Such as dinocap or nitrothal-isopro 
pyl, organo phosphorous derivatives Such as edifenphos, 
iprobenphos, isoprothiolane, phoSdiphen, pyrazophos or 
toclofoS-methyl, and other compounds of diverse Structures 
Such as aciberolar-S-methyl, anilazine, blasticidin-S, chi 
nomethionat, chloroneb, chlorothalonil, cymoxaniil, 
dichlone, dicomeZine, dicloran, diethofencarb, dimetho 
morph, dithianon, etridiazole, famoxadone, fenamidone, 
fentin, ferimZone, fluaZinam, fluSuffamide, fenhexamid, fos 
etyl-alurinium, hymexaZol, kasugamycin, methasuifocarb, 
pencycuron, phthalide, polyoxins, probenazole, propam 
ocarb, pyroquilon, quinoxyfen, quintoZene, Sulfur, triaZOX 
ide, tricyclazole, triforine, validamycin, (S)-5-methyl-2-me 
thylthio-5-phenyl-3-phenyl-amino3,5-dihydroimidazol-4- 
one (RPA 407213), 3,5-dichloro-N-(3chlro-1-ethyl-1- 
methyl-2-oxopropyl)-methylbenzamide (RH7281), 
N-alkyl-4,5-dimethyl-2-timethylsilythiophene-3-carboxam 
ide (MON 65500), 4-chloro-4-cyano-N,N-dimethyl-5-p- 
tolylimidazole-1-sulfon-amide (IKF-916), N-(1-cyano-1,2- 
dimethylpropyl)-2-(2,4-dichlorophenoxyy)-propionamide 
(AC 382042), or iprovalicarb (SZX 722). Also included are 
the biocides including pentachlorophenol, petroleum oils, 
phenothrin, phenthoate, phorate, as well as trifluorometh 
ylpyrrole carboxamides and trifluoromethylpyrrolethioam 
ides described in U.S. Pat. No. 6,699,818; Triazoles such as 
Amitrole, azocylotin, bitertanol, fenbuconazole, fenchlo 
razole, fenethanil, fluguinconazole, flusilaZole, flutriafol, 
imibenconazole, isozofoS, myclobutanil, metconazole, 
epoxyconazole, paclobutraZol, (+-)-cis-1-(4-chlorophe 
nyl)-2-(1H-1,2,4-triazol-1-yl)-cycloheptanol, tetraconazole, 
triadimefon, triadimenol, triapenthenol, triflumizole, triti 
conazole, uniconazole and their metal Salts and acid adducts, 
Imidazoles Such as Imazalil, pefurazoate, prochloraz, triflu 
mizole, 2-(1-tert-butyl)-1-(2-chlorophenyl)-3-(1,2,4-triazol 
1-yl)-propan-2-ol, thiazolecarboxanilides Such as 2,6'-di 
bromo-2-methyl-4-trifluoromethoxy-4'-trifluoromethyl-1,3- 
thiazole-5-carboxanilide, azaconazole, bromuconazole, 
cyproconazole, dichlobutraZol, diniconazole, hexaconazole, 
metconazole, penconazole, epoxyconazole, methyl (E)- 
methoximinoz.alpha.-(o-tolyloxy)-o-tolyl)acetate, methyl 
(E)-2-2->6-(2-cyanophenoxy)-pyrimidin-4-yl-oxylphe 
nyl-3-methoxyacrylate, methfuroxam, carboxin, fenpi 
clonil, 4(2,2-difluoro-1,3-benzodioxol-4-yl)-1H-pyrrole-3- 
carbonitrile, butenafine, 3-iodo-2-propinyl 
n-butylcarbamate; triazoles such as described in U.S. Pat. 
Nos. 5,624,916; 5,527,816; and 5,462.931; the biocides 
described in U.S. Pat. No. 5,874,025; 5-(4-chlorophenyl 
)methyl-2,2-dimethyl-1-(1H-1,2,4-triazol-1-yl-methyl)cy 
clopentanol and imidacloprid, 1-(6-chloro-3-pyridinyl)- 
methyl-4,5-dihydro-N-nitro-1H-imidazole-2-amine; 
Methyl(E)-2->2->6-(2-cyanophenoxy)pyrimidin-4-ylox 
ylphenyl-3-methoxyacrylate, methyl(E)-2->2->6-(2-thioa 
midophenoxy)pyrimidin-4-yloxyphenyl-3-methoxyacry 
late, methyl(E)-2->2->6-(2-fluorophenoxy)pyrimidin-4- 
yloxyphenyl -3-methoxyacrylate, methyl(E)-2->2->6-(2, 
6-difluorophenoxy)pyrimidin-4-yloxyphenyl-3-methoxy 
acrylate, methyl(E)-2->2->3-(pyrimidin-2-yloxy)phenox 
ylphenyl-3-methoxyacrylate, methyl(E)-2->2->3-(5-meth 
ylpyrimidin-2-yloxy)-phenoxyphenyl-3-methoxy-acry 
late, methyl(E)-2->2->3- 
(phenylsulphonyloxy)phenoxyphenyl-3-methoxyacrylate, 
methyl(E)-2->2->3-(4-nitrophenoxy)phenoxyphenyl-3- 
methoxyacrylate, methyl(E)-2->2-phenoxyphenyl-3-meth 
oxyacrylate, methyl(E)-2->2-(3,5-dimethylbenzoyl)pyrrol 
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1-yl-3-methoxyacrylate, methyl(E)-2->2-(3- 
methoxyphenoxy)phenyl-3-methoxyacrylate, methyl(E)- 
2>2-(2-phenylethen-1-yl)-phenyl-3-methoxyacrylate, 
methyl(E)-2->2-(3,5-dichlorophenoxy)pyridin-3-yl)-3- 
methoxyacrylate, methyl(E)-2-(2-(3-(1,1,2,2-tetrafluoroet 
hoxy)phenoxy)phenyl)-3-methoxyacrylate, methyl(E)-2-(2- 
>3-(alphahydroxybenzyl)phenoxyphenyl)-3- 
methoxyacrylate, methyl(E)-2-(2-(4-phenoxypyridin-2- 
yloxy)phenyl)-3-methoxyacrylate, methyl(E)-2->2-(3-n- 
propyloxyphenoxy)phenyl-3-methoxyacrylate, methyl(E)- 
2->2-(3-isopropyloxyphenoxy)phenyl-3-methoxyacrylate, 
methyl(E)-2->2->3-(2-fluorophenoxy)phenoxyphenyl-3- 
methoxyacrylate, methyl(E)-2->2-(3-ethoxyphenoxy)phe 
nyl-3-methoxyacrylate, methyl(E)-2->2-(4-tert-butylpyri 
din-2-yloxy)phenyl-3-methoxyacrylate; Fenfuram, 
furcarbanil, cyclafluramid, fummecyclox, Seedvax, metSul 
foVax, pyrocarbolid, oxycarboxin, Shirlan, mebenil 
(mepronil), benodanil, flutolanil; Benzimidazoles, Such as 
carbendazim, benomyl, furathiocarb, fuberidazole, thiopho 
natimethyl, thiabendazole or their salts; Morpholine deriva 
tives, Such as tridemorph, fenpropimorph, fallimorph, 
dimethomorph, dodemorph; aldimorph, fenpropidine and 
their arylsulphonates, Such as, for example, p-toluenesul 
phonic acid and p-dodecylphenylsulphonic acid; Benzothia 
Zoles, Such as 2-mercaptobenzothiazole; BenZamides, Such 
as 2,6-dichloro-N-(4-trifluoromethylbenzyl)-benzamide; 
Oxazolidine, hexa-hydro-5-triazines, N-methylolchloroac 
etamide, paraformadehyde, nitropyrin, OXolinic acid, 
tecloftalam; Tris-N-(cyclohexyldiazeneliumdioxy)-alu 
minium, N-(cyclohexyldiazeneliumdioxy)-tributyltin, N-oc 
tyl-isothiazolin-3-one,4,5-trimethylene-isothiazolinone,4,5- 
benzoisothiazolinone, N-methylolchloroacetamide; 
Pyrethroids, Such as allethrin, alphamethrin, bioresmethrin, 
by fenthrin, cycloprothrin, cyfluthrin, decamethrin, cyhalo 
thrin, cypermethrin, deltamethrin, alpha-cyano-3-phenyl-2- 
methylbenzyl 2,2-dimethyl-3-(2-chloro-2-trifluoro-meth 
ylvinyl)cyclopropane-carboxylate, fenpropathrin, 
fenfluthrin, fenvalerate, flucythrinate, flumethrin, fluvali 
nate, permethrin, resmethrin and tralomethrin, Nitroimines 
and nitromethylenes, Such as 1->(6-chloro-3-pyridinyl)-me 
thyl-4,5-dihydro-N-nitro-1H-imidazol-2-amine (imidaclo 
prid), N->(6-chloro-3-pyridyl)methyl-N.Sup.2-cyano 
N.Sup.1-methylacetamide (NI-25); Quaternary ammonium 
compounds, Such as didecyldimethylammonium Salts, ben 
Zyldimethyltetradecylammonium chloride, benzyldimethyl 
dodecylammonium chloride, didecyldimethaylammonium 
chloride; Phenol derivatives, such as tribromophenol, tetra 
chlorophenol, 3-methyl-4-chlorophenol, 3,5-dimethyl-4- 
chlorophenol, phenoxyethanol, dichlorophene, o-phe 
nylphenol, m-phenylphenol, p-phenylphenol, 2-benzyl-4- 
chlorophenol and their alkali metal and alkaline earth metal 
Salts; iodine derivatives, Such as diiodomethyl p-tolyl Sul 
phone, 3-iodo-2-propinyl alcohol, 4-chloro-phenyl-3-io 
dopropargyl formal, 3-bromo-2,3-diiodo-2-propenyl ethyl 
carbamate, 2,3,3-triiodoallyl alcohol, 3-bromo-2,3-diiodo 
2-propenyl alcohol, 3-iodo-2-propinyl n-butylcarbamate, 
3-iodo-2-propinyl n-hexylcarbamate, 3-iodo-2-propinyl 
cyclohexyl-carbamate, 3-iodo-2-propinyl phenylcarbamate; 
Microbicides having an activated halogen group, Such as 
chloroacetamide, bronopol, bronidox, tectamer, Such as 
2-bromo-2-nitro-1,3-propanediol, 2-bromo-4'-hydroxy-ac 
etophenone, 2,2-dibromo-3-nitrile-propionamide, 1,2-di 
bromo-2,4-dicyanobutane, beta.-bromo-beta.-nitrostyrene; 
and combinations thereof. These are merely exemplary of a 
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few classes of the known and useful biocides, and the list 
could easily extend for pages. 
0.124 Preferred biocides for wood preservation include 
quaternary ammonium compounds including for example 
didecyldimethylammonium Salts, azoleS/triazoles including 
for example N-alkylated tolytriazoles, metconazole, imida 
cloprid, hexaconazole, azaconazole, propiconazole, tebu 
conazole, cyproconazole, bromoconazole, and tridemorph 
tebuconazole; moldicides; HDO available commercially by 
BASF, or mixtures thereof. 

0.125 Exemplary millable biocides include Chlorotha 
lonil, Metaldehyde, triphenyltin hydroxide, Maneb, Manco 
Zeb, Zineb, Ziram, and/or Ferbam, and wherein the milled 
organic biocide product preferably has a Volume mean 
diameter ds between about 0.1 and 0.3 microns and a doo, 
such that 90 volume percent of the product has a diameter of 
the d90 or less, of less than about 3 times the do. 
0.126 Generally, millable biocides can be found in each 
of imidazolinones, Sulfonylureas, triazolopyrimidine Sul 
fonamides, aryloxyphenoxy propionates, triazines, chloro 
acetanilides, pyrazoles, and diphenyl ethers. Specific 
examples of millable biocides, some of which are useful for 
Wood preservative applications and Some of which are 
useful in foliar applications, include amitraz, azinphoS-ethyl, 
azinphoS-methyl, benzoximate, fenobucarb, gamma-HCH, 
methidathion, deltamethrin, dicofol, dioxabenzafos, dioxac 
arb, dinobuton, endoSulfan, bifenthrin, binapacryl, biores 
methrin, chlorpyrifos, chlorpyrifos-methyl, EPNethiofen 
carb, cyanophos, cyfluthrin, tetradifon, cypermethrin, 
tralomethrin, bromophos, N-2,3-dihydro-3-methyl-1,3-thia 
Zol-2-ylidene-Xylidene, 2,4-parathion methyl, bromopropy 
late, butacarboxim, butoxycarboxin, chlordimeform, phosa 
lone, chlorobenzilate, phosfolan, chloropropylate, phoSmet, 
chlorophoxim, promecarb, fenamiphos, quinalphOS, res 
methrin, temephos, pirimiphoS-ethyl, tetramethrin, pirimi 
phoS-methyl, Xylylcarb, profenofoS, acrinathrin, propaphos, 
allethrin, propargite, benfuracarb, propetamphos, bioal 
lethrin, pyrachlofos, bioallethrin S, tefluthrin, bioresmethrin, 
terbufos, buprofezin, tetrachlorinphos, chlorfenVinphos, 
tralomethrin, chlorfluraZuron, triaZophos, chlormephos, 
pyrachlofoS, tefluthrin, terbufos, tetrachlorinphos, cyclopro 
thrin, betacy fluthrin, cyhalothrin, cambda-cyhalothrin, tral 
omethrin, alpha-cypermethrin, triaZophos, beta-cyper 
methrin, cyphenothrin, demeton-S-methyl, dichlorVOS, 
disulfoton, edifenphos, empenthrin, esfenvalerate, ethopro 
phos, etofenproX, etrimphos, fenaZaquin, fenitrothion, 
fenthiocarb, fenpropathrin, fenthion, fenvalerate, flucythri 
nate, flufenoXuron, tau-fluvalinate, formothion, hexaflumu 
ron, hydroprene, isofenphos, isoprocarb, isoxathion, 
malathion, mephospholan, methoprene, methoxychlor, 
mevinphos, permethrin, phenothrin, phenthoate, benalaxyl, 
biteranol, bupirimate, cyproconazole, carboxin, tetracona 
Zole, dodemorph, difenoconazole, dodine,dimethomoph, 
fenarimol,diniconazole, ditalimfos, ethoxyquin, myclobuta 
nil, etridiazole, nuarimol, fenpropidin, oxycarboxin, fluchlo 
ralin, penconazole, flusilaZole, prochloraZ, imibenconazole, 
tolclofoS-methyl, myclobutanil, triadimefon, propiconazole, 
triadimenol, pyrifenox, azaconazole, tebuconazole, epoxy 
conazole, tridemorph, fenpropimorph, triflumizole, 2,4-D 
esters, diclofop-methyldiethatyl, 2,4-DB esters, dimeth 
achlor, acetochlor, dinitramine, aclonifen, ethalfluralin, 
alachlor, ethofumeSate, anilophos, fenobucarb, benfluralin, 
fenoxapropethyl, benfureSate, fluaZifop, benSulide, fluazi 
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fop-P, benzoylprop-ethyl, fluchloralin, bifenox, flufenoxim, 
bromoxynil esters, flumetralin, bromoxynil, flumetralin, 
butachlor, fluorodifen, butamifos, fluoroglycofen ethyl, 
butralin, fluoroxypyr esters, butylate, carbetamide, chlo 
mitrofen, chlorpropham, cinmethylin, clethodim, cloma 
Zone, clopyralid esters, CMPP esters, cycloate, cycloxydim, 
deSmedipham, dichlorprop esters, flurecol butyl, flurochlo 
ralin, haloxyfop, ethoxyethyl, haloxyfop-methyl, ioxynil 
esters, isopropalin, MCPA esters, mecoprop-Pesters, meto 
lachlor, monalide, napropamide, nitrofen, oxadiazon, oxy 
fluorfen, pendimethalin, phenisopham, phenmedipham, 
picloram esters, pretilachlor, profluralin, propachlor, propa 
nil, propaquizafop, pyridate, quizalofop-P, triclopyr esters, 
and tridiphane. 
0127. Of course, organic biocides can be coated onto 
ground organic particulates in much the Same manner that 
they can be coated onto inorganic Salt particles. This ability 
allows a formulator to include for example a primary organic 
biocide and one or more Secondary organic biocides on the 
Same particle. This is particularly advantageous if the Sec 
ondary biocides are targeted Specifically toward one or more 
bio-organisms that degrade the primary biocide. 
0128. It can be seen that the ability to formulate very 
Small particulates, and to optionally coat these particulate 
with biocides as well as with Stabilizers and dispersants, 
opens a wide variety of possibilities for the use of biocides 
in the fields of foliar applications, wood preservation, anti 
fouling paints and coatings, and even biocidal coverings 
Such as roofs and walls. Generally, the differences between 
foliar applications and wood preservatives are: the foliar 
applications are Subject to more UV light and greater water 
flux, foliar applications are typically not intended to have a 
lifetime greater than one year, while wood preservative 
treatments try to attain 20 or more year lifespans, and the 
particle size distribution in Wood preservation must be much 
narrower, particularly on the upper end of the particle size 
distribution. 

0129. For foliar and for wood preservative applications, 
a slurry composition is preferred, for example a slurry 
comprising: a liquid carrier comprising Stabilizers and dis 
persants, and one or more of: 

0130 1) injectable solid particulates comprising a 
Substantially insoluble Solid organic biocide; 

0131) 2) injectable solid particulates comprising a 
Substantially insoluble Solid organic biocide and 
coated with a thin organic layer which may comprise 
a Substantially insoluble organic biocide; 

0132 3) injectable solid particulates comprising a 
sparingly Soluble copper Salts; 

0133 4) injectable solid particulates comprising a 
sparingly Soluble copper Salts and coated with a thin 
organic layer which may comprise a Substantially 
insoluble organic biocide, 

0134 5) injectable solid particulates comprising a 
sparingly soluble Zinc (and/or tin) salts; 

0135 6) injectable solid particulates comprising a 
sparingly Soluble Zinc (and/or tin) salts and coated 
with a thin organic layer which may comprise a 
Substantially insoluble organic biocide, inert carrier 
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particles coated with a organic layer comprising a 
Substantially insoluble organic biocide, and 

0.136 optionally but disfavored a soluble copper 
amine. 

0.137 The inert carrier particulates can be bioactive Zeo 
lite-based particles, alumina particles, and the like. An 
exemplary particle comprises copper hydroxide having an 
average particle diameter of less than about 500 nanometers, 
for example less than about 250 nanometers, or less than 
about 200 nanometers, as measured by Stokes Law Settling 
Velocity. Preferably, the average particle diameter is at least 
25 nanometers, for example, at least 50 nanometers. The 
particle size distribution of the particulates in one embodi 
ment is such that at least about 30% by weight of the 
particulates have an average diameter between about 0.07 
microns and about 0.5 microns, or preferably at least about 
50% by weight of the particulates have an average diameter 
between about 0.1 microns and about 0.4 microns. 

0.138. The particle size distribution of the particulates in 
one embodiment is such that at least about 30% by weight 
of the particulates have an average diameter between about 
0.02 microns and about 0.4 microns, or preferably at least 
about 50% by weight of the particulates have an average 
diameter between about 0.05 microns and about 0.3 
microns. The metallic copper and/or metallic Zinc particiu 
lates have both a minor biocidal effect and also an anti 
corrosion effect. The amount of metal, either copper, Zinc, or 
both, in the anti-corrosion metallic particulates can range 
from about 1 part to about 25 parts per 100 parts of 
particulates comprising slightly Soluble copper Salts. The 
metal-containing particulates in this variant of the invention 
are primarily anti-corrosion additives, though they will have 
Some biocidal effect. Further, organic biocides can be readily 
coated onto these metal-containing particulates. 
0.139. In a preferred embodiment the sparingly soluble 
copper Salts in the copper-containing particulates comprise 
or consist essentially of one or more copper Salts Selected 
from copper hydroxides; copper carbonates, basic (or "alka 
line') copper carbonates, basic copper Sulfates including 
particularly tribasic copper Sulfate, basic copper nitrates, 
copper oxychlorides (basic copper chlorides); basic copper 
Sulfates, basic copper borates, and mixtures thereof. In one 
embodiment, the copper-based particles comprise a Substan 
tially crystalline copper compound. At least about 20%, 
30%, 50%, or 75% of the weight of the copper-based 
particles may be composed of the Substantially crystalline 
copper compound. 

0140. The zinc analogs of the above are useful for the 
Zinc-based particulates of the alternate embodiments of the 
invention. In one embodiment the copper-based particulate 
material can further comprise one or more of crystalline Zinc 
Salts Selected from Zinc hydroxide; Zinc oxides, Zinc car 
bonate, Zinc oxychloride, Zinc fluoroborate, Zincborate, Zinc 
fluoride, or mixture thereof. 
0.141. In preferred embodiments of this invention, the 
Slurry is Substantially free of alkanolamines, e.g., the slurry 
comprises less than 1% alkanolamines, preferably less than 
0.1% alkanolamines, or is totally free of alkanolamines. 
0142. In preferred embodiments of this invention, the 
Slurry is Substantially free of amines, e.g., the slurry com 
prises less than 1% amines, preferably less than 0.1% 
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amines, or is totally free of amines, with the proviso that 
amines whose primary function is as an organic biocide are 
excluded. Generally, if amines are included, they form 
dispersants and Stabilizers, and they are used at the lowest 
practicable concentrations. 

0143. In preferred embodiments of this invention, the 
Slurry is Substantially free of ammonium compounds (e.g., 
ammonium hydroxide), e.g., the slurry comprises less than 
1% ammonia, preferably less than 0.1% ammonia, or is 
totally free of ammonium compounds, with the proviso that 
ammonium compounds whose primary function is as an 
organic biocide are excluded. 
0144. In preferred embodiments of this invention, the 
Slurry is Substantially free of Solvents, e.g., the Slurry 
comprises less than 1% organic Solvents, preferably leSS 
than 0.1% organic Solvents, or is totally free of organic 
Solvents. 

0145 The loading of the particulates in the slurry will 
depend on a variety of factors, including the desired copper 
loading in the wood, the porosity of the Wood, and the 
dryneSS of the wood. Calculating the amount of copper 
based particulates and/or other particulates in the slurry is 
well within the skill of one of ordinary skill in the art. 
Generally, the desired copper loading into Wood is between 
0.025 and about 0.5 pounds copper per cubic foot of wood. 
0146 In a preferred embodiment the liquid carrier con 
sists essentially of water and optionally one or more addi 
tives to aid particulate dispersion, pH maintenance, interfa 
cial tension (Surfactants), and particle stability 
(anticoagulants). In another embodiment the carrier consists 
essentially of water and optionally one or more additives to 
aid particulate dispersion, pH maintenance, interfacial ten 
Sion, StabilizerS/anticoagulants, and oil-in-water emulsion of 
oil containing organic biocides dissolved therein. 
0147 Advantageously the pH of the liquid carrier is 
between about 7 and about 11, for example between about 
7.5 to about 9, or between about 8 and about 8.5. Alternately, 
the pH of the injectable slurry is between pH 6 and 11, 
preferably between 7 and 10, for example between 7.5 and 
about 9.5. Acidic pH slurries are not preferred because 
Several of the Sparingly Soluble copper Salts of this invention 
have a higher solubility at lower pH. The pH can be adjusted 
with alkali hydroxides, alkali carbonates, less preferably 
with alkaline earth oxides or hydroxides, and even leSS 
preferably with amines including ammonium hydroxide. 
Alkaline earth bases are leSS preferred because if carbon 
dioxide or carbonates are present in Solution, there is a 
possibility of precipitation, for example of calcite. Such 
precipitation may create undesired plugging of the wood 
during injection. The preferred ingredients to increase the 
pH is an alkali hydroxide, e.g., Sodium hydroxide or potas 
sium hydroxide or alkali carbonate, or both. 
0.148. It may be advantageous to add basic alkali phos 
phate, basic alkali borate, or the monoacid forms thereof, or 
any combinations thereof, to the liquid carrier to increase the 
pH and provide Some buffering capacity. The Slurry is 
beneficially buffered, by for example adding phosphate at 5 
ppm to 500 ppm. The higher concentrations of phosphates 
may be beneficial if the particulates do not have any coatings 
formed thereon, as the Soluble phosphate ions will discour 
age dissolution of the copper Salts from the particulates into 
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the liquid carrier. Soluble borates can be added in an amount 
from about 5 ppm to about 2000 ppm in the slurry, where 
less than 5 ppm has little effect and more than 2000 ppm is 
cost-prohibitive. Borates have both a biocidal activity and a 
fire-retardant activity. 
0149. In one embodiment the slurry comprises between 
50 and 800 ppm of one or more scale precipitation inhibi 
tors, particularly organophosphonates. Alternately or addi 
tionally the slurry may contain between about 50 and about 
2000 ppm of one or more chelators. Both of these additives 
are meant to inhibit precipitation of Salts. Such as calcium 
carbonate and the like, where the Source of calcium may be 
from the water used to make up the slurry. The preferred 
inhibitors are hydroxyethylidene diphosphonic acid 
(HEDP), diethylenetriamine-pentamethylenephosphonic 
acid (DTPMP), and/or 2-phosphonobutane-1,2,4-tricar 
boxylic acid (PBTC). If the preservative is in a slurry 
concentrate, the Slurry should comprise between 10 mmoles 
and 100 mmoles/L of HEDP, or between 30 mmoles and 170 
mmoles/L of PBTC or DTPMP. Mixtures of inhibitors are 
preferred, as concentrates may have more inhibitor than can 
readily be solubilized therein. If the preservative is in a solid 
form, the preservative should comprise between about 0.1 to 
about 1 mole HEDP per kg of particulates, or between about 
0.17 to about 2 mole PBTC and/or DTPMP per kg of 
particulates. 

0150 Increased corrosion of metal fillings has been 
observed in formulations using Soluble copper preservatives, 
as opposed to the prior art CCA formulations. The slurry of 
this invention, having a basic pH and having very low amine 
content, is expected to reduce the corrosion rate over that 
Seen with Soluble copper. There are additional treatment that 
can help reduce corrosion. The presence of phosphate Salts 
in both the inorganic sparingly Soluble particulates of Some 
embodiments of the invention, and also optionally dissolved 
in the liquid phase of the Slurry, is expected to reduce 
corrosion. The presence of carbonates and hydroxides, in 
both the inorganic sparingly Soluble particulates of preferred 
embodiments of the invention, and also optionally dissolved 
in the liquid phase of the Slurry, is expected to reduce 
corrosion. Eliminating amines, especially the large quantity 
of amines complexed with the copper in currently used 
formulations, is expected to reduce corrosion and mold. 
0151. Preferred preservative materials inhibit organisms 
that may be resistant to copper-based preservatives. Moldi 
cides useful in Wood or wood product preservation are also 
preferred organic biocides. If the wood preservative treat 
ment will comprise Substantially insoluble organic biocides, 
these Substantially insoluble organic biocides may be par 
tially or fully coated onto the milled injectable sparingly 
Soluble copper-containing particulates, Sparingly Soluble 
Zinc-containing particulates, sparingly Soluble tin-contain 
ing particulates, or mixtures thereof. The Substantially 
insoluble organic biocides may alternatively or additionally 
be present as milled, injectable particulates independent of 
the milled injectable inorganic Salt particulates. Substan 
tially insoluble organic biocides may be coated on a milled 
injectable particle of a different organic biocide. Alterna 
tively or additionally, these biocides may be partially or fully 
coated onto the available Surface area of an inert particulate 
carrier. Alternatively, the organic biocides can be placed in 
a oil in water emulsion and injected as in the prior art, and 
a portion of the emulsion will end up coating particles. 
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0152 The slurry can advantageously contain one or more 
additives to aid wetting, for example Surfactants. Surfactants 
may be in Solution, or alternatively may bind to the Surface, 
in which case they are Surface-active agents and may func 
tion as Stabilizers or dispersants. Preferred dispersing agents 
include a Surface active portion that interacts with the 
copper-containing particle and a Second preferably different 
portion, which operates to inhibit irreversible agglomeration 
of the copper-based particles. For example, a polyacrylate 
dispersing agent may include at least one carboxyl group 
capable of associating, Such as electroStatically, with a cop 
per-containing particle and a Second, hydrophobic portion 
that may operate to inhibit the permanent agglomeration of 
the copper-containing particles. Exemplary dispersing 
agents may include at least one of a Surfactant, a polyacry 
late, a polysaccharide, a polyaspartic acid, a polysiloxane, 
and a Zwitterionic compound. Exemplary compounds useful 
as dispersing agents are discussed in the Section relating to 
milling. 

0153. In one embodiment of the invention, the copper 
based particles may comprise a polymer. In this embodi 
ment, the ratio of the weight of copper present in the 
particles to polymer present in the particles may be at least 
about 1 to 1, for example at least about 2 to 1, 4 to 1, 5 to 
1, 7 to 1, or at least about 10 to 1. For example, if ratio of 
the weight of copper present in the particles to the weight of 
polymer present in the particles is at least about 2 to 1, the 
particles comprise at least about twice as much copper by 
weight as polymer. Another aspect of the invention relates to 
a preservative useful for wood or wood products, the pre 
Servative preferably comprising a preferably aqueous SuS 
pension of copper-based particles. If a polymeric dispersing 
agent is present in the Suspension, the ratio of the weight of 
copper present in the copper-based particles of the Suspen 
Sion to the weight of dispersing agent present in the SuS 
pension may be at least about 1 to 1, for example at least 
about 5 to 1, 10 to 1, 15 to 1, 20 to 1 or at least about 30 to 
1. 

0154 Dispersing agents aid particulate dispersion and to 
prevent aggregation of particulates. Sub-micron sized par 
ticulates have a tendency to form much larger aggregates. 
Aggregates as used herein are physical combinations of a 
plurality of Similarly-sized particles, often brought together 
by VanDerWaals forces or electrostatic forces. If aggregates 
are allowed to form they often can age into a stable aggre 
gate that can not be readily broken up by mechanical 
agitation, for example by Vigorous stirring of a slurry. Such 
aggregates may grow to a size where the aggregates are not 
readily injectable, or may be of a Size to make the aggregates 
Visible, thereforgiving undesired color. In preferred embodi 
ments of the invention at least 30%, preferably at least 60%, 
more preferably at least 90% by weight of the substantially 
crystalline copper-based particulates in a slurry are mono 
disbursed, e.g., are not in aggregates. Further, the particles 
advantageously do not tent to aglomerate when injected into 
the wood. To prevent particulates from agglomerating, the 
concentrated Slurry or paste may comprise cationic, anionic, 
and/or non-ionic Surfactants, emulsifierS Such as gelatine, 
casein, gum arabic, lysalbinic acid, and Starch; and/or poly 
mers, Such as polyvinyl alcohols, polyvinyl pyrrolidones, 
polyalkylene glycols and polyacrylates, in quantities of 0.1 
to 20% by weight, based on the weight of the particulates. 
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O155 The slurry formulations mentioned can be prepared 
in a manner known perse, for example by mixing the active 
compounds with the liquid carrier, and including emulsifier, 
dispersants and/or binders or fixative, and other processing 
auxiliaries. Particulates can be provided in a concentrated 
Slurry, in a very concentrated paste, as dry particulates, as 
coated dry particulates, as part of a dry pre-mix, or any 
combination thereof. 

0156 Slurry Concentrate-If the wood treatment is to be 
manufactured, Stored, or transported in a wetted form, it is 
beneficially in a concentrated form to minimize the Volume 
and expense of handling water. Preferably the concentrated 
Slurry or paste (for shipping and storing, for example, 
comprises between 5% and 80% by weight, for example 
between about 15% and 40%, of sparingly soluble copper 
containing particulates, sparingly Soluble zinc-containing 
particulates, sparingly Soluble tin-containing particulates, or 
mixtures thereof, optionally with 0.1% to 10% of pariculates 
of organic biocides, with the remainder of the concentrated 
Slurry or paste beneficially being a fluid carrier. The con 
centrated Slurry or paste may further comprise Solid particu 
lates that are carriers for one or more organic biocides, Solid 
particulates comprising metallic copper and/or Zinc as cor 
rosion inhibitors, or both. The fluid carrier beneficially 
comprises one or more additives as discussed for the Slurry, 
including anti-oxidants, Surfactants, disbursing agents, other 
biocidal Salts and compounds, chelators, corrosion inhibi 
tors, e.g., phosphate and/or borate Salts, alkali metal hydrox 
ides and/or carbonates, antifreeze, and the like. The concen 
tration of these additives will depend in part on the degree 
to which the slurry is expected to be diluted to make a 
commercially usefull injectable Slurry having the proper 
copper loading for the types of wood. 
O157 The moisture content of copper-based particles of 
the invention may be reduced, Such as by drying, one or 
more dispersing agents may be used to inhibit irreversible 
agglomeration of reduced moisture particles of the inven 
tion. The reduced moisture particles may be diluted, Such as 
by hydration with water or combination with another liquid. 
Generally, dilution may be with water, beneficially fresh 
Water. 

0158 Another aspect of the invention relates to an 
agglomeration comprising a plurality of copper-containing 
particles, organic biocide-containing particles, or both, and 
dispersing agents. The agglomeration may also include one 
or more materials additional to the copper-based particles 
that also provide a wood or wood product preservative 
function. The agglomeration may have a liquid content 
(excluding any additional preservative material that may be 
present) of less than 75% by weight, for example, of less 
than about 50%, less than about 25%, less than about 15%, 
or less than about 5% by weight. The liquid may be water. 
The agglomeration may be diluted and/or dispersed in water 
with mixing or agitation, Such as mechanically or ultrasoni 
cally. 
0159. As in the injectable slurry itself, the doo, and 
preferably the does, should be less than 1 micron, more 
preferably less than about 0.6 microns. Advantageously the 
at least about 30% by weight of the particulates have an 
average diameter between about 0.07 microns and about 0.5 
microns. In a preferred embodiment, at least about 50% by 
weight of the particulates have an average diameter between 
about 0.1 microns and about 0.4 microns. 
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0160 Dry Particulates and Dry Mix For Slurry–The 
particulates of this invention can be formulated and trans 
ported as a dry material, e.g., as a wettable powder, as 
dispersible granules, and even as larger tablets. The wettable 
powder, dispersible granules, or tablets advantageously 
comprise the biocidal particulates and those additives Such 
as are described as being present in the slurry, including for 
example anti-oxidants, Surfactants, disbursing agents/stabi 
lizing agents, chelatorS Such as Salts of ETDA, basic com 
pounds, sequestrants such as salts of HEDP, and the like. The 
additives can be coated onto the Sparingly Soluble copper 
based particulates and/or can be formed from Second par 
ticulates. The dry-mix material advantageously has all nec 
essary components in a Single mix, and each component is 
present in a range that is useful when the dry mix is formed 
into a Sprayable or injectable slurry. The mixture may 
optionally but preferably incorporate a granulating material, 
which is a material that when wet holds a plurality of 
particulates together in the form of a granule or tablet, but 
that dissolves and releases the individual particulates on 
being admixed with the liquid carrier. Granules are preferred 
because of dust problems and also the ease of measuring and 
handling a granular mixture. Granulating agents can be 
Simple Soluble Salts, for example alkali carbonates, that are 
Sprayed onto or otherwise is admixed with the particulate 
material. 

0.161. One example of a biocide composition in granular 
or tablet form, which rapidly disintegrates and disperses in 
Water, includes, e.g., about 50 parts particulate biocide, 
about 10 to about 40 parts salts, preferably carbonate and/or 
bicarbonate salts, about 1 to about 20 parts solid chelators/ 
Sequestrants, about 5 to about 50 parts Stabilizers and/or 
dispersants, and up to about 20 parts filler. Another exem 
plary dissolvable biocide granule comprises: 1) about 
50-75% of a first finely-divided (submicron) particulate 
biocides, which may be a biocidal inorganic sparingly 
Soluble copper Salt, Such as is produced by the processes of 
this invention; 2) optionally about 7-15% of a second 
particulate biocide, which may include particulates of Solid 
essentially water-insoluble organic biocide; 3) about 2-30% 
of a stabilizer and/or dispersing agent; 4) about 0.01-10% of 
a wetting agent; 5) about 0-2% of an antifoaming agent; 6) 
about 0-5% of a diluent; and optionally 7) about 0-5% of a 
chelating agent. One embodiment of the invention relates to 
a dry mix material having a copper content of at least about 
8% by weight. A preferred material includes a plurality of 
copper-containing particles. The material may be shipped, 
Such as in granular form, to a location at which the material 
is prepared for use a wood preservative. The material may 
also comprise at least one of a wetting agent, a dispersing 
agent, a diluent which may be a particulate comprising 
organic biocides thereon, an antifoaming agent, and an 
additional material having a biocide function. 
0162 One embodiment of the invention relates to a dry 
material having a copper content of at least about 15% by 
weight. A preferred material includes a plurality of copper 
containing particles, which may be in the form of granules. 
The material also comprises at least one of a wetting agent, 
a dispersing agent, a diluent, an antifoaming agent, and an 
additional material having a biocide function. In one 
embodiment, the material is a granular material comprising 
about 50% to 70%, for example 58% copper hydroxide or 
other sparingly soluble copper salts, about 10% to 25%, for 
example 18% of a dispersing agent, Such as Borresperse NA, 
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about 1 to 8%, e.g., about 4% of a wetting agent, Such as 
Morwet EP, and about 10% to about 30% filler, e.g., about 
20% attapulgite clay, Such as DilueX A, optionally from 
0.05% to 7% alkali hydroxides, alkali carbonates, alkali 
phophates, and/or alkali borates; optionally 0.05% to 5% 
Salts of a Sequestrant, for example HEDP, and optionally 
from 0.05% to 2% antifoaming agents. 
0163. In one embodiment, the dry-mix material is a 
granular material comprising about 40 to about 80% by 
Weight of a sparingly Soluble copper Salt, e.g., copper 
hydroxide, about 5% to about 30% of a dispersing agent, 
such as Borresperse NA, about 1% to about 10% of a wetting 
agent, such as Morwet EP, and about 5% to about 30% of a 
inert particulate filler which may additionally comprise 
organic biocides absorbed thereon, e.g., attapulgite clay, 
Such as DilueX A. In one embodiment, the material is a 
granular material comprising about 58% copper hydroxide, 
about 18% of a dispersing agent, Such as Borresperse NA, 
about 4% of a wetting agent, such as Morwet EP, and about 
20% attapulgite clay, Such as DilueX A. 
0164. Another aspect of the invention relates to material 
comprising a copper content of at least about 15%, for 
example, at least about 20%, such as at least about 30% by 
weight. In one embodiment, the material may have a copper 
content of about 35% by weight. The material may have a 
copper content of less than about 50%, for example, leSS 
than about 45%, such as less than about 40% by weight. 
Preferably, the material comprises a plurality of copper 
based particles, which may contribute substantially all of the 
copper content of the material. The material may comprise 
a plurality of granules each comprising a plurality of copper 
based particles. The copper-based particles, Such as a Surface 
thereof, may be associated with a dispersing agent. 
0165. In one embodiment, the material comprises A) 
about 30% to 70% by weight of a slightly soluble copper 
Salt, e.g., copper hydroxide, for example, about 35% to 65%, 
such as about 38% to about 61% of a slightly soluble copper 
salt, in particulate form; B) about 10% to 35% by weight, 
such as about 15% to about 30% of at least one dispersing 
agent, e.g., lignoSulfonates or polyacrylates; C) between 
about 2.5% to 20% by weight, such as about 5% to 15% of 
at least one Wetting agent, for example, a Surfactant, e.g., 
Morwet EP available from Barton Solvents, Inc.; D) 
between about 5% to about 25% by weight, such as about 
10% to 20% of at least one diluent, for example soluble and 
insoluble diluents, Such as those used in agricultural prod 
ucts, e.g., clay, Such as an attapulgite clay, or particulate 
carrier particles comprising organic biocide; E) between 
about 0.05% to 7.5% by weight, such as about 0.1% to about 
5%, of at least one antifoam agent; and optionally F) about 
2.5% to about 25%, alternatively less than about 7.5%, such 
as less than about 5% by weight, of water. 
0166 The material may be shipped, such as in granular 
form. The material of the invention offerS reduced shipping 
costs and improved ease of handling compared to known 
preservative materials. A user may receive the material and, 
if granules are present, disperse the granules, thereby pre 
paring a flowable material comprising a plurality of copper 
based particles. The material may be diluted, for example by 
using water or other liquid. The copper-based particles may 
be injected into wood and/or wood materials as a preserva 
tive. Mechanical agitation and/or mixing may be used to 
disperse the granules. 
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0167 Upon dispersing the material, wood or wood prod 
ucts may be treated with the dispersed material, Such as by 
Subjecting the Wood or wood products to vacuum and or 
preSSure in the presence of the dispersed material. Upon 
dispersing granules of the material, dispersed copper-based 
particles preferably remain Suspended for at least about 30 
minutes without further agitation, preferably, even in Stan 
dard hard water having a hardness of about 342 ppm. Once 
dispersed, fifty percent of the dispersed copper-based par 
ticles may have diameters less than about 1 micron, for 
example, less than about 0.5 micron, Such as less than about 
0.25 micron. In one embodiment, 50% of the dispersed 
copper-based particles have diameters less than about 0.2 
micron, for example, 50% of the dispersed copper-based 
particles have diameters of about 0.1 micron. 
0168 The copper-based material may comprise addi 
tional material providing a wood preservative and/or biocide 
function. For example, in one embodiment the material 
comprises a plurality of copper-based particles and a co 
biocide. Exemplary organic co-biocides may include, for 
example, one or more of a triazole compound, a quarternary 
amine, and a nitroSO-amine. 

0169. One object of the invention is to provide an effec 
tive, injectable copper-based particulate preservative treat 
ment that has leaching characteristics lower than copper 
amine treatments. Generally, leach rate tests involve high 
leachant rates So the leachant can not equilibrate with the 
sparingly Soluble Salts, and therefore measured leach rates 
from particulates are expected to be low compared to leach 
rates from more quiescent Systems. By “leach rate less than 
for copper amine treatment' we mean the leach rate using 
the AWPA test, determined as percent of copper leached 
Versus hours in Wood Samples, where one wood Sample has 
the Slurry of this invention and the comparative wood 
Sample has a similar total copper loading from injected 
copper monoethanolamine carbonate formulations, at 240 
hours using the preferred method of measuring leaching is 
with the AWPA Standard Method E11-97 (1997), using a test 
extending to at least 300 hours duration. Another object of 
the invention is to provide an effective, injectable copper 
based particulate preservative treatment that retains more 
than 94% of copper injected in a 14 day Standard leach test. 
0170 Advantageously the copper-based particulate is an 
effective preservative. To be effective, the copper-based 
particles comprise one or more sparingly Soluble copper 
Salts, and these Salts must together release a Small but 
effective concentration of soluble copper when wetted with 
water. If the copper Salts have too high a Solubility, and the 
copper is quickly leached out of the wood and contaminates 
the environment rather than protects the wood. Too low a 
Solubility, and the copper Salts (and copper oxides) are not 
bioactive. The dissolution rate/leach rate of the Sparingly 
Soluble copper Salts used in the particulates will be a 
function of 1) the Solubility of the sparingly Soluble copper 
salt(s) in the leachant; 2) the Surface area of the sparingly 
Soluble copper salts available to contact the leachant, 3) the 
energy of the crystal which must be overcome to dissolve 
ions from the crystal lattice, and 4) the flow characteristics 
of the leachant in the wood matrix, especially regarding 
boundary layer effects. Each of these properties plays a role 
in every flowrate Scenario, but Some are more dominant than 
others at certain times. We believe the leach rates will be 
primarily governed by the Solubility of the Sparingly Soluble 
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Salts and by boundary layer effects of the copper and 
counterions diffusing from the particulates in regimes where 
the leachant is moving extremely slowly, e.g., leSS than a few 
millimeters per day. At intermediate leachant flow rates, we 
believe the leach rate of copper will depend on primarily on 
the available Surface area. At higher rates, Such as found in 
the Standard test methods typically used by industry, the 
leach rates will be governed more by the available surface 
area of the Sparingly Soluble Salts and by the energy of the 
crystal lattice. 
0171 Dissolution is a function not only of the pH of the 
water within the wood and the solubility product value for 
the particular Salts, but also on dynamic conditions. Since 
the copper is present in the wood as particulates, dissolution 
of copper will also be restricted by the low surface area of 
the particles. Larger particulates will reduce the leaching 
rate in most leachant flow regimes. The dissolution of larger 
particulates is more dependent on Surface effects than is the 
dissolution of Smaller particulates, in part because the avail 
able Surface area is lower for larger particulates. At low flow 
rates, boundary layer effects may multiply the effects of 
lower Surface area, but at typical leach test flow regimes 
boundary layer effects may be minimized if the flow of the 
leachant through the wood matrix is turbulent. 
0172 At low flow rates, the p of the leachant will be 
modified by the dissolution of the copper hydroxides and the 
copper carbonates. The isoelectric point of copper hydroxide 
is about 11, making copper hydroxide a very effective base. 
The presence of other basic Salts, for example phosphate 
ions, can further hinder leach rates. At high leachant flow 
rates, however, Such as are used in Standard leachant tests, 
the flow rates are Such that the presence of hydroxides, 
phosphates, and the like are minimized. 
0173 Since the leachant flow rates of wood in use can be 
highly variable, the copper-based particulates advanta 
geously provide a wide range of coverage over many 
environments by having 1) a wide distribution of particle 
sizes, 2) having sparingly Soluble salts of differing Solubili 
ties, or 3) both. 
0.174. The biocidal compositions of this invention can be 
used in foliar applications, in a variety of industrial appli 
cations, and in Wood applications. Generally, the biggest 
differences between foliar applications and wood treatment 
are the particle size distribution must be narrower for 
injecting into wood than for Spreading on fields. A compo 
sition having a d50 of 0.35 microns can be used in either a 
foliar application or a wood application. The advantages of 
excellent coverage and reduced treatment concentrations 
can be achieved if the do is within about 3 times the do, and 
the doo can be any number. Unmilled copper Salts having a 
do of 0.2 microns were useful for foliar applications, and 
indeed that is the commercial purpose of that formulation. 
For Wood injection, on the other hand, the do should be leSS 
that 3 times the ds, preferably the dos is less that 3 times the 
do, more preferably the doo is less that 3 times the do. 
Additionally, different inorganic biocidal salts and different 
organic biocides may be selected for embodiments where 
the particles are exposed to Sun and rain, Versus those 
Selected for the more protected environment within Wood. 
0.175. Another aspect of the invention relates a method of 
preserving wood or a wood product comprising injecting 
into wood or dispersing into a wood product one or more of 
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the biocidal particulates of this invention. The material of 8.0. The total batch weight was about 600 g. The results of 
this invention is useful for wood, and also for wood prod 
ucts, e.g., Wood composites. Exemplary Wood products 
include oriented Strand board, particle board, medium den 
sity fiberboard, plywood, laminated Veneer lumber, lami 
nated Strand lumber, hardboard and the like. Preferred 
methods of preserving wood composites require the preser 
Vatrive of this invention either be mixed with the wood 
material or fibers before bonding, or more preferably 
injected into the wood material or fibers, followed by 
bonding. 

0176). In one embodiment, the wood or wood product has 
a Surface, a thickness, a width, and a length. Preferably, the 
Wood or wood product comprises a homogenous distribution 
of copper-based particles of the invention. In one embodi 
ment, a Volume number density of the copper-based particles 
5 cm from the Surface, and preferably throughout the interior 
of the wood or wood product, is at least about 50%, for 
example, at least about, 60%, 70%, or 75% a volume number 
density of the copper-based particles 1 cm from the Surface. 
0177 Wood or wood products comprising copper-based 
particles in accordance with the present invention may be 
prepared by Subjecting the wood to vacuum and/or pressure 
in the presence of a flowable material comprising the 
copper-based particles. A pre-injection of carbon dioxide 
followed by vacuum and then injection of the slurry is a 
preferred method of injecting the Slurry into wood. Injection 
of particles into the wood or wood product from a flowable 
material comprising the particles may require longer pres 
Sure treatments than would be required for liquids free of 
Such particles. PreSSures of, for example, at least about 75 
psi, 100 psi, or 150 psi may be used. Exemplary flowable 
materials include liquids comprising copper-based particles, 
emulsions comprising copper-based particles, and Slurries 
comprising copper-based particles. 

EXAMPLES 

0.178 The following examples are merely indicative of 
the nature of the present invention, and should not be 
construed as limiting the Scope of the invention, nor of the 
appended claims, in any manner. 

Example 1 

Milling Chlorothalonil with 0.5 mm Zirconium 
Silicate 

0179 The laboratory-sized vertical mill was provided by 
CB Mills, modeli L-3-J. The mill has a 2 liter capacity and 
is jacketed for cooling. Unless otherwise Specified, ambient 
water was cycled through the mill cooling jacket during 
operation. The internal dimensions are 3.9" diameter by 9.1" 
height. The mill uses a standard 3x3" disk agitator (mild 
Steel) on a stainless Steel shaft, and it operates at 2,620 rpm. 
0180. The media used in this Example was 0.4-0.5 mm 
zirconium silicate beads supplied by CB Mills. All particle 
size determinations were made with a SedigraphTM 5100T 
manufactured by Micromeritics, which uses X-ray detection 
and bases calculations of Size on Stokes' Law. 

0181. The formulation contained 20.41% chlorothalonil 
(98% active), 5% GalorylTM DT-120, 2% MorwetTM EFW, 
and 72.6% water by weight, and the concentrate had a pH of 

a 7.5 hour grinding study are given in Table 1 below. 

TABLE 1. 

Particle Size Data - Volume 2% With 
Milling Time dso Diameter Greater Than 

Mins. film 10 tim 5 tim 2 tim 1 tim 

O 4.9 1O 48 95 
3O 1.3 O 4 21 68 
60 1.O 4 2 11 50 
90 1.4 18 23 22 94 
12O 1.03 2 O 4 
150 1.12 O 2 6 58 
18O 1.07 2 2 7 53 
270 1.09 2 O 8 54 
450 1.15 12 8 21 56 

0182. The results show that chlorothalonil can be wet 
milled from a starting particle Size of about 3-4 microns to 
a do near 1 micron within about one hour, using a spherical 
~3.8 g/cm Zirconium silicate media having an average 
particle size of about 0.4-0.5 mm. Further grinding had little 
effect, possibly slightly reducing the weight of particles over 
about 2 microns and thereby reducing the do from about 2 
microns at 60 minutes to slightly less than 2. 
0183 However, these results also showed the limitations 
of this lower density material. In the next example, higher 
density doped zirconia, having a density of 5.5 to 6.5 g/cc, 
was used and provided much more effective milling. 

Example 2 

Milling Chlorothalonil with 0.5 mm Zirconium 
Oxide 

0.184 The same mill and conditions were used in this 
experiment as in experiment 1. However, the grinding media 
was 0.5-0.6 mm cerium-doped zirconium oxide beads 
obtained from CB Mills. The density of the cerium doped 
zirconium oxide is ~6.0 g/cm. The formulation contained 
20.41% chlorothalonil (98% Active),5% GalorylTM DT-120, 
2%. MorwetTM EFW, 3% PluronicTM F-108, and 69.6% water 
by weight, and the concentrate had a pH of about 7.3. The 
total batch weight was about 600 g. The results are shown in 
Table 2 below. 

TABLE 2 

Particle Size Data - Volume % With 
Milling Time diso Diameter Greater Than 

Mins. alm 10 utm 5 tim 2 ?um 1 tim 0.4 um 0.2 tim 

O 3.44 8 3O 77 92 
90 O.31 3 3 3 3 22 

240 O.21 O 1. 2 3 3 51 

0185. For the higher density 0.5 mm zirconia milling 
media, a composition with a do less than 1 micron and a dos 
less than 1 micron was obtainable in 90 minutes, and a 
composition with a do less than 0.3 microns and a dos less 
than 0.4 microns was obtainable in 6 hours. The product 
obtained after 90 minutes of milling represents an increase 
in number of particles per unit of mass by a factor of more 
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than about 30 over the standard products, but the product 
obtained after 90 minutes of milling represents an increase 
in number of particles per unit of mass by a factor of more 
than about 1000 over the standard products. The higher 
Surface areas associated with the Smaller particles should 
give rise to a product with enhanced bioactivity due to an 
increase in reservoir activity (ability to deliver chlorotha 
lonil to the infection court). 

Example 3 

Milling Sparingly Soluble Copper Salts with 0.5 
mm Zirconium Silicate 

0186 This comparative example and subsequent 
example Show the effectiveness of the milling media and 
proceSS on the particle size distribution of inorganic copper 
Salts. 

Comparative Example 3A 

0187. A commercially available a magnesium stabilized 
form of copper hydroxide particulate material, Champ DP(R) 
available from available from Phibro-Tech., Inc., has par 
ticles with a do of about 0.2 microns. FIG. 3 shows the 
results of trying to inject untreated 2.5 micron do copper 
hydroxide into wood. The copper material plugged the 
Surface of the wood and made an unsightly blue-green Stain. 
The results were less dramatic when injecting Champ DP, 
but were Still commercially unacceptable. Analysis of the 
material found that while the d50 of the material was <0.2 
microns, about 13% by weight of the material had diameters 
between 2 and 5 times greater than the do, and 1% had an 
even greater diameter. 

0188 The Champ DP(R) material was placed in a mill with 
about a 50% by volume loading of 2 mm zirconium silicate 
milling beads. Samples were removed intermittently and the 
particle size distribution was determined. Wet milling with 
2 mm Zirconium Silicate milling media had no effect-wet 
milling for days resulted in only a very Slight decrease in 
particle size, a Small shift in the particle size distribution, but 
the material was not injectable into wood 

0189 In contrast, five samples of particulate copper salts 
made following Standard procedures known in the art were 
milled according to the method of this invention. The first 
two Samples were copper hydroxide-one with an initial 
particle size do of <0.2 microns (the material of compara 
tive example A), and the Second with an initial do of 2.5 
microns. A basic copper carbonate (BCC) salt was prepared 
and it had an initial do of 3.4 microns. A tribasic copper 
Sulfate Salt was prepared and this material has a do of 6.2 
micron. Finally, a copper oxychloride (COc) Sample was 
prepared and this material has an initial do of 3.3 microns. 
Selected Surface active agents were added to each Slurry, and 
the initial slurries were each in turn loaded into a ball mill 
having 0.5 mm zirconium Silicate (density 3.8 grams/cm3) at 
about 50% of mill volume, and milled at about 2600 rpm for 
about a half an hour. The particle size distribution of the 
milled material was then determined. The particle size 
distribution data is shown in Table 1. It can be seen that even 
with the relatively modest Zirconium Silicate milling media, 
injectable compositions were obtained in about 30 minutes 
milling time or less. 
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TABLE 1. 

Particle Size Distribution. Before/After 
Milling (0.5 mm Zirconium Silicate 

% & % & % & % & 
Material dSO 10tt 1?t 0.4it 0.2it 

Cu(OH), before milling <0.2 99% 84%. 64%. 57% 
Cu(OH), after milling <0.2 99% 97% 95% 85% 
Cu(OH)2, before milling 2.5 99% 9% 
Cu(OH)2, after milling O.3 99.7% 95%. 22% -% 
BCC, before milling 3.4 98% 1.2% 
BCC, after milling O.2 99% 97% 97% 87% 
TBS, before milling 6.2 70% 17% 
TBS, after milling <0.2 99.5% 96% 91%. 55% 
COc, before milling 3.3 98.5% 3% 
COc, after milling O.38 99.4% 94%. 63% 

0190. It can be seen that even the less effective milling 
media, ~0.5 mm Zirconium Silicate, was useful for milling 
sparingly Soluble copper Salts to the Sub-micron particle size 
distribution needed for treating wood, for incorporating into 
non-fouling paints and coatings, and for foliar treatments. 
Further, the rate of particle size attrition is So great that there 
is no need to use expensive precipitation techniques to 
provide a feedstock having a Sub-micron do. The initial d50 
ranged from 0.2 microns to over 6 microns, but after 30 
minutes or less of milling each of the above milled copper 
salts (milling about 15 to about 30 minutes) were injected 
into wood samples with no discernible plugging. 
0191 Milling with the more preferred zirconium oxide 
milling beads will provide a smaller d50 and will further 
reduce the amount of material, if any, having a diameter 
greater than 1 micron. Particulate biocides have an advan 
tage over dispersed or Soluble biocides in that the material 
leaches more slowly from wood than would comparable 
amounts of Soluble biocides, and also about the same or 
more Slowly than comparable amounts of the same biocide 
applied to the same wood as an emulsion. 

Example 4 

Injecting Milled Copper Salt Slurries Into Wood 
0.192 Slurries of the above milled sparingly soluble cop 
per Salts were Successfully injected into Standard 1" cubes of 
Southern Yellow Pine wood. The injection procedures emu 
lated Standard conditions used in the industry. 
0193 FIG. 3 shows representative photographs showing 
the comparison of the unacceptable product, which had a dso 
of 2.5 microns yet Still plugged the wood, is shown in 
comparison with blocks injected with the product milled 
according to the process of this invention as described in 
Example 3. FIG. 3 shows the clean appearance of the wood 
blocks injected with the milled copper hydroxide, to com 
pare with the photograph of the wood Samples injected with 
the un-milled (dso<0.2 micron) copper hydroxide. Unlike 
the blocks injected with un-milled material, wood blocks 
injected with milled material showed little or no color or 
evidence of injection of copper-containing particulate Salts. 
0194 Copper development by colorimetric agents 
(dithio-oxamide/ammonia) showed the copper to be fully 
penetrated across the block in the sapwood portion. FIG. 1 
shows the penetration of injected particulate copper hydrox 
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ide developed with dithio-oxamide in the third picture. The 
stain corresponds to copper. It can be seen in FIG. 1 that the 
copper is evenly dispersed throughout the wood. Subsequent 
acid leaching and quantitative analysis of the copper from 
two blocks showed that loadings of about 95% and about 
104% of expectation (or essentially 100% average of expec 
tation) had occurred. At 100% loading, values of 0.22 lb/ft 
of copper would be obtained. 

Example 5 

Leaching Copper from Treated Wood 
0.195 Copper leaching rates from the wood samples 
prepared in Example 4 were measured following the AWPA 
Standard Method E11-97. There are two comparative 
examples-leaching data was obtained from a wood block 
preserved with a prior art soluble solution of copper MEA 
carbonate and from a prior art wood block preserved with 
CCA. The leach rates of the various wood blocks treated 
with the preservatives prepared according to this invention 
were far below the leach rates of wood treated with Soluble 
copper carbonate and were even below leach rates of 
samples treated with CCA. 
0196) Leaching data from wood was measured following 
the AWPA Standard Method E11-97 for the following pre 
Servative treatments, where, unless Specified, the tebucona 
zole (TEB) concentration was added as an emulsion at 3% 
of the weight of the added copper: A) TEB and injected basic 
copper carbonate particulates; B) traditionally CCA-treated 
wood (as a control); C) TEB and copper methanolamine 
carbonate (as a control, believed to approximate the cur 
rently available Wolman E treatment); D) TEB and injected 
basic copper carbonate particulates and with Sodium bicar 
bonate buffer, E) Injected basic copper carbonate particu 
lates; F). TEB and injected copper hydroxide particulates 
modified with zinc and magnesium; G) about 5% TEB and 
injected copper hydroxide particulates modified with phos 
phate coating, H) TEB and injected tribasic copper Sulfate 
particulates, and I) TEB and injected copper oxychloride 
particulates. The leaching data for the various particulate 
slurries and from two controls are shown in FIG. 2. 

0197) The total copper leached from wood preserved with 
copper-MEA-carbonate was 5.7% at 6 hours, 8.5% at 24 
hours, 11% at 48 hours, 22% at 96 hours, 36% at 144 hours, 
49% at 192 hours, 62% at 240 hours, 69% at 288 hours, and 
76% at 336 hours. The amount of copper leached from 
copper hydroxide particulates was 0.4% at 6 hours, 0.6% at 
24 hours, 0.62% at 48 hours, 1.0% at 96 hours, 1.6% at 144 
hours, 2.1% at 192 hours, 3.2% at 240 hours, 3.4% at 288 
hours, and 3.7% at 336 hours. The difference in leach rate 
was greater than a factor of 20. 
0198 The leaching data is generally consistent within the 
Small amount of copper leached from these wood Samples. 
Using the copper leach rate of CCA as a Standard, and 
viewing the total leached copper at 96 and 240 hours as 
representative, the leach rate ratioS given by the “total 
leached copper to total CCA-leached copper' is given in 
Table 3 below. 

0199. Of the sparingly soluble salts used, the leach rate, 
in descending order, is as follows: copper MEA carbonate 
(comparative)>>copper oxychloride>tribasic copper Sulfate 
and/or copper hydroxide with phosphated basic copper 
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carbonate>copper hydroxide with Zn and Mg. The isoelec 
tric point of copper oxychloride is about 5 to about 5.5, and 
the isoelectric point of tribasic copper Sulfate is about 6 to 
about 6.5. AS these materials are very poor bases, the higher 
leach rates from the materials is consistent with expected 
higher solubility at lower pH values. The presence of TEB 
reduced leach rates from basic copper carbonate by about 
20%, most likely due to TEB partially coating particulates. 
A buffering System, Sodium bicarbonate, reduced the leach 
rates from TEB/basic copper carbonate by about 10% rela 
tive to a preservative without the buffer. 
0200 Use of the Small diameter milling material, pref 
erably 0.3 mm to 0.6 mm, is essential to make a product that 
can be confidently Sold for injection into wood. 

Example 5 

Toxicity Test 
0201 A sample of treated wood was sent to an outside 
Source for Short-duration toxicity testing. The results Suggest 
there is no difference in the Threshold Toxicity between 
wood treated with a copper MEA carbonate/tebuconazole 
formulation and wood treated with a identical loading of 
basic copper carbonate particles of this invention admixed 
(and partially coated with) the same quantity of tebucona 
Zole. 

0202) The invention is meant to be illustrated by these 
examples, but not limited to these examples. 

TABLE 3 

96 hr. 240 hr. 
ratio ratio 

Ex. Description of Preservative System to CCA to CCA 

A 3% TEB and basic copper carbonate particulates O.67:1. O.5.1:1 
C 3% TEB and copper MEA carbonate 5.2:1 3.85:1 

(comparative) 
D 3% TEB and basic copper carbonate particulates 0.54:1 0.46:1 

with sodium bicarbonate buffer 
E basic copper carbonate particulates O.77:1. O.63:1 
F 3% TEB and copper hydroxide with Zn and Mg O.2:1. O.19:1 

particulates 
G 5% TEB and copper hydroxide particulates 1.0:1 O.88:1 

modified with phosphate coating 
H 3% TEB and tribasic copper sulfate particulates O.96:1. O.88:1 
I 3% TEB and copper oxychloride particulates 14:1 1.17:1 

What is claimed is: 
1. A method of preserving wood comprising the Steps of 
A) providing an aqueous wood preservative slurry com 

prising: 
a plurality of injectable first particulates comprising at 

least 20% by weight of a sparingly Soluble copper 
Salt, wherein the do of these first particulates is 
about 1 micron or less, meaning 96 percent of the 
total volume of the first particulates have a diameter 
of about 1 micron or less, the doo is about 1.5 microns 
or less, meaning 99% of the total volume of the first 
particulates have a diameter equal to or less than 
about 1.5 microns; and the do is greater than 0.02 
microns, meaning 50% of the total volume of the first 
particulates have a diameter greater than 0.02 
microns, and 

B) injecting the aqueous wood preservative slurry into 
wood. 
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2. The method of claim 1, wherein the do is between 
about 0.05 microns and about 0.5 microns, meaning 50% of 
the total Volume of the first particulates have a diameter 
equal to or less than a value between about 0.05 microns and 
about 0.5 microns. 

3. The method of claim 1, wherein the do is between 
about 0.1 microns and about 0.3 microns, meaning 50% of 
the total Volume of the first particulates have a diameter 
equal to or less than a value between about 0.1 microns and 
about 0.3 microns. 

4. The method of claim 2, wherein the sparingly soluble 
copper Salt comprises copper borate. 

5. The method of claim 1, wherein the sparingly soluble 
copper Salt comprises copper borate and at least one of basic 
copper carbonate or copper hydroxide, wherein different 
particulates can one or more of the three listed copper Salts. 

6. The method of claim 2, wherein the sparingly soluble 
copper Salt comprises basic copper carbonate. 

7. The method of claim 2, wherein the sparingly soluble 
copper Salt comprises copper hydroxide. 

8. The method of claim 7, wherein the copper hydroxide 
comprises between 6 parts and 20 parts magnesium per 100 
parts copper. 

9. The method of claim 7, wherein the copper hydroxide 
comprises between 6 parts and 20 parts Zinc per 100 parts 
copper. 

10. The method of claim 1, wherein the sparingly soluble 
copper Salt comprises tribasic copper Sulfate, copper oxy 
chloride, basic copper nitrate, basic copper phosphate, basic 
copper phosphoSulfate, or combinations thereof. 

11. The method of claim 1, wherein the sparingly soluble 
copper Salt comprises copper ferricyanide, copper ferricy 
anate, copper carbonate, copper borate, copper Silicate, 
copper fluorosilicate, copper thiocyanate, copper boride, or 
mixture thereof. 

12. The method of claim 2, wherein at least a portion of 
the first particulates comprise Cu2O. 

13. The method of claim 1, wherein do of these first 
particulates is about 0.5 micron or less, meaning 96 percent 
of the total volume of the first particulates have a diameter 
of about 0.5 micron or less, the do is about 1 microns or less, 
meaning 99% of the total volume of the first particulates 
have a diameter equal to or less than about 1 micron; and the 
do is between 0.05 microns and 0.4 microns, meaning 50% 
of the total volume of the first particulates have a diameter 
equal to or less than a value between 0.05 microns and about 
0.4 microns. 

14. The method of claim 1, wherein the injectable first 
particulates had been wet-milled in the presence of a liquid 
comprising a Surface active agent and an effective amount of 
milling beads having a diameter between 0.1 mm and 0.8 
mm and a density greater than about 3 grams/cm. 

15. The method of claim 1, wherein the aqueous wood 
preservative slurry further comprises a Substantially 
insoluble organic biocide, wherein at least a portion of the 
Substantially insoluble organic biocide is coated on the first 
particulates. 

16. The method of claim 1, wherein the aqueous wood 
preservative slurry further comprises a Substantially 
insoluble organic biocide Selected from biocidal quaternary 
ammonium compounds, biocidal azoles, biocidal triazoles, 
and moldicides, wherein at least 20% by weight of the 
Substantially insoluble organic biocide is coated on the first 
particulates. 
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17. The method of claim 1, wherein the aqueous wood 
preservative slurry further comprises a plurality of injectable 
Second particulates comprising at least 20% by weight of an 
injectable Solid Substantially insoluble organic biocide, 
wherein the do of these Second particulates is about 1 
micron or less, meaning 96 percent of the total Volume of the 
Second particulates have a diameter of about 1 micron or 
less, and the doo is about 1.5 microns or less, meaning 99% 
of the total Volume of the Second particulates have a diam 
eter equal to or less than about 1.5 microns. 

18. The method of claim 17, wherein the do of these 
Second particulates is about 0.5 micron or less, meaning 96 
percent of the total Volume of the Second particulates have 
a diameter of about 0.5 micron or less, and the the do is 
between about 0.05 microns and about 0.4 microns, meaning 
50% of the total volume of the second particulates have a 
diameter equal to or less than a value between about 0.05 
microns and about 0.4 microns. 

19. The method of claim 17, wherein the injectable second 
particulates had been wet-milled in the presence of a liquid 
comprising a Surface active agent and an effective amount of 
milling beads having a diameter between 0.1 mm and 0.8 
mm and a density greater than about 5.5 grams/cm. 

20. The method of claim 1, wherein the aqueous wood 
preservative slurry further comprises third particulates com 
prising at least 20% by weight of a Sparingly Soluble Zinc 
Salt, Zinc oxide, iron oxide, or any mixture thereof, wherein 
the do of the third particulates is about 1 micron or less, 
meaning 96 percent of the total volume of the third particu 
lates have a diameter of about 1 micron or less, and the doo 
is about 1.5 microns or less, meaning 99% of the total 
Volume of the third particulates have a diameter equal to or 
less than about 1.5 microns. 

21. A method of preserving wood comprising the Steps of 
A) providing an aqueous wood preservative slurry com 

prising: 

a plurality of injectable first particulates comprising at 
least 20% by weight of a sparingly Soluble copper 
Salt, of a sparingly Soluble Zinc Salt, of a Substantially 
insoluble organic biocide, or any combination 
thereof, wherein the do of the first particulates is 
about 1 micron or less, meaning 96 percent of the 
total volume of the first particulates have a diameter 
of about 1 micron or less, the doo is about 1.5 microns 
or less, meaning 99% of the total volume of the first 
particulates have a diameter equal to or less than 
about 1.5 microns, and the do is greater than 0.02 
microns, meaning 50% of the total volume of the first 
particulates have a diameter greater than 0.02 
microns, and 

B) injecting the aqueous wood preservative slurry into 
wood. 

22. The method of claim 21, wherein the do is between 
about 0.05 microns and about 0.5 microns, meaning 50% of 
the total Volume of the first particulates have a diameter 
equal to or less than a value between about 0.05 microns and 
about 0.5 microns. 

23. The method of claim 21, wherein the do is between 
about 0.1 microns and about 0.3 microns, meaning 50% of 
the total Volume of the first particulates have a diameter 
equal to or less than a value between about 0.1 microns and 
about 0.3 microns. 
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24. The method of claim 21, wherein the first particulates 
comprise one or more of basic copper carbonate, copper 
hydroxide, copper hydroxide comprising between 6 parts 
and 20 parts magnesium per 100 parts copper; copper 
hydroxide comprising between 6 parts and 20 parts magne 
sium per 100 parts copper, copper hydroxide comprising 0.1 
to 5% copper phosphate, tribasic copper Sulfate, copper 
Oxychloride, basic copper nitrate, basic copper phosphate, 
basic copper phosphoSulfate, or combinations thereof. 

25. The method of claim 24, wherein do of these first 
particulates is about 0.5 micron or less, meaning 96 percent 
of the total volume of the first particulates have a diameter 
of about 0.5 micron or less, the doo is about 1 microns or less, 
meaning 99% of the total volume of the first particulates 
have a diameter equal to or less than about 1 micron; and the 
do is between 0.05 microns and 0.4 microns, meaning 50% 
of the total volume of the first particulates have a diameter 
equal to or less than a value between 0.05 microns and about 
0.4 microns. 

26. The method of claim 21, wherein the first particulates 
comprise one or more of copper ferricyanide, copper ferri 
cyanate, copper carbonate, copper borate, copper Silicate, 
copper fluorosilicate, copper thiocyanate, copper boride, or 
combinations thereof. 

27. The method of claim 21, wherein the first particulates 
comprise one or more of Zinc hydroxide, basic Zinc carbon 
ate, basic Zinc phosphate, Zinc borate, or combinations 
thereof. 

28. The method of claim 27, wherein do of these first 
particulates is about 0.5 micron or less, meaning 96 percent 
of the total volume of the first particulates have a diameter 
of about 0.5 micron or less, the doo is about 1 microns or less, 
meaning 99% of the total volume of the first particulates 
have a diameter equal to or less than about 1 micron; and the 
do is between 0.05 microns and 0.4 microns, meaning 50% 
of the total volume of the first particulates have a diameter 
equal to or less than a value between 0.05 microns and about 
0.4 microns. 

29. The method of claim 27, wherein the first particulates 
comprise Zinc borate. 

30. The method of claim 27, wherein the aqueous wood 
preservative slurry further comprises a Substantially 
insoluble organic biocide, wherein at least a portion of the 
Substantially insoluble organic biocide is coated on the first 
particulates. 

31. The method of claim 27, wherein the aqueous wood 
preservative slurry further comprises a Substantially 
insoluble organic biocide Selected from biocidal quaternary 
ammonium compounds, biocidal azoles, biocidal triazoles, 
and moldicides, wherein at least 20% by weight of the 
Substantially insoluble organic biocide is coated on the first 
particulates. 

32. The method of claim 21, wherein the first particulates 
comprise one or more of Zinc oxychloride; Zinc fluoroborate, 
Zinc carbonate, Zinc orthophosphate, Zinc fluoride, or com 
binations thereof. 

33. The method of claim 32, wherein the aqueous wood 
preservative slurry further comprises a Substantially 
insoluble organic biocide, wherein at least a portion of the 
Substantially insoluble organic biocide is coated on the first 
particulates. 

34. The method of claim 32, wherein the aqueous wood 
preservative slurry further comprises a plurality of injectable 
Second particulates comprising at least 20% by weight of an 
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injectable Solid Substantially insoluble organic biocide, 
wherein the do of these Second particulates is about 1 
micron or less, meaning 96 percent of the total Volume of the 
Second particulates have a diameter of about 1 micron or 
less, and the doo is about 1.5 microns or less, meaning 99% 
of the total Volume of the Second particulates have a diam 
eter equal to or less than about 1.5 microns. 

35. The method of claim 21, wherein the first particulates 
comprise Solid Substantially insoluble organic biocides, 
wherein the injectable first particulates had been wet-milled 
in the presence of a liquid comprising a Surface active agent 
and an effective amount of milling beads having a diameter 
between 0.1 mm and 0.8 mm and a density greater than 
about 3.5 grams/cm. 

36. The method of claim 35, wherein the Solid Substan 
tially insoluble organic biocides comprises one or more of 
Chlorothalonil, Metaldehyde, triphenyltin hydroxide, 
Maneb, Mancozeb, Zineb, Ziram, and Ferbam. 

37. The method of claim 35, wherein the Solid Substan 
tially insoluble organic biocides comprises one or more of 
biocidal Solid imidazolinones, Sulfonylureas, triazolopyri 
midine Sulfonamides, aryloxyphenoxy propionates, triaz 
ines, chloroacetanilides, pyrazoles, and diphenyl ethers. 

38. The method of claim 35, wherein the Solid Substan 
tially insoluble organic biocides comprises one or more of 
amitraz, azinphoS-ethyl, azinphoS-methyl, benzoximate, 
fenobucarb, gamma-HCH, methidathion, deltamethrin, 
dicofol, dioxabenzafos, dioxacarb, dinobuton, endoSulfan, 
bifenthrin, binapacryl, bioresmethrin, chlorpyrifos, chlorpy 
rifos-methyl, EPNethiofencarb, cyanophos, cyfluthrin, tet 
radifon, cypermethrin, tralomethrin, bromophos, N-2,3-di 
hydro-3-methyl-1,3-thiazol-2-ylidene-Xylidene, 2,4- 
parathion methyl, bromopropylate, butacarboxim, 
butoxycarboxin, chlordimeform, phoSalone, chlorobenzi 
late, phosfolan, chloropropylate, phoSmet, chlorophoxim, 
promecarb, fenamiphos, quinalphOS, resmethrin, temephos, 
pirimiphoS-ethyl, tetramethrin, pirimiphoS-methyl, Xylyl 
carb, profenofos, acrinathrin, propaphos, allethrin, proparg 
ite, benfuracarb, propetamphos, bioallethrin, pyrachlofoS, 
bioallethrin S, tefluthrin, bioresmethrin, terbufos, bupro 
feZin, tetrachlorinphos, chlorfenvinphos, tralomethrin, chlo 
rfluraZuron, triaZophos, chlormephos, pyrachlofoS, 
tefluthrin, terbufos, tetrachlorinphos, cycloprothrin, betacy 
fluthrin, cyhalothrin, cambda-cyhalothrin, tralomethrin, 
alpha-cypermethrin, triaZophos, beta-cypermethrin, cyphe 
nothrin, demeton-S-methyl, dichlorVOS, disulfoton, edifen 
phos, empenthrin, esfenvalerate, ethoprophos, etofenproX, 
etrimphos, fenaZaquin, fenitrothion, fenthiocarb, fenpro 
pathrin, fenthion, fenvalerate, flucythrinate, flufenoxuron, 
tau-fluvalinate, formothion, hexaflumuron, hydroprene, 
isofenphos, isoprocarb, isoxathion, malathion, mephos 
pholan, methoprene, methoxychlor, mevinphos, permethrin, 
phenothrin, phenthoate, benalaxyl, biteranol, bupirimate, 
cyproconazole, carboxin, tetraconazole, dodemorph, difeno 
conazole, dodine, dimethomoph, fenarimol, diniconazole, 
ditalimfos, ethoxyquin, myclobutanil, etridiazole, nuarimol, 
fenpropidin, oxycarboxin, fluchloralin, penconazole, flusi 
lazole, prochloraz, imibenconazole, tolclofoS-methyl, 
myclobutanil, triadimefon, propiconazole, triadimenol, 
pyrifenox, azaconazole, tebuconazole, epoxyconazole, tri 
demorph, fenpropimorph, triflumizole, 2,4-D esters, diclo 
fop-methyldiethatyl, 2,4-DB esters, dimethachlor, 
acetochlor, dinitramine, aclonifen, ethalfluralin, alachlor, 
ethofumeSate, anilophos, fenobucarb, benfluralin, fenox 
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apropethyl, benfureSate, fluaZifop, benSulide, fluaZifop-P, 
benzoylprop-ethyl, fluchloralin, bifenox, flufenoxim, bro 
moxynil esters, flumetralin, bromoxynil, flumetralin, 
butachlor, fluorodifen, butamifos, fluoroglycofen ethyl, 
butralin, fluoroxypyr esters, butylate, carbetamide, chlorni 
trofen, chlorpropham, cinmethylin, clethodim, clomaZone, 
clopyralid esters, CMPP esters, cycloate, cycloxydim, des 
medipham, dichlorprop esters, flure.colbutyl, flurochloralin, 
haloxyfop, ethoxyethyl, haloxyfop-methyl, ioxynil esters, 
isopropalin, MCPA esters, mecoprop-Pesters, metolachlor, 
monalide, napropamide, nitrofen, oxadiazon, oxyfluorfen, 
phenisopham, phenmedipham, picloram esters, pretilachlor, 
profluralin, propachlor, propanil, propaquizafop, pyridate, 
quizalofop-P, triclopyr esters, and tridiphane. 

39. The method of claim 35, wherein the Solid Substan 
tially insoluble organic biocides comprises one or more of 
diuron, chlorotoluron, Simazine, atrazine, carbendazime, 
maneb, mancOZeb, fentin hydroxide, and endoSulfan. 

40. The method of claim 39, wherein the injectable first 
particulates had been wet-milled in the presence of a liquid 
comprising a Surface active agent and an effective amount of 
milling media, wherein at least 25% by weight of the milling 
media comprises milling beads having a diameter between 
0.2 mm and 0.7 mm and a density greater than about 5.5 
grams/cm. 

41. The method of claim 35, wherein the Solid Substan 
tially insoluble organic biocides comprises one or more of 
chlorothalonil, copper thiocyanate, Zinc pyrithione, and 4,5- 
dicholo-2-n-octyl-4-isothiazolin-3-one. 

42. The method of claim 41, wherein the injectable first 
particulates had been wet-milled in the presence of a liquid 
comprising a Surface active agent and an effective amount of 
milling media, wherein at least 25% by weight of the milling 
media comprises milling beads having a diameter between 
0.2 mm and 0.7 mm and a density greater than about 5.5 
grams/cm. 

43. The method of claim 35, wherein the aqueous wood 
preservative Slurry further comprises a Second Substantially 
insoluble organic biocide, wherein at least a portion of the 
Second Substantially insoluble organic biocide is coated on 
the first particulates. 

44. The method of claim 21, wherein the first particulates 
comprise Zinc carbonate, wherein the aqueous wood preser 
Vative Slurry further comprises a plurality of injectable 
Second particulates comprising at least 20% by weight of 
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one or more of Zinc hydroxide, copper hydroxide, copper 
borate, basic copper carbonate, or mixture thereof. 

45. A method of preserving wood comprising the Steps of 
A) providing an aqueous wood preservative slurry com 

prising: 
a plurality of injectable first particulates comprising 

one or more of copper(I) oxide, a sparingly soluble 
copper Salt, Zinc oxide, a Sparingly Soluble Zinc Salt, 
iron oxide, a first solid substantially insoluble 
organic biocide, or any combination thereof, wherein 
the do of the first particulates is about 1 micron or 
less, meaning 96 percent of the total volume of the 
first particulates have a diameter of about 1 micron 
or less, the do is about 1.5 microns or less, meaning 
99% of the total volume of the first particulates have 
a diameter equal to or less than about 1.5 microns, 
and the do is greater than 0.02 microns, meaning 
50% of the total volume of the first particulates have 
a diameter greater than 0.02 microns, wherein the 
first particulates comprise a Second Substantially 
insoluble organic biocide disposed on the Surface of 
the first particulates, wherein the Second Substan 
tially insoluble organic biocide is different from the 
first Substantially insoluble organic biocide, if any; 
and 

B) injecting the aqueous wood preservative slurry into 
wood. 

46. The method of claim 45, wherein the do of these 
Second particulates is about 0.5 micron or less, meaning 96 
percent of the total Volume of the Second particulates have 
a diameter of about 0.5 micron or less, and the the do is 
between about 0.05 microns and about 0.4 microns, meaning 
50% of the total volume of the second particulates have a 
diameter equal to or less than a value between about 0.05 
microns and about 0.4 microns. 

47. The method of claim 45, wherein the injectable first 
particulates had been wet-milled in the presence of a liquid 
comprising a Surface active agent and an effective amount of 
milling media, wherein at least 25% by weight of the milling 
media comprises milling beads having a diameter between 
0.2 mm and 0.7 mm and a density greater than about 5.5 
grams/cm. 


