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Abstract

An aqueous boric acid/urea dispersion includes insoluble boric acid particles having a
median particle size range of less than 44 microns and having a % actives content of boric acid
plus urea of 60 wt.% or greater. The boric acid/urea dispersion includes an effective amount of
at least one viscosity reducing agent such that the boric acid/urea dispersion has an initial
Brookfield 2 rpm viscosity of about 5,000 to about 25,000 centipoise and a three week aged
Brookfield 2 rpm viscosity of less than 250,000 centipotise, an optional amount of an alkali metal
base, the alkali metal base/boric acid mole ratio in the dispersion ranging up to about 0.01; and
the balance water. The boric acid/urca dispersion can be used in the manufacture of engincered
wood products like oriented strand board as well as be a part of a waterborne coating formulation

to coat wood products to improve fire retardancy.
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FINE PARTICLE SIZE BORIC ACID/UREA DISPERSION AND METHODS AND

PRODUCTS USING SAID DISPERSION

FIELD OF THE INVENTION

The present invention relates to a fine particle size boric acid/urea dispersion that
includes a viscosity reducing agent and optionally an alkali base, and in particular to a fine
particle boric acid/urea dispersion of high total actives content that is stable, pumpable, and
gasily transported for use as a fire retardant additive in the manufacture of enginecred wood
products like oriented strand board, particle board, and medium density fiberboard and in coating

applications of wood products to improve their flame spread performance.

BACKGROUND ART

In the prior art, it is known to use borates and boric acid {abbreviated as BA) as a fire
retardant when manufacturing wood products like oriented strand board (hereinafter OSB),
particle board (hereinafter PB), and medium density fiberboard (heremafter MDF). 1t should be
noted that boric acid is also known in the art as orthoboric acid. Boric acid is a weak acid
whereby room temperature, saturated solhwtions of boric acid exhibit a pH of 4.

Flame spreadability or flame spread index performance s often used as a quantifiable
efficacy measurement of the fire retardancy of a given product. There are a number of different

kinds of surface flammabhility tests used to assess the fire retardancy of materials and a
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description of these is found in a treatise on Analytical Chemistry, Part 3, Volume 4 edited by L.
M. Kolthoff, Philip J. Elving, Ired H. Stross, published by John Wiley & Sons, Inc., Copyright
1977, Section D-1: Thenmal and Chemical testing, Part iii, Section D-1, Surface flammability
measurements for building materials and related products by Herbert W, Eickner, Forest
Products Laboratory, US Dept, of Agricuiture, Madison, Wi, One of the flame spreading tests is
the Steiner tunnel or 25-1 tunnel furnace method {ASTM Standard E84-70), as developed by the
Underwriters’ Laboratories, as a rating method for measuring surface flammability of building
materials. In this test, a flame spread index (FS1) is calculated based on the distance of the flame
travel and the rate at which the flame front advances during a specified time of exposure. to
have a class A fire rating, which is the best rating, the FSI should be in the range of 0-25. Class
B has an FSI range of 30-75, and a Class C fire rating has an FSI range of 80-200. Typically,
engineered wood products can only attain a Class C rating whereas pressure treated plywood
would have a Class A rating using this test,

Another surface flame spread test is the radiant-panel method, which was developed as a
result of seeking a faster laboratory scale testing method than the Steiner tunnel furnace method
that would have some predictive correlation with E84 test results. This radiant-panel test method
is ASTM Standard E162 (17).

An example of a boric acid dispersion for use as a fire retardant for wood products is
found in United States Patent No. 4,801,404 to Dietrich et al. (Dietrich). This patent discloses
the use of a granular boric acid in a low-shear mixing process to yield a dispersion of boric acid

particulates having an average particle size of about 800 um. The process uses some alkali base
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to facilitate the dispersion of the boric acid granules. The preferred molar ratio of boric acid to
alkaline agent (namely NaOH) used to form a small amount of borate salt is claimed as being
1.0:0.01 to 1.0:0.20 (or 100:1 to 5:1) and in the one illustrative example, the molar ratio of boric
acid/NaOH is 1.0:0.02 (or 50: 1).

Dietrich teaches that the use of ground boric acid powders is disadvantageous in
producing boric acid dispersions as it indicates that non-uniform particle size distributions are
produced and that high viscosities are encountered such that dispersions of lower solids contents
are only possible. Dietrich also suggests that the boric acid can be combined with a dispersant
but provides no disclosure of any specific dispersant chemistries showing utility. However,
experimentation conducted by the inventors has shown that the kinds of dispersions being
praduced by Dietrich are not stable over long time periods; they will hard pack settle and must
be kept continuously agitated or be re-agitated at the time of use. Such dispersions would not be
suitable for longer term storage in totes or tank trucks for subsequent transport to engineered
wood board mills,

Another problem with the use of borates and boric acid is the homogeneity of the fire
retardant additive in the wood product. That is, the boric acid or borate particles, as they are
dense and large m si1ze, can segregate in the wood product and not be dispersed within the
engineered wood product in a homogenous way. This lack of homogeneity can affect the flame
spread index (FSI) rating of the wood product such that it cannot achieve a Class A rating in E&4
testing. This segregation problem can exist when applying coarse particle size dispersions of
borates and boric acid but 1s particularly problematic when blending in the borates and boric acid

in their dry powder or dry granular forms.
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Further, even in instances of having a fairly good mix of the boric acid or borate particles
with the wood fiber, particles or flakes, utilizing manufacturing processes where a pressing step
is used, the fire retardants can subsequently segregate as a result of the pressing step and
adequate fire retardancy may only exist on one side of the wood product.

To have maximum flame spread performance, pressure treated plywoods are preferred
materials for building use. However, these kinds of plywoods are not without their
disadvantages due to cost and due to the additives used during their manufacture that can cause
some environmental concerns. Engineered wood products like OSB, particle board, and MDF do
not have the same environmental concerns as pressure treated plywoods as the chemicals used in
the plywoods are not used in the engineered wood products. However, current engineered wood
praducts for construction applications arc inferior in their fire retardancy as compared to pressure
treated plywoods. For example, many engineered wood products would only have a Class C fire
rating for flame spread performance.

With respect to fire retardant formulations being targeted for use on wood and cellulosic
products to make the finished product more resistant to fire and flame spread, it is known to use
combinations of boron containing compounds, such as boric acid and/or various borates, together
with various nitrogen containing compounds (such as urea, thiourea, dicyandiamide, guanidine,
or cyanamide) to achieve the desired {ire retardant effect. In many instances, the combmations
of boric acid and/or borates with urea are employed along with a wide array of other fire
retardant additives such as phosphorus containing compounds like APP (ammonium
polyphesphate) and phosphoric acid.

Furthermore, combinations of boric acid and urea are known in the literature to produce a

variety of different boron-nitrogen compositions or compounds depending on how they are
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combined or the reaction conditions employed. The resultant boron-nitrogen composition that is
produced will depend on whether the boric acid and urea are combined with one another under
agqueous, non-aqueous, or molten neat conditions and will accordingly depend on the
stoichiometry and processing temperature that is employed under the aforementioned conditions.
Some illustrative examples of various boron-nitrogen compounds are discussed below,

JP 4014480 B2 discloses fire retardant compositions that contain (A) water-based agents,
which are the reaction products at 90 - 160 °C of 1 mole part boric acid with 1-5 mole parts urea
and 0.05-1 mole parts H:PO,, and (B) silane couplers at a B/Si molar ratio of 2.5-20:1. The
application is then carried out by coating or impregnation of the wood substrate. On an active
weight basis, the aqueous B-N-P fire retardant compositions therefore range in boric acid/urea
w/w ratio from about 1.03:1 to 0.206:1. Given the process temperatures employed, the resultant
reaction compounds disclosed in this prior art likely arise from condensation reactions.

JP 48023399 B discloses fire retardants for use on textiles and wood products which are
prepared by treating boric acid with a nitrogen-containing compound (¢.g., urea, thiourea ,
dicyandiamide, guanidine, or cyanamide ) at 60 - 155 °C using a boric acid/nitrogen compound
molar ratio of 1:0.5 to 1:3. The incorporation of 5-50% by wt. of the reaction products in fibrous
materials, ¢.g. textiles, paper, and wood products, resulted in forming a noncombustible product.
When urea is employed as the nitrogen compound, the fire retardant compositions would
therefore range in boric acid/urea active basis w/w ratio from about 2.06:1 to 0.34:1. The
process conditions disclosed in JP 48023399 B (non-agqueous at 60 — 155 °C) suggest that the
boric acid and the nitrogen compound are undergoing a condensation reaction. Condensation

reactions between boric acid and urea result in the elimination of water and will yield a
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polyborate ester (see reaction details in S. Mondal, et. al.; Advanced Materials Research, Vol
29-30, pp. 199-202, 2007).

Possible boric acid/urea reaction species that can be formed in water are disclosed in the
following technical publications. In broad compositional terms, the reaction species can be
described as 1:x boric acid/urea compounds whereby x = 1-3 or alternatively expressed as the
molecular formula H:BO3:xCO(NH2z)a.

In the Russian technical publication entitled “Equilibrium in Aqueous Solutions of Urea

and Boric Acid at 25, 60, and 75 deg. C.,” Skvortsov, V. G., et.al., Uchenye Zapiski

Chuvashskii Gosudarstvennyi Pedagogicheskii Institute, Volume: Neo. 29, Pages 139-49, Journal,

1969, the solubility in the H:BO:-CO(NH2)2-H:0 system was studied at 25, 60, and 75 °C. At
60 and 75 °C, the formation of a 1:3 boric acid:urca compound, H3BO3:3CO(NH:)2, was
observed which forms orthorhombic erystals differing greatly from the forms of the initial
components. The 1:3 BA/urea compound (CAS Reg. # 31754-59-3) was reported to be
incongruently soiuble in H>O at 60 °C.

In the Hungarian technical publication entitled “Study of the Boric Acid-Urea Interaction

in Aqueous Solution,” Orszagh, Istvan, et.al., Magyar Kemiai Folvoirat, Volume 91, Issue 11,

Pages 494-498, 1985, a }:1 molar reaction complex of bori¢ acid urea, H3BO3:CO(NH;),, was
postulated to be formed in water at 25 °C and is a water solubie species. In accordance with their
findings, a chemical interaction between boric acid and urea was studied in agueous solution by
equilibrium solubility measurements and by [R-spectroscopy. The product of the H:BO; - urea
interaction was postulated to be a hydrogen-bond based complex with a 1:1 molar ratio at pH
4.24. The stability constant of the 1:1 reaction complex was reported to be 0.057 mol™ dm” at 25

°C. The noted considerable increase in solubility of the 1158303 was explained by a chemical
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interaction between urea and the boric acid to form the proposed soluble 1:1 boric acid:urea
reaction complex (CAS Reg. # 68072-56-0).

United States Patent No. 9,669,564 B2 discloses a method of treating plywood or
oriented strand board (OSB) which comprises applying an aqueous fire-retardant impregnate to
the plywood or OSB with a thickness such that the impregnate penetrates the wood product, and
then subsequently applying a coating to the wood product’s surface, wherein said treatment
confers fire retardancy properties to the treated wood product. The fire retardant impregnate
solution is applied by pressure or vacuum treatment, or microwave freatment. While many
different aqueous fire retardant impregnate solutions are disclosed for use, in one embodiment,
the fire retardant impregnate comprises a npitrogen-containing compound (e.g., urea) and a boron-
containing compound {c.g., boric acid}. The weight concentration of the fire-retardant chemicals
in the agueous treating solutions can vary from between about 1.0% to 50.0%, depending upon
the applications and treating processes. In a preferred embodiment, the weight concentration of
the fire-retardant chemicals can range from between about 2.0% to0 20.0%. In the most preferred
embodiment, the weight concentration of the fire-retardant chemicals can range from between
about 5.0% to 15.0%. However, in this prior art, no optimum boric acid/urea w/w ratio range is
specified. This prior art focuses on fire retardant solutions having a total actives content of 1.0 —
50.0% but more cormmonly 5.0 — 15.0% which can be used to impregnate the wood products Lo
confer fire retardancy properties to it.

United States Patent No. 6,423 251 B1 discloses aqueous urea condensate-horate
compaeositions useful as fire retardants for flammable organic materials by applying it to these
malerials. The urea condensate-borate compositions may also contain carbonization auxiliaries,

such as phosphorus-containing compounds, metal-contamning compounds that will accelerate

Date Regue/Date Received 2020-09-28



carbonization, heat reflectors, surfactants, and fillers. The urea condensate-borate composition is
produced by mixing, heating and/or reacting urea, boron oxyacids and alkali metal hydroxide or
alkaline earth metal hydroxide or oxide or the boron oxyacids may be first reacted with the alkals
metal hydroxide or the alkaline earth metal oxide or hydroxide to form an alkah metal or
alkaline-earth metal borate, Any suitable boron oxyacids, such as boric acid, can be employed in
the process to produce the resultant borate composition. The relative weight amounts of boric
acid : urea : akali or alkaline earth metal hydroxide fall into the w/w/w ranges from 1-4 : 4-8: I~
3 so the corresponding boric acid/urea w/w ratio falls into the range of 0.125:1 to 1:1. This prior
art discloses urea condensate-borate compositions.

United States Patent No. 6,306,317 Bl discloses a phosphate and ammonia free
composition for treating wood products. The treatment solution may be applied to the wood
product by dipping, soaking, brushing, spraying, etc., however, vacuum and/or pressure
technigues may be used to impregnate the material according to the method of this invention,
including both the empty-cell process and the full-cell process. The composition achieves fire
retardant gualities without degrading the wood product when the treated material is subjected to
heat and humidity over time. The liquid fire retardant composition of this invention 1s essentially
of an aqueous solution having nitrogen- and boron-containing compounds dissolved therein and
having a ratio of boron to nitrogen ranging from 1:1.25 to 1:1.75 by weight and the treatment
solution is also free of phosphates, ammonia and salts thereof. On the basis of employing an
agueous solution of boric acid and urea in accordance with this art, it means the preferred boric
acid/urea w/w ratio 1s about 2.13:1 to 1.52:1 whereby the total actives content of boric acid plus

urea composition ranges {rom 4.0 — 25.0% by weight in water. This prior art discloses aqueous
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formulations of boric acid and urea that are phosphate free but the resultant compositions are in
soluble form and the solutions are limited in total actives content to 4.0 — 25.0% range.

United States Patent No. 8,308,997 B2 discloses a fire resistant composition and a
method of making fire resistant cellulosic materials comprising the fire resistant composition.
More specifically, the invention relates to soluble aqueous compositions comprising urea and a
boron-containing compound for imparting fire resistance to cellulosic products. The boron-
containing compound typically comprises borates with particular emphasis per the claims being
on the borate compound commonly known as disodium octoborate tetrahydrate (DOT),
Na:Bs013.4H20, Mw = 412.527, So, the sodium borate DOT contains about 20.96% B in its
composition. Per claim 1, the aqueous composition comprises from about 1.5 wt.% boron (or
7.155% DOT) to about 3.0 wt.% boron (or 14.311% DOT), and at Icast about 10 wt.% urca. On
this basis, this translates to a DOT/urea w/w ratio of about 0.715:1 to about 1.43}1:1 in the
aqueous solution. If the urea content 1s further increased to 15 wt.% or to about 30 wt.% (per
claims 2 and 3) then the corresponding DOT/urea w/w ratio is further lowered. In summary
these claimed compositions are aqueous solutions of DOT and urea having a relatively low total
Y% actives content (<X 50%) and in general they utilize amounts of DOT and urea at DOT/urea
w/w ratios of 1.431:1 orless. In contrast, the liquid, waterborne boric acid/urea dispersions
disclosed in this invention employ boric acid/urea w/w ratios of at least 1.5:1 or higher and the
total actives content of boric acid plus urea is at least 60% by weight or higher.

There is a need to further improve the fire retardancy of engineered wood products so
that they can better compete with pressure treated plywoods in the buiiding and construction
industry. In addition, efficient and economical methods are needed to meet the [(ire retardancy

needs in other wood related applications such as furniture. Further vet, there is a need to
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improve the viscosity of boric acid-containing dispersions so as to permit higher actives content
dispersions that are stable so that they can be shipped over long distances and still have
pumpability for use at the shipping destination. The present invention responds to these needs by
providing a boric acid/urea dispersion that has a high total actives content whereby a portion of
the boric acid therein is in a fine particle, particulate form that is ideally adapted for transport and

pumpability when used in engineered wood products.

SUMMARY OF THE INVENTION

In one embodiment, the invention relates to an improved boric acid/urea dispersion that is
designed to be used in methods of making engineered wood products like OSB, particle board,
and MDF.

Another aspect of the invention 18 the use of the boric acid/urea dispersion as the pigment
master batch component in a waterborne coating product that is applied to the surface of'a wood
product to improve the wood product’s flame spread performance. This use also produces an
improved wood product by reason of the applied coating containing the boric acid/urea
dispersion on the wood product. A further aspect of the invention with regard fo waterborne
coatings 1s the ability to use either a borie acid dispersion as described below or the boric
acid/urea dispersion in a intumescent coating formulation. In this application, the boric acid can
in either dispersion can act as the acid donor in the intumescent coating formulation and the urea
in the boric acid/urea dispersion can act as the blowing agent for such a waterborne intumescent
coating formulation.

More particularly, the boric acid/urea dispersion embodiment of the invention comprises

an aqueous boric acid dispersion having boric acid particles with a median particle size range of

10
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less than 44 microns whereby the total actives content of boric acid plus urea in the dispersion is
60% or greater by weight and it further comprises a w/w ratio of boric acid to urea in a range of
19:1 to 1.5:1. While the total actives content of the aqueous boric acid/urea dispersion is at least
60% by weight it can be as high as 85% whereby the amount of boric acid therein would range
from about 60 — 95% of the total actives content or more preferably range from about 70 — 80%
of the total actives content. For example, in a highly preferred case where the boric acid/urea
dispersion is 3:1 w/w boric acid to urea at a total actives content of 78% then the amount of boric
acid in the dispersion equates to 58.5% of the formula’s total weight and the urea equates to
19.5% of the formula’s total weight, However, it is important to understand that the boric acid
content in such boric acid/urea dispersions is present in two forms whereby a significant fraction
of the total boric acid content is insoluble consisting of a fine particle, particulate dispersion
while another fraction of the boric acid is solubilized given the likely formation of a water
soluble I:1 molar reaction complex of boric acid:urea as previously described in the above
referenced technical literature (see Orszagh). The inventive boric acid/urea dispersions are
therefore heterogeneous systems since they have both insoluble and water soluble components.
Given the heterogeneous nature of the aqueous boric acid/urea dispersions, it is appropriate to
define the total concentration of all boric acid and urea related species therein in terms of the
dispersion’s % actives content. For definitional purposes, the % total actives content of the boric
acid/urea dispersion is the sum of all the boric acid and urea components therein independent of
whether these components are solubilized, insoluble particulates or formed into a soluble 1:1
molar complex of boric acid:urea. It should be noted that the refative amounts of these
components in a given dispersion will vary as a function of the boric acid/urea w/w ratio and the

% total actives content to which the dispersion 1s produced. Furthermore, the relative

11
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distribution of the components for a given boric acid/urea w/w ratio will change depending on
the % total actives content that is targeted and on the temperature of the dispersion since the
aforementioned components are in equilibrium with one another. Temperature, for example,
affects the solubility properties of the boric acid which consequently changes the amount of boric
acid that is in solution and available to complex with solubilized urea,

The boric acid/urea dispersion further comprises an effective amount of at least one
viscosity reducing agent such that the boric acid/urea dispersion has an initial Brookfield 2 rpm
static viscosity of 5,000 to 25,000 centipoise and a three week aged Brookfield 2 rpm static
viscosity of less than 250,000 centipoise, an optional amount of an alkali metal base, wherein the
alkali metal base/beric acid mole ratio in the boric acid/urea dispersion ranges from zero to about
0.01; and the balance water. The initial and aged static viscosity values are measured using a
Brookfield RVDVE Heliopath viscometer unit equipped with the appropriate T-spindle (spindle
mumber selection depending on the viscosity range being measured) and run at 2 rpm at 25 °C.
The reason that these viscosity measurements are characterized as static viscosity values 1s that
they are measurements of the dispersion in a static condition, including when initially made and
then after a three week aging period. Brookfield measurements run at 2 rpm with a T-spindle are
indicative of the overall stability and pumpability of the boric acid/urea dispersion. The boric
acid/urea dispersions of this invention exhibit thixotropic rheological behavior and are
consequently shear-thinning fluids. An initial Brookfield 2 rpm static viscosity of 5,000 -
25,000 centipoise is needed in order to keep the dispersed boric acid particles well suspended in
the dispersion over time. An aged Brookfield 2 rpm static viscosity that is less than 250,000
centipoise is needed in order to insure that the thixotropic gel that forms on standing can be

readily broken down by the applied suction from a positive displacement transfer pump and

12
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consequently transformed into a flowable fluid that can be pumped out from storage totes or
tanker trucks. The applied force needed to breakdown thixotropic gels into a flowable fluid is
commonly referred to as the Yield Point. Therefore, the Yield Point of the aged boric acid/urea
dispersion should be low enough that pumpability after storage is still good and an aged
Brookfield 2 rpm static viscosity that is less than 250,000 centipoise insures this pumpability
requirement.

It should be noted that Brookficld measurements on the boric acid/urea dispersions can
also be conducted at 20 rpm. Measuring the boric acid/urea dispersion at 20 rpm is more
indicative of a dynamic viscosity value for the boric acid/urea dispersion. Because the
Brookfield 20 rpm viscosity measurement represents the flowability or flowable nature of the
boric acid/urca dispersion, this measure of viscosity 1s called a dynamic viscosity and it is useful
information in discerning the potential flow rate of a boric acid/urea dispersion as it is being
pumped.

The Brookfield 2 rpm measurement is being made to determine the viscosity of the
dispersion under essentially “static conditions” where a very low shear force is being applied.
This low 2 rpm reading is particularly important when measuring the viscosity of the gels formed
trom aging under static conditions as it 1s essentially a measure of the gel’s viscostty. In
rheology terminology, the term kinemalic viscosity 1s also used to define the measurement of &
fluid's inherent resistance to flow when no external force, other than gravity, is acting on it. In
contrast, the higher shear Brookfield 20 rpm measurement is measuring essentially a dynamic
viscosity value. Dynamic viscosity 1s defined as the measurement of a fluid’s resistance to flow

when an external force is being applied. In the case when 20 rpm is used, the dynamic viscosity

13
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of the dispersion product is being measured in its flowable state as opposed to the viscosity
reading at 2 rpm whereby the product is being measured in its non-flowing “static™ gel state.
Therefore and besides having the initial and aged static viscosities as described above, it
is preferred that the boric acid/urea dispersion also exhibit a Brookfield at 20 rpm dynamic
viscosity of less than 5,000 centipoise when initially made or after the boric acid/urea dispersion
has been stored for a period of time and then re-agitated. Tor purposes of clarity, re-agitation of
an aged boric acid/urea dispersion can take place as a result of the aged dispersion being
mechanically stirred with some type of mixing system or can also occur as a consequence of the
mechanical shear that is imparted by certain types of pumps during the act of pumping the aged
dispersion. With the boric acid/urea dispersion having this dynamic viscosity, it can be readily
injected into wood fiber streams or spray applied onto wood raw material substrates such as
chips or flakes. Therefore, another object of the invention is having a stable, high actives content
dispersion of boric acid/urea that can be readily applied via injection or by spray application.
The thixotropic behavior of the inventive boric acid/urea dispersions helps to insure they meet
both the stability and suspension requirements associated with storage and transport of the
product as well as its subsequent ability to be injected or spray applied at the time of use ata
wood panel manufacturing facility. The aged inventive boric acid/urea dispersions when re-
agilated or pumped will revert back to their initial viscosily values and upon standing will
gradually increase in viscosity again in a similar manner and to a similar maximum viscosity.
The boric acid/urea dispersion can also be characterized in terms of a thixotropic index
(T1) value. The mventive boric acid/urea dispersions exhibit thixotropic rheology propertics
which are unigue and important characteristics of the dispersions. Their thixotropic properties

are critical to their ability to be supplied in a stable form: where good pigment suspension is
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achieved. In addition, the ability of the thixotropic gel produced under static aging conditions to
be easily reverted back to a flowable Tluid when exposed to shear forces (such as those applied
from mechanical stirrers or through the mechanical action of pumps) is also equally important to
its end-use utility. Thixotropic behavior can be easily quantified by means of determining a
fluid’s Thixotropic Index (T1) value. One way a T1 value can be determined is by dividing two
Brookfield viscosity readings that are recorded at least a factor of 10x apart in shear rate. So, for
a given dispersion, dividing its Brookfield 2 rpm viscosity value by its Brookfield 20 rpm
viscosity value yields a representative TI value that can be compared with the calculated TT value
of another dispersion to assess their comparative thixotropic nature on a relative basis, The
greater the calculated T value is the more thixotropic the dispersion is; hence the observance of
a high TI value is typically associated with the formation of gels. Thus, it is preferred that after
aging, the boric acid/urea dispersions having a Brookfield 2 rpm viscosity less than 250,000
centipoise should also be gels having a T value less than or equal to about 8.0,

While the total actives content of the aqueous boric acid/urea dispersion is at least 60%
by weight and up to 85% by weight, the total actives content range is preferably between 70%
and 80%, and more preferably between about 75 to 78% whereby the amount of boric acid
therein would comprise about 60 — 95% of the total actives content or more preferably comprise
about 70 — 80% o[ the total aclives content. The ability to supply a high actives content
dispersion (which is also stable and easily pumped) is advantageous from the standpoint of
minimizing the amount of water being back added to the wood source in the engineered wood
panel manufacturing facility. The moisture content of the wood f{iber, chips or flakes has to be
carefully controlled within certain limits during the wood panel manufacturing process otherwise

panels with defects or performance deficiencies are produced.
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The median particle size of the boric acid particles in the aqueous boric acid/urea
dispersion is preferably less than about 21 microns. In terms of a size range, a preferred median
particle size range would be about 10 - 30 microns. The ability to supply a very fine particle size
dispersion of boric acid particles is advantageous from the standpoint that the resultant surface
area of the finer boric acid particles yields improved coverage of the starting wood raw materials
and accordingly provides improved fire retardancy properties in the finished wood panels.

The viscosity reducing agent can be one or a combination of a number of different kinds
of surfactants that provide the target initial and aged static viscosities and dynamic viscosity.
These particular surfactants include those selected from the group consisting of cationic type
surfactants, ethoxylated amine surfactants, polymeric anionic or nonionic pigment dispersants,
nonionic, anionic, or amphoteric surfactants, and cthoxylated phosphate cster surfactants.
Examples of these surfactants are listed in the examples provided below.

For the cationic surfactant, preferred surfactants include coco pely (15} oxyethylene
methyl ammonium chloride, isodecyloxypropyl bis-(2-hydroxy-ethyl) methyl ammonium
chloride, isotridecyloxypropyl bis-(2-hydroxyethyl) methyl ammonium chloride, and
dicocoalkyldimethyl ammonium chloride.

For the ethoxylated amine surfactant, preferred surfactants include poly (2) oxyethylene
isodecyloxypropylamine, poly (5) oxyethylene isodecyloxypropylamine, poly (2) oxyethylene
isotridecyloxypropylamine, and poly (5) oxyethylene isotridecyloxypropylamine.

For the anionic or nonionic pigment dispersant, preferred dispersants include a blend of
polyglycol esters, a copolymer with pigment affinic groups, an electrosteric dispersant and grind
aid like Zetasperse 3600, a dynamic welter plus anionic dispersant polymer, a blend of

ethoxylated Cs-C2 alcohols + polyoxyalkylene amine derivative, a
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carboxylate/sulfonate/nonionic functional terpolymer, sodium polyacrylate, sodium naphthalene
suifonate, and the proprietary dispersing agent E-Sperse 100.

For the nonionic, anionic or amphoteric surfactants preferred surfactants include poly (6)
oxyethylene Co — Ciy aliphatic alcohol, poly (5) oxvethylene is0-Ci3 alcohol, ethylene oxide /
propylene oxide copolymer, polyethylene glycol 200, sodium octyliminodipropionate, and
butanedioic acid, 2-sulfo-, 1,4-bis(2-ethylhexyl) ester, sodium salt.

For the phosphate ester surtactants, preferred swfactants include oleyl 4(EO) phosphate
ester and oleyl 6(EQ) phosphate ester.

Even more preferred viscosity reducing agents from the listing above mclude coco poly
{15) oxyethylene methy! ammonium chloride, isodecyloxypropy! bis-(2-hydroxy-ethyl} methyl
ammonium chloride, dicocoalkyldimethyl ammonium chloride, poly (2) oxyethylene
isodecyloxypropylamine, and an electrosteric anionic dispersant and grind aid like Zetasperse™
3600, with a most preferred viscosity reducing agent being dicocoalkyldimethyl ammonium
chloride.

An especially preferred surfactant for the boric acid/urea dispersion is the quaternary
amine based chemistry dicocoalkyldimethyl ammonium chloride. Interestingly, it should be
noted here that most of the preferred viscosity reducing agents for the inventive boric acid/urea
dispersion are surfactant-based chemistries and are not polymeric dispersants.

When used, the alkali metal base can be any alkali metal base with NaOH and KOH
being preferred. The alkalt metal base/boric acid mole ratio can range from about 0.001 to
about 0.007, and more preferably range between about 0.002 to about 0.006.

The aqueous boric acid/urea dispersion can also include an additional surfactant and

xanthan gum. The additional surfactant is a nonionic surfactant of intermediate HLLB value that
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is preferably low foaming (thereby minimizing the generation of foam during the manufacture of
the boric acid dispersion) and is used in an effective amount to aid the wet-out and ease of
dispersion of the xanthan gum additive. Low foam nonionic surfactants would be those
characterized has typically exhibiting an imtial Ross-Miles foam height value equal to or less
than about 50 mm at a concentration level of 0.1% aquecus. The xanthan gum is also in an
effective amount for improving the suspension properties of the boric acid particles in the
dispersion {thereby preventing syneresis issues in the dispersion as it ages) and for improving
adherence betwean a wood product and the boric acid particles used with the wood product to
improve fire retardancy thereof. The improved adherence of the fine particle size boric acid
particles when dispersions are injected or spray applied onto wood fiber, particles or flakes is an
important performance benefit as it helps to prevent scgregation issues during processing and
subsequent pressing of the wood panels. The improved homogeneity of coverage with boric acid
particles thereby results in wood panels with better and more consistent fire retardancy
performance. When used, the amount of the nonionic surfactant in the boric acid/urea
dispersion can range from about 0.01 to about 0.25 wt.% and the amount of the xanthan gum in
the boric acid dispersion can range from 0.01 to about 0.25 wt.%.

More narrowly defined target ranges for initial and aged Brookfield 2 rpm static
viscosities [or the boric acid/urea dispersion can be achieved and employed. The initial
Brookfield 2 rpm static viscosity can range between about 8,000 and about 20,000 centipoise and
the three week aged Brookfield 2 rpm static viscosity can be 200,000 centipoise or less.

Another embodiment of the invention is the use of the bornc acid/urea dispersion to
improve the fire retardancy of a wood product by providing a waterbome coating formulation

employing the boric acid/urea dispersion as a pigment master batch component therein, in whole
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or as a part thereof, and applying the coating onto one or more surfaces of the wood product,
The wood product can be any type of wood product suitable 1o accept a fire retardant coating
formulation comprising boric acid and urea and examples include OSB, particle board, and MDF
as well as dimensional lumber products. The wood product would have an applied coating
formulation covering at least one surface of the wood product, with the coating formulation
comprising the inventive boric acid/urea dispersion functioning as both a pigment and a fire
retardant additive and an effective amount of 2 compatible waterbome binder to help bind the
boric acid particles in the boric acid/urea dispersion to the wood product being coated. The
waterborne binder is designed to have a relatively neutral pH, have a minimum film formation
temperature of 25 °C or less, and have a glass transition temperature less than 25 °C. Ina
preferred mode, the waterborne binder can be about 10-40% by weight of the total coating
formulation weight. The waterborne coating formulation can be an intumescent coating
formulation and, for this application, both the boric acid/urea dispersion and the boric acid
dispersion described below can be used to formulate these kinds of coatings. For either
dispersion, the waterborne binder described above can be used as the binder component of the
intumescent coating formulation. The boric acid component of either dispersion can act as an
acid donor (used alone or in combination with other acid donors known in the art) for the
intumescent coating formulation and the urea component of the boric acid/urea dispersion can
act as a blowing agent additive or co-additive for the intumescent coating formulation.
Another application for a boric acid-containing dispersion is to coat cellulosic materials
to improve their fire retardancy properties. Any cellulosic materials that are used in applications
where fire retardancy is a requirement or desired are candidates to be coated by the boric

acid/urea dispersion of the invention or the boric acid dispersion described below that does not
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contain urea. Typical cellulosic materials, which may be coated with an effective amount of the
boric acid/urea dispersion or boric acid dispersion and used in structures or the like where fire
retardancy 1s desired, include papers, cardboards, rayons, cottons, shoddy fabrics, natural fibers,
synthetic fibers, linens, wood fibers, plant fibers, liner boards, ground newspaper and a mixture
of wood fibers and ground newspaper, or combinations thereof. While any application process
can be used to coat these cellulosic materials, the sprayability of the boric acid/urea dispersion or
boric acid dispersion makes either of these dispersions an ideal candidate for spray application to
a cellulosic material. One example of an application would be to apply the boric acid/urea
dispersion or boric acid dispersion to ground newspaper or a mixture of wood fibers and ground
newspaper, and then use this coated mixture for insulation purposes, e.g., blowing the mixture
into attics and other spaces/structurcs where insulation is desired. Depending on the form of the
cellulosic material, the coating process may coat the material 1n its entirety or on a portion that
would be less than the entirety but still be enough coverage of the cellulosic material to provide
the desired fire retardancy. While the weight percentage of the applied dispersion based on the
total weight of the coated cellulosic material may vary depending on the type of cellulosic
material, end use application, and level of fire retardancy required, typical percentages using a
dry basis content wt. would range from 3% to 24% of the coated cellulosic material. However,
one skilled in the art will readily recognize that the spray application of the boric acid/urea
dispersion or boric acid dispersion onto the cellulose can also be used in various combinations
with dry powder additives of boric acid and/or sodium borates (e.g., borax pentahydrate, borax
decahydrate or DOT) as required to meet the desired fire retardancy and final moisture content

properties.
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Cellulose insulation, for example, commonly refers to a loose fill product produced
primarily from ground newspaper although combinations of ground newspaper and wood fiber
are also known to be used. The appeal of cellulose as an msulation material arises from its good
thermal insulation properties and its ease of production and subsequent installation. All cellulose
insulation products sold in the United States must meet certain Federal specifications (namely
Federal Specification HH-I-515-1). For fire retardancy, the specification calls for conducting a
Radiant Panel Test for flame spread in combination with a smoldering combustion test. In order
to meet the standard, the Critical Radiant Flux (CRF) has to be greater than or equal to 0.12
W/em? in the Radiant Panel surface flammability test. For the smoldering combustion test, the
weight loss of the cellulose in a steel box (20 x 20 x 10 cm) has to be less than 15% after 2 hours
using a lighted cigarette as the ignition source. It is known that boric acid is effective in himiting
flame spread (as measured by the Radiant Panel surface flammability test) and for also inhibiting
smoldering combustion. In comparison, sedium borates are known to be effective in limiting
flame spread but can promote smoldering combustion (see discussion in Section 9.2.2 p. 211 in
the CRC Press book publication “Fire Retardancy of Polymeric Materials™, 2% Edition, edited by
Wilkie, C.A., et. al. CRC Press, 2010). In the Federal specification for cellulose insulation there
are also corrosion related requirements. To balance the flammability test performance and the
corrosion test performance while also controlling cost, it is reported in the aforementioned CRC
publication that a commonly used combination has been a 1:1 w/w ratio blend of boric acid and
borax pentahydrate at a total loading of 15 — 18% by weight in the cellulose insulation. This
total wt.% loading range of boric acid plus borax pentahydrate thercfore serves as guidance for
targeting an effective content level when applying the high solids boric acid dispersions

discussed herein on a cellulosic maternial.
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Similarly, United States Patent No. 8,308,997 discussed above also provides examples of
the amounts of boron atom wt. percentages as derived from DOT (disodium octaborate
tetrahydrate) and urea wt. percentages used on a given material for effective fire retardancy on
cellulosic materials and these boron wt. percentages could be used as loading targets when
applying the boric acid/urea dispersion on a cellulosic material, For example, in a preferred
embodiment disclosed in the "997 patent, the cellulosic article of commerce comprises from
about (.6 wt.% boron to about 2.5 wt.% boron while the urea content therein ranges from 2 wt.%
urea to 15 wt.% urea. An article boron content of 0.6 wt.% therefore translates to a boric acid
content of 3.43 wt.% while an article boron content of 2.5 wt.% translates to a boric acid content
of 14.3 wt.% in the cellulosic article. When utilizing a boric acid/urea dispersion in accordance
with the present invention having a 1.5:1 w/w ratio, the total wt.% content of boric acid plus urca
in the cellulosic article would therefore range from 5.72% (3.43% BA + 2.29% urea) to 23.8%
(14.3% BA + 9.53% urea) to deliver the equivalent wt.%’s of boron (0.6 — 2,5 wt.%) as defined
in the "997 patent. Using these content loading guidelines, the boric acid/urea dispersion or boric
acid dispersion can therefore be used in place of the DOT/urea materials utilized in the method
of coating cellulosic materials as detailed in United States Patent No. 8,308,997.

Another embodiment of the invention along with the coated wood product is a method of
coating a wood product Lo improve its [ire retardancy. This method entails applying an ellective
amount of the coating formulation described above to at least one surface of the wood product to
improve the fire retardancy of the wood product and form a coated wood product and then drying
the coated wood product. This method can be used on any kind of wood product needing fire
retardancy, including but not limited to particle board, oriented strand board, and medium

density fiberboard as well as dimensional lumber materials.
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Yet another embodiment of the invention is an improvement in the method of making
wood products that use wood fiber, particles or flakes, an adhesive, and a fire retardant additive.
The mmprovement 1s the use of the mventive boric acid/urea dispersion as the fire retardant
additive in these kinds of wood product manufacturing methods. The dispersion can be applied
using any of the known methods for adding fire retardants when making wood products, e.g.
spraying the dispersion on the wood product starting materials, and the like. As with the coating
method described above, any kind of a wood product that is in need of a fire retardant when
being manufactured is a candidate for using of the inventive boric acid/urea dispersion and
examples of these wood products include particle board, ortented strand board, and medium

density fiberboard.

BRIEF DESCRIPTION OF THE DRAWINGS.

Figure 1 1s an aqueous suspension micrograph of a boric acid fine particle stze dispersion,

Figure 2 is a histogram particle size analysis of a boric acid dispersion by microscopic
image analysis.

Figure 3 is a graph showing comparative flame spread data on OSB for a boric acid
technical grade powder vs. a boric acid dispersion,

Figure 4 1s a micrograph image of a 3:1 w/w boric acid/urea ratio dispersion al 200x
magnification.

Figure 5 15 a particle size distribution histogram plot for a 3:1 w/w boric acid/urea ratio

dispersion from image analysis {median p.s. = 20.4 microns).
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DETAILED DESCRIPTION OF THE INVENTION

The following description provides details concerning both an aqueous boric acid
dispersion and its properties and applications and an improved aqueous boric acid dispersion that
uses an effective amount of urea to improve the dispersion’s physical and rheological properties
as well as its resultant fire retardant performance in engineered wood and cellulose article
applications. The aqueous boric acid dispersion comprises a fine particle dispersion having boric
acid particles with a median particle size range of less than 44 microns, having a % solids
content of boric acid particles of 50% or greater and further comprising an effective amount of at
least one viscosity reducing agent such that the boric acid dispersion has an initial Brookfield 2
rpm static viscosity of 5,000 to 25,000 centipoise and a three week aged Brookfield 2 rpm static
viscosity of less than 250,000 centipoise. Having these propertics provides a significant
advantage in that the dispersion has long term stability, i.e., the boric acid stays in suspension
over a long period of time. As such, the boric acid dispersion can be transported in totes and
tanker trucks to a wood panel product making factlity and the wood product making facility does
not have to invest in any manufacturing equipment to be able to supply a boric acid or borate as a
fire retardant at its wood product manufacturing facility.

The boric acid dispersion also has a fine particle size particulate of boric acid, which
improves its distribution and surface coverage in any wood products using the dispersion [or [ire
retardancy. Using the dispersion results in a more homogenous distribution of the boric acid
particies throughout the wood product and uniform surface coverage thereof and avoids the
segregation problem that exists in prior art products that use larger size boric acid or borates,
such segregation possibly compromising the flame spread index (FSI) properties of the {inished

wood product.
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The boric acid dispersion as a fire retardant additive can be used in any known
engineered wood product manufacturing processes. The processes include the manufacture of
oriented strand board (OSDB), particle board (PI3), and medium density fiberboard (MDF) panels.
As the manufacturing of these types of engineered wood products is well known in the art, a
detailed description of the details of the wood product manufacturing is not needed for
understanding of the invention.

The aqueous boric acid dispersion can be used m an effective amount in any of the wood
product manufacturing process in order to improve the fire retardancy thereof. Examples of the
application of the boric acid dispersion in these effective amounts in wood product
manufacturing applications are detailed below.

Besides using the boric acid dispersion as a fire retardant additive in wood product
manufacture, the boric acid dispersion can also be used as the main pigment component within a
waterborne coating formulation to be applied to a wood product, such as OSB. In this
embodiment, a coating process is employed that coats the surface of a wood product using the
boric acid particulate-containing coating formulation. A compatible waterbome organic binder
is used with the boric acid particles to enhance the wood product’s fire retardant properties and
to facilitate the binding of the boric acid particles to the wood product. The organic binder can
also affect other coating (ilm properties such as {lexibility and durability, the coaling’s ability to
be nailed without cracking, its water and weather resistance properties and the like. The boric
acid plus binder coating formulation can optionally contain other ingredients such as mineral
pigments, colorants, titanium dioxide pigment, thickeners, surfactants, dispersing agents,
preservatives, defoamers, solvents, blowing-agents (e.g., melamine or urea), char forming

carbonizing additives (e.g., polyols), ete. without departing from the spirit of the invention. The

25

Date Regue/Date Received 2020-09-28



use of additional formulation ingredients largely depends on the end application and whether the
coating is intended to be only fire retardant functional or fire retardant functional as well as
decorative. Furthermore, the use of blowing agents and carbonizing additives are usually
associated with the formulation of a class of fire retardant coatings known as intumescent
coatings whose basic operating principle involves an applied coating that reacts to rising heat by
expanding to generate a heat-insulating char that slows or even prevents the underlying substrate
from reaching a critical temperature. With regards to the boric acid in the boric acid dispersion,
it would serve the function of being an acid donor or co-donor agent in an intumescent type
coating formulation. In accordance with the teachings of the technical literature (*“Intumescent
Paints: An Area of Growing Importance,” Austin, S, et. al., Paint & Coatings Industry, Oct. 11,
2017), there are four key ingredients in a water-based intumescent coating formulation:

e Acid Donor

e Carbon Source {typically a polyol)

o Blowing Agent

e Binding polymer (typically a vinyl acetate based copolymer)
A commonly known and utilized acid donor for intumescent coatings is ammonium
polyphosphate but the use of boric acid in infumescent coatings directed to fire retarding wood
substrates is known in the prior art. Representative examples of boric acid use in intumescent
coatings for wood are disclosed in the following publications/patents: US 6,425,947 B1, US
2014/0295164 A1, RU 2198193 C2 and CN 109370288 A. While the use of boric acid in such
coatings is known, the boric acid dispersion herein described would represent a novel way of

introducing this additive, available in high solids content liquid form, into waterbome coating
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formulations. Such boric acid disperstons can therefore serve as the pigment master batch in part
or as a whole when formulating water bome coatings offering fire retardant properties.

Using the fine particle boric acid dispersion also produces a product of the coating
process, L.e., a coated wood product board, wherein the coating comprises the fine particle size
boric acid particles and the binder, Typical applied coating film thicknesses for these types of
products is 2-10 mils.

The boric acid dispersion is typically made in water using a high shear mixing process
that uses at least one viscosity-reducing agent. The viscosity reducing agent contributes to the
ability to have a fine particle size in the dispersion, e.g., less than 44 um for the median particle
size, a solids content of the boric acid particles of at least 50% solids, and a stability as measured
in terms of Brookfield initial and aged static viscosities and, optionally dynamic viscosity, which
means that the boric acid particle dispersion remains dispersed, doesn’t setile, and is readily
pumpable over time so that the dispersion can be effectively transported in bulk and not lose the
dispersive characteristics when the dispersion is to be used later in a wood product making or
coating application.

The solids content of the boric acid particles in the boric acid dispersion can be up to
55% or even up to 60%. Providing a dispersion with excessive water, i.e., much less than 50%
solids content, presents a moisture control problem for the wood panel manufacturer. It is
therefore advantageous to minimize the amount of water being back added to the wood source
being used in the engineered wood panel manufacturing facility. The moisture content of the
wood fiber, chips or flakes has to be carcfully controlled within certain limits during the wood
panel manufacturing process otherwise panels with defects or performance deficiencies are

produced.
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In the formation of aqueous boric acid dispersions, two different dry starting materials are
readily available from boric acid and borate producers. One is a technical grade (T(G) granular
material having crystalline particles predominantly falling within the 40 - 100 mesh size range
(149 — 420 pm). The other is a pulverized powder of TG boric acid where about 61% of the
particles are -200 mesh (or 61% < 74 um) in size. The comparative particle size properties of
these possible dry boric acid starting materials are shown in Table 1A.

Table 1A: Typical Particle Size Properties of Technical Grade Boric Acid Raw Materials?

US Standard Sieve Equivalent Particle TG Granular BA, TG Powdered BA,
Screen, mesh Size Range in microns Typical Wt % Typical Wt.%

+4{) > 420 pM 4.8 0.0
-40, +100 <420 but > 149 uM 68.1 5.0
-100, +200 < 149 but > 74 uM 23.5 323
-200, +325 < 74 but > 44 uM 3.0 234

-325 <44 uM 0.6 394

Note:

a) BA is an abbreviation for boric acid. Reported sieve screen data supplied by National
Boraxx Corporation of Cleveland, Ohio on their Technical Grade Granular and Powder
Grade Boric Acids.

It is known that prior art dispersion processes teach that it is advantageous to utilize the
TG granular boric acid in a low-shear mixing process and that the resultant high solids dispersion
yields particles that are on average about 800 um in size; see the Dietrich patent discussed above.

As such, it is preferred that a high-shear dispersion process and dispersion made
therefrom uses the TG boric acid pulverized powder as its starting material and this subsequently
leads to making a much finer particle size dispersion of boric acid for fire retardant application
uses.

Microscopic examination of the aqueous dispersion of boric acid produced by the high-

shear mixing process shows that the majority of the boric acid particles are < 50 pm 1n size (as
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seen in the micrograph picture of Figure 1 from illustrative example Expt, #1 as discussed
below). Image analysis of the boric acid dispersion shown in the aforementioned micrograph, in
fact, indicates that the median particle size 1s about 21 pm (see histogram analysis plot of Figure
2). A target median particle size range of the boric acid particles in the inventive dispersion is 44
um or less, with a more preferred median particle size range being between about 10 and 30 pm,
The particle size distribution associated with this high solids dispersion of boric acid is therefore
considerably finer in particle size than the particle size of the starting material of TG boric acid
powder, thus illustrating that significant attrition of the boric acid has occurred during the high-
shear dispersion process. Attrition of the boric acid particle size is a consequence of the high-
shear mixing conditions employed in the dispersion process acting in combination with the atkali
base and the viscosity reducing agent. The histogram analysis plot (per Figurc 2) also indicates
that the overall dispersion of boric acid is uniform in particle size distribution which is counter to
the prior art teachings of Dietrich. Furthermore, the median particle size and particle size
distribution associated with the inventive boric acid dispersion is significantly finer in particle
size than anything previously described in the prior art for high solids dispersions of boric acid
(high salids being boric acid solids contenis = 50%).

In such high solids aqueous dispersions of boric acid, the dispersion 1s a heterogencous
systemn whereby a portion of the boric acid is solubilized in water and the remaining boric acid is
present as insohible particulates suspended in that solution. The fraction of boric acid that is in
solution is related to its reported solubility properties in water as a function of temperature (see

solubility chart below taken from Rio Tinto’s product literature}.
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Sobubility in water

&nnmg i £ saxéumm .

The high solids, fine particle boric acid dispersion entails the use of a high-shear
dispersion process employing a Cowles or Hockmeyer style dispersion blade as generally
outlined below. In general, the process of making the dispersion involves dispersing a series
of boric acid aliquots into the batch along with an accompanying addition of small quantities
of either KOH or viscosity reducing agent as part of the series of boric acid aliquots. This
dispersion protocol aids in breakdown of the boric acid particles during the high shearing
mixing of the boric acid aliquots and mitigates excessive viscosity build during the
makedown process. While variations of this process are possible and will be evident to one
skilled in the art, the cssentials of the dispersion process arc as follows:

1) A TG boric acid powder is preferably used as the starting material for the dispersion

Process.
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2} A high-shear mixing system is employed to disperse the boric acid powder into water.

3) Deionized water is preferably used as the water in the process:

a. hard water is not desirable because it contains divalent metal cations, such as Ca™
and Mg"?, which can react with the solubilized boric acid to form calcium or
magnesium borates; and

b. soft water is also less desirable than using deionized water because water softener
systems release Na'ions into the water as a result of the cation exchange process
to remove the water hardness cations so that the total amount of Na™ that is
present or introduced during the dispersion should be minimized since sodium
borates can be produced.

4y Tt is preferred that the starting deionized water to be uscd in the dispersion process should
be chilled down to a starting temperature of about 12 °C. Starting with chilled deionized
water 1s helpful n keeping the maximum process temperature to a preferred level of
below 30 °C.

5) The total boric acid powder requirement should be added in several increments. Each
incremental amount should be well dispersed before adding the next addition of boric
acid.

6) In between boric acid powder additions, small amounts of KOH or other alkali base metal
can be added to help lessen the dispersion’s viscosity before adding the next incremental
amount of boric acid. However, the total amount of KOH to be employed for the purpose
of viscosity reduction should be controlled to be < 0.01 on a KOH/BA maole ratio basis.

KOH is the preferred alkali metal base to be used for these additions.
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7y Near the end of the incremental boric acid addition and dispersion process, a small
quantity of a viscosity reducing agent should be added to further reduce the batch’s
viscosity and to help stabilize it during subsequent storage and transport to end-use
customer’s facilities. This viscosity reducing agent is discussed in more detail below.

8) Finally, a pre-blend of a surfactant plus xanthan gum can be added and mixed in wel and
an adequate mixing time should be utilized to enable the xanthan gum to become weil
dispersed into the boric acid dispersion.

a.  An optional nonionic surfactant of intermediate HLB value, e.g., an HLB range of
6 - 14, can be used as the surfactant in the pre-blend of xanthan gum/surfactant to
help wet the xanthan gum and allow for its easier dispersion into the boric acid
dispersion. A particularly uscful low foaming nonionic surfactant for this purpose
is Surfynol 440 which is an ethoxylated 2.4,7 9-tetramethyl 5 decyn-4,7 diol
which has a reported HLB value of 8.0,

b. The xanthan gum serves a dual role in the boric acid dispersion formulation when
used. It helps as a pigment suspension aide for the boric acid particles and also
helps to stick the boric acid dispersion onto wood particles or chips when the
dispersion is applied, e.g., spraying, onto them for end applhication use.

9y Care should be taken throughout the boric acid dispersion process that the maximum
batch temperature not be allowed to exceed about 30 °C. If nccessary, the dispersion
process can be conducted in a jacketed mixing vessel to help regulate the batch’s process
temperature.

a. Given the temperature dependent solubility of boric acid, see the solubility chart

above, it is desired to avoid forming a supersaturated solution that will tend to
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crystallize out a lot of boric acid when the batch subsequently cools off to room
temperature. Mitigating recrystallization is important for preserving the overall
product stability of the finished boric acid dispersions.
Table 1B provides a summary list of chemistries that have been evaluated as viscosity
reducing agents for the boric acid dispersion as produced at 60% solids using a high-shear

mixing procedure as outlined above where a KOH/BA mole ratio = 0.004355 was employed.

Table 1B: Desecription of Dispersant & Surfactant Additives Tested in 60% Solids BA
Dispersion®

Chemical Chemical or Generic Yo Chemical Class &
Tradename / | Description Activity | Comments
Supplier
Tomamine Coco poly (15) oxyethylene 100% | Cationic Surfactant
Q-C-15/ methyl ammonium chloride (Ethoxylated Quaternary
Evonik Amine)
Tomamine Isodecyloxypropy! bis-(2- 75% Cationic Surfactant
Q-14-2/ hydroxy-ethyl) methyl (Ethoxylated Quaternary
Evonik ammonium chloride Amine)
Tomamine Isotridecyloxypropyl bis-(2- 75% Cationic Surfactant
Q-17-27 hydroxyethyl) methyl (Ethoxylated Quaternary
Evonik ammonium chloride Aming)
Arquad 2C- | Dicocoalkyldimethyl 75% Cationic Surfactant
75 / Akzo ammonium chloride (Quaternary Amine but
Nobel No Ethoxylation)
Tomamine Poly (5) oxyethylene 100% | Ethoxylated Amine
E-14-57/ isodecyloxypropylamine Surfactant
Evonik
Tomamine Poly (5) oxyethylene 100% | Ethoxylated Amine
E-17-5/ isotridecyloxypropylamme Surfactant
Evonik
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Edaplan 397 | Blend of Polyglycol Esters 100% | Nonionic Polymeric

/ Munzing Dispersant

Edaplan 494 | Copolymer with pigment affinic 50% Anionic Polymeric

/ Munzing groups Dispersant

Edaplan 490 | Copolymer with pigment affinic 40% Nonionic Polymeric

/ Munzing groups Dispersant

Zetasperse Electrosteric Dispersant & 52% Anionic Polymeric

3600/ Grind Aide Dispersant

Evonik

Zetasperse Dynamic Wetter + Anionic 45% Nonionic & Anionic

1200/ Dispersant Polymer Polymeric Dispersant

Evonik

Zetasperse Blend of Ethoxylated Cs-Ci2 100% | Nonionic Wetting Agent

170 / Evonik | Alcohols + Polyoxyalkylene & Steric Stabilizer for
amine derivative Acidic Pigments

Acumer 3100 | Carboxylate/Sulfonate/Nonionic 40% Polymeric Dispersant

/ Dow Functional Terpolymer

Chemical

Flosperse Sodium Polyacrylate 40% Anionic Polymeric

9000 / SNF Dispersant

Tamol SN/ Sodium Naphthalene Sulfonate 94% Anionic Dispersing Agent

Dow

Chemical

E-Sperse 100 | Proprietary Dispersing Agent 71.5% | Anionic Dispersing Agent

/ Ethox

Chemical

T-DET A 91- | Poly (6) oxyethylene Co — Cy; 100% | Nonionic Wetting Agent

6/ Harcros aliphatic Alcohol

Ethal TDA-5 | Poly (5) oxyethylene iso-Ci3 160% | Nonionic Wetting Agent

/ Ethox Alcohol

Chemical
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T-DET EPO- | Ethylene Oxide / Propylene 100% | Polymeric Nonionic

62 / Harcros | Oxide Copolymer Wetling Agent
Lumulse Polyethylene Glycol 200 100% | Polymeric Nonionic
PEG20G / Wetting Agent
Vantage

DeTERIC Sodium Octyliminodipropionate |  50% | Amphoteric Surfactant
ODP-LF/

DeForest
ChemWet 75 | Butanedioic acid, 2-sulfo-, 1.4- 75% Anionic Wetting Agent
/BYK bis(2-ethylhexyl) ester, sodium
salt: also known as Na DOSS
Ethfac 140/ | Oleyl 4(EO) Phosphate Ester 100% | Phosphate Ester Wetting
Ethox Agent
Chemical
Ethfac 161/ | Decyl 6(EO) Phosphate Ester 100% | Phosphate Ester Wetting
Ethox Agent
Chemical
Table Notes:

a) All dispersion batches of TG Boric Acid Powder were made using the high-shear mixing
procedure described above. Surfactants and chemical dispersants listed herein were tested as
the viscosity reduction additive. All surfactants and chemical dispersants were utilized on an
equivalent active weight basis.

In addition, the viscosity reduction and stabilizing effect that each chemistry additive had
on the fine particle size boric acid dispersion as it aged was assessed. The additive chemistries
were all evaluated at an equivalent active dosage level 00 0.12% by wt. in the dispersion process.
The additive chemistries tested included the following types:

e various surfactants (nonionic, anionic, amphoteric and cationic types)
e dispersants {polymeric anionic and anionic/nonionic types)
¢ phosphate esters
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The dispersion results observed over time from testing the additive chemistries listed in

Table 1B are summarized in Table 1C.

Table 1C: pll and Brookfield Viscosity Tracking Results for 60% Solids, Ihgh-Shear BA
Dispersions®

Expt. #/ Specific § Intial pH & Aged pH & Aged pH & Aged pH & Aged pH & BF Experimental

Chemical Gravity® BF Visc.b, BF Visc.b, BF Visc.b, BF Visc.® ¢Ps Visc.h, ¢Ps Observations

Tradename / {g/ml) cPs cPs {after 3 cPs (after 1 (after 2 weeks) | (after 3 weeks) & Comments

Supplier days) week)

Experiments with Cationic Surfactants

#1) 1.2025 | Sp #91 Sp #91 Sp #92 Sp #92 Sp #93 manageable

Tomamine Q- 2 rpm = 2 ypm = 2 rpm = 2 rpm = 2 rpm = process

C-15/ Evonik 16,100 57,060 73,800 119,000 18G.,000 viscosity &
20mpm = 20 rpm = 20 rpm = 20 rpm = 20 rpm = pumpable
3,410 9,140 9,480 pH = | 16,640 22,750 after aging
pH=5%0 | pH=577 5.79 pH =581 pH=35.76

#2) 1.2376 | Sp #91 Tracking NA NA NA ~1/8" layer

Tomamine Q- 2 rpm = Stopped of clear

14-2 / Evonik 10,300 Syneresis
20 rpm = observed
1,900 after 24 hrs.
pH =595

#3) 1.2449 | Sp #91 Tracking NA NA NA ~1/4" layer

Tomamine Q- 2rpm = Stopped of clear

17-2 / Evonik 21,500 syneresis
20 rpm = observed
2,500 after 24 hrs.
pH =591

#4) Arquad 1.2234 | Sp #91 Tracking NA NA NA ~1/2" layer

2C-757 Akzo 2mpm= Stopped of clear

Nobel 14,000 syneresis
20 rpm = observed
2,670 after 24 hrs.
pH = 5.88

Experiments with Ethoxylated Amine Surfactant

#3) 1.2354 | Sp #91 Sp #91 Sp #91 Sp #92 Sp #93 slight

Tomamine E- 2 rpm = 2 rpm = 2 rpm = 2 rpm = 2 rpm = syneresis

14-5 / Evonik 12,900 40,200 50,400 77,200 210,500 observed
20 mpm = 20 pm = 20 mpm = 20 pm = 20rpm = after 3
2,500 6,600 8,030 10,200 19,450 weeks
pH=3590 |pH=3579 |pH=35.73 pH =582 pH=5.74
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#6) 1.2302 | Sp #91 Tracking NA NA NA notable
Tomaminc E- 2rpm = Stopped syncresis
17-57 Evonik 33,600 observed

20 rpm = within 2 hrs.

3,300

pH =595
Experiments with Pigment Dispersants (Anionic & Nonionic Types)
#7) Edaplan 1.2378 | Sp #91 Sp #92 Sp #93 Sp #94 Sp #96 unpumpable
397/ 2 pm = 2rpm~= 2 mpm = 2mpm= 2 mpm =
Munzing 21,000 152,000 355,000 830,000 1,470,000

20 pm = 20 rpm = 20 rpm = 20 rpm = 20 rpm =

3,890 19,660 38,500 68,900 103,000

pH=594 |pH=579 |pH=573 |[pH=574 pH=5.74
#8) Edaplan 1.239 | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 poor
494 / 2 rpm = 2 rpm = 2 rpm = 2 rpm = 2mpm= pumpability
Munzing 24,600 20 114,200 157,800 404,000 482,000

rpm = 20 rpm = 20 rpm = 20 rpm = 20 rpm =

4,440 14,360 18,120 36,700 38,760

pH—-594 pH—580 [pH—-573 |pH—-575 pH—5.78
#9) Edaplan 1.2509 | 5p #91 Sp #92 Sp #92 Sp #93 Sp #93 fair
400/ 2rpm= 2 rpm = 2 rpm = 2 rpm = 2 rpm = pumpability
Munzing 21,900 84,400 127,000 245,000 273,000

20 rpm = 20 rpm = 20 rpm = 20 rpm = 20 rpm ==

4,040 11,320 16,580 23,000 24,800

pH=591 |pH=573 |pH=3595 |[pH=35.75 pH =35.74
#10) 1.2394 | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 fair
Zetasperse 2rpm= 2rpm= 2rpm = 2 pm= 2rmpm= pumpability
3600 / Evonik 22,500 90,4060 125,600 220,500 299,000

20 rpm = 20 rpm = 20 mpm = 20 mpm = 20 rpm =

4,350 12,700 16,280 24,300 29,700

pH=589 |pH=574 |pH=588 |[pH=3574 pH = 5.77
#11) 1.2439 | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 poor
Zetasperse 2 rpm = 2 pm = 2 rpm = 2 rpm = 2 rpm = pumpability
1200/ Evonik 23,000 98,600 160,200 321,500 475,500

20 rpm = 20 rpm = 20 rpm = 20 rpm = 20 pm =

4,250 13,140 19,160 33,000 42,900

pH=590 |pH=573 |pH=586 |[pH=5.73 pH=5.75
#12) 1.2156 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
Zetasperse 2mpm = 2 mpm = 2 rpm = 2 rpm = 2 pm = pumpability
170 / Evonik 20,300 113,200 197,500 326,000 428,000

20 rpm = 20 rpm = 20 rpm = 20 rpm = 20 rpm =

3,720 14,460 22,600 31,000 35,150

pH=585 |pH=589 |pH=583 |pH=5.71 pH =5.65
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#13) Acumer | 1.2442 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
3100/ Dow 2rpm = 2rpm = 2 rpm = 2 rpm= 2 rpm = pumpability
Chemical 31,200 131,200 261,500 449,000 486,500

20 rpm = 20 rpm = 20 rpm = 20 pm = 20rpm =

5,020 16,140 27,250 39,300 40,750

pH=594 |pH=3580 |pH=3578 |pH=3577 pH=35.76
#14) 1.2451 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
Flosperse 2rpm = 2 rpm = 2 rpm = 2 rpm= 2 rpm = pumpability
9000 / SNF 28,100 128,000 236,000 328,500 446,000

20rpm = 20rpm = 20 rpm = 20 rpm = 20pm =

4,750 16,2060 26,600 34,600 59,800

pH=595 |pH=593 |pH=585 |pH=3584 pH=15.84
#15) Tamol 1.2434 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
SN/ Dow 2 mpm = 2 mpm = 2 mpm = 2 rpm = 2 mpm = pumpability
Chemical 33,900 124,600 265,500 390,000 493,500

20 rpm = 20 rpm = 20 rpm = 20 rpm = 20 rpm =

6,260 16,280 29,350 37,450 45,200

pH=587 |pH=574 |pH=588 |pH=5.75 pH =575
#16) E- 1.232} | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 poor
Sperse 100/ 2 rpm= 2 rpm = 2rpm= 2rpm= 2mpm= pumpability
Ethox 23,100 113,800 149,000 360,000 414,500
Chemical 20 rpm = 20 rpm = 20 ipm = 20 rpm = 20 rpm =

4,280 14,700 18,200 35,150 38,050

pH=590 [pH=581 [pH=588 |pH=5.75 pH =574
Experiments with Nonionie, Anionic or Ampheteric Type Surfactants
#17) T-DET | 1.1867 | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 poor
ASl1-6/ 2 rpm = 2 rpm = 2 rpm = 2 rpm = 2rpm = pumpability
Harcros 24,000 94,2060 123,400 293,000 359,000

20 rpm = 20 rpm = 20 mpm = 20 mpm = 20 rpm =

4,060 12,620 16,260 32,800 32,450

pH=586 |pH=3580 |pH=589 |pH=35.7] pH =5.74
#18) Ethal 1.223 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
TDA-5/ 2rpm = 2rpm = 2 rpm = 2 rpm = 2rpm = pumpability
Ethox 19.200 87,200 168,500 290,000 448,000
Chemical 20 rpm = 20 rpm = 20 rpm = 20 rpm = 20 pm =

3,570 12,200 20,400 30,500 38,200

pH=586 |pH=585 |pH=585 |[pH=574 pH=5.72
#19) T-DET | 1.2455 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #94 unpumpable
EP(-62 / 2 pm = 2 pm = 2 rpm = 2 rpm = 2 pm =
Harcros 30,800 160,600 266,000 411,000 867,000

20 rpm = 20 rpm = 20 rpm = 20rpm = 20 rpm =

4,900 18,600 30,200 37,450 55,400

pH=588 |pH=590 |pH=586 |pH=576 pH=15.70
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#20) Lumulse | 1.2492 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
PEG200/ 2rpm = 2rpm~= 2mpm~= 2 1pm = 2rmpm= pumpability
Vantage 36,000 156,200 252,000 357,000 462,500

20 rpm = 20 rpm = 20 rpm = 20mpm = 20 pm =

5,440 18,220 26,000 32,500 37,650

pH=583 |pH=588 [pH=382 |pH=357] pH =570
#21) 1.2414 | Sp #91 Sp #92 Sp #93 Sp #93 Sp #93 poor
DeTERIC 2rpm= 2 rpm = 2 rpm = 2 rpm= 2 rpm = pumpability
ONDP-1LF/ 35,200 149,600 235,500 337.000 442 500
Delorest 20mpm = 20rpm = 20rpm = 20 rpm = 20rpm =

5,550 18,160 27,950 29,550 35,150

pH=590 |pH=58 |pH=585 |pH=573 |pH=566
#22) 1.2415 | Sp #91 Sp #91 Sp #92 Sp #92 Sp #93 fair
ChemWet 75/ 2 mpm = 2 mpm = 2 mpm = 2 mpm= 2 rpm = pumpability
BYK 23,400 55,900 85,400 123,800 221,500

20rpm = 20 rpm = 20 rpm = 20rpm = 20rpm =

4,260 9210 11,060 15,440 21,750

pH=595 |pH=590 |pH=579 |[pH=5.74 pH=572
Experiments with Ethoxylated Phosphate Ester Surfactants
#23) Ethfac 12301 | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 manageable
140/ Ethox 2rpm= 2 rpm = 2 rpm = 2 rpm = 2 rpm= process
Chemical 19,000 62,800 76,800 148,000 172,000 viscosity &

20 rpm = 20 rpm = 20 rpm = 20 rpm = 20 rpm = pumpable

3,640 10,400 12,120 20,150 20,700 after aging

pH=588 |pH=589 |pH=583 |pH=3574 pH=5.63
#24) Ethfac | 1.2159 | Sp #91 Sp #92 Sp #92 Sp #93 Sp #93 fair
161/ Lthox 2rpm= 2 rpm = 2 mpm= 2 pm= 2rpm=— pumpability
Chemical 27,500 92,800 138,200 281,000 233,500

20 rpm = 20 rpm = 20 mpm = 20 pm = 20 rpm =

4,770 11,900 15,220 27,250 34,900

pH=587 |pH=58% |pH=580 |pH=573 pH = 5.64

Note:

a) All boric acid dispersions were produced using TG boric acid powder and high-shear mixing

conditions in accordance with the dispersion process outlined above. Variable being explored in these
dispersion experiments was the specific surfactant or dispersant chemistry employed. All test batches
were produced at a KOH/BA mole ratio of 0.004355.
b) All boric acid dispersions were subsequently aged and retested at 25 & 1 °C. Brookfield Viscosities
were measured using a Brookfield RVDVE Heliopath Viscometer Unit equipped with T-spindles run at

2 rpm and then 20 rpm; T-spindles A (#91) through F (#96) were employed as required.
c) Specific gravities were determined using a 100 ml specific gravity cup in accordance

with ASTM D1475.

Date Regue/Date Received 2020-09-28

39




The initial static and dynamic viscosity of each test batch was determined and if the
resultant boric acid dispersion was viable, it was subsequently viscosity tracked as itaged overa
three (3) week time period. All dispersion test batches were aged and subsequently retested at 25
+ 1 °C. Viscosities were measured at 2 rpm and 20 rpm using a Brookfield RVDVE Heliopath
Viscometer unit equipped with T-Spindles. Brookfield measurements run at 2 rpm with a T-
spindle are indicative of the overall stability and pumpability of the boric acid dispersion and are
characterized as a siatic viscosity. An initial Brookfield 2 rpm static viscosity of 5,000 — 25,000
centipoise is needed in order to keep the dispersed boric acid particles well suspended in the
dispersion over time. A 3-week aged Brookfield 2 rpm static viscosity that is less than 250,000
centipose 1s needed n order to insure that the thixotropic gel that forms on standing can be
readily broken down by the applied suction from a positive displacement transfer pump and
consequently transformed into a flowable fluid that can be pumped out from storage totes or
tanker truckers.

The Brookfield measurements run at 20 rpm are more indicative of a dynamic viscosity
value that is useful information in discerning the pump size that is required to provide a required
flow rate of a boric acid dispersion as it is being pumped. Furthermore, a Brookfield at 20 rpm
dynamic viscosity less than 5,000 centipoise is preferred from the standpoint of having a boric
acid dispersion that can be readily injected into wood fiber streams or spray applied onto wood
chips or flakes. [t should be noted here that boric acid dispersions exhibit thixotropic rheological
behavior so when static aged samples are subsequently re-agitated or pumped they will revert
back to their initial viscosity values and upon standing they will gradually increase in viscosity

again in a similar manner and to a similar maximum viscosity.
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The ideal target Brookfield viscosities arising from the boric acid dispersion process at
60% solids are as follows:
. An inittal Brookfield 2 rpm static viscosity of about 10,000 — 20,000 centipoise
# This process viscosity is high enough to impart sufficient mechanical work
through mixing shear into the makedown batch to help attrition down the particle
size of the boric acid particles to yield a fine particle size dispersion having a
median particle size value of about 10 — 30 microns. Producing a finer particle
size distribution is desirable in terms of enhancing the fire retardant properties of
the boric acid product to be utilized in various engineered wood related
applications.
¥ This process viscosity is also high enough that it inhibits the settling of the
suspended boric acid particles during the subsequent aging period.
» This process viscosity is low enough that good mixing can be achieved
throughout the dispersion process.
o A three week aged Brookfield 2 rpm static viscosity less than about 200,000 centipoise
» This aged static viscosity limit is important in terms of maintaining the
pumpability of the finished product after transport to customers via totes or
tanker trucks.
e  An initial or re-agitated Brookfield 20 rpm dynamic viscosily less than about 5,000
centipoise
» A Brookfield 20 rpm dynamic viscosity less than 5,000 centipoise 1s important
from the standpoint of having a boric acid dispersion that can be readily injected

into wood fiber streams or spray applied onto wood chips or flakes.
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Based on these Brookfield viscosity and suspension stability criteria, dispersion Expt. #1
using the Tomamine Q-C-15 additive yielded the most desirable results. Tomamine Q-C-151isa
cationic surfactant consisting of an ethoxylated quaternary amine. The degree of ethoxylation
present in this kind of an ethoxylated quaternary amine is important as other cationic surfactants
in the same family but having a lower EO content were not as effective. Other alternative
surfactants that showed good results were ChemWet 73 (an anionic surfactant consisting of
sodium dioctyl sulfosuceinate per dispersion Expt. #22), Tomamine E-14-5 (an ethoxylated fatty
amine per dispersion Expt. # 5) and Ethfac 140 (an ethoxylated Phosphate Ester chemistry per
dispersion Expt. #23).

These three alternative surfactants yielded results that were close enough to hitting the
viscosity targets that some minor adjustments in the dispersion recipe amounts (added surfactants
and xanthan gum) should enable viable formulations to be developed. However, it should be
enphasized that keeping the amounts of added surfactants and xanthan gum as low as possible is
desirable since they are materials that will burn. The process additives exhibiting superior
viscosity reduction and stability characteristics for the dispersion in this experimentation were all
surfactants rather than traditional polymeric dispersants. In the high-shear mixing process, it was
found that certain classes of surfactants were more effective in reducing the viscosity and
stabilizing the boric acid dispersion as it aged. One preferred overall compositional recipe
associated with the most preferred boric acid dispersion arising from Expt. #1 is summarized in

Table 1D.
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Table 11): Composition of Fine Particle Size Boric Acid Dispersion (per Expt. #1 above)

Chemical Component Batch Wt. Wi.% in
Amount, g Formulation

Deionized Water 64915 39.34
Boric Acid TG Powder 986.18 59.76
45% KOH 8.66 0.52
Tomamine Q-C-15° 1.97 0.12
surfynol 4407 2.17 0.13
Xanthan Gum® 2.17 G.13

Total = 1650.30 100.00

Note:

a) Surfynol 440 (Evonik); Gemini type Nonionic Surfactant having a HLB value = 8.0;
functions as low-foaming dynamic wetting agent.

b) Xanthan gum (100% -60 mesh grade yielding 1% KCI Viscosity = 1,200 — 1,600 cPs); it
functions as a pigment suspension aide and helps stick boric acid particles to wood chips or
fiber.

¢) The cationic surfactant helps to lower batch viscosity and stabilize the boric acid dispersion.

The viscosity reducing agent of the invention is an important aspect of the inventive boric
acid dispersion. The boric acid dispersion requires an effective amount of this viscosity reducing
agent for a number of reasons. One is to control the process viscosity of the dispersion when
being made. The slurry that is subjected to the high shearing mixing process needs to be thick
enough so that attritioning of the boric acid particles occurs. If the slurry is too thin, sufficient
attrition would not occur and the desired final particle size would not be attained. In addition,
the dispersion would not have the desired stability or improved functionality when used as a fire
retardant in wood product manufacture.

The viscosity reducing agent also provides sufficient body to the fluid to keep the boric
acid particles suspended during the attrition phase of making the dispersion.

Therefore, the viscosity reducing agent should be one that is used m an effective amount
s0 as to provide an mitial Brookfield 2 rpm static viscosity of 5,000 to 25,000 centipoise of the

thus-made boric acid dispersion, as measured in the experiments described above, ie.,
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Brookfield RVDVE Heliopath Viscometer unit using 2 RPM and T-spindle #91. A more
preferred range of initial Brookfield 2 rpm static viscosity would be 10,000 to 20,000 centipoise.
In terms of an mtial Brookfield 20 rpm dynamic viscosity (again using T-spindle #91) a
viscosity value that is less than about 5,000 centipoise is desirable for the boric acid dispersion in
order to insure it can be readily applied to wood raw material sources via injection or spray
application. This 20 rpm dynamic viscosity guideline also applies to aged dispersions of boric
acid that have been re-agitated prior to use. Re-agitation of the boric acid dispersion reverses its
viscosity properties back to those seen upon initial manufacture. In other words, after a boric
acid dispersion has been stored for a period of time, it is preferred that it exhibita 20 rpm
dynamic viscosity of less than 5,000 centipoise when re-agitated so that it can be readily used in
spraying or injecting applications for wood product manufacture.

The measurement of the Brookfield 2 rpm static viscosity over time is also an important
aspect of the inventive boric acid dispersion. This measure of aged static viscosity is an
indication of the stability and pumpability of the dispersion over time. Having this stability is
important because the stability allows the boric acid dispersion to be transported in totes or tank
trucks to a manufacturing facility that would use the boric acid dispersion when making
engineered wood products. As such, the viscosity reducing agent should be used in an amount
that would be effective so that after up Lo three weeks of time, the aged Brookfield 2 rpm static
viscosity of the dispersion shouid be 250,000 centipoise or less, and more preferably 200,000
centipoise or less.

After the boric acid dispersion 1s made and a period of time clapses, the dispersion takes
on the characteristics of a thixotropic gel. Thus, once the dispersion is then transported to a

manufacturing facility for end application use, the dispersion can be agitated and, by shear
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thinning as a result of the agitation, the dispersion reverts to a viscosity like its initial viscosity
which can then be easily pumped or metered into a manufacturing process, €.g., a spraying
mapregnation. In many instances, the act of pumping the aged dispersion can by itself also
provide enough shear to revert the dispersion’s viscosity to an initial like viscosity value so long
as the positive displacement pump has enough suction to break the gel and begin moving the
fluidized material through the delivery system. For purposes of injection or spray application the
reverted Brookfield 20 rpm dynamic viscosity should have a viscosity value less than 5,000
centipoise. Again, the stability of the boric acid dispersion over an extended period of time
makes the dispersion an ideal candidate to be made at a facility remote from wood product
manufacturing facility and shipped to the wood product manufacturing facility for use.

While the measure of the effective amount of the viscosity reducing agent 1s determined
by the initial and aged static viscosity and optionally the dynamic viscosity of the thus-produced
boric acid dispersion, the range in terms of the weight percent of the formulation 1s .01 to 1.0%,
with a preferred range of 0.05 to 0.20%.

The inventive boric acid dispersions exhibit thixotropic rheology properties which are
unique and important characteristics of the dispersions. Their thixotropic properties are critical
to their ability to be supplied in a stable form where good pigment suspension is achieved. In
addition, the ability of the thixotropic gel produced under static aging conditions to be easily
reverted back to a flowable fluid when exposed to shear forces (such as those applied from
mechanical stirrers or through the mechanical action of pumps) is also equally important to its
end-use utility. Thixotropic behavior can be easily quantified by means of determining a fluid’s
Thixotropic Index (T1) value. One way a TI value can be determined i1s by dividing two

Brookfield viscosity readings that are recorded at least a factor of 10x apart in shear rate. So, for
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a given dispersion dividing its Brookfield 2 rpm viscosity value by its Brookfield 20 rpm
viscosity value yields a representative TI value that can be compared with the calculated TI value
of another dispersion to assess their comparative thixotropic nature on a relative basis. The
greater the calculated T1 value is the more thixotropic the dispersion is; hence the observance of
a high TI value is typically associated with the formation of gels. In the case of the preferred
boric acid dispersions, the dispersion experiments #1, #5, #22 and #23 (as listed in Table 1C) are
illustrative of the concept when utilizing their reported 2 rpm and 20 1pm viscosity data to
calculate the respective T1 values by the equation TI value = (BF 2 rpm)/(BF 20 rpm). Hence,
using their initial Brookfield viscosity data for calculation purposes, these four dispersion
experiments exhibited initial TI values of 4.72, 5.16, 5.45 and 5.22, respectively. Similarly,
bascd on using their 3-weck aged Brookfield viscosity data, the four dispersions exhibited aged
TI values of 7.91, 10.82, 10.18 and 8.31, respectively. So, in each case, the boric acid
dispersions exhibited an initial TI value of intermediate magnitude in the range of 4.0 — 6.0 and
were then observed to subsequently increase in TI value over time; however, each dispersion
eventually plateaued off at an aged TI value falling into a range from about 7.0 - 11.5. Aged TI
values of 7.0 — 11.5 are reflective of gels having been formed during the static aging of the boric
acid dispersion.

It should also be noted that the formation of too much thixolropy upon aging, as reflected
by a Tl value of greater than 11.5 is not desirable for the dispersions as the resultant gel so
formed can have a Yield Point so high that the gel cannot be easily broken down by the suction
apphied by various positive displacement pumps. The inability to transform the material into a
flowable fluid wilth a pump alone can be problematic at certain customer locations where there is

no ability to re-agitate the delivered product via mechanical stirrers. So, in terms of pumpability
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after aging the boric acid dispersions should have a Brookfield 2 rpm viscosity less than 250,000
centipoise and also be gels having a TI value less than or equal to 11.5. Illustrative examples of
boric acid dispersions having problematic pumpability issues are dispersion experiments #20 and
#21 in Table 1C. In both instances, the 3-week aged Brookfield 2 rpm viscosity value was
greater than 250,000 centipoise (their reported readings were 462,500 and 442,500 centipoise,
respectively) and they in addition both exhibited a T1 value greater than 1 1.5 (their calculated TI
values being 12.28 and 12.59, respectively). Therefore, the boric acid dispersions produced from
dispersion experiments #20 and #21 do not meet the requirements for the intended end-use fire
retardant application,

Given the measurement of 2 rpm and 20 rpm Brookfield viscosities and their relationship
to one another in defining a TT value for the dispersions, it is important to understand why these
specific measurements are being made. The Brookfield 2 rpm measurement is being made to
determine the viscosity of the dispersion under essentially “static conditions” where a very low
shear force is being applied. This low 2 rpm reading is particularly important when measuring
the viscosity of the gels formed from aging under static conditions as it is essentially a measure
of the gel’s viscasity. In rheology terminology, the term kinematic viscosity is also used to
defing the measurement of a thud's inherent resistance to flow when no external force, other than
gravity, is acling on it. In contrast, the higher shear Brook[ield 20 rpm measurement is
measuring essentially a dynamic viscosity value. Dynamic viscosity is defined as the
measurement of a fluid’s resistance to flow when an external force is being applied. In the case
when 20 rpm is used, the dynamic viscosity of the dispersion product 1s being measured 1n its
flowable state as opposed (o the viscosity reading at 2 rpm whereby the product is being

measured in its non-flowing “static” gel state. Readings at both shear rates are consequently
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needed in order to better understand the overall rheological properties of the inventive boric acid

dispersions.

The experiments above show that there are four kinds of general surfactants that are
believed to provide the target viscosities, i.e., a cationic type surfactant, an ethoxylated amine
surfactant, a nonionic, anionic or amphoteric surfactant, and an ethoxylated phosphate ester. The
experiments also show that among the listing of these surfactants, certain surfactants are even
more preferred, i.e., a coco poly (15) oxyethylene methyl ammonium chloride, poly (5)
oxyethylene 1sodecyloxypropylamine, butanedioic acid, 2-sulfo-, 1,4-bis(2-ethylhexyl) ester,
sodium salt, and an oleyl 4(EQ) phosphate ester,

The aqueous boric acid dispersions are heterogeneous systems in that a small portion of
the boric acid is present in solution and the remainder is present as suspended solid particies. The
viscosity reducing agent also possibly functions as a crystal growth inhibitor once the dispersion
1s made. It 1s known that with suspended boric acid particles, partial dissoiution can occur and
this dissolution can subsequently lead to recrystallization thereby producing larger particles and
the formation of such larger particles can adversely affect the particle size distribution and
stahility properties of the dispersion. This crystal growth process in heterogeneous systems is a
colloidal phenomenon known as Oswald Ripening. The viscosity reducing agent of the
mvention acts o inhibit this crystal growth over time, thus keaving the dispersion in a state
where, after a prolonged period of time, the boric acid particles will not recrystallize into larger
particles that become more difficult to suspend and consequently prevents the dispersion from
being easily pumped or metered when used in a wood product manufacturing application. An
increase in the boric acid dispersion’s particle size over time is also not desirable from a fire

retardant performance standpoint.
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While one viscosity reducing agent is exemplified in the making of the dispersion, a
combination of agents could be used if so desired.

As noted above, the boric acid dispersion can also include an optional addition of xanthan
gum and a surfactant to improve the wetting of the gum when used during the dispersion high
shearing making method. A preferred range of the xanthan gum on a weight basis of the total
dispersion would be 0.01 to 0.25 wt.%, with a preferred range of 0.05 to 0.20%. Similar addition
ranges would apply for the low-foaming surfactant used with the xanthan gum. The preferred
type of surfactant for this purpose is a nonionic surfactant of intermediate HLB value, e.g., an
HLB range of 0 — 14, A particularly useful low foaming nonionic surfactant is Surfynol 440
which chemically is an ethoxylated 2,4,7,9-tetramethyl 5 decyn-4,7 diol and has a reported HLB
value of 8.0.

As described above, the alkali metal base is also an optional additive when making the
boric acid dispersion. When used, the base to boric acid mole ratio amount should be greater
than zero and less than 0.01. The presence of the alkali base does affect the pH of the boric acid
dispersion. The pH should range between about 4.0 and 6.0. Having the alkali base present in
the boric acid dispersion also improves the shelf life of the dispersion. When the alkali metal
base is used in the mole ratio amount of (.004355, the pH of the subsequent dispersion is about
5.5 1o 6.0. Without the alkali metal base, the pH of the dispersion is about 4.0 to 4.6.

The alkali metal base should not be present in too large of an amount as this can result in
a conversion of the boric acid to a borate and this then creates problems in terms of the stability
of the dispersion.

A comparison study was made using 4 low shear mixing process such as that taught in the

Dietrich patent. This study used different alkali bases, e.g., NaOH or KOH, different types of
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boric acid particles, e.g., granular or powder, different alkali base/boric acid active basis ratios,
and no viscosity reducing agent. These low-shear mix dispersion experiments without the use of
a viscosity reducing agent were carried out in order to comparatively demonstrate the differences
in viscosity and stability obtained as compared to the results where the viscosity reducing agent
was used, see the process of Expt. #1. The low-shear mixing process of the prior art and
variations thereof do not yield stable, high solids boric acid dispersions that lend themselves to
being stored without mixing or being shipped long distances in totes or tanker trucks.

In addition, the finished particle size arising from the prior art low-shear dispersion
method is much larger in size which accordingly vields a lower level of fire retardant
performance as will be demonstrated in subsequent examples below.

Additional experiments were conducted comparing the effect of using borates instead of
boric acid as the starting material when making the dispersion, and the effect of the use of KOH.
The results of this dispersion study are shown in Table 2A below. Another study was conducted
using a different processing scheme to make the dispersion and the results of this study are
shown in Table 2B.

In Table 2A, the first two experiments (Expts. #25 and #26) listed therein summarize the
results from a pair of boric acid dispersions produced under high-shear mixing conditions
{analogous o the process scheme described above) but made without the use ol any surfaclant
aide dispersion of the boric acid and help reduce its process viscosity. Expt. #25 employed no
KOH or surfactant during the high-shear dispersion while Expt. #26 employed only KOH at a
KOH/BA mole ratio of 0.004355. Neither of these boric acid dispersion efforts yiclded an
acceptable slurty product and this experiment clearly illustrates the importance of using a small

quantity of an appropriate surfactant to reduce the process viscosity.
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In Table 2A, the dispersion Expts. #27 and #28 show that the preferred surfactant
additive from Experiment #1, namely Tomamine Q-C-15, provides no real processing benefit in
terms of yielding stable, high solids dispersions of acceptable viscosity when attempting to high-
shear disperse various sodium borates such as disodium tetraborate pentahydrate or disodium
octaborate tetrahydrate. This test finding also implies that the viscosity reduction benefits seen
with Tomamine Q-C-15 when producing boric acid dispersions under high-shear mixing
conditions are truly unexpected and are not universal to all boron-based flame retardant additives
like the tested borates. Thus, it is preferred to limit the amount of borates added to or formed “in
situ” in the inventive boric acid dispersions to very small guantities ranging from 0, on a
borate/boric acid mole ratio basis, to about .00143 on a borate/boric acid mole ratio basis. A
low inconscequential amount of borates can be present in a boric acid dispersion so long as the
target solids, particle size target, and viscosity targets are not altered. For example, in Expt. #1
per Table 1C a fine particle dispersion of boric acid is produced using a small amount of KOH
reagent to adjust the final pH of the dispersion. The KOH/Boric Acid mole ratio employed in
this dispersion was 0.004355. This small KOH addition therefore results in the “in situ”
formation of tripotassium borate (K3;BO3) in an amount equaling about 0.001452 on a
borate/boric acid mole ratio basis. On the other hand, in Expt. #29 (per Tables 2A, 2B & 2C) no
KOH reagent was employed in the dispersion process for boric acid. So long as the viscosity
reducing agent Tomamine Q-C-15 is employed in the dispersion process a viable boric acid
dispersion product can be produced without the use of KOH. Since Expt. #29 employs no KOH,

then no borates are present in the boric acid dispersion.
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Table 2A: Test Data on Comparative High-Shear Dispersions of Boric Acid versus Na Borates

Expt.” | Boric Acid | KOH/BA | Target | Surfactant Test Test Test comments &
or Na Borate | “active | Solids, System Batch pH Batch Batch | observations
Chemistry basis” Wt.% | Employed @ Initial BF | Initial
Used® mole Finished Visc. BF
ratio Batch (Sp# @ 2 Visc,
Run pm)Y, (Sp# @
Temp. cPs 20
rpm)*,
cPs
#25 TG Boric L0000 60.0 None 4.28 @ 810,000 | 41,800 boric acid
Acid No KOH 18 °C particle
Powder used settling
started
immediately
#26 TG Boric 0.004355 60.0 None 6.01 @ 377,000 29,400 boric acid
Acid 18°C particle
Powder settling
started
immediately
#27 Borax 0.0000 60.0 Tomamine | 953 @ | 1,733,000 | 230,500 | formed firm
Pentahydrate | No KOH Q-C-15 + 47 °C semi-solid
used Surfynol mass
440
#28 Polybor 0.0000 6.0 | Tomamine | 7.71 (@ 13,100 3,660 completely
No KOH Q-C-i15+ 28°C solidified
used Surfynol into hard
440 solid mass
within 30
min.
#29 TG Boric 0.0000 60.0 | Tomamine | 4.30 @ 8,700 1,900 sample set
Acid No KOH Q-C-15+ 21°C up for
Powder used Surfynol tracking; see
440 table 3b
Notes:

a) borax pentahydrate = disodium tetraborate pentahydrate (Na:BsO7-5H:0); polybor =

disodium octaborate tetrahydrate (Na:Bs013-4H20).
b} The high-shear dispersions for Expts. #25 - #28 were carried out in 3 manner analogous to

Process Scheme #1 except variations in the use of KOH, use of surfactant or use of a Na
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Borate instead of boric acid were employed (as noted) to generate the test matrix. Whenever
KOH was employed (as in Expt. #26) 45% active KOH reagent was used in the process.

¢) The high-shear dispersion for Expt. #29 was carried out via a process scheme whereby no
KO was employed and the Tomamine (-C-135 cationic surfactant was added in periodic
increments during the dispersion run rather than at the end of the process.

d) All Brookfield viscosities were measured using a Brookfield RVDVE Heliopath Viscometer
Unit equipped with T-spindles run at 2 rpm and then 20 rpm; T-spindles A (#91) through F
(#96) were employed as required.  All Brookfield viscosity measurements were measured at
25 °C.

As discussed above, Expt. #29 in Table 2A shows the effect of high-shear dispersing
boric acid with only Tomamine Q-C-135 surfactant (no KOH is employed). The makedown
procedure associated with dispersion Expt.#29 is therefore different than that of the process
scheme described above for dispersion Expt. #1. The difference in the process scheme for
Expt.#29 was that no KOH was emploved in the process and some of the Tomamine Q-C-15
surfactant had to be intermittently added in place of the alkali metal base to keep the dispersion
fluid. The compositional recipe for dispersion Expt. #29 is shown in Table 2B. Expt. #29
contrasts with Expt. #26, where KOH was used but no surfactant was used and contrasts with
Expt. #25 where no KOH and no surfactant were used in the boric acid dispersion process. The
initial Brookfield 2 rpm static viscosity obtained via this modified high-shear dispersion process,
whereby no KOH was used, is actually lower than that obtained in Expt. #1 via the process
scheme described above where small intermittent amounts of KOH were added. Subsequent
aging of this dispersion also showed promise (see tracking results in Table 2C) but it yielded a
slight amount of clear syneresis after 2 weeks. However, the formula for this no KOH, high-
shear dispersion can undoubtedly be tweaked to better optimize ifs viscosity properties. For
example, small adjustments m the amount of Tomamine Q-C-15 and xanthan gum used in the
formula can readily accomplish this task. What Table 2C demonstrates is that the addition of the

alkali base is not necessarily required to produce a high solids content boric acid dispersion that
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has adequate stability characteristics and can be transported in bulk for fire retardant use in wood

product making applications.

Table 2B: Composition of Fine Particle Size Boric Acid Dispersion (per Expt. #29 and
alternative process scheme)

Chemical Component Batch Wt. Wt.% in
Amount, g Formulation

Deionized Water 649.15 39.543
Boric Acid TG Powder 086.18 60.073
Tomamine Q-C-15° 1.97 0.120
Surfynol 440° 2.17 0.132
Xanthan Gum?® 2.17 0.132

Total = 1641.64 160.060

Note:

a) Surfynol 440 (Evonik); Gemini type Nonionic Surfactant having HLB value = 8.0; functions
as low-foaming dynamic wetting agent.

b) Xanthan gum (100% -60 mesh grade vielding 1% KCI Viscosity = } 200 — 1,600 cPs);
functions as a pigment suspension aide and helps stick boric acid particles to wood chips or

fiber.
¢) The cationic surfactant that helps to lower batch viscosity and stabilize the boric acid

dispersion.

Table 2C: pll & Viscosity Tracking® of Boric Acid Dispersion (Expt. #29 made by alternate
process scheme usmg no KOH)

Expt. Batch Initial pH | AgedpH | AgedpH & | AgedpH & comments
Specific & BF & BF BF Visc.?, BF Visc.®, upon aging
Gravity, Visc., ¢Ps | Visc.”, ¢cPs | cPs(after | | cPs(after2
g/ml (after 3 week) weeks)
days)
Sp #9