30 August 2005 WD 02/ 070215 PCT/ US02/ 05940 | MPROVED FI RE RETARDANT RELATI ON
TO PRI OR APPLI CATIONS This application clainms priority te@oWugustPoosi si onal
Pat ent Application No. 60/272,606, filed March 1, 2001. FIELD OF TBE

| NVENTI ONwdhizm7ézayention is in the area of inproved fire petaseanbsm t hat

i ncl ude guanyl urea phosphate [(H2N- C(NH)-NR-C(O NH2)H3P04] (GUP) and
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BACKGROUND OF THE | NVENTI ON Wbod products, especially wood products used in
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fire retardants that rcRBEATION TONRREIR ARFLIGATHPNShe wood to catch fire
and conbust. Many.of these fire retardants contain acidic conponents
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dehydration of cellulose. This reaction converts the cellulose in the wood
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cont i nuous “conbusti on. cause these acid-based fire retardants deconpose
the wood in order to preven ﬁgﬁﬁ i LS daportant to prevent
premature activation of thETﬁﬁ htﬁgﬁgﬁighﬁ I's is especially true for
bui I di ng products that are used to construct roofs, because of the

ext renmel y hdthis eypetic ig tethetare of improgedyfireaietasdantsthpaintlode suankigeg fire
retardant chemcal treatnments for wood have been based on am ne- phosphorus

conpoungi®sphate [(HRMGINED)- MG C{E) Tk, €1,P Ok ] (GUP)Snd Ralic abld, 102n&drilh08 di scl ose
the preparation of fire retardant wood with a conbinati on of dicyandi am de

( H2N- C(hR aibE Rl aR8 QoRPOSRAREdCorbducts that include these fire retardants, and to
methods of making and using same.
BACKGROUND OF THE INVENTION

Wood products, especially wood products used in the building construction industry,
are commonly treated with chemical fire retardants that reduce the inherent ability of the
wood to catch fire and combust. Many of these fire retardants contain acidic components
which, when exposed to high heat, are activated and catalyze the dehydration of celtulose.
This reaction converts the cellulose in the wood into water and char, and reduces the
susceptibility of the wood to coniinuous combustion. Because these acid-based fire retardants
decompose the wood in order to prevent combustion, it is important to prevent premature
activation of the acid components. This is especially true for building products that are used
to construct roofs, because of the extremely hot temperatures that these materials experience.

Many fire retardant chen_ﬁcal treatments for wood have been based on amine-
phosphorus compounds.

l;‘br example, Goldstein et al., U.S. Pat. No. 2,917,408 disclose the preparation of fire

. retardant wood with a combination of dicyandiamide (HoaN-C(NH)-NH-CN) and phosphotic



U.S. Pat. No. 3,159,503 disclose the preparation of fire30m@@gQQ@@§ wood
wi th a conbination of dicyandi am de, phosphoric acid and very snal
anounts vVO¥PTEITehyde. In addition, Juneja, U S. Pat. NeCr/8s@®3294816

di scl oses a conposition for inmparting fire retardancy to wood conpri sing
di cyandi f or mal dehyde, and phosphoric acid and suggests
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phosphoric acid, such as boric acid. Juneja, Canadian Pat. No. 917,334
di scl ogewrdentwopbwithiacontbinativn efitlicpandivoaide, tphosphosic taicitliand vestsarallancy, in
whi ch the conposition conprises dicyandi am de, urea, fornmal dehyde and

phos p_h%ﬁ&n&@f@omﬂ[&gd@!oﬁlﬂﬂﬁﬂion?mﬁ?U%. PRANOTE R 386 BIURISesf Ot her
materials may be subsfituted for sone of the phosphoric acid, such as

boric [0 I .sl.mJd ar i.n . S.. Pat . S...2,9 471;
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and ph?gﬁﬂﬁgaﬁ%n DROTPIGT acif e SHagests bpinargoyoupis of ether makeeipls 8y wood,
they suffer fromone or nore drawbacks. Conpositions containing solids of

nmore thsambsilieied fxSomerof ént phosplmricenide suchhas bukodcitly fire; GanadiartPatt Ner |
conpositions that contain formal dehyde tend to be resinous and require

hi gh drofi7(334 deaRessd simRsosifondbPHéatihd Yvded i@ impakPfife rb@rkabRlif which thdir e the
resin, thereby inpai rim;%othe strengtgh of the Wood.r u. S 85Ip5atent No.

4,373, . Y. or. . t af oresai d
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be formed, by partially reactin ter, phosphoric acid, dicyandjam de and
bori c ﬁﬁwe#ﬁagﬁfé#ﬁ%ﬁm@%m%%g %‘yT\ﬂ?‘h‘Hé%aé&F ay be bt dyior somms ?é—fﬁhe
retardants that contain guanyl urea phosphate (GJP) and boric acid, and
sever alpheenheud gcifigruch re pei¢ arjd.t AeheasiRlilzo patenta oictided] Sr BatnNes. 21936,47¢1 ar dant s
preferably contain about 70 wei ght parts of GUP and about 30 wei ght parts
of bor i3¢137g50H; 3,8P4,09@amed 4010j2o@nd phosphoric acid-are m xed at a 1:1 nol ar
ratio to produce the GUP.
While most of the above described chemical compositions based on dicyandiamide,

melamine, urea, formaldehyde and phosphoric acid are effective for imparting fire retardancy

to wood, they suffer from one or more drawbacks. Compositions containing solids of more

than about 15 percent urea render the wood hygroscopic. Further, compositions that contain

formaldehyde tend to be resinous and require high drying temperatures of about 100 °C to

110 °C to completely cure the resin, thereby impairing the strength of the wood.

U.S. Patent No. 4,373,010 to Oberley (the Oberley ‘010 patent) reported that the

aforesaid disadvantages could be obviated, and that a superior fire retardant could be formed,

by partially reacting water, phosphoric acid, dicyandiamide and boric acid. The Oberley “010

patent describes several liquid fire retardants that contain guanylurea phosphate (GUP) and

boric acid, and several methods for preparing the GUP/boric acid retardants. The retardants

preferably contain about 70 weight parts of GUP and about 30 weight parts of boric acid.

Dicyandiamide and phosphoric acid are mixed at a 1:1 molar ratio to produce the GUP.

2



2 30 August 2005 WD 02/070215 PCT/ US02/ 05940 In a preferred nethod, Qoerley

010 reacts dicyandi ami de with phosphoric acid. for 35 &g afgudfizopes in
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resultant sol ution conprised principally guanylurea phosphate, unreacted
di cyargicgnt sididand phosphoric acid of about 10 percent of the original
anount, and boric acid. In another nmethod disclosed in the Cherley "010
patent, di dyandeadmpsie,Olzhleg phArfotmedaild perbal dgocdws traiits ssletiomfrbinal | y

heat ed toget her. The patent does not give any further details about this
proce e 3 . ISk [ i agueous
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concentrati.ons,of from5Q ta.80 percent.. At |leasi.one other nethod, that is
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a GUP/boric acid fire retardant. This nethod is used to produce solid
GUP/ bekgyendiemite waschaiged taja alass repefionflaskbiadgwed bntheswatar and phapphoniguper
sacks for pressure treatnent of wood products. To use the solid material,

pr essuck. The atigte walthed hsatedao t’OrfCsowk a pefied A miutesaandangjrtairet 2bf heat ed
pressure treating solution, and allow the solids to dissolve '

that temperature for 3 1/2 hours. The boric acid was then added and the solution cooled to

room temperature over a period of 30 minutes. The resultant solution comprised principally
guanylurea phosphate, unreacted dicyandiamide and phosphoric acid of about 10 percent of
the original amount, and boric acid.

In another method disclosed in the Oberley ‘010 patent, dicyandiamide, phosphoric
acid, and boric acid are initially heated together. The patent does not give any further details
about this process, except to indicate thai the method is prone to yield aqueous mixtures with -
insoluble precipitates, especially at high solids concentrations of from 50 to 80 pef—cent.

At least one other method, that is not discloseci in the Oberley 010 patent, is used
6ommercially to prepare a GUP/boric acid fire retardant. This method is used to produce
solid GUP/boric acid fire retardants that are bagged and sold in large super sacks for pressure
treatment of wood products. To use the solid material, pressure treaters pour the contents of

- the bag into a large vat of heated pressure treating solution, and allow the solids to dissolve

before using the solution in their pressure treating operation.




before using the solution in their pressure treating operation. 3 30 August
2005 WO 02/ 070215 PCT/ US02/ 05940 These commercial Iy avai kablgus@obs

GUP/ boric acid fire retardants are sold in large super sacks of chunks

t hat ar e o be/dzobesi nches in size. The solids contain boricpagiudeandio OUP,
and result froma reaction that gives about 90%yield, and are typically
sol d. \When Thesevnatngradly aveildbiccmlid GUURbetiy acd drs rip@adasaale solfd is ddrgel

GUP/ boric acid fire retardant, he dissolves the entire bag in water for

US€ | RuplrSadks 88 Sbliks AR FTBAL1 BIiAGRS Bn sifd CTRIEEIRRIchftaflbdlicidcldanidet ar dant s
di scl osed and. used in the prior art suffer froma nunber of '

et ar Son-and jepul ot A0iab HFERPEs oo 350 S e BRI S, White

commer ci al process di scussed above, about 10% of  the di cyandi am de and
phos pAsoddressirg thealr FRseives apuper sacked selefl GHEMarie acidbiireigtaedanbheonl y proceeds
to about 90% of its theoretical yield. Cbherley 010 intentionally wastes a
consi désaliybsthe eutietbagfin water f@tuse imhis plegsyre eeatmidnhgrogesse -t han 80- 95%
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of th ' c ' - producti on
or ocoduttbpde i icabs; B ARHRCL Bie SRoqts 00 15hGng Wtk SARRE P17
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equi varasies & cpidprable amgpat of raw Hrqten[@— e thesamamersal profess %“WQ@EEYe:i s a
salt of dicyandi am de and phosphoric acid. A purer product that did not
cont aiahow 6% dthe diogastizniiednd phespborbdacidvawrataderiald is wastekddetzase thesi r abl e
froma quality point of view The solid GJP/boric acid fire retardants that
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For exanple, they are presently sold in super sacks and are very difficult
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of dicyandiamide and phosphoric acid into GUP. As a result, the pressure {reater ends up

with raw materials and intermediates from the GUP production process in his wood products.

The GUP/boric acid fire retardants of the prior art also contain unwanted by-products 7
from the GUP production process. One of these by-products is.seen when a solution of the
fire retardant is subjected to potentiometric titration, because it produces an equivalence point
at pKa 3.2. It is believed that this by-product is a salt of diéyandjamide and phosphoric ;etcid.
A purer product that did not contain such by-products and unreacted raw materials would be
desirable from a quality point of view.

The solid GUP/boric acid fire retardants that are sold commercially also suffer from a
number of distinct disadvantages. For example, they are presently sold in supef.sacks and are
very difficult to manage by the wood treater, because they frequently harden during transport
in the bag, and an entire bag of the material must be added to a pressure treating solution in
order to assure adequate and proportional mixing between thp GUP and boric acid. A

' homogenous blend of solids would reduce the packaging that is needed when a customer
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treating solution in order to assure adequate and proposdiaag@lt 26bsi Ng

bet ween the GUP and boric acid. A honpgenous. blend of solids would reduce
t he packagbngowbest | s needed when a custoner 4 30 August PONEsMMDs@/ 070215
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t he fovnresedie levingiadisselsppecgiteshpirsagkds during transport, the liquid fire

retardants disclosed in Qberley 010 nust be continuously heated during
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fire retardants disclosed and used in the prior art also do not neet the
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conposite wood products. t ho for produci ng conposite wood products

such as oriented stra oard, are. own. . | eneral,..part.i cl es.of wood of
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varioug gl ue or binder mxes such as isocyanate, urea formal dehyde, phenol
f or mal 4eHgd in fbedey 40 pasthe eutipgeusty beated draingl trangpiriand/ordikited tgnder  heat
and pressure. Typical processes are described in U S. Pat. No. 2,642,371
| Ssuedunkatisfa@dSry 1d®3sveld. 0 Fahrni, and U S. Pat. No. 2,686, 143, issued Aug.
10, 1954, to Fahrni. The particles of wood chips, strands, fibers, or
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are several nethods currently used. to inpart fire retardance to conposite
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the t rpergégftsr!t M%Ihotdg %or\%?gd%ci%g crc)nsnposite wood products such as oriented strand board are
known. In general, particles of wood of various sizes and geometrical configurations are
consolidated using various glue or binder mixes such as isocyanate, urea formaldehyde,
phenol fomialdehyde, melamine formaldehyde, acid phenol resins, etc;, under heat and
pressure. Typical processes are described in U.S. Pat. No. 2,642,371 issued June 23, 1953, to
Fahrni, and U.S. Pat. No. 2,686,143, issued Aug. 10, 1954, to Fahrni. The particles of wood
chips, strands, fibers, or other cellulosic material, are typically referred to as the furnish.

There are several methods currently used fo impart fire retardance to composite wood

products. U.S. Patent No. 4,163,820 reports that, as then practiced, most methods for
imparting flame-retardance to wood particleboard involve the treatment of the wood chips
used with an aqueous fire-retardant solution, followed by chip drying and finally chip gluing
and particleboard consolidation. The patent also reports that other methods wherein the wood
chips are dusted with solid frame-retardant additive are also practiced although less actively.

U.S. Patent No. 4,039,645 reports that it is known in the art to use borates in the

production of composite wood products. One method used is to treat the green chips with




used with an aqueous fire-retardant solution, followed by chip drying and
finally chip gluing and particleboard consolidation. Th@gg&&@éo

reports that other methods wherein the wood chips are dusted wth solid
frame-r eV ¢P70218ddi ti ve are al so practiced al t hough | essecacasovebose U. S.
Patent No. 4,039,645 reports that it is knowm in the art to use borates
in.the production of conposite wood products. One nethod used is to treat
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Na2B3s0134 H20, either in solution.or as a dry powder. It is then
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with the furnish because, as noted above, they are typically cut into 0.5
- 1. 5 i rfoimativan KGisyhoebvatpis mexpénxive\niinemcmhmniﬂgmeaprralt soukhl ls= poesdhitieiin t he
conposite wood furnish. Mreover, because of their structure and
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to treat composite wood products if dissolved, and used to individually treat the wood chips
before board formation. The solids are not in an appropriate form to mix with the furnish
because, as noted above, they are typically cut into 0.5 — 1.5 inch chunks which do not mix
with the fine materials present in the composite wood furnish. Moreover, because of 1_:heir
structure and stickiness, the prior art solids do not flow well, and thus cannot be mixed with
materials such as composite wood furnish with any level of precision. Even if they could mix
well, the chunks themselves are so dishomogenous that a homogenous distribution of GUP
and boric acid throughout the furnish could ﬁot be expected. In addition, GUP is very
-difficult to size once formed, due to its low melting point and the heat developed during the
sizing or grmdmg operation.

It is an object of the invention, therefore, to provide improved flame retardanis.

It is another object of the invention to provide superior fire retardance to wood and -

other cellulosic products.



and boric acid throughout the furnish could not be expected. In addition,
GUP is very difficult to size once fornmed, due to its |awaugldtiongs poi nt
and the heat devel oped during the sizing or grinding operation. It is an
obj ect of the invention, therefore, to provide inproved flane retardants.
It is another obj.ect of .the invention to prqovide superjqr fire retardance
to wood and ot RetTE ?h]eggfflctﬂep?%%grf té’.pr%’ﬁ%dmﬁﬁ?&ifé‘f‘g% Or| RrepAdn, her
obj ect of %Qe iSvention to provide inproved nmethods for preparing flane
ret ardants. %%?‘I anot her object is to provide novel flane retardant
conpositions thg@ c%ﬁmpo. n. t he nuf acture of conposite wood

products, and toﬂé%hp05| §§§§%HRBP8&@’PEMB?% Pemppsiens tehcat bgdsdi ti ons.
SUWARY OF. THE | NTI | first t, th J tod ti rovi des
a guanylur3%&%%%%%%§F38f%fﬁ§$%ﬁé%)I”%@B§%P8Fﬁﬂﬁgg%@%ggﬁ%égﬁggI%&@&%er t han

97 percent rity. ln.a second aspect, the present invention provides a
nmet hod of Fre%F%%ﬁn%%FPﬁTosic materials for fire retardance conprising

contacting the cellulosic material with the fornulation of the first
aspect. In a third aspect, the present invention provides a solid

guanyl urea phosphate (GUP) i i s i that has an even

di spersion of GUP and boricéﬁﬁéégkﬁﬁhgréﬁa&phﬁétﬁgbt,.the present invention
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i nvention proyi .afire refardapt conposjtion in the formof solid

f1 owabl e pg?ngﬁﬁéngPi%ﬁﬁﬁ?ﬁéﬁﬁbgéﬁﬁﬁ%ﬁVPhrea phosphate (GUP)/boric acid
formulation. In a sixth aspect, the present invention provides a nethod of

produci ng guanyl urea
In a second aspect, the present invention provides a method of treating cellulosic

materials for fire retardance comprising contacting the cellulosic material with the

formulation of the first aspect.

In a third aspect, the present invention provides a solid guanylurea phosphate
(GUP)/boric acid formulation that has an even dispersion of GUP and boric acid.

In a fourth aspect, the present invention provides a solid guanylurea phosphate
(GUP)/boric acid formulation that has a solubility of at least 70% in water.

In a fifth aspect, the present invention provides a fire retardant composition in the
form of solid flowable particulates, comprising a guanylurea phosphate (GUP)/boric acid

formuiation.

In a sixth aspect, the present invention provides a method of producing guanylurea
phosphate (GUP)/boric acid fire retardants comprising reacting dicyandiamide and

phosphoric acid under conditions that yield substantially linear reaction kinetics.

In a seventh aspect, the present invention provides a method of producing guanylurea
phosphate (GUP)/boric acid solids having greater than 95 percent purity comprising

dewatering an aqueous solution that comprises GUP and boric acid.



phosphate (GUP)/boric acid fire retardants conprising reacting

di cyandi am de and phosphoric acid under conditions thatgzyhghet 2005
substantially |inear reaction kinetics. In a seventh aspect, the present

i nvention provides a nethod of produci ng guanylurea phosphate (GJP)/boric
acid solids havi n%h‘grﬁﬁlt er than 95 percent purity conprjsin dewat eri ng an
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evenly di spamsitod.hr oughout the fornulation. In a nineth aspect, the
present invention provides a guanyl urea phosphate (GJP)/boric acid
formul ation that has greater than 95 percent purity, in the formof solid
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purity. In ?rgc%llteesventh aspect, the present invention provides a conposite
wood produg Yormed froma cellulosic materi al by a nmethod conpri sing
treating the cellulosic material with a guanylurea phosphate (GJP)/boric
acid fornulation th has greater. than 97 percent purity, Guanyl urea
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than 95, O9fercdfpur®3 and preferably greater than 99 percent purity;

a

In an eleventh aspect, the present invention provides a composite wood product
formed from a cellulosic material by a method comprising treating the cellulosic material with

a guanylurea phosphate (GUP)/boric acid formulation that has greater than 97 percent purity.

Guanylurea phosphate/ boric acid compositions are provided that exhibit improved .
properties for the treatment of material for flame retardancy.
In one embodiment the invention provides an improved GUP/boric acid formulation
that exhibits at least one of the following characteristics:
(i) greater than 95, 96, 97, 98 and preferably greater than 99 percent purity;
(ii) homogeneous distribution of GUP and boric acid in formulation;
(iii)  solubility of at least 70 percent in water; and
(iv) less than 5, 2 and preferably 1 percent of a salt, such as the salt of
dicyandiamide and phosphoric acid.
In a second embodiment, the GUP/boric acid composition exhibits at least two, three,
or all four of these characteristics.
These GUP/boric acid fire retardants have superior purity, homogeneity, - and

performance characteristics. The GUP/boric acid is provided in substantially pure form, i.e.

T



(11) honogeneous distribution of GUP and boric acid in formulation; (iii)
solubility of at least 70 percent in water; and (iv) les and
preferably 1 percent of a salt, such as the salt of dic?%%gggﬂégg?and
phosphoric acid. In a second enbodi nent, the GUP/ boric acid conposition
exhibits at Igagé t&Q three, or gll fgur of , these characteristics. These
GUP/ bori ¢ &P FIAPe” Yo sF #2drwaried, &Y< Biodvato A areaced sisting antsriely, anghd

per formance characteri sti he P/ borjc acid is provided. in

subst ant i aPTeyg/er b %re?tgrtﬁ?“ ?6%.9-5’//"’ @&JSW 92?3/@8??' BhsdsUR pehbesic acidoaie s¥i% ree of
unwant ed by- praoducts .and unreacted starting materials, and preferably

gr eat er théﬁpgﬁggméﬂﬁ?O @éﬁ%$m§§@ﬁ&ﬂﬁgﬂwTﬁ eceqllip igh Ipgerd @pplicptipngr e evenl y

di sper sed r.superior fire retardance and | ongevity, especially in high
hazar d appltrg%g'ieir Figants Gf‘ﬂhe ﬁ‘iur‘cgorrsglﬂ‘gﬁbsghgg‘m@a h@n bf HREEG e SPTRPSitS n sol i d
form they can be integrated into conposite 7b 30 August 2005 wood
products, and conposite wood product nmanufacturing processes to produce
conposite wood products of the present invention. It has been di scovered
that by achieving |inear reaction kinetics between dicyandi am de and
phosphoric acid, one is able to substantially increase the yields of GU"
in a GJUP/boric acid fire retardant production process, and to produce a
substantially pure GUP/boric acid fire retardant that does not contain any
significant quantities of unwanted by products or unreacted starting
materials. These higher purity products are desired for their superior
performance characteristics, and for their nore efficient utilization of
raw nmateri als. Moreover, solutions produced by the process of this

i nvention can be processed into solids in which the GUP and boric acid are
substantially evenly distributed. It has surprisingly been discovered that
the higher purity solids produced by the



present invention are |l ess prone to stick together during storage and

handl i ng. The stickiness of the prior art solids appeargnt
attributable to the hygroscopicity of by-products and u%?éggﬁﬁgog‘)sesi dual s

fromthe prior art GJUP manufacturing processes and fromthe GUP itself.
Because the GUP of,th resent invention is purer, and because the particle
conprises a suﬁg?‘hﬂrtoﬁ'ﬁ’l%k ik 8‘?}6@’@%1@0‘%8@@,@ CBRMEL ISR OfsEseE P PEMCehor i ¢
acid, it i sorhpsite 8dddpkadnctabfdhe S8Rt ifivedfide t 0 prepare solid conpositions of
particulate fire retardants that flow when subjected to gravitinetric
forces. The flowability of the particles is of substantial benefit because
it allows GUP andh&sobeen @kiceheicd bRt e AbhevifigX GleadNEadliont kinbitksedertBnoughout
the conposition..lt also allows bat cpes t% be subdi vi ded wi t hout concern
over the h Wé‘g‘ﬁ@fdfﬁn%‘?h"s@hﬁ@c B GRS Isepls i roptimtipliningtsass theoviglds ¢fWalnt i ¢l es
to be useda iGURbdtdrdeRl fiRf retiffahi falucEit® piRkss, @dadol FBiRe tOsubREntRAll) Phredr t
sol i ds, suigy])%%.co%ﬁ%ite wood hoard manufacture. It has al so been

|

surpri sing el Jeterdant thaf, dogs jngoptals any pignificent aeandticsof tpwanipddyent
i nventi on gostich dr unrepete eektis® katekihls.t Phebdhiphek Strity Qredueiaadidpat rRfhdrhe

invention may. pravide |jquid co itions of GUP/horic acid fire retardant
of excepti %‘Hg{?c’r %ﬂ?ﬂn@mf @#ag%ffeélftmﬁ‘)?gﬁoré@%m@%@fiﬁ"@?%lh@g@ﬂ oAy ngtepls August
2005 even 99%,.in which all of the retardant can be solubilized, even at
concentrations ﬂreat er E.han 7(% %Qté%ﬁnt fire retardant solids. Thus, in one
embodi ment t he TRV SHUBERIHE ?B'O‘é\eﬁﬂoqt&d&‘i“’&nqancén & PEPEsGek Into

conposi t i osetidd inathich ditt GTMardUoriandd &0 sitstaneillgl evenliafigitnddne amount of
unreacted starting materials and unwanted by-products fromthe GUP
reaction process are less than 5 wt. % of the theoretical GUP yield. The

amount of such I ipusirrisesly beeprdaicevendal thatl B8 Sighbrapurdyaalfds thgiucddepuRt i cal
GUP yield,_ and.even nor referably | ess than 3% 2% or_ 1% _Anot her

enbodi nentprﬁfﬁa %Yeggonpaf%g'f%ém%%au t8grifer durng storags dpd handlinge The gickpewi ty fire
ret ar dant sof thagriornet fobids afpeérs tté GatitfigitadRoE 1BE AEHEIcEpiviy B byfroMicBangur i ty

fire retardants,. . .
unreacted residuals from the prior art GUP manufacturing processes and from the GUP itself.

Because the GUP of the present invention is purer, and because the particle comprises
a substantially homogenous 70:30 composition of GUP and boric acid, it is less sticky, and
one is able to prepare solid compositions of particulate fire retardants that flow when
subjected to gravitimetric forces. The flowability of the particles is of substantial benefit
because it allows GUP and boric acid to be evenly mixed and distributed throughout the
composition. It also allows batches to be subdivided without concern over the homogeneity of
the batch.

Flowability also allows the particles to be used in a number of applications not
available to the prior art solids, such as composite wood board manufacture.

It has also been surprisingly discovered that the higher purity products of the present
invention exhibit improved solubility in water. One embodiment of the invention may
provide liquid compositions of GUP/boric acid fire retardant of exceptional purity (greater
than 95%, 96%, 97%, 98%, and



The process for producing the conpositions of the present invention can be
exenplified by the linear plot of reaction kinetics cont%ﬂﬁgusi B 6:5 gure 1.
These reaction kinetics should be contrasted with prior~ar pttogesses

whi ch, as shown in Figure 2, exhibit asynptotic reaction kinetics,

reachi ng a _maxijgum yi.el.d substantially bel ow the theoretical vyield

attai nabl e ef?o%h’é‘ “flgﬁ‘cfflf?)ﬁi%fetﬁ?i% eaﬁ?f“g@*z%ﬁa GV SBRGPFEoBTEgterThe
present pr aeess perpdndiitedasrdant B3l nMore cost- efficient utilization of raw
materials in the GUP/boric acid manufacturing process than was attained by
the prior art processes, and yields a product that is nmuch purer than the

product s obt ai n&tudyin tohe epbbdiinerdrthe MvORRE SREvideENdEd 80 HRHBOGE 'BRtdAf t he
guanyl ur ea phosphate by

i nvention can provide a pro s fqr .praduci ng t
reacting df%r%dﬁl&mésn% e ﬁlﬂl éﬁgs"ﬁ‘ﬁg’l"? e wherri g apiat of psacted starting of d
subst ant i akdaterihls aRBinwaeRE bi-Prodét fbrh Gife. G Ceab@AGTb@E: 4ré 1By LS 3bbyoral | oned
to proceed | etion, even nore preferably to at | east

ttg at . Ilerfa]@ .9@0/@?0 , D

96% or 9794 SIRESTEFT FUF ¥isg- Lhe ymhouglof such wppuritissds prefgably less than 4% 96 theogos or
99% conpl ethieasticEh&SUTe giztd, and praf afoabpyfeablee fespiage3%h,N2@Nor pRUeAdsheEdi um
In one enbodi nent. the linear reaction kinetic re attained by dissolving
in water, “8 %W&%ﬁ%@?’ﬁm"f’ gdrsts ghat 8‘?"(’:"3}%&’8%1’&@? Hoh Erigstietsi @daci d,
and boric methods fanetatigeedddpgodatts witeths high pR@y firdwtafants he di cyandi ami de and
t he phosphoric acid to form guanyl urea phosphate, 9 30 August 2005 t hereby
formng a reaction product solution containing dissolved GUP and di ssol ved
boric acid. TheTheaniesnfor proucihe b leympdsiiony ohané iphgerd: havartixt Whe wence al |

t hree ingredier have. been mxed,. but not heating the m xture so high as

to cause ﬁ%@@’@%&%ﬁleﬁme%fhpqato?}frame% NG pRiered é‘%lF e potists Baction t he

m xt ur e ankineies seuldnivweddhegbtadrvti gick ait ipaitesals Wik, ds shoWohhesurephadivrent  of
vide solid fire retardant conpositjons in which

t he invention can_al so.pr

GUP and boarsf’]@ptgg(f fradion I%H’ﬁfso FeRFYng? Spaimuayyield subiatialhn bl theorstigal sol i d
conposi t i oyield attainabixl fkain hakéabeotl AR yiddRmiGond haphdRbidCR R&enthaicks aci d.
I n cont rastr t.&) the solid %%g%ﬁsi ti o.ps that are sold commercially in the

prior art PrpYidesia gwclr ity R Hep pdilization of raw materials in the GUP/boric “acid

manufacturing process than was attained by the prior art processes, and yields a product that

is much purer than the products obtained by the prior art processes.

Thus, an embodiment of the invention can provide a process for producing
guanylurea phosphate by reacting dicyandiamide and phosphoric acid under conditions that
yield substantially linear reaction kinetics. The reaction is preferably allowed to proceed to at
least 95% completion, even more preferably to at least 96% or 97% completion, and still even
more preferably to at least 98% or 99% completion The reaction preferably takes place in an

aqueous medium.

In one embodiment, the linear reaction kinetics are attained by dissolving in water,
substantially simultaneously, dicyandiamide, phosphoric acid, and boric acid, and reacting at

least a portion of the dicyandiamide and the phosphoric acid to form guanylurea phosphate,



were nmechanically added to boric acid solids in super sacks, the present

i nvention provides individual solid particulates in mhi%B/Q ﬁsﬁkﬁsand
boric acid are uniformy distributed. These honbgenous solI'd conpositions
are particularly useful in the treatnent of wood products, and especially
the preparation of OSB and ot her conposite wood products, because of the
ease w th which they can be m xed with the conposite wood furnish, and the

hormogeneity of tlwecby GyRirgrcrededon prodet sbhithatcottgisil HisoMet UP idaaiweosh pr oduct
can .al m xed,into an adhesive resin that is

eventual | y,pro . _The 0 e X

used to pro u%geiclil(ge@g ABELT 8 p%%%ﬁ’bf“&ﬁﬁc‘feﬁt“”ﬁhtﬂg IUftwre RSt CHEBETHENt t he

i nventi on pawvticcesixadyvimodot ey cie hivake SOMEH 4s36 SausEulPeidrBorhich afid of
greater th %.-96% 97% 98% or 99% purity. |In anqther _ enpodi nent the
i nvention g?ugé\??lé%égcagt %’8%%%??&4%\88@’5%%‘%&6 “g%' e‘{;}’é'ect%%t“inr?its"lggﬁpri ses GUP

and boric acid. The GUP and boric acid is preferably the high purity
ect of this invention. In still

material that is rovided in anot her as ,
anot her enbodi ment eﬂeeml%ﬂé/ileﬁ’%li Sﬂ?heprnbv\?gt B o A8 sPPYInegtd fF nicterfans ych as
wood fi ber somypositinngoia whivh GUP adibes¢ ¥&d aesintforttedisfetsed TR0 @todiend thONMPOSi t e
wood produgt., t .cont al P an oric acid n yet. another enbodi nent,
t he i nvent ?%lr(ll cﬁglgéslm es” %P@%@%@?E}Fg}a BPHHTC OH‘gGP# Ia’é‘i/"%i agida iy coplEshissi t e
wood  pr odthetsslidnpmpbsiiiong thahere prid tdnemdraibley ihldarpeior &t an 6RO lafRSEHuhin Wi t h
the furnis r SV resin.in.a posite d productigon process 10 30
august - 2008 R AR Gaaeh 578 e B RohRR SRt S e Tt e bOdS of
maki ng hi gindjyidualisplid srotiqutiteSiiP4lic the GAIPi sid bodieacidetaiitifanils dRyibdewetesd ng t he
liquid GUR i d co sitions.o t he. present. i nvention. The sol ution
can be dew{é‘?‘g%srgf’“%‘h%ﬁﬁm%gﬁ’ﬁs Hep %ﬂﬁ%ﬂé’rus ldﬁﬁﬁttﬁeﬁtale’ét °?§’8P‘£%rﬁf1“°ﬁ’ Hhits
sol ut e, i nespendiliyghdyrepppatiay ofl OFBrgd othat torfijokita €l6od fiaducBbbclsB OF tHdratéenNg
t echni ques_used. those skilled.in the. art dryi ng high solids content
sol ut i ons.m&1 B’g]é: é}eyé:%n lS‘?errrllgjtx R Hﬁ‘b%he&g%&?%?? P"ﬁ@‘?{hémf% a@g@%bgrﬂ?g}‘?flﬂ@."fﬂﬁ s
met hod pr o@UHesd bortraciddhay resoltscrittihét wiosd poahie kv@alallppddasd. arhee sal dsover y
f I owabl e. ot roduct of spray . drying is uniformin conposition,
and di ssol ]’J’\\/étta)déﬂna‘(%)(Yuﬁ]f’:okalnfil Q@ﬁsgﬁrelslg tﬁé‘é‘?dlﬁﬂ B%fiﬁcéﬁ G ﬂ?fétﬁf”f’ﬁiﬁf’p Foducts. The
Thus, in another embodiment the invention provides a wood product that comprises
GUP and boric acid of greater than 95%, 96%, 97%, 98%, or 99% purity. In another
embodiment the invention provides a composite wood product such as OSB that comprises
GUP and boric acid. The GUP and boric acid is preferably the high purity material that is
provided in another aspect of this invention. In still another embodiment the invention
provides composite wood furnish, such as wood fibers or chips, or an adhesive resin used to
manufacture a composite wood product, that contains GUP and boric acid. Tn yet another
embodiment, the invention provides processes for producing fire-resistant composite wood
products by mixing the particulate flame retardant composition with the furnish or adhesive

resin in a composite wood production process
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uniform small size of the particles produced by spray drying also allows
themto be readily m xed with adhesives, or other raw magerl &l.t foagnl sh
used to manufacture conposite materials such as OSB. Spray ry| ng al s
produces particles that do not cr eate dustl ng probl ens, because the armunt

of small fines f} omt gess IS mnimal. Thu t he product
can be made rea EPPHI? 'été? ﬁgFPdeFr’l’bethoﬂBf’ Brking high RuFRay

drying pr ostﬂsls(}ld%[boralasﬂ ﬁbceﬁ:ms@dtsbsadﬂﬁtmﬁxgﬂteurqeldf(}tmbdri@taa;ﬂdarﬂpos1tM£ & cles
drying is

from materi,al s ot her while th

pr ef er abl ylth% :rt?s?rftén en a&? %?%éﬂ%%wﬁtﬁﬁeggﬁ‘ F‘?yelmrogfla"i‘egé?ﬁtf Seﬁ #%8%en nore
p[ ﬁf er abl ysaﬂmnt gegl umtsol\rt:lel nctuding Hiy gha;pufyuﬁgy ﬂﬁﬂdmlﬁo%mg,agmﬂ Fﬁﬁ} Aryirgtt ar ;:Iant S
ot herw se |e N i 0 enmbodj nen elnvenlon
provi des flpl‘ e st usegé%bm }({l%lnre}g %?“aiwng@ %f‘g‘fi*écqnfefl%sc’i"é'f”asr @imsgferred

corrp_05| t i omethhétof $1amterfng iorng spfayrﬁrylﬁg ofhi h&tkﬁ&}pﬁdv@c&b addded fpodwRs tHaf is o

Phcl ude: - ( reRAT RO e il PR yois pRei R B e Shspraf o fomiP M on, ()
fl owabi | i tqu;(odl)loxs nak| digalved ghieklgi with (ge etz thad @6svehiiaal ﬁfbdmtgrm-S) and
(5) substant. ab ence

f fines. ghe articles ef rab IS one of
the pref erregmn’r Sggﬁgglelpwgﬁﬁprg gocq gﬁ“ﬁ""h@?”é‘gﬁ so g0 i‘%(ﬂé‘haé"t 32%55 Thus,
i n anot her mmﬁ&ulhmﬁm’swesha dthrey exvt mmtlanaplﬁﬁmlde@d&) thardu€actued @ntpastte rﬁa@éﬂmSI tion
in the forn mgﬁ)a t.icu Iﬁat es, wher eﬁ conposi tion sath es one
or nore of° f: Siii ¢ YVIBR A1 Y ErS pagicles tdﬁe“"&fﬁﬁ%’s g PO E‘ﬁ’?ﬂ ses a
plurality b‘rfcalbe olwabh@mp af tmall lfiaé¢seBom tba spirlye dSAFPRGickd BNMBANF TGS tld
plurality erical ) osition conprises a plurality
of parti cl ‘g"d‘ﬁg%“r'?&m&d“su il el £ reﬁﬁ?ﬁwﬁl i ze distribution: d) the
conposition conprises a pI urality of particles having an average di aneter
of less than %‘ﬂ’éﬂe co ositio rises_a rality of
particl es subst51§1 ntfrl?)l%l s;isr?‘?r 2 POSSH 8an0?1so Qe usegqo manufactm% re retardant

particles from matenals other than GUP/boric acid. Thus, while the spray drying is preferably
carried out with GUP/boric acid fire retardants, and even more preferably carried out with the
high purity GUP/boric acid fire retardants otherwise provided by this invention, in another
embodiment the invention provides fire retardant particles of any suitable fire retarding
composition that satisfy one or more of the physical attributes of particles produced by the
spray drying process. Such physical attributes include: (1) particle sphericity, (2) uniformity
of size distribution, (3) flowability, (4) small particle size (generally less than 50 microns),
and (5) substantial absence of fines. The particles preferably satisfy one of the preferred
retardance levels set forth herein. .
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t

fines. The conposition preferably conprises GJP and boric acid, and the GUP
and boric acid are preferably evenly di spersed througho%Aﬁéus\{\izMin t he
particul ates. Mreover, the particulates can also be nade om ot her
suitable fire retardants, such as the conpositions used to prepare D

Bl aze, Pyrolith. KD, .Pyroguard,. FirePro, and other commercially available
fire retardants.y ﬁ'ﬁ’ &P%qpﬁlgﬁe I?Oflglepég‘ﬁﬂlarﬁ?ﬂog PrOYede A dra FRASIACH ARSI Y e,
ammoni um pdieyfpinostishid psticulags anticgtimee phaspitich eatisfeloaebngorR b &R Malokingur ea
phosphat esbhagaéfé,ristpcg_osphori c acid, dicyandiam de, anmonium sul fate, sodi um

pot assi um “Or ammohi um borates, urea, boric acid, and formal dehyde. Thus,
an enbodi nent o#) tthecompesitidn @mptiges a pluaiitydd flawiBliPpdadultespaci d fire retardant

that has a high,cqoncentration of. GJP. and_.a.lqw concentration of
by- pr oduct s andb)u(r%ir;ee(é)gfp@sdlonrcé’gﬁp’ai?éﬁgmfaﬁg’rﬁffﬂ’én@)m%f acturing process.
One enbodi nent of thdenpositot toniprisaya Ehhrality PF particles RvdEACRBSankially RH@HUCI NY
GUP/ boric acid firg el rdants that nore effectively utilizes raw

materials, and proS ﬁ(c:hess u%?ngher yi el ds of GUP than prior manufacturing

processes, and #leske empasiti@dcomprigs aditilBy oflphrtdles Aughis in 2005 Gagerndrodi nent
of the invention qgsgltfu$¢her rovi de wood products inpregnated w th high
purity GUP/ boric aci c]m'fl &Y% ardants that contain low or de mnims
anount s of  unr @adhesmpesitiomabmpiieb s planttylwyf paticdelsbsankiblpm ihebsddk greact i on
process. Anot her eﬂ;rlt%gdi ment of the invention can also provide solutions of
GUP/ boric acid f . re€ retardant that include high concentrations of fire
retardant. A further enbodi nent of the invention can further provide a

substant al 1y cUaearisereEBy sPabmuin Gl S pork aritsai i, C0kwe Bfsod: ment
of the invat arerprefergblalesenlp dispérstd thobitdupar witkit|tad patiQfiatésURIda@WéS the
particulates can also be made from other suitable fire retardants, such as the compositions
used to prepare D- Blaze, Pyrolith KD, Pyroguard, FirePro, and other commercially available
fire retardants.

Preferred fire retardants include ammonium phosphates, ammonium polyphosphates,
guanidine phosphate, melamine phosphate, urea phosphates, GUP, phosphoric acid,
dicyandiamide, ammonium sulfate, sodium, potassium, or ammonium borates, urea, boric

acid, and formaldehyde.

Thus, an embodiment of the invention can provide a GUP/boric acid fire retardant
that has a high concentration of GUP, and a low concentration of by-products and unreacted

residuals from the GUP manufacturing process.
One embodiment of the invention may also provide a process for producing

GUP/boric acid fire retardants that more effectively utilizes raw materials, and produces

higher yields of GUP than prior manufacturing processes, and less unwanted by-products.
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acid wth | ow hygroscopicity, and which can be used in material treatnent
processes, including conposite board manufacture where Ebg‘t étlzioby of the
flame retardant is desired. Another enbodi ment of the inventron can al so
provi de conposite wood products, and furnish used in the manufacture of

conposite wood produgt t contain GUP/boric acid fire retardants,
preferably of hi(éfﬁe WW.HP%@ URNBINER cat HNSE BrRYite Wpod pradyctsipraepticday
further pr mﬁhgéglrmtdnpf G%/Proric ﬂﬁamgfeal%iaﬂfah t8 Ghal bériaif ﬂiduabld@el l:%l ﬁzgﬁipﬁm&ﬁﬁsl b t]tle
conposite woQ nuf act.uring i ndustry, an rovides solid particles o
fire retar Hlérﬁ?aﬁg‘fm@%ﬁ%ﬁgn&é’é’d?‘f Sp'ﬁ?’élger(g?%&a?t’r?ﬁﬂr‘lcﬁé manuf act ure of
conposite wood products. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
nonlimting exanple of |li.nea inetics that can. be achieved when _producing
the conpositi onrsg‘?tl é’?igﬁ?lﬁ?orq@“ef‘goﬁhee‘“}‘)eﬂ’g%ﬁf‘ aFSﬂP’é’H{dFé‘H‘.‘“"lﬂ? ef GUP/paricacii ot of

t he asynpt ctreardastaba imeiudk higetincatafime bi/fad raMdi@ane.pr oduci ng  GUP/ boric acid
fire retardants by the nethods of the prior art. FIG 3A, 3B, 3C, and 3D
are scanni ng el ectron photonm crographs at various nagnifications of flane
retardant product fipthepatedineaceatk Mgerion @AEfHBERGRGWERN sobfl GUEboricniégNt | oN.

13 30 August 2005 WO 02/ Q70 PCT/.US02/ 05940 FI 4A, 4B, 4C, and 4D are
scanni ng eﬁléeg traro%%mp]ﬁ 8’?’{5’?}%&%‘3?3@%’113?0'5 ars S&Bséantlﬂgg‘ﬁie‘ﬁ?’ disperisdspisterablyane

ret ar dant eflogiusititypr epared accordi ng to one enbodi nrent of the invention
FIG 5A and 5B are graphs showing the results of energy dispersive X-ray

anal ysis of bulk and individual particles, respectively, of the flane
retardant produ€ineshbudimem of tHe.indntionfrh43. alfprénde HBd phrficdieTGEIEMNg t he

results of acid' %rritgylogvl E)pg%sgép\{c%y?( Zugda })lvhlaéﬂaclar\ll st;esusggl in material treatment processes,

including composite board manufacture where flowability of the flame retardant is desired.

Another embodiment of the invention can also provide composite wood products,
and furnish used in the manufacture of composite wood products, that contain GUP/boric acid

fire retardants, preferably of high purity.

Yet another embodiment of the invention may further provide methods of
manufacturing fire retardants for use in the composite wood manufacturing industry, and
provides solid particles of fire retardant that can be readily integrated into the manufacture of

composite wood products.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a nonlimiting example of linear kinetics that can be achieved when

producing the compositions according to the present invention.

FIG. 2 is a plot of the asymptotic reaction kinetics observed when producing
GUP/boric acid fire retardants by the methods of the prior art.

FIG. 3A, 3B, 3C, and 3D are scanning electron photomicrographs at various
magnifications of flame retardant product prepared according to one embodiment of the

invention.
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bul k and individual particles, respectively, of the flanme retardant product
shown in FIG 4. DETAILED DI SCUSSI ON OF THE | NVENTI ON th@xh Lf30 osphat e/
boric acid conmpositions are provided that exhibit inproved roperties for

t he treatweontombisaterial for flane retardancy. |In one enhefliyg@iisedohe
I nvention provides an inproved GUP/ boric acid fornulation that exhibits at

| east one of miGe4AokboNe %d%%&ﬁﬁh@dléé‘ﬁmnﬁ;h&toﬁﬁ%@%ﬁhé RdPdn 96, 97, 98
and preferably greater t’han 99 per cent purlty (ii) honpgeneous

SlotSL[J: F%W&EO%J ﬂ’%]jge?ge%rg%g?‘%&w{nprmgﬁl Cgrc%ﬁ) OI]I%ess Ofi We%‘lt %Hhﬁ and

pr ef er ahl percent of a salt such as the salt of di cyandi am de and
phosphorlfl%e“&e}‘d In a second enbodi ment, the GUP/ boric acid conposition
exhibits the followng characteristics: (i) greater than 95, 96, 97, 98
and pr ef er ablElGyfaand 5B dve grapbs pervdeg thepasulis pf erzangly digpdryivi Snney emdynisof
distribution of GUP and boric acid in formulation. In a third enbodi nent,

t he GUP/Huli il i@aiv@thﬁpg@ﬂatet ir8peBiHIR iof Thelfltend @lak itk ?ﬁdu@tttﬁbﬁﬁ LWeFiesi cs: (i)
greater than 95, 96 98 and preferably great er than 99 percent purity;

?225'{14780p:\rjcent %%g\?va(s g’%ﬁgz%lﬁ?ggg odi ne I?ezll&t %leﬁé&ﬁﬁ {trgl%(ﬁof at
6. o7, WK AR e} b 91‘;8#'@83)%“@#“9%823@3“ BB éﬁr&% b f T ese.
than 5, 2 and pr ef erably 1 percent of a salt, such as the salt of
DETAILED DISCUSSION OF THE INVENTION
Guanylurea phosphate/ boric acid compositions are provided that exhibit improved
properties fot the treatment of material for flame retardancy.
In one embodiment the invention provides an improved GUP/boric acid formulation
that exhibits at least one of the following characteristics:
()  greater than 95, 96, 97, 98 and preferably greater than 99 percent purity;
(ii)  homogeneous distribution of GUP and boric acid in a solid formulation;
(i)  solubility of at least 70 percent in water; and
(v}  lessthan 5, 2 and preferably 1 percent of a salt, such as the salt of
dicyandiamide and phosphoric acid.
In a second embodiment, the GUP/boric acid composition exhibits the following
characteristics:
) greater than 95, 96, 97, 98 and preferably greater than 99 percent purity; and
(ii)  homogeneous disiribution of GUP and boric acid in formulation.
In a third embodiment, the GUP/boric acid composition exhibits the following
characteristics:

(i) greater than 95, 96, 97, 98 and preferably greater than 99 percent purity; and
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di stribution of GUP and boric acid in fornmulation; and | Ility of
at | east WO8B/@&Nt in water. In a sixth enbodi nent, the €@OP/Usoz/éso4mcCi d
conposi tion e(gi?i bi doRipilly 0‘3‘?9{ ﬂeg%ﬁgyerc H@.ﬁ%ﬁ‘ﬁ?ﬂ stics: (i) hompgeneous

0

di stribution GUP and”boric acid In roulation; and (ii) less than 5, 2
and preferabl r cent ..of sa such as the salt of. dicyandiam de and
phosphori c acl?{’dq.]foﬁﬁh QHE%Q}@?Pﬁ %@Hﬁ‘%‘ﬁ@?’gt‘:ﬁ@l’@ﬂ?f”bSﬁdpglt%\&lec’%@‘b‘??ﬁ‘ési tion
exhibits the following characteristics: (i) solubility of at |east 70

per cent Gharaggeristics: and (ii) less than 5, 2 and preferably 1 percent of a
salt, such as the salt of dicyandi am de and phosphoric acid. In an eighth
enbodi ment, te Gdrédarthan 88,196, 8T H8eE ipradeyably pidditdrshirh ©9TpRtdegiitly: and
characteristics: (i) (ii) (iii)- greater than 95, 96, 97, 98 and preferably

greater than.ﬂiigq qggsqgﬁsa%d{%ﬁeﬁg%?&g‘%ﬁﬁa %E%B&P&LI%QQ?JQIB%GP and boric

acid in formulation; and east percen water. 15 30
August 2005 M0 0%/ QAQRASEST 02! 05040

In a fifth embodiment, the GUP/boric acid composition exhibits the following

acid conposition exhibits the follow ng characteristicsgg iubug%;g eneous
') ~solu

characteristics:
® homogeneous distribution of GUP and boric acid in formulation; and
(i)  solubility of at least 70 percent in water.
In a sixth embodiment, the GUP/boric acid composition exhibits the following
characteristics:
(1) homogeneous distribution of GUP and boric acid in formulation; and
(if)y  lessthan 5, 2 and preferably 1 percent of a salt, such as the salt of
dicyandiamid;e and phosphoric acid.
In a seventh embodiment, the GUP/boric acid composition exhibits the following
characteristics: |
® solubility of at least 70 percent in water; and
(i)  lessthan 5, 2 and preferably 1 percent of a salt, such as the salt of
' 'dicyandiamide and phosphoric acid.
In an eighth embodiment, the GUP/boric acid composition exhibits the following
characteristics:
()  greater than 95, 96, 97, 98 and preferably greater than 99 percent purity;
(i)  homogeneous distribution of GUP and boric acid in formulation; and

(ili)  solubility of at least 70 percent in water.
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In a ninth enbodi nent, the GUP/ boric acid conposition exhibits the

followng characteristics: (i) greater than 95, 96, 97, ferably
greater than 99 percent purity, (ii) solubility of at |8§§%‘§%2§§cem in
wat er; ando@z/oiop1d ess than 5, 2 and preferably | percent pfErmsedsbsg such as
the salt of dicyandi am de and phosphoric acid. La a tenth enbodi nent, the

GUP/ boric acid canposi.ti.on exhi hi the follown char.acteristics: (i)
honmpgeneous Eun bé’ﬂ"%efn%’égf’%mb%‘i‘%‘?&wlépﬁl nf'edﬁh?h]‘fsat{"? Sllowing | )
solubility of at least 70 percent in water; and (iii) less than 5, 2 and

pr ef er abharactepistiessnt of a salt such as the salt of di cyandi anide and
phosphoric acid. In an el eventh enbodi nent, the GUP/ boric acid conposition
exhibits all @ thgeattiahtuo9$,99, eT\B8md @iréfetablSeredién) thai 8 percedtpasing5, 96,
97, 98 and preferably greater than 99 percent purity, (1i) honbgeneous

di stribution ] L4 hded Q. ation; (iii) solubility of at

| east 70 perc@?ﬂ GiLéE}lwzlat ??5%1%@&?})?){&3%12@\{%%?]5:&? 2 and preferably | percent
of a salt, sugh as t sal f i di am. de a osphor i cid. These .
desired char g@‘@erislgﬁr[&ng%mgié’rﬁtg%afp?ﬁ%,o‘%?ﬁagﬁﬁgéﬁg@ﬂisﬁﬂgﬂg, by carrying
out the process reaction in a manner that achieves |linear reaction

ki net i csdicyapdismidyandphogphvsisweided t hat by running the reaction under
conditions that achieve linear kinetics, as opposed to the prior art's
asynpt oti ¢ Kilnettenth emboginedt the GUPVb@icpeid @mpplitionexhitis duefllogtng or  fl ane
retardancy for a wde variety of materials is produced. 16 30 August 2005
WO 02/ 073dkeieR6tIdsUS02/ 05940 '

@) homogeneous distribution of GUP and boric acid in formulation;

(1)  solubility of at least 70 percent in water; and

(iii)  less than 5, 2 and preferably 1 percent of a salt, such as the salt of
dicyandiamide and phosphoric acid.

In an eleventh embodiment, the GUP/boric acid composition exhibits all of the
following characteristics:

1) greater than 95, 96, 97, 98 and preferably greater than 99 percent purity;

(i)  homogeneous distribution of GUP and boric acid in formulation:

(1ii)  solubility of at least 70 percent in water; and

(iv)  lessthan 5, 2 and preferably 1 percent of a salt, such as the salt of
dicyandiamide and phosphoric acid,

These desired characteristics can be accomplished, in one embodiment, by carrying
out the process reaction in a manner that achieves linear reaction kinetics. It has been
discovered that by running the reaction under conditions that achieve linear kinetics, as
opposed to the prior art’s asymptotic kinetics, a product with superior physical properties for

flame retardancy for a wide variety of materials is produced.
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The i nvention provides a substantially pure and honbgenous GUP/ boric acid
fire retardant that does not contain a significant quan%btpxl 8&2‘66 nt ed-
by- products or unreacted starting materials. The fire re AMgERS Ran be
made as fWOWaBTBIuni form particul ates, which can be enpl egeaisonosvie
manuf act ur e 19f ; Wi 15%& LSRR RLE ard. |t
has surpri siTr?ilglnf/& egﬁbﬁ?&%éggg‘rle ?ﬁgﬁ'%@%&%ﬁg&%%&% nea/rﬁglﬁtggcg?ﬁg% ki netics
bet ween i C i am de and phosphoric acid, one is able to increase the
v el e ForEBRteloBt PRt S SRt eR Sy o uRnAmed BY RIS % PotsadEd on
process substantially, and to produce conpositions of GUP and boric acid
i n whi élrtinganaemalandbp drs etanding andesmsictasdtovenbleyunifpen ipprtitinkesy wbith  The
i nvention can be used to produce high purity GJUP/boric acid fire

- I et ar danbsermplobed in theadufaame: dff utipbsitedioad produbls glichRisiorlexteBRamDr i ¢ Aci d
Fire Retardants In one enbodi nent the invention provides solid and liquid

Fi d e _ venti _ |

cont al &SP T REFR Ry AR kb Rred (LS BRI BB R oS Rericl 1
f .ih i.ns .o ni mal ]

at or 1 S SeRRimick R BRI A el Y el e Ao GEBL b,

preferred enbodi nent, the anount of unreacted starting materials and
unwant &8 BYori asid, Brasretasdans produgiion moogss sulkstantinBy.tand ér produed copimsisitions n even
nore preferred enbodi nents, the anobunt of such inpurities is |less than 4%
3% 2%pf GUPeangrbotic%ciaf intwitcH ihe AR aebborit slidlare@ubst@aially evdndy disyerpedoduct of
the prior art process of the Cberley 010 patent is reveal ed when the
GUP/ bomi.ciaci . . o . i )

pot ent o iaeht o 06 1T PSR ARRr iRy COPBGte RAPERSSukduky WIBUESY
about - .t 1S. believed that this equival ence point is caused by the
preseng%&(lﬂmgﬂlflﬁéayandi am de/ phosphoric acid salt in the end product. It is
al so believed that this salt contributes to the hygroscopicity of the
produck, anHighbRugity GURBoprigAcid Kire Retakdamber purity products of the
present invention do not exhibit this pKa equival ence point. Thus, in
anot her enbbdénvembddentriieinveniionlito@dessodidsind 200k fire retardant compositions

that contain GUP and boric acid wherein the GUP/boric acid is in substantially pure form and
thus contains minimal amounts of unreacted starting materials and unwanied by-products
from the GUP reaction process. In a preferred embodiment, the amount of unreacted starting
materials and unwanted by-products is less than 5 wi.% of the theoretical yield. In even more
preferred embodiments, the amount of such impurities is less than 4%, 3%, 2%, or even 1%
‘ of the theoretical yield. |

One particular by-product of the prior art process of the Oberley ‘010 patent is
revealed when the GUP/boric acid solution made according to that process is tifrated
potentiometrically, because it exhibits an equivalence poixit at a pKa of about 3.2. Itis
believed that this eqﬁvﬂenw point is caused by the i)resence of a dicyandiamide/phosphoric
acid salt in the end product. It is also believed that this salt contributes to the hygroscopicity

of the product, and hence its stickiness. The higher purity products of the present invention

do not exhibit this pKa equivalence point. Thus, in another embodiment the invention

17




WO 02/ 070215 PCTI US02/ 05940 pro ai des conpositions of GUP and boric acid
that do not exhibit an equival ence point at a pKa of abgghy3.si20¢§ still
anot her enbodi nent the invention provides a GUP/ boric aci 7Y et ar dant
subst ant iv0DIeg/07031% he absence of a di cyandi am de/ phosphor i eCRwsa/sadot . The

invention also provides.fire retardants that have super.iqr solubility. As
ot 1 oS bR ot BE bLE oot 2 Barhhor R R RS encs hors it
producing liquid conpositions of GUP/boric acid fare retardant of

except il&g%ﬂ)f aﬁm 3.9 Inyvtdbanether jsmbodmognt theinwghiitempravides s GHB/bode agid&int | s
solubilized, even at concentrations to 70 % fire retardant solids. This is

a very retaodent subistahdalivinehe absence/efid dicyaadiambderibogphdricarid st oper ati ons such
as pressure treating because, when higher solids concentrations can be

enpl oyed, | epg fubdRioR AoGREVEYs fir® relaRBHs HBH AR %ﬁéﬁm‘gmﬂiﬂ@t %;1_ pr oduct .
This is also inportant bécause one can nore readfly ewater Tiquid
solutions .to obtain.solid boric acid.conpositions. ,Thus.. i.n one

enbodi HBRRIoRef abqeyb Brosfssidor Bisscuy ARe SR ol SomeaIchs Had) ot on
capabl e of being concentrated to greater than about 70% and even 75% solids

wi t houtcompresitiops ale P Bbosie agidsiins|retaysdenicafiskeaptional puritaeseatearthandidel irent t he

i nvention provides solid GUP/ boric acid conpositions capable of being
sol ubi |wiiekl ail of tguetandanisio lsolubiiizsd t evex ais@heantratidi@to FOQGtfird 6%ardad selidsn 75%
solids without the formation of visible precipitates. The percentage of

sol i ds Tigé i SverPinhRtadiiREke B conQbitihtallbhaion §datitietherifors Qﬁ(ﬁ?ﬁtprés%ure

evaporated froma solution, expressed as a ratio of the weight of such

sol i ds . i .t he lLution. before evaporation,. GJP.and boric

ol o dlshe BedBic B high Pt oo ARt S S BRBNRL 1 vpiaba RS 1 v e
retardant properties. In one enbodi nent, the conposition conprises from
about ZByiEpd tgdEfic eaigd pHuch ab s 1sslvojimpartand beeavge pRofATIBONSTE®Yt 0 about

80 weight parts of the reaction product of dicyandi am de and phosphoric
aci d. Idevatesfikeid selvbiods fwerittaintsbiéd GhiRdmsictacdrcompositiohs.es from about 25 to
about 35 weight parts boric acid, and from about 65 to about 75 weight

E?Ir It Is g 1;] OE Eg]fr'h’lﬁ,aiﬁfoh@ BroBb@igheat, 1R i tiAnbAMdsd8 RARELRNISPMREL Geid GbMitiod N
capable of being concentrated to greater than about 70% and even 75% solids without the
formation of visible precipitates. In another embodiment the invention provides solid
GUP/boric acid compositions capable of being solubilized in aqueous solutions to greater
than about 70% and even 75% solids without the formation of visible precipitates. The
percentage of solids refers to the amount of solids obtained when the solvent is evaporated
from a solution, expressed as a ratio of the weight of such solids to the weight of the solution
'béfore evaporation.

| GUP and boric acid can be present in the composition in any proportion that imparts
fire retardant properties. In one embodiment, the composition comprises from about 20 to
about 40 weight parts boric acid, and from about 60 to about 80 weight parts of the reaction
product of dicyandiamide and phosphoric acid. In another embodiment, the composition

comprises from about 25 to about 35 weight parts boric acid, and from about 65 to about 75

weight parts of the reaction product of dicyandiamide and phosphoric acid. In still another

18




18 30 August 2005 WD 02/ 070215 PCT/ US02/ 05940 enbodi ment the conposition
conprises fromabout 28 to about 32 weight parts boric a%j0 u at@ %rom
about 68 to about 72 weight parts of the reaction product 0 94r 8 di am de
and phoswbaermemzeci d, and preferably about 30 wei ght partgchogizosesn d and
about 70,\/\/3%%?ht }Parts of. the reaction product of _dicyandi am de and

phos ph§RPeAIsH thereomposition sewprses doms alqny &6 6 ahput 8 @eight prrts horis ackds ar dant
refers to a conposition which, when inpregnated into wood products at

| evel s 28dfwontboub b8 b steut Vhwelght potdfthoredBinpgodichdidityandiamigaatd a
measurabl e | evel of fire retardance to the wood product. Fire retardants
thus i pabsphieriaktidcanpauRebiydioah30 whipht faBHogid abid 28 hboltTeevGaatpaHabNg
materials, result in treated cellulose containing materials which will not
burn, t erdal. ' : a | esser degree than
untrea?geedr% Err‘%%bg |rg?lgc,?gggﬁ%cflﬂedi J?%%dgﬁ%ogﬂ@d&ch&?dfeat ed materials wll be
limted to smal | er area.when comparegd.to unfreated materials. Exanple 4
sets forth SEPUREEHGTLP BHORIeR ﬁlftf%gﬁ%eﬁaéﬁet IgferS P AoppPsifign wee

i nparted by the conposition. In one- enbodinent, the conposition qualifies
as a f iwhenueprogtaiad 1ntp wopd peativcie ot tetels commonty ahrseyed &l the waiod Iprodsysing eat er
than 10% 30% or 50% when anal yzed by the nethod of Exanple 5. In another
enbodi irshiiry tihpatte Apeaiirhiie leyebdf fire egtadand tb ilicews®! grodan! Firk rdtirdaggduces t he
char area over a control by greater than 10% 30% or 50% again as

det er MgaRGndYdd eilﬁccﬁgﬁ&ﬁﬁs %ﬁch,%&é%’%@léd 10 Qﬁhﬁo‘%& %ﬁt&ﬁh%&ﬂ&t@ﬂﬁfﬁasn%ﬂﬁor eti cal

yield" refers tot quantity o eacted starting feria

by- products fromthe, di.cyandi.am de/.ph ric acid reaction, .ex ssed as a
per cen%ﬁ@tgg S?ﬁ"ﬁ?lsé’ Q%Fab‘m‘g B e%@ ‘aﬂ?lgwﬁg\g{}l -8 WD Rl T eeraRly W@E)g'é‘?ll cal
conversion of dicyandi am de and phosphoric acid to GUP. \WWen cal cul ating

t he pefGeissigydestanjhanwiresicdmaterialsady the bumingsofisuch uenterhmeicrials wilade i s added

to the reaction mx, either intentionally or unintentionally, is excluded.
limited to a smaller area when compared to untreated materials. Example 4 sets forth two

methods for evaluating the level of fire retardance imparted by the composition. In one
embodiment, the composition qualifies as a fire retardant if it reduces the loss of original
weight by greater than 10%, 30% or 50%, when analyzed by the method of Example 5. In
another embodiment, the composition gualifies as a fire retardant if it reduces the char area
over a conirol by greater than 10%, 30% or 50%, again as determined by the method of
Example 5.

The term “percentage of theoretical yield” refers to the quantity of unreacted starting
material and by-products from the dicyandiamide/phosphoric acid reaction, expressed asa
percentage of the weight of GUP which would result from 100% theoretical conversion of
dicyandiamide and pﬁosphorio acid to GUP. When calculating the percentage, any
stoichiometrically excessive raw material that is added to the reaction mix, either
intentionally or unintentionally, is excluded.

The term "phosphoric acid” as used herein includes all of the oxy acids and

anhydrides_ of phosphorus. The term phosphoric acid thus includes such forms as H;POq,
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The term "phosphoric acid" as used herein includes all of the oxy acids and
anhydri des of phosphorus. The term phosphoric acid thus isg%g& ch forns
as H3PO4, 19 30 August 2005 WD 02/070215 PCTI US02/ 05940 ) PO4H20,
HAP207, Wb §200215HPO3, P203 and P205 and m xtures of the @ogyarnide term

"bor i hd” | Ny HeR407, B203, and
it ur S0t 3 2FRECLTE0 PR Oet B0 PRDs ol S g s e R o e

phosphat e, GP, refers to (HZN- C(NH) - NH H2) ' H3PO4.  H. Solid and
Part | cul ai oL FEmARPHF asid! AR Giett %&I%eﬁﬁd@#{%%&{@%%s
particulate solid fire retardant conpositions that satisfy one or nore of
t he fokhdwixtgephftheehbvattributes: (1) particle sphericity, (2) uniformty
of size distribution, (3) flowability, (4) average particle size |less than

50 m crons, DidghndiaRsdcABidrato HANGERIDNHENS i nes, and (6) uniformty of
conposition. These particles are especially well|l adapted for use in the

i mpregnatio _ ' i i BV PNATENE € aTepatessXy! of
conposite V\gg Ygﬁ%éh%%@h%hg%ypél%g%sﬁ @éﬁg%ﬁcmﬁ#{gﬁ can be used
to make the_parti lf’l ' g dant,s of .the present invention, ‘
i ncl udihg pSolid and Fartieulatc Hire Betardant Gompositions. " 5ci . and salts and aci ds
of phosphates, sulfates, polyphosphates, phosphonites, and phosphonates.
Still ot her The mwenidemalsaproyiden phuligelatisolid fidt wetrdant cOupositionsithatsefiddy ur ea,
and formal dehyde. In a particularly preferred enmbodi nent, however, the
fire reh@sdase dfsh@fo@daﬁ@pﬂy@icapatﬁlibufe@r(pEgaﬁiu@rgphaﬁﬁty,s%t) nBifbBHiyuTeiRr nore
of the requirenents discussed herein such as purity, onogeneity, and/or
GUP/ bopi.£i1aG) I ' ' i l.des solid
Hisﬁlbgﬁbxﬁ @& ﬁB&ét}%@D (4) a.%:%@@p&ﬂsptgu IR é‘}‘#?dn'g}r{’?‘gﬁvﬁi @? s@s&\é.hgte

fire retardant’ partic ving-a stanti stribution of
particle siz I n enbodi.ment at | east,_about 50% of the particles have
D SolieR dt ingg il (ONO Bt 7! pURPIRT: STERGS DYTHOIh SRreare BB hrent ot

adapted for use in the impregnation of cellulosic materials, including the manufacture of

composite wood products.

 Any type of fire retardant composition can be used to make the pé.rticulate fire
retardants of the present invention, including boric acid, the various salts of boric acid, and
salts and acids of phosphates, sulfates, polyphosphates, phosphonites, and phosphonates.
Still other fire retardants include dicyandiamide, GUP, boric acid, urea, and formaldehyde. In
a particularly preferred embodiment, however, the fire retardant is a GUP/boric acid
composition that satisfies one or more of the requirements discussed herein such as purity,
homeogeneity, and/or GUP/boric acid proportion.

In one embodiment the invention provides solid fire retardant particles having a
substantially narrow distribution of particle sizes. In one embodiment at least about 50% of
the particles have a size within 75% of the median particle size. In another embodiment at
least about 50% of the particles have a size within 50% of the median particle size. |

In another aspect the pai‘ticulates of the present invention are flowable. For example,

when the solid fire retardants are provided as particulates less than 150, 100, 75, 50, 40, 30,
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| east about 50% of the particles have a size wthin 50% of the nmedi an
particle size. In another aspect the particul ates of the 85\%@9% ggventi on
are flowabl e. For exanple, when the solid fire retardan?s are pP i ded as
particul @842 t han 150, 100, 75, 50, 40, 30, 20 30 AWRLCEUSROG%0 WO

02/ 070215 PCTI US02/ 05940 or 20; mcrons in size, they readily flow past one
anot her when subjected to gravitinetric forces. Thus, in one enbodi nent

t he i nuelfiorong nwyize dbeyswhdity BhiPphsd vhe arsdhat whHenaubjetiad daptasitindidat do not
stick together, and are thus flowable, as nmeasured by their ability to

readi | frdeks OThus) &SénRMeHRMALNGhe WRERidh Sl SHd TBUPBbEE G8iH FHr8 fotarfunts
particul ate conposition is said to readily flow, or be flowable, if it

o e o 8 8 BREO R i Ui Hutblr, b PR ety bl e '

configured to forma 90 ircular funnel. In another aspect the particul ate
fire r%?%@cﬁﬁfhmbg’rﬁ’@&t%ﬁwlﬁ“ 5 average dianmeter. Thus, in one
enbodi ment the particul ates have, on average, a size less than 75 mcrons
i n di anet erA pamicelapr @hgroaition 16 smd ta leadilySlowiior be Hlowabled ifdtHoes through 2even
nore preferably Iess than 40, 30, or 25 microns in dianeter. Preferably,

at | eagperd@circlar o@ificd adedhil ad el RAL hichbLH didMferwiha® sbithital saatieh. t he
foregoi ng size ranges. As nentioned above, the conpositions of the present

[ nve”th?é}aﬁerg%f ‘ﬁﬁ&;%ﬂﬁgg%‘ré‘ﬁﬁgﬁn%%% ARy d S_rcﬁfaitr(}unn-gpe solid conpositions

t hat conpr oric a can be " present as particul ates or other
solid for (such as the 0.5 - 1.5 inch chunks |d, . cogmercially in the
prior art%%ﬁ?ﬁ%@%P%@ﬂﬁ%@?WW% ecdseg-'élF‘élblS UATCEAEE present  as
particulates or other solid form in a preferred aspect the guanylurea

phos p héiemetan df sy inone goibedanent shesitioutates Haye, onerveyagd) sgiee besitham7dughout t he
solid conposition. Thus, in another enbodinment the invention provides a

sol i d ickéhsieiian@en! meRMeRdbhPRsCRAPS0 Shidonddadthstegand ph@sabrt e and boric
acid, wherein the guanylurea phosphate and boric acid are distributed

subst %}Efeﬁa!bi}ylegsvtﬁ% ¥O,t3|6£ B%Qﬁ'(l;mﬁshﬁ dEHBGS iPtréfgﬁbly, at least 50, 75, or 95% of

the particles have a size within one of the foregoing size ranges.

As mentioned above, the compositions of the present invention preferably comprise
GUP and boric acid. The solid compositions that comprise GUP and boric acid can be -
present as particulates or other solid forms (such as the 0.5 - 1.5 inch chunks sold
commercially in the prior art). Regardless of whether the GUP/boric acid solids are present

. as particulates or other solid form, in a preferred aspect the guanylurea phosphate and boric

acid are substantially evenly dispersed throughout the solid composition. Thus, in another
embodiment the invention provides a solid fire retardant composition comprising guanylurea
phosphate and boric ﬁcid, wherein the guanylurea phosphate and boric acid are distributed
substantially evenly throughout the composition.

Even distribution of guanylurea phosphate a1-1d boric acid in the composition is
achieved in at least two ways. In one embodiment, the invention provides solid particles of

~ fire retardants in which the discrete particles contain both GUP and boric acid. Thus, in one
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Even distribution of guanylurea phosphate and boric acid in the conposition
Is achieved in at |least two ways. I n one enbodinent, th t

provides solid particles of fire retardants in whi ch thg)’ocf‘ éggeétoag

parti cl eswoanbaits both GUP and boric acid. Thus, in one 2pcPRssiasdsd 2005
WO 02/ 070215 ﬂC;IE US02/ 05940 sensp the solid conposition is a discrete..

part i cubsethe gelif! ¢avepEUiRNLs d dissrate paticwlaterand the b IPmd bdrioaced/eal y
distributed within the discrete particle. |In another enbodinent, the

i nvent i subspaniiallydesni diquebitbd nthirothe displeteriidly. of solid partlcl es, in
whi ch the GUP and boric acid are substantially evenly di spersed throughout

the plural Iftnhe the Mﬂxfcﬁt ﬂﬁevlﬁgelﬁioﬁ??d\}?&%s'c% po%h@ﬁ?bfﬁ'?lf&xﬁ{% Bﬂt’ﬁoﬁ al arger

scal e, when s are ‘present a ura because
the particul ates. a of . fI ther eln n1xed
to a s uB%‘ﬁéFﬁ’ Phwhlgbg}ﬁ ﬁ%?b ﬁcé‘ﬁl ﬁ'ﬂ 1o ‘gﬁﬁ’eﬂsed%g anot her
sense the solid conposition of the |nstant I nvention is a pIurallty of

parti cl Bhralify efiparticles. tRyes disdhygiands athievied guithis fateerschle, whenithe Folids are
conposition of the individual particles can vary as long as the plurality
of part pekemsad splarllify of patitylates,becansd the papicelatdsiee cabdiffRing panever ,
substantially all of the particles conprise both GJP and boric acid. In

nmor e pr gfskdr a6k S‘él@%aﬂiim% Dbsthgd Tevé%&%mg@tﬁﬂn H P AL 233 %rmed i he

particles cont pboth GUP and bori< acid. In an even nore prefer red
enbodi nen t he er a ti.cle d scussed se bot h
G ancoRer et i SO@@ o Gaton B el VSR SRS BT BREPFORbIb | os

di scussed herein, I\/Et hods of Making the Conpositions of the Present

| nvent i Brfotoepmprise cbﬁth GHPand dope aoidd d e pemperdiionef thalindigidetpagislascanci d
fire retardants. Sone of these nethods relate to the manufacture of

par ti cubvay es Iohg es thetphurdbinytcd patticreriendiiciesthdnizedse nethods are not |imted

to GUP and boric acid conpositions, but include nethods of manufacturing
particul at e fiahRefe@EREABOYSndhY MIWRMY, fibSEntiflyAitd the PATRRS kbihphse both
GUP and boric acid. In more preferred embodiments at least 95%, 96%, 97%, 98%, or 99%
of the particles contain both GUP and boric acid. In an even more preferred embodiment, the
percentage of particles discussed above that comprise both GUP and boric acid, comprise

GUP and boric acid at the preferred ratios discussed herein.

I,  Methods of Making the Compositions of the Present Invention

The invention also provides methods of making GUP/boric acid fire retardants. Some
| of these methods relate to the manufacture of particulate fire retardants in general, and these
methods are not limited to GUP and boric acid compositions, but include methods of

- manufacturing parﬁculatg fire retardants from any fire retardant composition.

In one embodiment, the invention provides a process for producing guanylurea
phosphate by reacting dicyandiamide and phosphoric acid under conditions that yield linear
reaction kinetics. The reaction is preferably allowed to proceed to at least 95% completion,
even more preferably fo at least 96%, 97% or 98% completiqn, and still even more preferably

to at least 99% compleﬁén.
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I n one enbodi ment, the invention provides a process for producing
guanyl urea phosphate by reacting di cyandi am de and phose %rui ﬁst%bg unde
conditions that yield linear reaction kinetics. The reacti o1 RS pf ef er abl y
al | oned tWOBROWEEd to at | east 95% conpl eti on, even norePpTAREL/EHIY to at

| east 96% 97% or 98% conpletion, and still even nore preferably to at

east. 99% cpl ety 8%, 18 AUIHELLR005, V0, 03/ AIAZS, ECTLLSD3 0240 1 1 one

enbodi nment , I near reactron Kinetics are a Sol'viirg in

wat er, _.substantially sinultaneously, .dicyandi am de, phosphoric acid, and
boric é%'?sEﬁ“héﬁYjSIF@gfé‘ﬁoH&Ya@mYﬁﬂéﬁ’éﬁld& p&eﬁnchoaﬁ > BMEbTIcAFith AN RGNS t he
phosphoric acid at an elevated tenperature to form guanyl urea phosphate,

t her ebyeaftor prirtion of the dyhmliapidednd thesphoaphaic acohatainmlavgted itgspdratac: toGUP and
di ssol ved boric acid. As used herein, the term"substantially _

si mul t araogshylureaPhosshatd) dlerdtyot NP AEMISN prRivet ohatsednR@ling gissdhedof t he
conponents have had tinme to substantially react together. More

speci f | , 334 [.an.de, i o P [CR-Tod| e all added
bef or etﬁ%{ ?ﬁncgggtoﬁbeéa%g??%%ﬁei ésﬁ%%@%?fedd. eee}gr%grsél? 8@%&?%5 au%lﬁir}cgugﬁf ficient to
react any substantial anount of . the dicyandiam de and phospharic acid. In
oot i e AShe PmBneA et i Shdadlects Y B he Serpareicy B BRI BEIP  on | s
typically prepared by mxing dicyandi ani de, phosphoric acid, and boric

aci d i sulseenenlly waet tegethasaMorg spachlicallyxdioyandiang de | physphiotih aeid; and bogle t o

di ssolution. The nole ratio of dicyandiam de to phosphoric acid added to
the m x¢id e disaddyd beford holling thebititreit SletatbdtenliRudturk.for dtimEéReffiERneto ratio
of boric acid to (dicyandi anm de plus phosphoric acid) added to the m xture

s typl‘e%@“rbﬁsuﬁ&ﬁﬂa?&ﬂ%t%f%ie]di&ﬁpd%ﬂa aoxadipch;?ép}ég%é?ca Iy the solution is

heated to a"tenperature ranging rom bout 100 C, nore
particularly fraom.about 95C tq, about..98C, .ypi cal l r a tiuope,.period

P ang ng. 11 ol BBGHY B PRt SRbERS RS AreBbE pREVE IO s YUY 5 hour s
after dissolution. The solution is preferably heated enough to drive the

r eact i Bigpamsd by mixing dicyandiamide, phosphoric acid, and boric acid in water, and by heating

the mixture (usually with stirring) to dissolution. The mole ratio of dicyandiamide to
phosphoric acid added to the mixture is typically from about 0.8:1 to about 1.3:1. The mole
ratio of boric acid to (dicyandiamide plus phosphoric acid) added to the mixture is typically
from about 0.2:1 to about 1.5:1. Typically the solution is heated to a temperature ranging
from about 45 °C to about 100 °C, more particularly from about 95°C to about 98°C,
typically for a time period ranging from about the time of dissolution of the solids to about 5
hours after dissolution. The solution is preferably heated enough to drive the reaction, but not
so much as to make a substantial exotherm. Generally, the solutions formed will contain
about 7% to about 80% by weight dissolved solids, and more particularly from about 40% to
about 60% by weight dissolved solids.

In other embodiments the invention provides methods of making solid GUP/boric acid
fire retardants by dewatering liquid compositions of GUP and boric acid. This method has

the substantial advantage of producing solid fire retardant compositions that contain both
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~conposition, and dissolves quic

so nmuch as to nake a substantial exotherm Generally, the solutions forned
wll contain about 7%to about 80% by wei ght dissol ved %ﬁlAiu ﬁstzlﬁﬂgj nor e
particularly fromabout 40%to about 60% by wei ght dissolved sol'Tds. In
ot her enb¥&i0387245 t he i nvention provi des nmet hods of nmaki n§C3AISHZIOIBWP/ bor i ¢
acid fire retardants by dewatering |iquid conpositions of GUP and boric

acid. T has ' i idfire

retar daﬁ?%@g}?? (lggnlgfo?ﬁgt% Hﬁ%@?ﬁ@&?’@%@ﬁ%ﬁ@f %Wg‘% 070215

PCT/ USQ /0234}%ﬂg%J{:?Ii nd boric acid. Mreover, the GUP and boric acid are
I |

typi cal Y Persed throughout the solids. Thus, in one enbodi ment,
the invention provides a nethod of nmaking a solid fire retardant

conposi t i on Estpinicse gabadirambrihe ipvanticnprevides swkihoil of makingupsodidditbor i ¢
acid. In one enbodi ment the conpositions to be dewatered contains GJP and
bori ¢ aetatdanbesnpaitionfcpmpiiiieg@dd/abeing anagisbus sildiién MGURI mdbsscdcidbtve. For
exanpl e, the anount of unreacted starting materials and unwanted

by- pr odytesaHoiRHadd: R c%gaogﬁa% 1B BHREGES cHifinPEBPERA HoYic akﬁS%_é& %gygewt - %

of the theoretical vyiel However, it 1s not essential that ft

present, | ch high rit and,lj qui rocess such as. those,di scl osed
in Cbertlhgymgti A %ng%{mﬁlé%jsﬁg%gﬁd?%)o 5 %888’@1@%&% HBOWH O EPBAEE or t he
dewat eri ng process. The dewatering can be acconplished by a nunber of known
t echni g Bratesialsapd tpygnted by wrseduckfeom dha el reagtian Rrpcss aag prefsrably, t hin
filmdrying, or other drying techniques used by those skilled in the art
of dryiless thal ditit.0nef the thicareticalgyibld g Hosaved i icautteedehtiall thatethg GEebd gresent

enbodi ment, however, the liquid conposition is dewatered by spray drying.

Thi s t g6RREMEN pRAQ VARG RAd Hx’o!c@%e@ﬁ&ﬁ!é% F\ho}'s@@i%clbs%d‘iﬁ "Obehh?v\ﬁ*@' &@n alipikormin

ly w ess heating than conventi onal
pr oduct reqver. the size of the particles produced by
ed%b rgﬁlllc% startf%%lllltl

spray dryin oWs Q%Jn%rgﬁutgg eﬁlvl?‘ltercl%%%r(?gerstg'e materials, such as

The dewatering can be accomplished by a number of known techniques for separating
solvent and solute, such as spray drying, thin film drying, or other drying techniques used by
those skilled in the art of drying solutions containing high solids content. In a preferred
embodiment, however, the liquid compositioﬁ is dewatered by spray drying. This technique
provides a dried product that is very flowable, uniform in composition, and dissolves quickly
with less heating than conventional products. Moreover, the uniform, small size of the
particles produced by spray drying allows them to be used in composite materials, such as
oriented strand board (“OSB”), without the need for dissolution of the flame retardant prior to
application. Moreover, these particles do not create dusting problems because the amount of
small fines from the spray drying process c¢an be controlled. This is in part due to the
increased control over particle size provided by the spray drying process.

That a combination of GUP and boric acid could be successfully dewatered to provide
a flowable, uniform, granular product is quite surprising in view of the difficulty with which

“pure GUP is produced. In fact, attempts to spray dry pure GUP were rather unsuccessful.

When GUP is dissolved in water and heated to 80 °C and spray dried, the resulting product
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oriented strand board ("OSB"), w thout the need for dissolution of the
flame retardant prior to application. Mreover, these payt/ not
create dusting problens because the amount of small fing%h%%%§¢¥ﬁ§ spray
dryi ng pMRexe70gen be controlled. This is in part due to pawUsimssmased
control over§§article size provided by the spray drying process. That a
conbi n&exHHY stickgforming dumips ohmateriebarddstioking te thesites of thedbrieat Ehisds t o
provide a flowable, uniform granular product is quite surprising in view
of t hebalieféd tubet 4t lesist i pafti dule to fherlowGhBting pehociitie GUH. NAddiel ansthérenpt s to
spray dry pure GUP were rather unsuccessful. Wen GJP is dissolved in

vat er PeAt §eh hopBR: LidpPns B&ﬁgi?g Ed' @éjsp\f\éanﬁierdeﬁ(;{hzsl p?%(géeﬂ gggé%eﬁl‘g’to 30

August 2005 WO 02/070215 PCT/ USO 940 S.-ver cl unps
of material .and i cking . to the sides of t drier. This.is, believed to be
at | ea®t™rh %%Prt(’%ff&é S‘fnﬁgf}f?eadltdﬁlcﬂ'gp?l?eﬁ‘gwﬁﬁﬁ Vo PegfEpegipd tolgehieanot her
conponent such as boric acid to the solution to be spray dried would have
been eRphingpgintof theaesdting solid mixone.c Howsvarcte afditian débonoagdadmllynoul d have
been expected to lower the nelting point of the resulting solid m xture.
Howev eappett¢o hakai itiposved fthdpltsistcabpiogersies ofitht yrodappear s t o have i nproved the
physi cal properties of the product. In the spray drying process, the

GUP/ bor i ¢ agi e Shyiliiy@ip ﬂ@c&k,&ﬁ@@@béﬁﬁ&i&é 'dﬁri%isﬁ&%ed o fifle %Q%*Sge“

and then fed into a Stream of hot gas, usually concurrently, 1nsi

dryin h r fit.en Li.ndrical) ., The heat.fromth as. yappr.i zes

noi st g?yea(.:ul %g%%gr’%r%gélfe&fg%( g g\;:i;r%m of P?teg?s’pl?ﬂl?lfyc(foé’gu??fg{yg &%f‘ﬁe@éﬂ?@éar at ed
fromthe gas stream The entire operation typically takes |ess than about
thirtye T (odien sykindricph) o \The hoatfpm gheczap vapasizey maipiun inthectieplpadearing | t
typically results inthe formati on of spherical particles. Moreover,
becaushisdartiventharven by sefardtbd frond the gaysteppi Tleleytil cpleaiton tyfiaallyhd@pgenei ty
of solids in the particles, spray drying produces particul ates that contain

a uni f@gsrﬂjmmtgﬁr@m)g&s;nggd conponents. In addition, spray drying
provi des an easier way to obtain the desired bul k density, flow

characteri %ﬂr&f d.ryﬂ&qs aRReAng gﬁ\‘?anttpgaegusdt?ecg{[lsgel{ tyg{cXIII)P Rsults in the formation of

spherical particles. Moreover, because the homogeneity of the solution typically dictates the
homoéeneity of solids in the particles, spray drying produces.particulates that contain a
uniform blend of the desired components. In addition, spray drying provides an easier ﬁay to
obtain the desired bulk density, flow characteristics, and appearance than do other drying
methods. Because the residence time in the drier is so short, thermal exposure is limited,
leading to decreased degradation of heat sensitive materials.
A GUP/boric acid solution will typically be spray dried by introducing the solution to
a spray drier inlet at a temperature ranging from about 200 °C to about 300 °C, and removing
the particles from the spray drier at a temperature ranging from about 65 °C to about 130 °C.
Those of skill in the art of spray drying will recognize that a number of operating parameters
| can and should be varied to optimize the spray drying process, and that these parameters to a
large extent depend upon the size of the spray dﬁe‘r and the size of the particulates desired.

~ 'For example, a larger diameter spray drier will generally be able to produce larger particles at
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met hods. Because the residence tine in the drier is so short, thernal
exposure is limted, |eading to decreased degradation o itive
materials. A GJUP/boric acid solution will typically be s%’?tg\?ag?tis@ggby
i nt roducWiy0¥¥820l ution to a spray drier inlet at a tenperasweEsssangi ng
from about 200 C to about 300 C, and renoving the particles fromthe spray

drier tht sm¢ begielulyt sines thaspiap gropfets wil lpendralfbirdel o gedaten tlist:30e Groughhthse of

skill in the art of spray drying will recognize that a nunber of operating

par anefR kfises Gafbra BshtstRp ik Ref¥abs 88 diidr, OfhbiRrZBydr&/ilP PaRYal r)éé:lpﬂﬂa Process,

and that these paraneters to a |arge extent depend upon the size of the

spr ay L er. t si ze _of, the r.ti cul ates desired. For e le, a

o gor A Bl g find el R dh ofdtr ¥ Pa e Stine Sl ElORE ger
particles at 25 30 Au%ust 2005, WD 021070215 PCTf US02/.05940 t he s~ne heat
duty, sincet Hendpnehabaye phretasions dewalering aracgsses adibls mveptientad di st ance

t hrough the hot gases before contacting the surface of the drier. Smaller
dr yer scspedidlygibn epal dyyingprocess, @n ahiogiteused hd stantfacper e weterdahioparticlesar ger
drier in order to produce the sane sized particles. As nentioned above, the

var i oUgorfl eiéredls 80ethes 6¥TFBorRf acidi Brekdhe@Hirk 9tardaid inchRRAUrRlakd, tehe spray
dryi ng process, can also be used to manufacture fire retardant particles

: . | o ey . cles

por i ¢ gk R STH0RE pl Mol ARl PhosplyBbS e bR EhERRAC o' " 1
h hat es, | f ates, | yph h h hani t . and, ph honat es.

Sti 1| Roppeionfien g gbosphapates. il dlher S e peute GomndiBben Ul o, ur ea,

and formal dehyde. In a particularly preferred enbodi nent, however, the fire
r et ar demic acisl; aregUpiddformaldelyidd. boapaticulady préfatredbabalines, bowewer, thofiee of t he
requi renents discussed herein such as purity, honogeneity~ and/or

GUP/ battafdaatisth @UPLRFE aid-cohositibh gl Satdffieb'ohder bR dfanPRehkénags of the
Present Invention The fire retardants of -die present invention can be

f
readt |t iaaasn 308 A RLARE doheodk!i§ SHORN OB IR LAGHiosh, P ant s for

i ncorporation Into conmposrte wo S Suc

IV.  Methods of Using the Compeositions of the Present Invention

The fire retardants of the present invention can be readily packaged and shipped to
treatment or manufacturing plants for incorporation into composite wood products sucﬁ as
OSB and plywood, and other wood products. When used with solid wood products, this
incorporation éan be done using conventional techniqués such as pressure {reatment, wherein
the product is dissolved into water prior to treatment, When used with composite wood
products, the particles can be simply mixed with the wood sheets, fibers, chips, or particles
without dissolution, or with the adhesive used to form the composite wood product, and the
resulting mixture processed as normal to produce composite wood products.

Liquid treatment is generally the preferred method of treating any wood product that
does not degrade under liquid treating conditions. Such wood products include processed
sheets of wood such as plywood, structural member such as 2x4s, 2x6s, and 4x4s, and even

wood chips used jn the manufacture of composite wood products.
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OSB and pl ywood, and ot her wood products. Wen used with solid wood
products, this incorporation can be done using conventi Lques
such as pressure treatnment, wherein the product is dissg@thhgﬁg@bmater
prior to¥%Qex7edt. Wien used with conposite wood producPET/UBRASHHrti cl es
can be sinmply m xed mﬁtg,the wood sheets, fibers, chips, or particles

wi thout di sBISuI By embedipgpenk therjaveniina roddesasgothad foirpating wesdpasiuels wood
product, and the resulting m xture processed as normal to produce

c onposvithefiveostirgads] vomprisitg cpntatting eavoshprotect pathery lulig firheetqpdaftéiated net hod
of treating any wood product that does not degrade under liquid treating

condi tdofideisesSGUIP atdtidriB MR GihSrdin HeURouRt OEAREREd SHERE Madriaload such as

pl ywood, structural nenber such as 2x4s, 2x6s, and 4x4s, and even wood

chi ps 143, L ' [ 3 ust 2005
w0 b2/ 58S e PR A O TR Dea SRR BB S VRS ot BEHEAE ovi des
a method.for treati wood products with fire retardants, conprising

cont ac?i‘&ﬁirgﬁéa%lﬂfd ﬁ&%gé%@eﬁ, & Wventiqnyerogides # wopd pradyeithat qomptisesadirs ses GUP
and boric acid, wherein the anount of unreacted starting materials and
unwantrelgrdant ¢omophsitian, theneint the figtRtardanttcooprisesddeB sndiberit esd, andamheseint . % of
the theoretical vyield. In another enbodinent, the invention provides a

wood phoscinttdfabreaoi safing rfatéiidle and ehwidadby-pRAPAS fohPthe GWRE&IcHod he fire
retardant conprises GUP and boric acid, and wherein the anount of

unrea &%sé&:%ﬁéés%@%ﬁtﬁg g@gxie#@é{ﬁﬂél&d é%ﬁ%ﬁ%ﬁ%&é%b%yfertﬁg‘a&gﬁm%fp reaction

process are | ess e t'heor As nent1 oned above,

t he angount, .of . inpurities fromth P.reacti referably | ess than
4% 3 OPUBiGy frof thy Bl et are Rty 165 1a§‘i4g}f]’é%%h‘§t%’ef’%§2t°f§%q i ds
concentration of the aqueous inpregnating solution will be dictated to a

| ar ge thsoredival Pigld he treating nmethod enpl oyed and the degree of fire
retardance required. Generally, the wood is inpregnated with an anount. of

fire retar ddntpetgpuasolidg coicenrah@df the A@ueous impregnating sotution will be dictated

to a large extent by the treating method employed and the degree of fire retardance required.
Generally, the wood is impregnated with an amount of fire retardant equaling from about 5 to
about 15% by weight of the wood, though the precise amount depends upon the fire retardant
l;sed and the type of wood species or wood product being treated.  Alter being treated With
the aqueous solution of fire retardant chemicals, the wood is thereafter dried in a conventional
manner by exposure fo ambient conditions or by heating to a temperature of from about 40 °C
to about 70 °C.

Solid wood products can be treated by one of the various techniques which are well
known in the art. Examples of some of these methods are soaking, diffusion into green wood,
vacuum pressure impregnation, and compression impregnation, The particular technique used
will be determined by such factors as the species of wood being treated, the thickness of the
wood, the degree of fire retardancy required and the end use of the treated wood product.

The homogenous solid fire retardants of the present invention are particularly useful in

the preparation of composite wood products such as oriented strand board, plywood, random
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about 15% by wei ght of the wood, though the precise anmount depends upon the
fire retardant used and the type of wood species or woog QPagg{cgbOg)ei ng
treated. After being treated with the agueous solution o 're retardant
chem cal syoote7oaasod is thereafter dried in a conventi onal PCTaSORISI4BY
exposure to anbient conditions or by heating to a tenperature of from about

40 C biearditetd; 48d partiblebodd WaStoRtAE PricEss6@ Wob@ phrtieRE Mifky 1888, @fshidie

various techni ques which are well known in the art. Exanpl es of sone of

these GPhBON a1 SARA Athia HobHT AR LAY GRUGfisvey aCUUT pr essure

| mpregnati on, and conpression | npregnati on. e cul ar techni que used

w |l be determned, by such factors as the species of wood bej ng {reated,
the t hi ckned B ST 1ROTPRE o RIofF.cas Bredierin Felers foseheyeereupadtichng 1 ne
end use of the treated wood product. The honpgenous solid fire retardants
of t hethst Esaemgthensdbe weed produgia by beuding kagethsewith glue, optianafly opdergressureof
conposite wood. products such as oriented strand board, plywod, random 27

30 Augushea? G0 MEXIDF Qée2aha HAGT belgde0) dippdd arutlcdio In dhe MatkfBakEhe! eboar d,
that contain processed wood particles, chips, fibers, or sheets of wood

mat er | g%ot%es(s?t‘ié%&s trgﬂéle bl bRO BRI & or msg%}seé;?:lé : ;) @ﬁﬂﬁtbggcit%'?g . dThe term

"conpo e wood products,"” as use ereintr ngl nee such
that it,strengthens.the woQ roducts b ondi ng toget her wt | ue,

opt | onSFFet i APz 1ok CorRRBHE S e BREAl cuey Beall sits e derdiiten

peel ed, chipped or sliced. In the manufacturing process, defects in the
wood bt &regsava pisge af weodii Sprae senrlimiting epmities 4r¢ ghilam (guedttaminatednger
than the original |og. Conposite wood preferably can carry nearly tw ce the

| oad ofimbermadpiby gluipttogaivas hpiiemealdbyoro ofhighemengiodinlsnsiohilingbeaegE)ps are
gl ul am-(gl ued-lam nated - ti nber nade by gl uing together horizontal |ayers

of hi gparatieiahi 19 BRPaISE) (%H%%gsm%%ﬁﬁs%f woddIfld ﬁhe%ggﬂﬁﬁg%brvg%) (PSL)

(made from strands of wood gl together i nto I ong,

Par al | At bl AR (B5H of H 1h GRS EL: RS O Hhad TS 1R

| ayer e

composite of wood veneers and adhesive such that the grain of each piece runs in the long
direction, so it is strongest when edge loaded as a beam or face loaded as a plank),
StrucLam®, plywood (made from thin veneers glued in layers with the grain of adjacent
layers at right angles, or cross-lamination), E-Z Frame®, Oriented Strand Board {OSB) (made
from strands of wood where two-way strength is provided by orienting the direction of the
-strands in different layers, where the sirands in the outer faces are all oriented along the long
axis, making the panel stronger lengthwise), Huber Blue, Huber Advantech, rim board, E-Z
Rim® Board, Waferboard (made from strands of wood where the grain directions of the
wafers are random, making strength and stiffness equal in ail directions of the panel), Wood
I-joists (I-shaped where the I is made of plywood or OSB, and the wider, upper and lower
portions (flanges) are made of long lengths of LVL or high quality lumber), StructJoist® I
joists, medium density fiberboard (MDF), Medite, Mediland, Synergite®, particleboard,
MicroFine, MicroFiber, FF FiberCor, MultiFiber, Flake Face Novoply, MicroFine Novoply,

Novoshelf, Novostep, Novodeck, Novowood, Aspenite, Aspenite T&G, Flakeboard,
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conposite of wood veneers and adhesive such that the grain of each pi ece
runs in the long direction, so it is strongest when edg?OAg a beam
or face | oaded as a plank), StrucLan(r), plywod (nade |n veneers
glued in WeypaH0g2Mr t h the grain of adjacent |ayers at rigCTasg/e™40 or
cross-lamnation), E-Z Frame(r), Oiented Strand Board (OSB) (nmade from

st 1 andDueLIane,0Whib Bl darhine-PEbSHd. Qe BodrE, RIOOMGRFIDM1ahb2a! LBgh e
direction of the strands in different Iayers where the strands in the

out er &&ﬁ IﬂBXp PIRK] N

strongg er@%%ﬁ?g)t%’h%aﬁg#@@ﬁ&%? dghb )ﬁa e, ri m%%mﬁ ﬁer %%Lﬁln(r)
Board, ,Waferb m s nds of wood Wnere the grai n di rections of
“the P@errg’oﬁ‘?g“l?)%#ﬁd e‘tr‘]r%{’ﬂ &Eﬁ}e%?h and stiffness equal in all
directions of the panel), Wod 1 -joists (I-shaped where the | is nmade of

pl ywood or @Bsh Omaeﬂeﬁﬁandﬂewablhb'péﬂhamdls@uews ﬂpmtuh@rrsadﬁylmmgéwmare made
of long lengths of LVL or high quality lunber), StructJoist(r) | joists,

medi untidefmishyorfadbeshzomen if M¥nhposite dhidod prodedi h@ﬁdﬁactﬁbiﬂ petick®( 4nd yields
particl eboard, M croFine, McroFiber, FF FiberCor, ti Fi ber, FI ake Face

Novopl

roponi Lombb SRl K 08 Fhi BiRAN a8 S&W syloygient

PCTI U /05940 r af i.te Melam n boa anel boar
|ndussff§5%mmt€’ﬁare&8>8 Bt fhe thetion PR e P e o hE VG Gomgeedign et poar d.
Deal er HBD, Fi ber Face, Perfo -Sqguare, Perfo-Round, ervvood Li oni t e,
oy Lo TeampriseR G et barketetl. TeHID od bowis o i prefiraimiddesily torfurtich ol | ds

allows themto be readily mxed with the furnish or adhesive nelt in a

conposadiesive osbipasodhahogoaous @aipesitiog, adasessluratintoffictdbie pAadapass.te wood
products in which the GUP and boric acid are substantially evenly

di sper sgfher chibddimdr 1RV Qn PRASEHs TR ol (wOYUE Pidap: R5Q) ghﬂ)ﬁeg‘ Ish or

an adhesi ve conposition that “conprises GJP and boric aci and
boric gld}gior ({jef erably added to the furnish or adhesive resin as a
honogenous corcr'g sition, and as a plurality of Plowable particulates. In

While the invention is illustrated by the treatment of wood for convenience, other
ceﬂulésic materials can be rendered flame resistant with the compositions of the invention,
including paper, cardboard, cotton, jute and hemp. The invention can be more clearly
understood by reference to the following examples, which ate not intended to limit the scope

of the invention or of the appended claims in any way.

7 EXAMPLES
Example 1
Dicyandiamide, phosphoric acid, and boric acid were mixed in a 1:1:1.42 mole ratio
with sufficient water to form a 15% solids content solution. The mixture was heated to
approximately 48 °C to dissolve all of the solids, and a sample for analysis taken. The

temperature of the solution was then raised and maintained between 70 °C and 90 °C for 3.5
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anot her enbodi nent the invention provides a conposite wood product that
conprises GUP and boric acid. Wiile the invention is il I%% gﬁg%ogy t he
treat nent _of wood for conveni ence, other cellulosic material’s can be
render ed WPAHRT®RESi stant with the conpositions of the i nvBREUS/05940nc| udi ng
paper, cardboard, cotton, jute and henp. The invention can be nore clearly
under Buss dSasypler phihe selutipn wersanplyre by pofeaticmeitie sitralign everakarmnd atnt ended
tolimt the scope of the invention or of the appended clains in any way.
EXAMPE SndEw il 3e5 hodireacsindipeniodde, phosphoric acid, and boric acid were
mxed ina l: 1. 1.42 nole ratio wth sufficient water to forma 15%

sol i ds conteiangSlkdtvbRRitraldd@glhlapbRoxiBseRAR| SONLOH (RRMLXLIPIBINt 48 C to
di ssolve all of the solids, and a sanple for analysi's taken. e

t enpe the L th I sed an - nt alkped bet ween.70 C and
00 & Tt Blasbis B3k 30a e aRie R D, 58 Re B 08 R W S g oo
of the solution were analyzed by potentionetric titration every hour, and
at tWat fophords agifcthe sampledeesach capplpesd wih 198! spnpiteldo fama POEG at ed

agai nst approximately 0.1 N NaOH (standardi zed against a potassium

hy dr ogpihegidrtHasiat el osten pla ekt fsmoore MhSlp)disiBawishslde tiom thiteofdFUEUPhes very
close to that for boric acid, the sanples were each conplexed with 10 g of
manni teeiklstae AR TESIE i1 Chel &6, dd @RS1RNE dnaviizin@ 18 | ower pKa that is nore easily
di stingui shable fromthat of GJUP. The results are given in Table 1, bel ow,
and plotted on Figure 1. TABLE 1 Bﬁ%iﬁp“ time (hours)GUP Yield (WM. %

00. 84

Reaction time (hours) GUP Yield (wt.%)
0 ' 0.84
1 28.4
2 43.9
3 65.6
3.5 71.2

Figure 1 shows a substantially linear increase in GUP yield Wlth time, such that GUP
yield will presumably continue to increase as the reaction time is increased, as would be
expected from the greater yields seen in examples presented below. The samples only
exhibited equivalence points for GUP (pKa = 7.25) and the boric acid ester of mannitol (pKa
=4.50).

Comparative Example 1 (Oberley ‘010)

A 15% solids content solution was prepared by mixing dicyandiamide and phosphoric
acid in a 1:1 molar ratio in water. The mixture was heated to 80 °C and maintained at that
temperature for 3.5 bours. After the 3.5 hours had elapsed, sufficient boric acid was added to

yield a molar ratio of boric acid:dicyandiamide of 1.38:1. Samples were taken at various
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128.4 243.9 365.6 3.571.2 Figure 1 shows a substantially linear increase in
GUP yield with tinme, such that GJP yield wll presunablgogggk#agg to
increase as the reaction tinme is increased, as would be “expécte ?ron1the
greater W@pPHE03Ben i n exanpl es presented bel ow. The sanpPEEUSHIVE5940

exhi bited equi val ence points for GUP (pKa = 7.25) and the boric acid ester
of mannitol (pKa 4.50). Conparative Exam le 1 Cberle 010 A 15% solids
content solution was prepared by m xi ng di cyandi am de and phosphoric acid

i n 4imes dupgg fic teastion tp mapiorthe coRogniintéonsard peresanted %‘ga@egnd

mai ntai ned at that tenperature for 3.5 hours. After the 3.5 hours had

el apskek. sufficient boric acid was added to vyield a nolar ratio of boric
aci d: di cyandi am de of 1.38:1. Sanples were taken at various 30 WD 02/070215
30 August 2005 PCTI US02/ 05940 tyAapppguring the reaction to nonitor the GUP
concentration, and are presented in Table 2 bel ow. TABLE2 Reaction tine

(hisyBOP—Yretg £ wt o085 0314602575 27563 56 3:5030o
0 6.03
I 46.0
3 , 575
2.75 | 63.6
3.5 63.6

As indicated in Table 2, the GUP concentration rises to a maximum of 63.6 wt.% at
approximately 2.75 hours, after which the reaction appears to cease. These asymptotic
kinetics are plotted in Figure 2.

Comparative Example 2 (Oberley ‘010)

Dicyandiamide and boric acid were dissolved in water in a 1:1.38 molar ratio to form
a 20% solids content solution. This mixiure was heated with stirring to 80 °C and maintained
at a temperature between 70 °C and 90 °C for 35 minutes, and then phosphoric acid was
added, in an amount such that the molar ratio of dicyandiamide, phosphoric acid, and boric
acid was 1:1:1.38. No solids were observed 1n the solution, which was then cooled to room
temperature. No precipitation was observed even with cooling. The solntion was analyzed
by potentiometric titration, as described above. The vield of GUP was found to be 67.4%,

and the third equivalence point at pKa = 3.2 was observed.
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As indicated in Table 2, the GUP concentration rises to a nmaxi mum of 63.6
w.%at approximately 2.75 hours, after which the reacti to
cease. These asynptotic Kkinetics are plotted in Figure 3@%%}2@2@ ve
Exanpl e WQ@4EP318y ' 010) Di cyandi ani de and boric aci d werRCHUS®R®5%48d in
water in a 1:1.38 nolar ratio to form a 20% solids content solution. This
i i Jrring to 80 C and nmaintained at a tenperature
yedxampled (Qogiley 85 nut es, and then phosphoric acid was added,
in an anount such that the nolar ratio of dicyandi am de, phosphoric acid,
and bor iRicyadiathidmand pliosph@B: ack(85W)i s s meolatretioywereimixedwiigol ut i on,
whi ch was then cooled to room tenperature. No precipitation was observed

ev eafitidnd waepkd fttm b piimkicBI508asolalzablzior. This abiteatvwas ildn fieateli t r ati on,
as descri bed above. The yield of GUP was found to be 67.4% and the third

Sgﬁ@%ﬁégﬂ\g&ﬁz{% iz dﬁ%ér%@?fe@?ﬁp ee%%%zgglrl ggué(t)f&%@gc?}gndi am de
] .i € .aci 85%),, .. 1 s Jo, | xed, Wit
R AR S e R A S i Y

was then heated wth stirring to 80 C and naintained at a tenperature
betmistie, 20d theanixtas cgoledito BB feinpgradare. Bbe mixtes wankhendiuiedseldedt (in a nol e
ratio to dicyandianide of 1.38:1) to the cloudy mixture, and the mxture
codleghiotablowoR et papicte disssutidihel solids, wne sindplet here tkenfegotentiatenic 10% to
all ow nore conpl ete dissolution of solids, and sanples were taken for

00 E - . L ons T . . . 1. and

S oAb PT Tl vk oAbk golh ERADLRN, W R B B P IR per | ment
was t hen repegﬁ d, except that after the 35 mnute period, the tenperature
wa SXPH G vas ;B?oxinately 98 Cto dissolve all of the solids, and this

tenperature was maintained after boric acid addition. Sanples were taken on
conpl et &he experiment was then repeated, except that after the 35 minute period, the

AR el i (5 APl 2 " DGLEC

temperature was raised to approximately 98 °C to dissolve all of the solids, and this
temperature was maintained after boric acid addition. Samples were taken on complete
dissolution of the dicyandiamide and phosphoric acid, after 35 minutes of reaction time, and
after the boric acid was added and dissolved (about 30 minutes). The GUP concentration for

each sample was determined by potentiometric titration, and is given below in Table 3.

TABLE 3
Reaction Time (minutes) ' GUP yield (wt.%)
0 (dicyandiamide and phosphoric acid 56.9
addition)
35 90.7
~65 (boric acid dissolution) 949

Titration of the GUP/boric acid mixture yielded three equivalence points, one for GUP

(pKa = 7.25), another for the boric acid ester of mannitol (pKa = 4.50), and a third at
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di ssolution of the dicyandi am de and phosphoric acid, after 35 m nutes of

reaction time, and after the boric acid was added and dBé%ﬂhNﬁ%oégbOUt 30
m nutes). The GUP concentration for each sanple was determ

pot ent i on¥PrRG7RLTrati on, and is given below in Table 3. mmwoaaetact i on

R B R L L

GUP/ boric acjd mixture yielded three equival ence points, one for GUP (pKa

= 7. 25nd inbrbieted tofsra phiispheric aiddicyndiangde 64lt.-manni t ol (pKa = 4.50), and a
third at 32 30 August 2005 WO 02/070215 PCT/ US02/ 05940 approxi mately 3. 20.

Thi s pBeanwds2t oo high to be unreacted phosphoric acid (pKa -- 2.15), and
is believed to be a phosphori c aci d-di cyandi am de salt. Emle 2 Solutions
of GUP and f@fiidns iPVerd AtiaP 9 A& Pﬁ@ﬁ c acid,
and boric am& Sl rrul taneous 1o m%ter H Hea1 d g@lisé |od

Sol utlon r.om,about. 40% t o abput. 60%.di Ive SO|I of whi ch

Shout S5 g o aé%lyf&ﬂfa%lw{y ngﬂ%mf/ﬁ%g AR BRoL SR ER B ou 50. 6
% was boric acid, were initially formed (corres ond| ng to a 1:1:1.42 nole
rati o)iremabows 40 %ctoaboutlp d@solv%so@dwof ihieh ahousg9-8 &% vk disyinddaride, sol i ds.

Care was taken to prevent an exothermfromthe solution. Upon dissol ution
of t he34sl8h wads phodphodobeitl] anrsaborr 3. Bdvdsthorit 8601, erareinlitidllyfbamdd spray drier
using inlet tenperatures of 200, 250, and 300 C and outl et tenperatures
bet weegodlpstiding to a 1:1:1.42 mole ratio) and heated to about 95- 98 °C with stiming to
dissolve the solids. Care was taken to prevent an exotherm from the solution.
Upon dissolution of the solids, the solutions Were fed to an 80 cm pilot plant spréy
drier using inlet temperatures of 200, 250, and 300 °C and ouilet temperatures between about
98 °C and 127 °C. The resulting products were free flowing, with no visual degradation.
Low magnification microscopy showed spherical particles with some agglomeration,
probably due to electrostaiic atfraction, and the small particle sizes (less than 50 um) of some
~ of the particles produced. |
The dried products produced above were analyzed by scanning electron microscopy
(SEM) and energy dispersive X-ray analysis (EDAX). SEM photomicrographs of the solids
are shown in FIG: 3 and FIG. 4. The product shown in FIG. 3 was obtained from a 40%
solids solution at an inlet temperature of 300 °C and an outlet temperature of 119 °C. The
product shown in FIG. 4 was obtained from a 40% solids solution at an inlet temperature of
300 °C and an outlet temperature of 124 °C. Both sets of photomicrographs show intact,
| spherical particles, having a range of particle sizes. The majority of parﬁcles are between
about 7 and about 17 pm; there do not appear to be any particles larger than 50 pm. EDAX

performed on a bulk sample and on individual particles showed the presence of phosphorus

and boron among and within individual particles.

33



98 C and 127 C. The resulting products were free flowng, with no visual
degradation. Low magnification m croscopy showed spheri §(?hu§@5rtt2b§é es with

~ some aggl oneration, probably due to electrostatic attracti on, t he
smal | parWP82870815zes (|l ess than 50 pm of sone of the paPETHRISI0duced.
The dried products produced apove were agnalyzed by scanpi,ng el eciron

i or oscopy. | ( SE TR ARETRGRGy OLreporch 96 Red M Prunety afiftses Sk

phot om crographs of the solids are shown in FIG 3 and FIG 4. The product
shown #mabreddy gotpaiioratitig tiretior. r Sppraxingyely §JI008 g of 6plid produeiwasrrombined
tenperature of 300 C and an outlet tenperature of 119 C. The product shown
i n Fl Guith abas 10 btradaee] hddnoraedE#imo0i1 36 Naotlt Tignmadnivd waskédedtte iget at ur e
of 300 C and an outlet tenperature of 124 T. Both sets of photom crographs
Show | B e boriRABRYt ¢ RBPllsfs, Wil bkl Aubi AR SuibBhiciciniShaes.  The

majority particles are between about 7 and pm~ there do not

appear n articles..l.arger than 50 pm 8 Jboulk
o ey 5 haROm e e Pupe eciete o4 Ataer Pieosion of BE'Se CBRGudiaas” anc
boron anmpbng and wi thin individual particles. 33 30 August 2005 WO

02/ 070bxE PETVerscyeto e tpmeticahpell ofi76i39 GUPbask apid: dihedessdn yisll yabduct s
produced above was al so analyzed by potentionetric titration.

Appr oxatiriiebie 10 tHOHIrigreadtioadinmdalprveduas thivesanghabdridnktiodnbalysalwast 10 g
mannitol and titrated against 0.1 N NaOH The mannitol was added to react

Wi th t iRl @deftald, bR {was BOEAEBE]aflin in\é@agé"inr@ﬁl’gdém ehhutl puer

equi val ence point than” GUP. Titration showed the solids to have an average
conposit.i.on, of. 66. 8% GUP and 33.2%. horjc.agid, very close to the
Chobr oot B ibedipk fel BB A4 1Bl B Tabe AT Tl i s
attributable to the short reaction tine allowed in this exanple. A kinetic

anal ysis was subsequently underta@éﬁ!ﬁé'nd it was determ ned that an
increase in GJP yield could be obtained by increasing the reaction tine,

as indi cated | REFIIIONITOMEG) TABLE 4 GUP YIELD(%)
0 - 93.2
1 97.3
2 | 98.8
4 99.4
5 99.6

The bulk density of the dried products obtained above was measured and found to be

about 0,848 g/cm3- Moisture content for the dried products produced at various feed

solutions and temperatures were also measured and are reported below in Table 5.

TABLE 5
% Solids Feed Tnlet Temp. (°C) | Outlet Temp. (°C) | Moisture Content
(%)
60 - 199 ' 703 ' 1.90
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REACTION TIME (hr)GUP YIELD(% 093.2 197.3 298.8 499.4 599.6 The bul k
density of the dried products obtained above was rreasuregog[]gug oyl to be
about 0,848 g/cnB- ©Misture content for the dried products pro éuced at
vari ous fwed2nzniuti ons and tenperatures were al so neasur e¢TaRN/eHR

repor ce'l be! n\“u : N Ta In l-_\ TARlJ: '»-_\ OA- Qt'\l |_dc Eg_e_d_l__n_l___et_ et Ten‘p
(O Mbisture ®ntent (% 601889031. 90|34 30 A%yust 20d5 VO @ébmzw

PCT/ USQ2105940 "~ 401P9992.61 402501083. 46 403001143. 54 403001193. 22

40300]244. 1540Mi | e npt wi sh2f® to bef bound kg3 any thdory, i146s bell eved

that {he higher tenperatures associfted with higher jnoisture contents
resulted in 4he outsjde of Biwg partifles dryang Tastler, trapping npre

nDisture inside, since the particles|spend less tinmejin the drying chanber

at hi gher tep ratures—As esutt1it—s bhelt+eved—that—ei l-ower
t enpe turesBcJ)f | onge res?%nce times, orlfllg%th, wodl d regﬁ'btC I n re even

a r
drying,—and—Lgm.r_chEsLuLe

40 300 124 4.15

While not wishing to be bound by any theory, it is believed that the higher
temperatures associated with higher moisture contents resulied in the outside of the particles
drying faster, trapping more moisture inside, since the particles spend less time in the drying
chamber at higher temperatures. As a result, it is believed that either lower temperatures or
longer residence times, or both, would result in more even drying, and lower moisture

Solubility of the dried products prepared above was evaluated by preparing 15 wt.%
and 20 wt.% solutions in water. It was found that a 15 wt.% solution could be prepared at
room temperature after stirring for 2.5 to 3 hours, and resulted in some clumping of particles
in the water. A 20 wt.% solution could be prepared by heating to 45 °C.

Storage stability was also evaluated to determine whether solids would cake or clump
in storage. A beaker of the dried products produced above was exposed to atmospheric |
conditions in the laboratory, and another beaker of solids was placed in a desiccator with a
beaker of water to simulate 100% bumidity conditions. The solids exposed to 100% humidity
showed caking after about 24 hours, while the solids exposed to atmospheric conditions did
not cake until after about 3 weeks.

Example 3

Water and phosphoric acid were steam heated in a reactor while slowly adding

dicyandiamide and boric acid in sufficient quantities to yield a 35-40 % solids solution. The

temperature was maintained at about 92 °C and monitored closely to prevent solidification of
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Solubility of the dried products prepared above was eval uated by preparing
15 wt. % and 20 wt. % solutions in water. It was found thapagqda obs%
solution could be prepared at roomtenperature after stirrlﬁg fzor 2.5t0 3
hours, anslonesmwkied in some clunping of particles in thepgpisszesfH20 w . %
sol ution could be prepared by heating to 45 C. Storage stability was al so
eval uated to determ ne whether solids would cake or clunp in storage. A
beaker of the dried products produced above was exposed to atnospheric
conditions in the laboratory, and another beaker of solids was placed in a
desi goatsof i, W ; : : L 9 3ol itions.
e in'\thd plg'}srg% h{?%‘a %%%%SS% 6h of e SHITAL, ﬁfe%oﬁ%ﬁ%?ﬁﬂi&%& PO

The soli1ds ex humdity showed caki ng bout 24 hours,

while the solids.exposed t t s ic cgonditio i d t..cake until
afte&%%ﬂ?p@' m&@sﬁ&%ﬁ%‘ﬁgﬁe rag}‘lr&&%er ® ﬂ:lc‘i“lﬁi r& st eam heat ed
in a reactor while slowy adding _dicyandianm de and boric acid in

suf f Migrespopigieaaminatien of thoyasticdjesindisatadboih soystaliénesasid spherical mricles. enper at ur e
was nai ntai ned at about 92 C and nonitored closely to prevent

sol i fhé sieadisieibuidén 35h3 Pardichis 3¢ HZEDHlWDIDPABTF2A. St R Hdd8EPihab&4Pfewgt e- dal i n
the punp lines. After dissolution of the solids, the solution was punped to
a 9 frlany HirBBBE RereSREBYY SV 10D GHEATHSY, and HaliheaRBIG by JrPaRRIRIHEES were

370 F and 160 F. M croscopic exam nation of the particlesS indicated both
crystal.li and spheri,cal,. i s. Jhe size distribution of the

o ¢t Mg 8P Gty ARG B¥iore iSeBeBBefhddy (hat Very few i any
particles were actually over 100 min size, and that the small quantity of

particles that fell into this size range, as listed in TABLE 6 were in
fact agglonerates. 36 30 August 2005 WO 02/070215 PCTI US02105940
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TABLE 6 Particle Size ((13m Percent of Total Sanple >1501.96 150>1064. 46
106>7513. 9 75>5348.7 53>4511.2 45>19.7 Titrational anal ysyaugfisttohgs spray
dried product revealed that it contained 68% GUP (representing a 97%
yield) aNddBZediSric acid. This anal ysis was confirnmed byp¢rBseNgssucti vel y
coupl ed pl asma spectrophotoneter). Bulk density was determ ned to be 0.781
g/ cnB, and the noisture content was found to be 9.49% Exanple 4 Fire
retardant treated random strandABBE& (RSB) was produced by incorporating
the spray dried solids obtained in Exanple 3 into the furnish prior to
bdard for mat paiclel¥sEe @bs) chosen for| these t ePdréent af Metal $4aple OSB becapse it
rdpresents a good | aboratory nodel for OSB, and the results obtainefl from
RYB—generaity LUl>l1§i ate weH—wthresul-ts—one WuuiJ_g-'.preL,t to—obta from
O3B. More specifi’c Ply, wat er, slack wax, and LPF (I qui d phenol

f arrel dehyde) face and —core resinst were first added to Aspen-—wood s{rands.
Sgray dried GUPABBYI® acid solids were then added44$ the strands inja drum
bllender in sufficient. amount to forma 7.5% w w board, and the m xture
wgds tumbl ed to eWs7§ distribute thie powder. The stig@ands were then | 4id and
37 30 August 2005 WO 02/ 070215 PCTIUS02/ 05940 pressed into' 7/16 inch
ngm nal boards.” Yafspus specificatijons of the panelygar e gi ven below {n

53>45 11.2

45> 19.7

Titrational analysis of the spray dried product revealed that it contained 68% GUP
(representing a 97% yield) and 32% boric acid. This analysis was confirmed by ICP
(inductively coupled plasma spectrophotometer). Bulk density was determined to be 0.781
g/om3: and the moisture content was found to be 9.49%.
Example 4

Fire retardant treated random strand board (RSB) was produced by incotporating the
spray dried solids obtained in Example 3 into the furnish prior to board formation. RSB was
chosen for these tests rather than OSB because it represents a good laboratory model for OSB,
and the results obtained from RSB generally correlélte well with results one would expect to
obtain from OSB.

More specifically, water, slack wax, and LPF (liquid phenol formaldehyde) face and
core resins were first added to Aspen wood strands. Spray dried GUP/boric acid solids were
then added to the strands in a drum blender in sufficient amount to form a 7.5% w/w board,

and the mixture was tumbled to evenly distribute the powder. The strands were then laid and
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Table 7. TABLE 7 Thi ckness0.437 in. Density40 pcf (plus chem cal add-on)
Resin content3.9% face; 3.9%core Mt constructionRandomﬁQ;(@?st 5
content 1% sl ack wax Strand typeCommercial Misture content7%Ttace; 4% core
Press tinWO@d208RES Sanpl es of treated and untreated (cont PEMUSRBEHDOr epar ed
usi ng the process descri bed above, but _w thout the addition of GUP/boric
aci dresggd gy 7 e insh pamiread boardsg Varipysspeeifieatioas ohtheipsapl aie givapdelevory bur n
test. Twelve inch square sanples were cl anped horizontally 19.5 inches

f r omable’.count er surface and were checked using a | evel. A Bunsen burner
with a propane gas supply.was calibrated to produce an 11 inch flame and
placed 7.75 inches below the cepmgrpof the exposed surface of the sanple.
The flame was ignited and held under the sanple for 5 mnutes. Once
r eqoved,—theweirghttoss—and charred—area—were detd:' jed: These :
parjaneters are il Flggts? ve of the fldnme spread perfoll} flce that the pr pduct
would have in . a Iargnr scale test, jand are used to.determne (f.g |
pafticul ar additiReusias any fire retlar dant 40grf Gdus ehenpisdl agdod) subst r at e.
The Burner was adjusted followi ng thHe practice described in ASTM stangard E
69, which provk&ascon®dt 30 August 2005 WO 02/ G702 ExePEPAGER/ 05940 " Adj ust
buriner to give a blue flame approxinmately 11" in height, with a tall

Mat construction Random 56/50
Wax content 1% slack wax
Strand type Commercial
Moisture content 7% face; 4% core

Press time 195 sec.

Samples of treated and untreated (control) RSB (prepared using the prbcess described
above, buf without the addition of GUP/boric acid solids) were burned using a five minute
horizontal laboratory burn test. Twelve inch square samples were ¢lamped horizontally 19.5
inches from the counter surface and were checked using a level. A Bunsen burner with a
propane ga;s supply was calibrated to produce an 11 inch flame and placed 7.7 5 inches below

| the center of the exposed surface of the sample. The flame was ignited and held under the
sample for 5 mimutes. Once removed, the weight loss and charred aﬁ:a were determined.
These parameters are indicative of the flame spread performance that the product would have
in a larger scale test, and are used to determine if a particular additive has any fire retardant
effect on the wood substrate.

The Burner was adjusted following the practice described in ASTM standard E 69,

which provides:
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distinct inner cone. Place the burner within an enpty fire tube so that the
top of the burner is even with the top of the opening inpt

section. Regulate the flame further to produce a tenpergglf{agug?bggGQF at
the top 'WD820B1Fire tube. Use a nanoneter to regul ate treTgss2/e63mpl y and
to maintain a constant gas supply to the burner after the flanme has been
adj usted, unless a suitable gas-pressure regulator is enployed. Wen the
adjustnment is satisfactory, withdraw the lighted burner fromthe fire
tube.” In« i,re.te he unt r eat ontro e SB | ost 22.5%
of its on%ﬁH 5{%%%%?“;35’%1?%@ R PRSP eﬂ%ﬁﬁ] ’e%”t 3%1 i ndi cated in
Table 8 bel gw. .During the test, flanes vvere appi ng over all sides of the
sanpl e and'sEBFknRSs spR6. fRjacedhe bawmer withinga glé@éc tiatthedopsanpl e. After
the flame was renoved, the board contlnued to burn until the flanmes were
ext i ngui shéthe blitrer isrevan adthREStopof thoogenagtin thoosteennkbytidn. 5% of its ori gi nal
wei ght. Moreover, the char area was reduced by 56. 7% over the control.

TABLE 8 sawgum&ﬁﬁnemeff@me&%ﬁ Erafidd o TR REBHE Y5Y et ed) 22. 5125. 2
Aspen RSB (treated)5.554.2 The invention having been thus described, it

wll be aﬁig,%, el \{&51 iati o t hereof can be
made by t oseg?)# s%% 2 Zerg}g?égﬁ%ea%ﬁég%&%%é’xgj‘ 9E 26) 30 August
2005 CLAI Ms: a phosgphat )/borlc aC|dfornuIat|onthat
has gr eat 8?“#?5%1&”@%1’ g?‘i’teb F%FS/ g])ﬁm? s besmadietebmnioss €1 ai m 1 wher ei n
(1) the formulation is produced by a GUP reaction process that has an
associ at eguitahlegasiprassire @R latoris @mpénydd.( Mhentilee adjostmentis unr eact ed

satisfactory, withdraw the lighted burner from the fire tube.”

In the lab fire test, the untreated (control) Aspen RSB lost 22.5% of its original weight
at the end of the 5 minute test, as indicated in Table 8 below. During the test, flames were
iapping over all sides of the sample and some charring was seen on the top surface of the
sample. After the flame was removed, the board continued to burn until the flames were
extinguiéhed. The treated RSB, by contrast, lost only 5.5% of its original weight. Moreoyer,

the char area was reduced by 56.7% over the control.

TABLE 8
SAMPLE WEIGHT LOSS (%) CHAR AREA (iﬁ2)-
Aspen RSB (untreated) 22.5 ] 1252
Aspen RSB (treated) 5.5 i 54.2

The invention having been thus described, it will be apparent that various

modifications and variations thereof can be made by those of skill in the art.
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starting materials and unwanted by-products fromthe GJUP reaction process
are less than 2 w. %of the theoretical GUP yield: 3) Ihg, fqiBphstion of
claiml1 wherein (1) the fornulation is produced by a GUP reattion process
t hat has an associ ated theoretical GUP yield, and (2) the anmount of
unreact @d,5§jarting materials and unwanted by-products fromthe GUP

reacti omprocess are less than 1 w. % of the theoretical GUP yield., 4)

The formulpati of 0@ .3%1@5 : erein the fornmul ati on does not exhibit a
titration pequi vgglanence g%cllsﬁlil%%@@)%ﬁ%ﬁmélg@mw@o@.thﬂhes greatatdhan PP Peroéntc! ai m
1, in the subgf;l@;@%i al absence of a dicyandi am de/ phosphoric acid salt. 6)
The forrmulation of claiml1l in the formof a solid, wherein the GUP and
boric acid are substantially evenly dispersed throughout the fornulation.
Theformﬂati% f claiml in the formof solid particul ates, wherein the
GUP and B0ri ¢ (P&{TEAton s plaire i viherdiy (19 therfopmdh ek SRRuLGT Bt

formul ati on. ;g%egggﬂ;u@ggti on, of claiml1l in the form of so% owan g
particul ates. &taﬁ&ﬁa&e@ﬂxeaﬂaﬁcdlq{mgﬂf [ laim] in the form
of solid spherical particulates. 10) The for n?Pé?@o@S%%%Oy%ﬁWWWHe form

of solid par t stetting neserinds/andGindasied b i 2l | rr si ze distribution. 11)
The formulation of claim!l in the. *@Fgr%ug[]\g ﬁ)ségpﬁ‘g FSeeiinnpracess asgilesy than

aver age di am%%aftﬂe‘?ﬁc%rédbﬁf?ﬁﬁﬁg%rons. 12) The formul ation of claiml
inthe formof solid particulates”sufistantially in the absence of fines.

13) The formulation of claim| that does not exhibit a titration

equi val g)ce PHeFbmall a1, 0f out 3.2. 14) The fornulation of claiml

further conprising aatgoéﬂo ﬁf%‘gl Ic%‘f‘@t(ﬁa‘ﬁf? formulation is produced by a GUP reaction
process that has an associated theoretical GUP yield, and (2) the amount of unreacted

Starting materials and unwanted by-products from the GUP reaction process are less than

1 wt. % of the theoretical GUP yield.

4)  The formulation of claim 1, wherein the formulation does not exhibit a titration

equivalence point at a pKa of about 3.2.

5) The formulation of claim 1, in the substantial absence of a dicyandiamide/phosphoric

acid salt,

6) The formaulation of claim 1 in the form of a solid, wherein the GUP and boric acid are
substantially evenly dispersed throughout the formulation.

7

The formulation of claim 1 in the form of solid particulates, wherein the GUP and boric

acid are substantially evenly dispersed throughout the fdnnulaﬁon.

) | The formulation of claim 1 in the form of solid flowable particulates.
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15) The fornulation of claim14 in the formof a conposite wood product.
16) The fornulation of claim14 in the formof conpositegyag @Jsft%(ﬁ sh. 17)
A method of treating cellulosic materials for fire retardance conpri sing
contacting the cellulosic material with the fornulation of claim1. 18) A
solid guanyl urea phosphate (GUP)/bori c acid fornul ation that has an even

di spersi ogy of T ANKRL] The formulation of claim18 in the
f or m of agysol idfire guet afﬁ%ﬁ? Fr%ﬂrétqféﬂl.ld sphegenl pargigulate2005 20) A solid

guanyl urea phosphate (GUP)/boric acid fornulation that has a solubility of
at | eastygf0%-¢ A fire retardant conposition in the form of
solid flowabl ?ﬂéﬂ?‘% c%oﬁt"gélm‘%é)ﬁﬂh? Bempf solidpratigulateciavitposababai AR | C
acid fornul ati on. The fire retardant conposition of claim2l the form
of solid spherslz&ﬁlfs PR-cul ates. 23) The fire retardant conposition of
claim21 in the formof solid particulates having a substantially narrow
size distrjbutjon. 24) The fire retardant conposi t| on of claim2l,in the

formof 48l dTB%qul”@lilFla!n efclaian] ingheforred Sol il punfdu®i vh%%ﬁ ggg ﬁl%% crons.
25) A nmethod of producing guanyl urea phosphate (GUP)/bo i C ac

retardants ceolifpssitbamip) mieasiki ng di cyandi ani de and phosphoric aci d under
conditions, that yield substantially linear reaction kinetics. 26) The
met hod of claim 25 conprising dissolving in water, substantially

si mul t anE)us|Bhe fortindyeind oric acid, and
reacting at |east a portlfglnghg]El tE{%?E%Pg{/% |p3ﬁ1°3@9§r§88§t‘|‘1’§‘ ally, 5 \he gbsencaof d

t o .form guany,dg ea phosphate. 27) The method of claim 25 performed under
conditions that inhibit the evolution of heat fromthe reaction. 28) The

met hod of claim25 conprising:

13) The formulatmn of claim I that does not exhibit a titration equlvalence point at a pKa of

about 3.2,
14) The fonnulation of claim 1 further comprising a cellulosic matexial.
15)  The formulation of claim 14 in the form ofa compostte wood product.
16)  The formulation of claim 14 in the form of composite wood furnish,

17) A method of treating cellulosic materials for fire retardance comprising contacting the

cellulosic material with the formulation of claim 1.

18) A solid guanylurea phosphate (GUP)/boric acid formulation that has an even dispersion |
of GUP and boric acid.

19)  The formulation of claim 18 in the form of a solid fire retardant formulation.
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a) providing an aqueous bath, 42 30 August 2005 b) addi ng phosphoric acid
to the bath, c¢) adding dicyandiamde to the bath, d). ggghagstggﬁéc aci d
to the bath, and e) heating the bath, or allowing it to heat; to a

tenperature that does not yield a substantial exotherm f) wherein: steps
(a)-(d) are perforned simultaneously, consecutively, or in any order, and

quanyl ut 89 phasp RS s PhsSitis (GLEYbest heid Reonlaton e hivar sofdtiliy T
percent purity c i sing dewatering an aqueous solution that conprises GUP
and boric aci ° fij¥atyfet hod of claim 29 wherein the dewatering is
effected via spray drying. 31) A guanyl urea phosphate (GJP)/boric acid

f or mul a;tlngép th@l has greater than 95 percent purity, in the formof a

sol i d, ei f} HIR getadmt spmpdsitiondn e fdmaoLsosidiRkable aklcu; %‘eée%ﬁ hpper sed

t hroughout the formul ation. 32) A guanyl urea phosphate (aGUiD oric acid
fornul ation tmymmomhm(GUhﬁﬂorﬁfacRpfoﬁﬁﬁgﬁoguri ty, in the formof solid
fl owabl e particul ates. 33) A nmethod of producing a conposite wood product
froma cellulosic material, the nmethod conprising treating the cellulosic
mat er i aIZZNtW‘mmamﬁu{te&nml};ﬁc : i cjd, fornulatjon that has
greater than 97 percent purity. 34)%%@%%%8%?&@%%%&%% o t he
formul ation is produced by a GUP reaction process that has an associ ated

t heor et P8Rl @Qﬁé&w(ian@&ﬂ%ég . _ .upreacted starting 43 30 August
2005 materials and unwant e gglpgr%ggpﬁﬁ?gif’}@'ﬁ??rﬁéo&ﬁd%@@ atps bevisgess are
I ess than 2 Mbsta%ially narrow size distribution.

24)  The fire retardant composition of claim 21, in the form of solid particulates having a

mean diameter of less than 50 microns,

25) A method of producing guanylurea phosphate (GUP)/boric acid fire retérdants
comprising reacting dicyandiamide and phosphoric acid under conditions that yield

substantially linear reaction kinetics.

26)  The method of claim 25 comprising dissolving in water, substantially simultaneously,
dicyandiamide, phosphoric acid, and boric acid, and reacting at least a portion of the

dicyandianﬁde and the phosphoric acid to form guanylurea phosphate,

27)  The method of claim 25 performed under conditions that inhibit the evolution of heat

from the reaction.

28)  The method of claim 25 comprising:

a) providing an aqueous bath,
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of the theoretical GJP yield. 35) The nethod of claim 33 wherein the
formul ati on does not exhibit a titration. equivalence papiygastopKa of
about 3.2. 36) The nethod of claim 33 wherein the fornmulation is in the
substanti al absence of a dicyandi anude/ phosphoric acid salt. 37) The

met hod of claim 33 wherein the formulation is in the formof a solid, and

‘wherein the Qﬁd@mgf’g@f)%ﬁic%g@$0${?}a ubstantially evenly dispersed

t hroughout the fornt thod of claim 33 wherein the

formul ation is,insthe formof saolid particulates, and wherein the GUP and
boric acid are gﬁ%‘}s‘%%ﬁ{’ﬁﬂgﬁ ed9 bathii sper sed t hroughout the fornul ation:
39) The nethod,.of .claim 33 wherein the fornmulation is in the formof solid
flowabl e par tP@f{ing benc agu)to thedathenibd of cl ai m 33 wherein the fornul ation
isin the formof solid spherical particulates. 41) The nmethod of claim 33

wherei n the f@?hﬁﬁagﬂnrbaﬂasoﬁanowhgimmeioﬁ@mﬁ@m' R fhl icfiaying a
substantially narrow size distribution. 42) The mtﬁgﬁdﬂgghgﬁg?ma 33 wherein

t he fornul at i eubstantizlexdth@nf or m of solid particul ates having an average
di aneter of |ess than 50 mcrons. 43) The nmethod of claim33 wherein the

absance of i oe a4y pre ISRl Syl coneontieir.oninbay bt has_an
thefor it at i on RRELE eBRimed Per b (- @hast 70% i vt or. 44 30 August
2005. 46) The nethod of claim33 wherein the conposite wood product is
A B hL oA vl s s s

than 95 percent purity comprising dewatering an aqueous solution that comprises GUP

and boric acid.

30)  The method of claim 29 wherein the dewatering is effected via spray drying.

31) A guanylurea phosphate (GUP)/boric acid formulation that has greater than 95 percent
purity, in the form of a solid, wherein the GUP and boric acid are substantially evenly

dispersed throughout the formulation. .

32) A guanylurea phosphate (GUP)/boric acid formulation that has greater than 95 percent

purity, in the form of solid flowable particulates.

33) A method of producing a composite wood product from a cellulosic material, the method
comprising treating the cellulosic material with a guanylurea phosphate (GUP)/boric acid
formulation that has greater than 97 percent purity.

34)  The method of claim 33 wherein the formulation is produced by a GUP reaction process

that has an associatedA theoretical GUP yield, and the amount of unreacted starting
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rimboard,. Waferboard, Wod |-joists, nmedium
keboard,

Oiented Strand Board,
density fi berboard, partlcleboard Fl akeboard, white nE|§H%B§U&E%
panel board, Fbrdboard Masonite, tenpered masonite, and tenpéered pegboard.
47) A conposite wood product formed froma cellulosic material by a nethod
treating the cellulosic material with a guanyl urea phosphate

r than 97 percent purity. 48)

conprisi.ng
(GUP) / bori c acingefifll (Wafdg plhat
The Conposite Wwood p%gidﬁ'ct 59 bypy h'ﬁg"g'éﬁ%é GWFWIWSMQSM%\E% ng
of gl ulam Parféhfﬂébor&cab(ﬁﬁpwi@er Lam nat ed Veneer Lunber, plywood,

-joi sts, medi um

Oiented Strand Board, rimboard, Waferboard, Wod |
board, white nel am ne fl akeboard,

density fiderbaar ar.t rd, Flake
bﬁl H%ﬂgfg ﬁﬂgg@ﬁf f\% glatwm@mno&xh&nda ﬁﬁmﬁr@ﬂh\ﬁ&ﬁ&oar d.

panelboar
45 pomt at a pKa of about 3.2,

36)  The method of claim 33 wherein the formulation is in the substantial absence of a
dicyandiamide/phospheoric acid salt.
37)  The method of claim 33 wherein the formulation is in the form of a solid, and wherein the

GUP and boric acid are substantiaily evenly dispersed throughout the formulation.

38)  The method of claim 33 wherein the formulation is in the form of solid particulates, andr
wherein the GUP and boric acid are substantially evenly dispersed throughout the

formulation.

39)  The method of claim 33 wherein the formulation is in the form of solid flowable

particulates.

40)  The method of claim 33 wherein the formulation is in the form of solid spherical
particulates.
41)  The method of claim 33 wherein the formulation is in the form of solid particulates

having a substantially narrow size distribution.

42)  The method of claim 33 wherein the formulation is in the form of solid particulates

having an average diameter of less than 50 microns.

43)  The method of claim 33 wherein the formulation is in the form of solid partlculates
substantlally i the absence of fines.

44)  The method of claim 33 wherein the formulation has an even dispersion of GUP and
boric acid. |

45)  The method of claim 33 wherein the formulation has a solubility of at least 70% in water.
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46)

47)

48)

30 August 2005.

The method of claim 33 wherein the composite wood product is selected from the group
consisting of glulam, Paralle} Strand Lumber, Laminated Veneer Lumber, plywood,
Oriented Strand Board, rim board, Waferboard, Wood Ijoists, medium density
fiberboard, particleboard, Flaketoard, white mielamitie flakeboard, panelboard,
Hardboard, Masonite, tempered masonite, and tempered pegboard.

A composite wood product formed from a cellulosic material by a method comprising
treating the cellulosic material with a guanylurea phosphate (GUP)/boric acid formulation
that has greater than 97 percent purity. '
The composite wood product of claim 47 selected from the group consisting of glulam,

Parallel Strand Lumber, Laminated Veneer Lumber, plywood, Oriented Strand Board,
rim board, Waferboard, Wood Ijoists, medium density fiberboard, particleboard,

. Flakeboard, white melamine flakeboard, panelboard, Hardboard, Masonite, tempered

masonite, and tempered pegboard.
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