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usi ng sanme. 30 August 2005 WO 02/070215 PCT/ US02/ 05940 | MPROVED FI RE

RETARDANT RELATION TO ﬁAF' ' %%I hon clains priority
to U. S. Provisional Paﬂe@r[lf R\‘gpF iﬁcat | mﬁﬁf A@S? filed March 1,
2001. FIELD OF TBE I NVENTION This invention is in the area of inproved fire

retardants that include guanyl urea hosphate [ (H2ZN- C(NH) - NR- C( O
NH2) H3PO4] (GUP) and boREEAFION TOPREBBARRISICATHONSdi ng wood and

conposite wood preducts that include these fire retardants, and to
This application claims priority to U.S. Provisional Patent Application No.

60/272,606, filed March 1, 2001.
FIELD OF THE INVENTION

This invention is in the area of improved fire retardants that include guanylurea
phosﬁhate [(HoN-CINH)-NH-C(0)-NH,)-H;PO,] (GUP) and boric acid, to materials,
including wood and composite wood products 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
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U S. Pat. . 2,917,408 di sclqse_the preparation of fire retardant wood
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wi th a conbination of dicyandi am de, phosphoric acid and very snall
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di scl oses a conposition for inparting fire retardancy to wood conpri sing
di cyandi.gm 1 .Ne; d orj.c..acids a suggests
t hat -m%ﬁg@b%ﬁ%% E@éﬁg%eggmmé@ﬁna at ?%ﬁg“n%@&%g@%ﬁé}ﬁst’ ]lgﬁréﬁd‘{ cgd or Rﬁg%ma of the
phosphg‘éi c acid, su%ﬁ as, boric acid. Juneja, CanEdi atg_Pat. No. 917,334
di scl oSOSUHRESHESSIS R APk Ao rfals mah B fubstipied for spremdfdye i n
whi ch the conposition conprises dicyandi am de, urea, fornmal dehyde and
phos ph@hpephaoit deid, stigh as boric acid. Other similar patents include U.S. Pat. Nos. 2,935,471;

3,137,607, 3,874,990 and 4,010,296.

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 ﬂygroscopic. 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.
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docunent suggests that m nor anounts of other materials nmay be substituted
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the GUP. 2 30 August 2005 WO 02/070215 PCT/ US02/ 05940 In a preferred
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45 minutes 1n water to form guanyl ure osphat e In a solution that

contaijps 50-70 rcent soli.ds. ,The reaction.. nly .allowed to proceed to
cbout GeasaeBREiRheREerido 30 Rereaiaro i, BB BHEE BE et O of
insoluble precipitates. Boric acid is then mxed with the GUP solution,
and t ecyansiemide wasthaiged & aglapersaciamilsskafolipwed byl the waerendihopphamc3 to 18
percent solids. In one exanple, Cberley 010 formed a 15 percent agueous
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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.
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retardants are sold in large super sacks of chunks that are 0.5-1.5 inches
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di ssolves the entire bag in water for use in his pressure treatnent
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prior art su
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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di scl Opsrgdducitg I\O/I%tGhroldg ¥or ‘pggd%cggrgoln%rolsi){e \?Jggé Sﬁod&t? g?lc%ea\geo;igllted 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
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conventional to add p ered boric acid, H3BO3, into the resin mx prior

to using t hel“hreec%inﬂnép-cfz(dﬁ( gva%l%ﬂl%osui&i @Lﬁ’/ﬁéﬁ% acid fire retardants also can only be used

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.
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nmel ting point and the heat devel oped during the sizing or grinding
operation. It is an object of the invention, therefore, to provide inproved
fl ane ret ar dantlsa sédond sspemahdy@escatip@ationgirovidee a imeuo8 bf @atibcdluRYL de superi or

fire retardance t.o od and other. cellu|osic _pro ts. 6 30 August 2005 It
i s anot her™0 Ijlazsctforoﬁ%t ﬁeetaﬁra?ﬁ?gnfolngjﬁls?l% T?Pme ﬂ%ﬁﬁ%ﬁ%& el T o?he

prepari ng fotoaulaion péthafidasmpect. Still another object is to provide novel flane
retardant conpositions that can be used

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.



in the manufacture of conposite wood products, and to conposite wood
products produced w th such conpositions. SUMVARY OF THig h b6N In a
first aspect, the present invention provides a guanylurea phosphate
(GUP)/boric acid fornulation that has greater than 97 percent purity. In a
second aspect, the present invention provides a nethod of treating

cel lul osic f‘%&gﬁﬁﬁﬁp“{t’it eé’r?sé?térf"agfﬁ’@é’r%ﬁ? P&rHyres BRsehsts ng t he

cel | ul osi ﬁ(ﬁﬁPEbdr‘alacw fotmuldien thfaOiﬁamggeafef 6n 9? p%r&ﬁht f)lixrft?,tin ﬁﬁﬁ@xﬁl{ of 2%1 i@, third
aspect, the present vention provides a solid guanyl urea phosphate

(GUP) / bor i ¢SS0 B/ FHT 2PT 7% 15t A Subsiemiiplly, erealy eflispesd dﬁ“’@ﬁpuhrﬁ@ bori c
aci d. | n aféomttibn.aspect, the present invention provides a solid guanylurea
phosphate (GUP)/boric acid fornulation that has a solubility of at |east
70% in water. In a fifth aspect, the present invention provides a fire

retardant conpodn td afneitn akgeer, thorpRsedt sObitdnf hovel @ Radnliufd! phdshate
conprising a guzg#)%?r ea phosphate (GQUP)/boric acid formulation. In a sixth
aspect, the prese Yention provi des a net hod of produci ng guanyl urea

phosphat e aURpmintation thailds ffeaer (ah ASARME: FRIT inSthe Forhe 8L kdlRAGNowable

di cyandi am %ﬁc q{ggls phosphoric acid under conditions that yield

subst ant i aP y Y9 Rear reaction kinetics. In a seventh aspect, the present

i nvention provides a nmethod of produci ng guanylurea phosphate (GJP)/boric

acid solids havin eater,than 95 percent purity conprising dewatering an
aqueous sol uti o#ztg'ﬁ%% o %rg?n@ﬁg%\?i’d’rﬁﬁ?ﬁg@ n%?él}od.ogffr"%m&tﬁ@ﬂ@PWEBOS In an
ei ght h aspeotq ptddectpir@s enéellulosie nhdtdial, i vicdDd RmPHARY diiRa B SIRIGIEL

(GUP)/ boric_aci.d

i.d .formul ation that reater _than, 95 percent purity, in
the form of S &g g”a\%ﬂgliﬁ%f’]ﬁos{’h%e @%)@?Rf %5 f"&‘n'g%ti"& that Basseypater by 93IyI y
evenly di speeemeghrihr oughout the fornul ation.

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



In a nineth aspect, the present invention provides a guanyl urea phosphate
(GJUP)/ boric acid formul ation that has greater than 95 peg&gnésﬁ§6&§y, in
the formof solid flowable particulates. In a tenth aspect, The pr esent
i nvention provides a nmethod of producing a conposite wood product froma

cel lul osic _mater, al e net hod c rising treating the cellulosic

material wetA"h tl&ﬂa%;}f %ﬁggﬁ dﬁg’g“ﬁﬁgg@ ("G@JF"?S/ BRst preacicd staripsmateriplsnatdhat  has
greater than,.97 ercent ity. an event h aspect, the_ present

i nvention BF@?ﬁﬁ%gegmagﬂbggaéﬁ%%Bg%’ﬁ&%ﬁ%B?eﬁnﬁr and- Brcackdete Y ¢

mat eri al by. a hod conpri si treating the cellulosic material with a
guany! ur eaﬁlﬁ%%%gh%tsgpe(l@%ﬂ%%%%ﬁe ad"gi?‘a’g?%"ry n?fp%i’ﬁ?léiﬁl highazprd applical0gr t han 97
percent purjty. nyl urea. phosp / ric acid conpositions are provided
that exhi birfl‘e f{ﬁ?ﬁ%@ caggglaﬁwf fé@?‘i-ﬁ}s‘“?g@f‘f‘r@s}t% £ IfRETatRdHP CUPPISEE | ane
retardancy. In one enbodi nent the invention provides an inproved GUP/ boric
acid fornulation that exhibits at | east one of the follow ng
characteristics: (i) greater than 95, 96, 97, 98 and preferably greater
than 99 percent purity; (ii) honbgeneous 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
di cyandi am de and phosphoric acid. In a second enbodi nent, the GUP/ boric
acid conmposition exhibits at |least two, three, or all four of these
characteristics. These GJUP/boric acid fire retardants have superior purity,
honogeneity, and perfornmance characteristics. The GUP/boric acid is

provided in substantially pure form i.e. 7 & 30 August 2005 greater than
95% free of unwanted by- products and unreacted starting materials, and



are evenly dispersed for superior fire retardance and | i1
especially in high hazard applications. The fire ret ardgﬁ%@&%sgﬁogs iquid
or solid. In solid form they can be integrated into conposite 7b 30 August
2005 wood products, and cog(‘gosite, wood prﬁduct manuf acturi ng processes to

produce conposiPY RSPt PBY GetROsitt ootk Profuct aapuiaciiring: Frasesse (0 RESUSeen

di scover edcdnymkitdnocd phidasts Highd praRainfegfi&l | On Ki netics bet ween
di cyandi am de and phosphoric acid, one is able to substantially increase
the yields of GUP in a GUP/boric acid fire retardant production process,

and to produce R Basbsteanidisadvered pthiae byCaBidddyi Gin@@i fadtiohe kinedar d@wtent hat
of unwanted by products or

does not contai.n any signifi.can uantjtie . un) / 1

unr eact ed If%f‘?lfiﬁaﬂ%eﬁ&‘f Rfjoge asf‘is‘\é’g%lsﬁi’%ﬁ%?“%ﬂﬁﬁl‘ia{hj/mﬁﬁeﬁ?ﬁﬁ]@ﬁ3§‘31§Sr‘éf H&sinr ed for

their superGUR/bgerdcdl firneardhapoaicon pidces, anrdnd droduct Qeédbstﬂﬁfaﬁ%%tufei ci ent
€ process

utilizatio rraw.ppteri al s. reover, sol utions produced by t

of this in@gﬁ{bf’ﬁ%acé Cﬁata%?%&l@éwg%ea nphfoptainagy F‘&@ﬁFW?WE?FStOﬁéanemd bori c
aci d are spbéucandrivaldagteestartihy ndiesitle.i THebeH gher putieSprodhelatS dREEY fob FR5

di scovered_t hat %rtt]e h%%hﬁ{g ur i.tya&a&zl i ds produce b_?{ the present invention
are | ess pPERE PEEPMKC @’geﬂ"ﬁté‘is QT ARFUIReSE %fg‘é‘e’gh‘ﬂuﬁ’&ﬂ‘&lﬁrﬁﬁ?naﬂeﬁéls-
stickiness of the prior art solids appears to be attributable to the

hygr oscopi ci t f by-products an upreacted residuals fromthe prior aft
G)l/JI% mammIco act u)r/i ﬁ&ref)%le&cp,sgglg%‘? 12 C%TEB’H'F? e t&ﬁé‘é‘leFt?onﬁéﬁgﬁg@cﬁsﬁ WOP of the
present i rsotitd inohich she@BlURfind badticl add® & Bistetahti®ly pathilyl duSue@ANPri ses  a

substantially honogenous 70: 30 conposition of GUP and boric acid, it is
| ess sticky, and one is able to prepare solid conpositions of particulate

fire retardant sit hhaturfrstylyben distiefRCthadht Qighédmirdy R8I i1FoduéLBS the The

flowability of .the.partjcles is of substantial benefit because it allows
GUP and b TERtRYeRHdp lesiryng 9 stitkdagrtieh Aurie storass and bendling (e gitkinetie
conposi ti f,thd pri@l #Osoditid AppRarbaé 6B afritutabletostb diprbleslciwi bihBKprogRRCAKN Over

he h i of. . Fl il I | 1 th ticl to b
L s 2 d iOnerge%n e{ﬁl%t téc} ggfiuz;sggcrni? ﬁjtﬁg)ggrﬁ,gt % I%Ianulfagc%ri%g Is)l%ceasses%\rll\g from?hep(?IGP Iitgelf?S © be

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



available to the prior art solids, such as conposite wood board

manuf acture. It has al so been surprisingly discovered thgﬁ h?{?st r purity
products of the present invention exhibit inproved solu |ft\| y ter.
One enbodi ment of the invention may provide |iquid conpositions of

GUP/ boric acid fjre retar of exceptional purity (greater. than 95%
96% 97% §¥% NP %ﬂ%‘f SR Rt 9 izeq, (SVeRNAt CRNGEPIFatigns grpader

retardant dan70eersank fikkirtthrd@d sol@ven at concentrations greater than 70
percent fire retardant solids. Thus, in one enbodi nent the invention
provides solid and liquid fire retardant conpositions that contain GUP and
boric acid, wheffkig) it e @nbotifnef the! Mvealh §oGdRT dolidGind MRLAT fird| StaRRk

unwant ed by-products fromt GUP react.ion process are | ess than 5 wt. % of
t he theor e¥?rgp£8%@§P&9‘i %qngll.m gﬁ@ andhorie agdd hredin ihepamoupt ek uareacisd staginghl y | ess
t han 4% of niatesials tdiaiveinied &) -pfadibty freth the GUE r@veR fities #¢ REChabs wibess than
3% 2% or 1%, Anot enhodj nent y al so provide_ wood producots t hat
contain t hélelﬁleé’ Fle%ﬁ{]ﬁ%ylf’nﬁr gher @?%P@ﬁf‘&l tes i3 PreEerbhy Ists h3tedeiofghenood
product s witicbretidab GUR) iefdlirandl Jevéd hord PlefeiabBN1eSs tHhAE3%Pr 0%Ee&S 19,0 ARbRGUCI Ng

t he conpositions of the present |jnvention can he _exenplified by the |inear
pl ot of re%%ﬁ’q%gﬂengf“ﬁ%f‘ %E‘O&@W&?@B‘?‘i"ﬁ ﬂff'it[j‘iﬂwén%e h‘ﬁ%é’é"é yrigg etardts, #dnet i cs
shoul d be methbdsefad telting wdbdpradnets @ith the high PEHE Siroveiaffants as shown in Figure 2,
exhibit asynptotic reaction kinetics, reaching a maxi rumyield

substantially below the theoretical vyield attainable fromthe reaction of
di cyandi ami de afisk pross hfor ipgodacing . thel RempisRBEN of RhOGRSEt RIMbHQ8n &emuch
nore cost - effi.Fidelglt utii | i z&éi on of, raw nmateri al&,i n.the GJP/ boric acid
manuf act ur PGP RIS Ds S HSH ROt ErslPh SHews ©RIST it Figaps LpHisteieseiion and
yi el ds a pkindics shouhidlie cohSaspad GHithppioe art hResséshehigh, o Wkdvi Bhti@iaede-ibitt he
prior art processes.. Thus,. an enbodi nent of the invention can provide a
process fo SyIﬁPtSd%Eqaﬁﬁ)nnﬁrfngﬁ;/ Irq?efé’ég P i weldysubstantizlly beloyy thedbrorstistlde and
phosphor i cyield iathintbitefont i tiat ficns dichaidianideaind phospBdrRnkida heyprésehl @Bdceds€act i on
ki netics. The,reaction is B efﬂ?r.abllﬁ/_ .al ow?d to proceed to_at . .
provides a” much” more 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 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,



conpletion, and still even nore preferably to at |east %B% 'hstg%%
conpl etion The reaction preferably takes place in an aquedus nedium In

one enbodi nment, the |linear reaction kinetics are attained by dissolving in
water, substantially sinultaneously, dicyandi am de, phosphoric acid, and
boric acid, and reacting at |east a portion of the dicyandi am de and the

phosphori c aci d theoeb dormirgaasaction gadyehaspioa teentaifind QisAkgd TTURARIRNidshoseby
formng a ct i roduct. sol.ution cont ai ni di ssol ve P .and_  di ssol ved
boric aci d?)g%%c“?e%élgtr?agtﬁml g pf?feé‘%b«l‘f %Iﬁﬂﬂfe ngtgg e g 'g%e%FﬁF%e%ce al |
t hr ee i ngr baledrts midedMert he dwatinp Mednixtud sotogh Reaathule at BetEm wiien sldi gh as
to cause an_ex [ which could. cause significant evaporation of the
mi xture anaa‘lg%ﬁ‘ eﬁﬁaﬁm%'ﬁ?oé‘%mﬁpg%? PIAE PUHeagy “eB At g PreomiBiet slifsodi nent  of
the invention can also provide solid fire retardant conpositions in which
GUP and boric acjd.are_ uni.form i spersed. In one enbodjnment, the solid
conposition is é&nsott) M mlégclrhfnflguf)%tﬂge t“ﬁva?’fmoc?oﬁ?naiaﬁg poyiRe éd—*’i af?fa KhFdeet aci d.
| n cont r astommsitipirein Sdlichds1@Fomddsiié acid sretundbrndy isgtdedl 16 ORNEAKIdahdnY, thd) t he
prior art, j ich.large GUP chunks r.e .nec ically added to boric acid
solids in %‘!&%é’\réﬂlgg%k"él,“ ¢ ﬁ"é%’?%‘%‘@%? lﬁi‘aﬁ\‘iﬁ So%ﬁb{}@@ iﬂﬂcglgor}éi aﬁ‘gi R 9t 1 | d
parti cul at ths splidl athipositidnk GaGubsad cbripaertisllyeiaitie m@ioeart] i HHEH layecditst sHubly ed.
These ho j sitigns.are particularly useful in the
t r eat nent rrg,gr %v\qg%gan%c%g g%‘%g?&)goﬁi ac@ssﬂlé |13ISF T $968S: e éanalt‘PYﬁ‘f“?ﬁ PreYagesang
ot her conpudividealwobdipaptiatites irswhiltehea GEP af boMercRiaseunifoinilp dishibad ey can be
m xed with,t ite od furnj.sh,. and. t.he honbgeneity. of the GUP and
boric aci dh?ﬁogte&%ggégﬁtcgmﬁ?@‘ﬁﬁm? Hﬁé*%% uﬁ&Bldﬁ g’tet Eg?t&zi“vf’ provicad. They
can al so ¢peaidllygble prapavatian of OSB<ind @thee sinipokiakoddSprodiet, b@aRe Qd teas
conposite od duct., Thus, i.n_.another enbodi nent ‘Se i nvention provides
a wood pr o‘\é\’ﬁ%%"’h{%ﬁ%&yé’%ﬂn%er%g%m% CONBOHE MOS&)E’E%%’ E’ﬁdt f Bposensity A 504 9694
97% 98% GUPa8dbpisracidythat kesulasnaithirethe woot pebidie BentuaRy hiodieed.i TRy piroalicdes a
conposite duct, such a B that conprises. GUP and boric acid. The
GUP and boﬁrl‘%)rg&ggll%% angdhesiy %“?%E‘ﬁ%t“ﬁeéﬂﬂ P’é’ﬁucﬁ&rcf’wosﬁﬁf”g?q Phat is
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. In 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

10



provi ded in another aspect of this invention. In still another enbodi nent
the invention provides conposite wood furnish, such as @8?@ L&Q@bé or

chi ps, or an adhesive resin used to manufacture a conposi IWoS pr oduct ,
that contains GUP and boric acid. In yet another enbodinment, the invention

provi des processgs for. producing fire-resistant c osjte wood products by
m xi ng the part i‘%h?lg]foélm%ngﬂéﬁ‘? é‘g’ﬁ?tﬂ)é?rf’?n E%Wf?é’}%ﬁ”ﬂfﬁ’ Pk]mﬁlﬁég &?Prﬂ“gw or
adhesi ve sl GUR/bork acid fipo®iatdantsbp dewiit@nil el liDid (FUIRSS adid c3@pAut@usss 2005 An

oo nent b ER. DR TR B el B3 SR i e

solid GUP/ bori ¢ aci
aci d conposelténorienofis stihie, prchsizgtby spe@nidiyang, tHih €S0l ingO0Bnd dtheb@ryiigwat er ed

by any kno net hod.fof separati alvent fromits solute, including by
spray dryi ‘I’[l%l}m?"ﬁls pref |L¥ &ﬁogéfrs%?lﬁg}n tﬁ%ﬂ‘a%fid?iwg %g@f’ gs Coflgehﬁ‘i’f"(ﬂ‘ﬂ’é%%dg %y t hose
ski | | ed i nnkthed af tdewdterthgyis vy dpraghdrgiag.| Tibs arithoe Providek Wt drdSprodacpiief ar red

met hod of dewatering.is spray. drying. This t hod provides drjed
product th3 %e?csa a%dp & rrfsgg%eg%végle'aﬁf’régmntt ‘?/%rPé}T"%W I%’m%r P&t ¢ he
product of cayosiionr andndjssolvedl irkekly Nwitn less o thio koAbl prahaesTigui ckly
with less heatin han nventj onal. products. The upiform spmall _ size of
the parti c}“’ég’m&%ld‘hééza Og&egﬁﬂng S H‘P}c}liwﬁ%g%ﬁg@’ Wﬁ\ﬂgofﬁ% 8*16%&?@3@& y

m xed wi t hmagt esthwdissivess orattive raw muveria ferhislalisell v Ririfhctisecbmpositeaniérast ur e
conposite eri such .as B. ray dryi S roduces particles that
do not creX fé tﬁ?tPiSnS mﬁr%ﬁ‘f‘%ﬁgpr%gg%ﬁégmﬁ%éﬂgr@ﬂ# ngates fipe B‘i"h%@s’f romthe
spray dryi bgayse dleessouns ofrsmalinfines b sthe tirey dpi@dstedesC &BNmBEMATATRus @adi | y

fl owabl e for . ease.of handl.ing. ably, .the.spray drying process can al so
be used t rﬁ%ur?ﬁ 20 0F fpde ?Jﬁfgqggfi@l?toéﬁ?%%w&% es from materials other than

GUP/ boric acid. Thus, while the spray drying is preferably carried out

W th the nign SOFTeybERERESRE Bers A 4% B aFBdneBub R S BrRBY: ded by

this i nvengartiigs fiom mmnataherther eah GUIPYREL adilThud) whiilé {6 Bpray BryindeSpréfefaBly

et A o B S AR R EeS P B SEBAIEY 1 e
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

spray drying process. Such physical attributes include: (1) particle
sphericity, (2) uniformty of size distribution, (3) f|§d\ﬁ§%|§slt§d 5 (4)

smal| particle size (generally less than 50 m crons) subst anti al
absence of fines. The particles preferably satisfy one of the preferred
retardance | eve set forth here 11 30 Au 005 Thus, in another
enbodi nent t he hﬁveﬁﬁné’ k?g’d'?eegpg‘e Ii"F’@"Pé’f%’l’%&ﬁ%“%WFﬁ@f EQEARSHIPR I he form
of solid p&retfomwfabbd;pammmﬁj whetdiethe oomasitibh SilisS@tons bi Asre QNP Of the
foll owi ng %{e%%t eristics: a) the conposition conprises a plurality of

fl owabl e par ates; b) the conposition conprises a plurality of
spherical parti el ethc; couz)pomham@mpﬁmaplumtmmwntﬂeﬁar@cuﬁkdﬂ ality of particles
havi ng a substag)t J.r oW size @{;‘?trlfb ti.on; é t he conposition
conprises a plur all 6)1031 O PPRTEs 2 RAANY P! spheticAb PaBdess)i amet er of | ess than

50 microns; e) th ehe:mmmstmn aipeisd¥r pleelity af particied having Qf supadrkihls} @&Srow

subst anti aI ly in tsheedlasgl%epce of fines. The conposition preferably
conprises GUP and g6 ¢ d, and the GUP and boric acid are preferably

evenly di spersed) ttlrﬁ@mgabmnﬂsn @mpyibds faiplurilite opiticles bbith@sn alWRipe aM@Eter dthe
particul ates can Efess sorrade fromother suitable fire retardants, such as
t he conpositions vsed” ’are D- Blaze, Pyrolith KD, Pyroguard

FirePro, and ot t)ertheoctompnmmnna:loinyﬁﬁvabllu&ﬁiye)fpiﬂiﬂ& subdtankiaieyin $he aBseatasred fire
retardants includ %Srrm)ni um phosphat es, anmoni um pol yphosphat es, guani di ne
phosphat e, nel am.ne phosphate, urea phosphates, GUP, phosphoric acid,

di cyandi am de, anmoni um sul fat e, sodium potassium or anmoni um borates,

urea, bo.r i c a]%/%)mlpommgl BT ?r%ég&lg?Sﬁ g&;wtang bggct:) gg(!l ttheo(EU}F’ and Lorxl'i\éent on

can provide a
acid are preferably evenly dlspersed throughout or within the particulates. Moreover, 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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that has a high concentration of GUP, and a | ow concentration of
by-products and unreacted residuals fromthe GUP nanufa§6g¥%&§265§cess.
One enbodi ment of the invention may al so provi de a process r produci ng
GUP/ boric acid fire retardants that nore effectively utilizes raw

material s, and produces. hj r.yields o P than prjor manufacturing
processes, and Ié%eser@?amé%hﬁﬁl%?%’ﬂﬁéﬁ%. ?E?@“&hﬂ&@tprmg impegatsodi ment
of the inveithilogh paity GUPIHEE agd Ok @FRrdame thap EQEHIE Iv bi®Y AGNAL 86lound b hi gh
purity GJPélrl?rggét&hgci dtf.i re ret ardgfan%rs t hat _contain low or de mnims
amount s of "Rt edct 84 "Pﬁkﬁf%ﬁf@’? F§ 8’??&1‘00(5}9%F68%H?€tp§°°?5?0mthe GUP reaction
process. Anot her enbodi nent of the invention can also provide sol utions of

GJUP/ boric acid f, re retardant.that i.nclude high caoncentrations of fire
retardant. A furtH & 'ﬁf)‘%ﬁ?‘??g?ﬁtﬁeo’f‘v R §2R ¢ ﬂPfogﬁeé%{W%Pfiqﬁg?fb?ﬁWidcfe a

sol i d GUP/ boriaciasichal inchude Bigh ednaénttativins bffirehdi&lant.he GUP and boric acid are
substantially evenly dispersed, preferably of high purity. One enbodi nent
of the invention may al so provide solid particulates of GJUP/boric acid

wi th | ow hygr oscfirthiert gmbodingnidt tehineaitioh Qarllfgtleri proidd £5dlial GUP/BR R R

processes, ._includi.ng.c osj.te hboard nmanufacture where flowability of the
flane retab® arﬁttardllgl% %g'ﬁcgg%%ﬁqfﬁ@lmé 3t tglty ¢vRLY iispessedi BIRCERlY al so
provi de coofjogh meityswood products, and furnish used in the manufacture of
conposite wood products, that contain GJUP/boric acid fire retardants,
preferably of high purity. Yet another enbodi nent of the invention may

further provide Ometehbddimedt of ke rinweAtdntifidy sl frb@dd @lia petandifies’ FIGIUNTBoricn t he
conposite woond . ufacturing industry, and rqvi des. solid particles of
fire retart é&r)ltw ltﬁﬁféfv gyﬁosﬁoé’“g'é’aa‘ﬁyiﬂcﬁtcéﬁ%t‘ésgdi‘ﬁt“&at‘frﬁi UG RIPEFE S of
conposi t e inclodingpc@ahvsiteshoatdhdnkta S GRER Flo@hbilly of tie TRRAMMNGS: Klu&ired. 1S a
nonlimting exanple of linear kinetics that can be achi eved when
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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produci ng the conpositions according to the present invention. FIG 2 is a
pl ot of the asynptotic reaction kinetics observed when p i P/ boric
acid fire retardants by the nmethods of the prior art. FlI %@Q&iﬂéf%&o?go and

3D are somo02o@28 ectron photom crographs at various magpetiSadsedas of
flame retardant product prepared according to one enbodi ment of the

I nvention. 1¥1804AU8BS4C,2002DMPe Qeddhidl S nBl PhiteddBalak fVaioh A 4B, 4G,

and 4D are scanni ng el ectron phot om crographs at varrous nagnifications of

e ARl S AR B SR e

di spersive X-ray analysis of bulk and individual particles, respectively,
of the fPYSHEORet ar dant product shown in FIG 3. FIG 6A and 6B are graphs
showi ng the results of energy dispersive X-ray analysis of bulk and

i ndi vi dual pdil6i éAsud SBeap eraphy shopying thetrbrulis ol emergedispatsine Xpmap durdysisdfown i n
FI G 4. DETAILED DI SCUSSI ON OF THE | NVENTI ON Guanyl urea phosphate/ boric

aci d corm@isidd i@akidiabpatiens, deshebivally, of fiefidmd dRE@E ProdREIQREWH iEBId.0r the
treatment of material for flame retardancy. In one enbodi ment the invention

provi des an i : ' ' [ LR -east one
o "t he. ol | oy agOARad Styia? Bkipfis Bhilng BTt of uerkPBhodil bt Bl

pr ef er ahl reater. than .99 percent  purity: (i]j). honmogeneous di i bution
of GUP %%%m@%#ﬂp?ﬂclssagmmﬁﬂfebﬁ 4 Tigtlagne relapdant produp BT wﬁlﬁ- 4at | east
70 percent in water; and (v) less than 5, 2 and preferably | percent of a
salt, such as the salt of dicyandi am de and phosphoric acid.

DETAILED DISCUSSION OF THE INVENTION

Guanylurea phosphate/ boric acid compositions are provided that exhibit improved
properties fof 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

(i)  homogeneous distribution 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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In a second enbodi nent, the GUP/ boric acid conposition exhi bits the
followng characteristics: (i) greater than 95, 96, 97, gg,%{zebgferabl y
greater than 99 percent purity; and (ii) honbgeneous di strl ion of GUP
and bori cW8dR&74285 f ornul ation. In a third enbodi nent, therCORSbpesom aci d

conposition i bi stk ! ristics: (i) greater than 95,
96, 97, 98 aﬁ%ﬁ referbgg?f%girieeg%wgp%eﬂcgﬂﬂé ercent purity; and 14 30 August

2005 WO 02/070215 PCT/ US02/ 0594 i olubility of_ at |east 70 percent
in water. |na dmﬁ P e Cg %tf 8%& &W‘%&P’f”@%@i‘%%@%@e@ WBZhi bits
the foll ow ng characteristics: (i) greater than 95, 96, 97, 98 and
preferabcf a§ i@ than 99 percent purity; and (ii) |ess than 5 2 and
preferably 1 percent of a salt, such as the salt of dicyandiam de and

phosphoric acid. Igreaerfthid 95, @&)9’21!9881&6 préfieblpdiddbarhan 99ipdreMARY;lah@n
exhibits the followi ng char acterl stics: (i) honogeneous distri but’i on of

GUP and bori Ci dedshin | east 70
percent i n vvaHZr ?r? agds)?x rr fjab% Pcrg%%})f%fﬂ#%{é‘ﬁ%%gg% é%npom tion
exhi bi ts oI(a rri’%P ﬁha.r acI eristics: (i) honpbgeneous distribution of
GUP and on 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 a sdparditth awhasimpmtnthe GURbaiprgé eorpasition edipitssthe fdiovergi bits the
fol |l ow ng

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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characteristics: (i) solubility of at |least 70 percent in water; and (ii)

|l ess than 5, 2 and preferably 1 percent of a salt, such of
di cyandi am de and phosphoric acid. In an ei ghth enbodi mﬁ?ﬁhgﬁéﬁﬁl boric

acid conpeeitiomriexhi bits the following characteristics: pérs@idshae i)
greater than 95, 96, 97, 98 and preferably greater than. 99 percent purity;

honogeneous dj st r.i buti.on. of P boric,acid in foroul atign; and :
sol ubility of W@fé’%""%‘l%%%ﬁt | 0%%%4?0%?30%“;&]%‘5@?%%831%@2/ 070215
PCTf US02/ 05940 I n a ninth enbodi nment, the GUP/ boric acid conposition

exhi bi t schagsteristitsowi ng characteristics: (i) greater than 95 96, 97, 98 .
and preferably greater than 99 percent purity, (ii) solubility of at |east

70 percent i niat egreatarndlar 93,196, YBIB dnllaefbrabl @ederthad 89 pilcyntlpupigr,cent of a
salt, such as the salt of dicyandi am de and phosphoric acid. La a tenth

embodi ment, thg %ﬁ‘hﬁ%‘k@ﬁp@t@@?&%ﬂg%ﬁx%‘fi ts the follow ng

characteristics: geneous distributioh GUP and boric acid in
fornul ati on; ast 70 .percent. i n_ wat and (iii)

| ess than 5, (fg);hge%rothglg’?o% p%gfﬁgaﬁ%yleﬁi)er(‘i‘f”mé’fgé sugh fs the s ’Er@f salt of
dicyandiamide and phosphoric acid.
In a tenth embodiment, the GUP/boric acid composition exhibits the following
characteristics:
@) 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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di cyandi am de and phosphoric acid. In an el eventh enbodi ment, the GUP/ boric
acid conposition exhibits all of the follow ng characteég§&i8§ﬁ2©é) .
greater ‘than 95, 96, 97, 98 and preferably greater than pgrceH purity,
(11) honoyemdt9idi stri buti on of GUP and boric acid in forowusoiesage (iii)
solubility 8 i : ' . 2 and
preferably ?%g§$§%ﬁ?ﬁhg%gkggfﬁﬁﬂéﬁgﬁygg&%ﬁg1§§ﬂ$&%¥%(gﬁiégéggg%?ke and
phosphor.i cid., These desired charactetistics can, be acconplished, in one
B bon FEAaTYAtdofs ot Mgt SEHECHH SRRy LSRN RIRS PP ERAEPIERGF achi oves
| i near reaction kinetics. It has been discovered that by running the

react i siartingdericddndilbe Sresretandantseanibewmadeiasdlowaklenwifooy pagisulataspedisd to t he
prior art's asynptotic kinetics, a product with superior physical

pr oper tarebe &aployéd anthe kehafidRcyl dodpositevivded padduetk ¥ud asiRiegted @lrand S
produced. 16 30 August 2005 WD 02/070215 PCT/ US02/ 05940 The invention

provi dgsard. $4RSE isﬂgi%e%ﬁH&g&%&‘&ﬁﬁ%ﬁ&&&@ﬁ%&%&?%&ﬁ@ﬁ%ﬂe&c& "bgtwéeﬁt ar dant

that does not contain-a significant quantity unwant ed by-products or

unr eacted tartin teri.als, The fire retardants.can b s flowabl e
ant o icyaniRick pe BBiaRPtR i apbtin bl dp b feoR bt E B3
conposi te wood products such as oriented strand board. It has surprisingly
been didEbeicarid firg refajdant prosupting Proersa substantialln mog thprodues dsormsitions

di cyandi am de and phosphoric acid, one is able to increase the yields of
usabl e o3P andrbogic aCldRhkwhi¢lctha GUIP fid Boricedoid aiR3UbPAMELE bidily QisPEESS
substantially, and to produce conpositions of GJP and boric acid in which
the GURhéfifeRGid Candfd the@iSCpRURRIARN hidy GEMBBEY agp@f s ot tion
can be used to produce hig pyri@@&gybo@c ac?‘g |_rg%-??a§t alr£ aﬁ%gmﬁ bot h
solid ar?&‘ﬁq&i%l%e'dga. media. |. High Purity GUP/Boric Acid Fire Retardants

L High Purity GUP/Boric Acid Fire Retardants

In one embodiment the invention provides solid and liquid 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
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I n one enbodi nent the invention provides solid and liquid fire retardant
conpositions that contain GJUP and boric acid wherein th P/ 1, acid is
in substantially pure formand thus contains n ninal an%%%{ usggbérireact ed
starti ng watwepials and unwant ed by-products fromthe GUP PERUSINNFIOr OCESS.

In a preferred enmbodi me t he, ,anmpunt, of unreacted starting naterials and
unwant e‘%f"ﬁg‘il?i)?%??éﬁ‘é’n? QP {39 san((?jtﬁﬂlu"c@c‘ﬂttg%dﬁfmf ﬁé‘ﬂ?’fg@%%@i"@ﬁ capoglitdta | n even
nmore preferred enbodi nents, the anmpunt of such inpurities is less than 4%
3% 2%Ppkst okahont 3.204nottilk anethes embetinesat theievedtioroprevisies i GUPAeripgcig fisduct  of
the prior art process of the Obherley 010 patent is reveal ed when the
GUP/ borretardemi sutstahtidllyon thagdsseaccellaliogniiamidedihopplasrsrid saild i t r at ed
potentionmetrically, because it exhibits an equival ence point at a pKa of

about 3.2. I{pd iﬁveﬂ%h!a%\ﬁﬁo@iﬁ@stﬁﬁe%t%nﬁﬂﬂégﬁéa?h@\?;{upgﬁéﬂgohdbﬂiﬁa%§ed by the

presence of a di cyandi am de/ phosphoric in the end product. It is
al so believed.that this salt.contrihutes.to the osgopi cj.ty, of the

ot oquc i el e prapfes e Btserh i Rihis A EBRGRRE it *t ne
present invention do not exhibit this pKa equival ence point. Thus, in

anot hercosnostiont at CYRGorigweidt fizs Aetardagiof sueppsonal pos tiEr e 0ros), in

PCTI US02/ 05940 pro ai des conpositions of GUP and boric acid that do not
exhi bi twkich elj of thelretacieniisisoliubiized, evpiKat chceabratibnsIo Z0 % ifirs téthriadrolidyer

enbodi ment the invention provides a GJP/boric acid fire retardant

subst anfhigid dverPichfRtaaPReReCinlondeit oY PRAIRBA 1SRN GRPARH:s Gudfdsthra@it - " The

I nvention also provides fire retardants that have superior solubility. As

mentio . t s.af th resent Jnvention.is,.capahle of.
or oduct Sugifi Buse, WEeRBARER SO0 chnEnBiEh o SEMRPPYRL 143 iR R i
exceptional purity (greater  than 95%, .in which all of the retardant is
sol ubi ITPE@EEd 18 e HeaEs EEWUF L HEhE A% Igona PPeakepns eREOSGRIME. | This i s
a very inportant feature in conventional solution treating operations such
as pr eskwater lignidablutignb@oduaia solid G bgltecidsohipdsitionncent r at i ons can be
enpl oyed, less tinme and energy is

Thus, in one embodiment, the invention provides an aqueous GUP/boric acid solution

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
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required to dry the treated product. This is also inportant because one can
nore readily dewater liquid solutions to obtain solid GlaLB/ uo[lit;zog I d
conpositions. Thus, in one enbodi ment, the invention provi g gueous
GUP/ bor i cwaaerd7eed uti on capabl e of bei ng concentrated topgtesézisedshan
about 70% gnd even 75% solids without the_formation of visible .

preci pictagedunent fheGomnesiion CRBBTSAS AT Aeout A ddlayh 3B risiaht partsdhariccidaUP) bori ¢
aci d conpositions capable of being solubilized in aqueous solutions to

gr eat eand fiesmabaub 68 tor s A weighhpar 5ol sl iedsioni prbdust of dieydndianade aml of

visible precipitates. The percentage of solids refers to the anmount of

sol i ds pabiphbriedcidh@i jrBRrabh} ARNE 30 FeRpBPatsdiosid acliRMaBoROIOULd] St paRXBF €SSed
as aratio of the weight of such solids to the weight of the solution

bef or e&v&ga{ﬂérﬁg%ct%g%@jﬂ??% gmfﬁog?gantggd.pr esent in the conposition in

any proportion properties. In one enbodi nent,

t he conpositjon conpriseas.from ahout 20.to about 40 weight parts_boric

aci d, and f?8ﬁ?‘é‘i?8% %‘%“F GBI e%?%‘i‘?tretﬁ%f & 1afers iR@ OROPIEEA Wiloduct
of di cyandi am de and phosphoric acid. In another enbodi nent, the
conposivthenampreghpied sus vood praslyois at REels sombwaly @Bemved ihthe yenotl prévsssiing aci d,
and from about 65 to about 75 weight parts of the reaction product of

di cyandhcawirgldngparts phoapkasle tevabiftire kétadihhdel to AROKORT prdduciO FAE git5idant905 WO
02/ 070215 PCT/ US02/ 05940 enbodi ment the conposition conprises from about 28
to abo | | cv,?gd' : i O . %2 wei ght
parts ﬁusmﬁ@egg%?%%?ggﬂgh, 0 d?p&l}gﬁ |%Jrgugd§k gﬁﬁ BH%%%%%?%Q%& , and
preferabl y,about 30 i.ght parts .barig,aci,d and about 70 wei.ght .parts of
Phe 1 e BRIt FoREar g eyt PR LAGh tHo S AU Eoaled TRt WP BBaes. of
this invention, the term"fire retardant” refers to a conposition which,
when i Hpt legsradegrer thas wigetiedpmattuiglssonthe basningsofsuanbedtsd wategpladlliba t he wood
processing industry, inparts a neasurable level of fire retardance to the
wood pliodigdtto a BinaHer méawiandegnpared 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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thus include all conpounds which, when applied to cellul ose containing
materials, result in treated ceIIquse cont ai ni ng naterlal Wg 5V\AII not
burn, or such treated materials will burn to a |esser degreg han

unt r eat esvg@b@nidl s, or the burnlng of such treated naterp@gsosobdsobe

B e o L L

i nparted by_the c QSIt one odj the osition qualifies
as a fire rgil q ?a‘i’lfi ?Se\%ﬁ?géﬁlelqﬂ’é‘cﬂg aﬁaggveﬁ BP0 eat er
than 10% 30% or 50% when anal yzed by the net hod of Exanple 5. In another
enbodi aehwjxtedes of thepbsie.i on qualifies as a fire retardant if it reduces the
char area over a control by greater than 10% 30% or 50% again as

det er mi ned Dycybhdiamgidettrofo HNQNINBHCN.The term "percentage of theoretical
yield" refers to the quantity of unreacted starting material and

by- products E@ENE n pressed as a
per cent age op wg %hﬁ% @C%gpaﬁ%&%%\i@gﬂac@ﬁﬁw Fm%@eoret i cal |
conver sj on Qf 3 .1 p osorlc amd to GUP. When cal cul ati ng |
the pettent# "‘ AL ALy 2L it &% raw material that is added |
to the reacti on mx, either intenti onal |y or unintentionally, is excluded. i
The term" pﬁb@pwgnﬁm also provigdes padidulaterselia firgstardey campomﬁonsﬁéat@&@sfﬁm ds and
anhydri des of phosphorus. The term phosphoric acid thus includes such forns

as _FBPGie orko@OMtsowa0iME0HDIAR1T) PRTHISPALAIHA0) ubiBiity GHSBR04H20,
H4P207, H4 P206, HPQO3, P203 and P205 and m xtures of the above. The term

mE "t Liggﬁ%ﬁmﬁ X%@@%mhﬁ () arBlibt fatoBets @%@?ﬁ%ﬁ@ﬁﬁ%@aﬁﬁfﬁfea and
phosp

Parti Cgl])sgfgcg Cﬁl Zhjr 3 tr@béfﬁig?q%%%o Nl#hcgeo artic eg arlél?élgl%mllyl_wjvellsm 'd and

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

B4 ) IR A TR NI AR Y 2ok

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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The invention al so provides particulate solid fire retardant conpositions

that satisfy one or nore of the follow ng physical attri S.
particle sphericity, (2) uniformty of size di stributio'ﬁ&%‘gys’tfzﬁé%vabiIity,

(4) aver Y@ 04RH02iScl e size less than 50 microns, (5) substBeE/UN2/058sence of
fines, and (6) uniformty of conposition. These particles are especially
wel| adapted for use in the inpregnation of cellulosic materials,

i ncl udomig. micmnyemsizedhey readity flow ppodsht enotherdvipnadbjetisd td\psavitinpegriof fire
retardant conposition can be used to nmake the particulate fire retardants

of ~t hefoRde8 STRs, IR EnhRIlimbAGha HivBgi APrdBd&Sold GUR/LYAE bl Tird Altdr8aRé boric
acid, and salts and acids of phosphates, sulfates, polyphosphates,

oo s LS BIGEPE0R bl oEORAITRF OB RS,

preferred enbodi nent, however, the fire retardant is a GUP/boric acid
comosPﬂ%@HﬁFrya?mgqq&t%@WW@ of the requirenments di scussed herein
such as purity, honopgeneity, and/or GUJP/boric acid proportion. In one
enbodi ment A perticnlaentoneposigionvs sked tesohdily Sdw,er be tflamahlw ifdbflows thesughaa/i ng a
substantially narrow di stribution of particle sizes. In one enbodi nent at

| east gpawd ciriarQkifict Besall hs 8 €8 h MtBePindiARetW ithéut 60B6tRktal AatatiBAl an
particle size. In another enbodiment at |east about 50% of the particles

have amé%%égﬁ&%%e&g%ﬁe‘{Ogiﬁﬁ@ggit‘?ﬂmﬁ%@dd:‘%i% aiﬁ%ﬁnnei:n anot her aspect the

. ufl
particula resen ntion are flowable. For exanple, when the
solid fire retardants e provided as particylates |ess than 150, 100, 75,
50, 40, 30,1R2BOWer AR e%‘é@ﬁf@%f@@f@é%ﬁ@ﬂ%ﬁ%@@éﬁb%mvsmggo; m crons
in size, they readily flow past one another when subjected to gravitinetric
f or cesdiamities , Thus, iomsc entbodiment thet fadidulaestiaive onmveragd sssigolessith@uP bor i ¢ aci d
fire retardants that do not stick together, and are thus fl owable, as

measur@itrdig i BRbdetcdinbie prefefablyeR6N thim $6 eNéroRAstdifneen and Beim mben fornul at ed
as particulates. A particulate conposition is said to readily flow, or be

f Owabl!)rg'ferd-bfy eds &519%, 3t0t'| 6P 9iBons in diameter. Preferably, 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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tapered circular orifice as small as 3, 1 or % inches in dianeter w thout
substantial agitation. The tapered orifice should be confi forma
90 circular funnel. In another aspect the particulate fi%e‘ng‘lréggckoégnts can
be defi negolywtohei r average diameter. Thus, in one enbodipfghisod 040
particul ates have, on average, a size less than 75 microns in dianeter,
nor e pr &dneg tibiselid egspasiion 156 dicesto partipulatd; andshe GURard] erracidbare  preferably
| ess than 40, 30, or 25 microns in dianmeter. Preferably, at |east 50, 75,
or 95% afbstahiilypacily ciasbitad eitibihe disetdpaniiclee of the foregoing size
ranges. As nentioned above, the conpositions of the present invention
preferably ' AR s I | s |t t

conpri se wgﬁérsﬁgﬂ%g?rfl%%%g’can géeh%% iejosvéne{g%ggiﬁggfra? ﬁ%ﬁ?ﬁ %u%ﬂﬁféfogtoﬁgr solid
forms (su as the 5.1 5.nch chunks sol. CO cially in the_prior
bty REtRg By wih tp GTnd e AT ety oL et hnbeinut B
particul ates or other solid form in a preferred aspect the guanyl urea
phos phapliaiftofinsrticdes. disen digtabwinmds aghigvat oy this davier s¢plspwhercthe solidsughout t he
solid conposition. Thus, in another enbodinment the invention provides a
solid fpregent at eypldenlity oOpapticiliteqbecaspthe panigultanys tipdle difsuiapet amd boric
acid, wherein the guanyl urea phosphate and boric acid are distributed

subst ankicier ¥nBHERY ik BNt 8vGOIRABAALPEE GEPeRdDoit bRV They) 12f

guanyl urea phosphate and boric acid in the conposition is achievéd in at

| east two .ways. Ln one enbodi.nent, the invention provides_.sol.id i cl es
of 11 ST Yo I 53R cGRPOROR B the cirant B Eiion BN BF AHENPRG ang
boric acid. Thus, in one 21 30 August 2005 WD 02/070215 PCT[ US02/ 05940
sensp t Heoerqmepriss bpBsCUPHmd borig agids dhe cempesition of the éndividyalimgicespeanand
boric acid are substantially evenly distributed within the discrete

parti cl eary hsloagat the phealigdifipatticlestinarfficivethit midedpr ovi des conpositions of a
plurality of solid particles, in which the GUP and boric acid are

subst anti al |y a§¥&mh¥d SinbPEnRAH HoWePuIRBEnt{If all of the particles comprise 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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plurality of particles. Even distribution is achieved on this |larger scale,
when the solids are present as a plurality of particul agsg\u Bﬁ%ng t he
particul ates are capable of flow ng past one another an epng mxed to a
subst ant iV 020831Yi stri buti on of GUP and boric acid. ThusPCrusozeosther
sense the solid conposition of the instant invention is a plurality of
particles ' LIy (o] 1.Se: 1 : | g..acid. .Th

conpositi o\rll\lﬂ%)@bt%r%ﬁdlar]%?%}f %‘Sgﬁ%ﬁcﬁ%’ gé&g%ﬁe\%;&glyggéﬂ;ﬁbs%lvgg I?@t%’l urality
of particles s sufficiently m xed. In a preferred enbodipent, however,
subst aﬁ‘ﬂ'?%ﬁnﬂi’/u%?lmulﬁ-ﬂwyp%ﬁﬂé?aé%‘dﬁd#ﬁFI?hQé‘CB@@haﬂdchﬂﬂcaﬁ%i dfeacingal. i
nmore preferred enbodi ments at |east 95% 96% 97% 98% or 99% of the
parti cleast aprtion of the ticy@ulamivg abd thephuwsplibric| acidat agebrvated temparatbicrined

enbodi ment, the percentage of particles discussed above that conprise both -
GUP angorB0iayafdaGhoSshiany, tikecby Eoltniag @ réaviiba pasiudt llutidhecobfligg fRsblvedt | 0S

di scussed herzi n.q}HI. Met hods of I\/agi ng thepCOrrpositions of the Present

| nvent (Qpp ' 1-00.:al ' ' Rk Ad- / ic acid
fire retar %]ia[frﬂﬁggonégﬁghgg?ﬁt %%sﬁéﬁ%xﬁgggﬂéﬁéﬁg@bg%nﬁig Sﬂrr%nu gg{?ﬁ e of
particulate, fire retardants in ral, angd these nethod re not limted
bo cUPMEAR et ihe compeeat s all pddhdbetarg any Ricihg dempershiievemed s P act ur i ng
particul ate fire retardants fromany fire retardant conposition. In one
enbodi AEtantiallerepeivegathasn Mre vpesificadly pdioradiantide, phosnhadic aeidgusiiydrigr ea
phosphate by reacting di cyandi am de and phosphoric acid under conditions

t hat yheit drd dingided befoaclidlding khawixits. at Fleeate® f@ipetitude o4 Binekatficientld owed to
proceed to at | east 95% conpletion, even nore preferably to at |east 96%

97% or 8% G ANt | 4 g;;j%]] to at |east 99%
conpl e%i on. 922 30 Kgggkﬁg?ﬂg%g%é%agl ! 2%@%%%%%%%940 I n one
enmbodi nent, . the linear reacti Kinetics are attai ned, by dissolving in
mator T aublt BAstc e ordits ot fpiionR aefion biatue sopipeah BRralie . "and
boric acid, and reacting at

prepared by mixing dicyalgldiamjde, 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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| east a portion of the dicyandi am de and the phosphoric acid at an el evated
tenperature to form guanylurea phosphate, thereby form ggA% Lﬁ%bgon
product sol ution containing dissolved GUP and dissol ved PEACrY. As
used her eWR,020/R13 er m "substanti al |l y sinmultaneousl y" neaR€Tisar0Vie
conponents are all added before any of the conponents have had tine to

subst angial kgt . g/ggﬁ, Clfi.cal LGy andiag hosphori c
aci d, ;(%%I@gggibgﬁ@g%?'df}%?ée%f’ltha edaﬁgffoglffggﬁg]k %W%hﬁ;e mi?’&ﬂegseéif el evat ed
tenperature. far, a tinme sufficient to react any substantial anount of the
di cyan%ﬁ%‘ﬂﬁlﬁ Qéfﬁ%sphori c acid. In practicing the process of the
invention, a reaction product solution is typically prepared by m xing

di cyandi am dEuspiacsp ﬁm%Démdei,le wyvantben provides aimethodaf evakingsobid fireat i ng

the m xture (usually with stirring) to dissolution. The nole ratio of

di cyandietandziecdopositiasphotistigaiindtaihgdad at@ecul eolaiiod of GUPintbpiie atidy If r om
about 0.8:1 to about 1.3:1. The nole ratio of boric acid to (dicyandi am de

pl us phasRRYImas &H@coﬁﬁ%@ﬂoﬁ?t& l;lsf’déﬁdférb’d @oﬁeﬁﬁ @g?%h lpbric faﬁﬂnéﬁp&ggfpro 201

to .about 1.5:1. Typically the solution is heated to a tenpefatur angi ng

froma C.to.about.. 10Q. C [ articul arly fromgbout 95C.to about
o, e Gl if oS diseste Pl mgt PO RAROHE o Hreagre

di ssolutign of the saolids to _about 5 hours after dissolution. The solution
i s pref$aHRE pafrsiglsaad spywansd by-raedusts frora thed3UP repstion procass are psferally as to
make a substantial exotherm Generally, the solutions formed will contain
about 7essttharaboits 6lhe theomsicalhtieldi $havevaditdohdtdssentisidharthe GiHY bd pradent | v
from about 40%to about 60% by wei ght dissolved solids. In other

enbodi TRRE KiBE pluftySiHd 1R PhRA¢ESES sutR LI BRse &Eaiﬂ@ﬂiiﬂ@b%ﬂg o) (g Bh BRbive aci d

fire retardants by dewatering |iquid conpositions of GUP and boric acid.

"Thi s h h t substanti al  advantage of producing solid fire retardant
conporsrﬁ%sF‘gﬁ" 1Bl Vet R Al For 16 JEVAEAREPO%085 WO 02/ 070215

PCT/ US02/ 05940 GUP and boric acid. Myreover, the GUP and boric acid are
typical ly evewidpwgiceparabie accomplished by 2 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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nmet hod of making a solid fire retardant conposition co I S| tering
an aqueous solution of GUP and boric acid. In one enboggr(rfen ?#eb%g,a
conposi t ivY8201W21e dewat ered contains GUP and boric acid, rangseassafy the
GUP/ boric acid conditions discussed above. For exanple, the anmount of

unr eacwayvers shgle fyming dpingk of matbrizhandrtickingyo thesitles o therdurer.t Hleis GUP
reaction process are preferably less than 5 w.% of the theoretical yield.

Howev ebeliewved isbanmleaetiagniti due to BatloWhaelEhlpsiat grths UP. Addiapehothérgh purity,
and liquid processes such as those disclosed in Goherley 010 can al so be

used t i : I ; t.erl
dovat oy PO LS boA L R o pioh ) b i T R e B Specfedo
separatin sol vent and sol ut.e, such as s drying, thin filmdrying, or
ot her ﬁ?ﬁﬂg’?‘i g3 Br(‘?ﬁ%l“h Gese @?e"f:é‘tdﬁ";‘z Co?lﬂ%%eé‘? ?’Qﬁd&éﬁe i’%ﬁ%@eﬁ?‘% lowgE Peng
solutions containing high solids content. In a preferred enbodinent,
howev eneltingpojnt gfithe resslipigssolidanixiure.d Bameearete pddisipn af boris agid actmallys
technique provides a dried product that is very flowable, uniformin

conposappean to hmae idipsset vis plepsicak byoperties bf the sfodaeat i ng t han conventi onal
products. Moreover, the uniform snmall size of the particles produced by

spray dryi ng taé Eﬁ%d@i&%@%&s)@ﬁh&'iﬁ@/ﬁéﬁ&&?@%ﬁ& igﬁis@éﬁs@& o BHE Broffits

oriented strand boar , Without the need for dissolution of the

flame At pri.or to.. | jicatian. Moreogver, thes artjcles do not
creat ebygillfsa%t?%é%efiragg ;aéer?sfg% é‘@g §§ (léte?lﬁé)? gmusml?y %Pllre‘ﬁ}}; gt fie spray
drying process can be controlled, This is in part due to the increased
contr d}haﬁl%é? (ofter cylindsical) z b heatifeen theyeas Naposigesupointyre iy therdserets, leaping  a
conbi nati on of GUP and boric acid could be successfully dewatered to

provi dbiedgpafiicdesethitean baiséerated Goaniht gas preatiu dheieatifpipeeatonrtpricgiyngesn vi ew
of the difficulty with which pure GUP is produced. In fact, attenpts to

spray lééﬁhﬂﬂé&u%ty\?@s&%&ﬁﬁ unsuccessful. Wen GJP is dissolved in
wat er and heated to 80" C and spray dried, the resulting product 24 30

August 200 SSerpd%ng gﬁjjegiaﬁﬁéyaangglegigée%ause it typically results 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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was. -very sticky, formng clunps of material and sticking to the sides of
the drier. This is believed to be at |least in part due I mel ting
poi nt of the GUP. Adding another conponent such as bori %’eétélggﬁt%w?he

sol uti onW®0BK08Kr ay dri ed woul d have been expected to WEEERIX(5H4D

probl em since the added conponent woul d have been expected to | ower the

el ti rdje panaheafdutyh eincethalspiap grapdets avithigetataldy tridehe geaater diveanael dirbughnthef

boric acid actually .appears to have inproved the physical properties of

t he prmgﬁées bbfbré BéhtSdmg he ¥ hbBIoPIRGRRS ) ShbBer@ RPN SerRpdl aQhid on 1S
di spersed into fine droplets by an atom zer, and then fed rnto a stream of

eyl i nanehet et i SRRR R ot A8 St iR PEBIRE i o opi o s

| eaving drjied particles that can be separated fromthe gas stream The
entire operé% msatieged; abaye. yhe varioys dewalsting prpcasseied thysiipysptiogoandseconds.

Spray drying is especially advantageous because it typically results in the
f or matasperidly the phay idgdbg pacesscdaasisolisr wod ¢ mabefosusefitchatakianogetided y of t he
solution typically dictates the honogeneity of solids in the particles,

spray fdm inierd19SMeLHaR BUH/BiHAHRS PR&reddRb fbtirdantd MdRlBolca0R, afe t he
desired conponents. In addition, spray drying provides an easier way to

obt ai : i -pbul. i |- i Std LS, rance than
o ot a8 SRRIrBP S SRR tha doYor BRIEREL BN, o BHRRE, 1<% s
short, .thermal exposure is limted, _leading to decreased degradation of
heat JHREP S:r‘i‘ﬁa@ Psphgnaiog. éﬂﬂl‘ﬁg?ﬁ fare getarflagts inglpdgdigyandiamyde, GWPy pe spray
dried by introducing the solution to a spray drier inlet at a tenperature
r angi rigricragish atsauendfoonaddehydabbua patioularly anderahovbodjmenthbowerret,itbe s f r om
the spray drier at a tenperature ranging. fromabout 65 C to about 130 C.

Those refardait isla GUPIHagic atid o@ﬁlé)sﬁﬁaﬁ et ¥hiidieWohd of R6RUTHErehi@émentmunber  of
operating paraneters can and should be varied to optim ze the spray drying

proce ANo) I upon the size
of thzﬁgﬁggglﬁgﬁéﬁﬁgﬁﬁﬁ?ﬁgigﬁ@é&%%ﬂ%ﬁgaggéﬁ?gﬁPgﬁégaéggﬁgg . For exanpl e,
a larger dianeter spray drier will generally be able to produce | arger
particles at 25 30 August 2005

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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WO 021070215 PCTf US02/ 05940 the same heat duty, since the spray droplets

w Il generally travel a greater distance through the ho ore
contacting the surface of the drier. Snmaller dryers wll %ggﬁ%rﬁgﬁ@tsrequi re

a hi ghe™Q W/ ®021enperature than a larger drier in order POI/EE@NIRE t he
sane sized partjcles. . mentigned above, _the variqus dewatering processes
of this i nvenE: BrPregmpodimsnt thedpysptiopproddesamethod fy satiag@eod produgisso be
used to manufacture fire retardant particles fromnmaterials other than
GUP/ boviilefirectietird#ats bempasng comdactiep arsleott sroilna vithe lixprid firacitadarttitiemt vari ous
salts of boric acid, and salts and acids of phosphates, sulfates,

pol yphosifiséLSUP HAGRHD aRid Shersil theRhRSRD O a8 fctedRtdrtihg Ridtsiald ddde

retardants include dicyandi am de, GUP, boric acid, urea, and formal dehyde.

In a Leuhar f ' t t b tar t is a
P! bop b ARl ek B A PR oot MR B P St BRI, o S
di SCUSSﬁg erein such as purity, honogeneity and/ or GJP/ boric acid

pr oportion! Wth‘?%’f”rc%é‘éne& > R IONERUAMDIOBHES WoPd Reodyst thateompiisehit firsyvent i on
The fire retardants of -die present invention can be readily packaged and
shi ppaetardant ¢qrapasitbon, whereirethe fiac tetariang cptrgriss 'GP and boripecidtdndrwilentio
conposite wood products such as OSB and pl ywood, and ot her wood products.

When ubeginvirtiofvatdacedReing mAtGAIS and BhwanttdBRHRALEE O GRGIR rélefign USi Ng.
conventional techniques such as pressure treatnent, wherein the product is

di ssol ' . Y ' wood

pr odug;f (2&5% %ng%éﬁﬁq {g’{s'/ﬁcéafrg*1 ‘gtéhteéf%?ri}%%ﬁﬁldkgg%%@ﬁﬁ@o&gbﬁggﬁgﬁé& fibers,
chips, _or .particles i thaut dissolytion, or wth the gdhesive used to form
t he cm%ﬁ%%‘&%&ﬁe 9@&%@3&{9 arpteraiy s #}aﬁé\ym% a’w@t-‘% gEL6SEd%s nor mal
to produce conposite wood products. Liquid treatnment is generally the

pr ef ethesgetival Wikl of treating any wood product that does not degrade under

liquid treating conditions. Such wood products include processed sheets of
wood such ahepleyotnoshlids boneehiitidn JTRAS fuedUS in@SgrdKAS soldkbs wildbe dibdsl and

even wood chips used in the manufacture of conposite wood products. 26
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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30 August 2005 WO 02/070215 PCTI US02/ 05940 Thus, in one enbodi ment the
I nvention provides a nethod for treating wood products %hﬁ]g&étrQOS
retardants, conprising contacting a wood product with a lirquid fire

r et ar dantwehze702tsonpri ses GIJP and boric acid, wherein thecamsoamsoar
unreacted starting materials and unwanted by-products fromthe GIJP

react i gifandriash sndperticRbsarl A dntdin HhoebsstdGobd paticlek Ghlips, ¥b&h tor shést@not her
enbodi ment, the invention provides a wood product that conprises a fire

et ar dgpho SRR Ao MRTEALIGLHLP ELALANL LSRRI seS GUP and bori o

acid, and erelin eacted starting materials and unwant ed

by-products.fromthe GUR reactio rocess . are less than 5 . % of the
t heoreti cal Tb?gffrﬂl. Gﬂg‘pﬁﬁfﬁ‘?’?ﬂﬁtﬂog‘%ge@}‘ﬁ%hﬁ% oy {0 eRgIMAFI Vel 4B m t he

GUP reaction are preferably less than 4% 3 % 2 w.% or |1%of the
t heor ethat Histrgngthens thmwopdprodnets by bpuding tngether withighre, optiartally agderquessure
| npregnating solution will be dictated to a |large extent by the treating

met hodoehgat Gyadpiated of heedibgiiage béerd pdeted; elippalicnGlics® quithehanufEanghal | y, the
wood is inpregnated with an amount. of fire retardant equaling fromabout 5

to  abgieeskodaNs Weihg mogefbit% B%%@{%gbogjeg ?P%%%Q% BlaR s e Bﬁagﬁéjd&?pe“ds upon

the fite retardant used and t speci e§ or wo product bei ng

treated. After being.treat Wi t t he aqueous sol ution of .fire. retardant
chem csreibe} o it Fik onfhestte sood SRl Gty et i dhg diadisd
exposure to anbient conditions or by heating to a tenperature of from about
40 C wpeqvalent spwepiege pf wood oBompe seurdimiting examples asa e yeloerklaptinated

vari ous techni ques which are well known in the art. Exanples of sone of

t hese tmmblodsdebeglagkogaher dififetghldaydrnbbhigh sieshoipdichensivaduberpiessir e

| npregnation, and conpression inpregnation. The particular techni que used

Wil 1 bpareled) &ifind @ b G831 (&ﬁzﬁée o s%%n&%(?f\?ci&rﬁlgg'lﬁidt @Eﬂﬁ&qﬂt&%h%gwﬁ eat ed,

the thickness of the wood, t gree ancy required and the
o7, hogBhsb B RS b B OB R 98 [l gt

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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the preparation of conposite wood. products such as oriented strand board,
pl ywood, random 27 30 August 2005 WD 02/070215 PCT/ US02/ Qégﬁgus?%@‘d boar d;
and particl eboard, that contain processed wood particles, chrps, fibers, or
sheets oWOWB@@2Mat eri al s (a/ k/a furnish) bound together wCrhisaz/ewida abl e
adhesi ve. The term "conposite wood products,"” as used herein refers to

engi ne@nediakeoWhits belath b Flikeb&ird GRELIBERT, IABstWRRLCI PHAAYS4E, Mysd@rdi ng

together with glue, optionally under pressure or heat from pieces of trees

that haygndy a%%ﬁkecempaféhggﬁgm% Diblef D,'ngér@%cggg%%i Plo ROAGESS:

defects i'n the wood bits c e renoved or “di sper I hdl

pr oduc stronger than the original |og. Conposite wood preferably can
carry EB%W 0‘?4%18%&%? & é@hé‘fl‘?bﬁﬁrsg&ﬁ val ent sawn pi ece of wood. Sone non
limting exanples are glulam (gl ued-lam nated tinber nade by gl uing

t oget her hofdhe bamapeneiy end flowabligtofsbe wiigs hilowsesi orbel readibrmiped wath) |

Parall el Strand Lunber (PSL) (nade from strands of wood gl ued together into

| ong, iedfarnisheoraghssive fak il & edtaposité Woad refucPilaputabiafihs piceessVaregdelds unber
(LVL) (made fromlayered conposite of wood veneers and adhesive such that

the grash &fite%@cg)la } : | @ﬁbm | i Lud S &gﬁst
when edgepl oade gbgﬁgselgﬁ}g?ﬂﬁgce oade lcgis&(g&tglsgn , g%‘r’u‘%{g{sn% pl'ywood
(rmade fyom.thin veneers glued in |ayers with.the grajn.of adjacent |ayers
e omn et GRS Bt HE dmehriof b0 iust Sy b oo BaeSEER S e o
(CSB) (nade fromstrands of wood where two-way strength is provided by

or i ent Fergraissa GI/R and bagie asid. t e GUP eadberi¢ acidiis prefesahly hddedrte thevfheanish athe
strands in the outer faces are all oriented along the long axis, making

t he paadiesist rsshpsya hangddnvirsenposition) arid dse, plittaligy of waiblcepdriciiaigl. baar d, E-Z
Rin(r) Board, Waferboard (nmade from strands of wood where the grain

di r ect by QiRer@mbolnet A cEhPerRibE lp%cﬂ)@%o@ (fogﬁi}&isﬂegw%ﬁa ?@gﬁatgé}g:o%%éef?ﬁg equal

in all directions of the pane -Jolsts | is
made o Cpﬂ) v(\sloog_or 0SB, and the wi der, upper and |lower portions (flanges)
are made 0 Ic?dg | engt hs of LVL or high quality lunber), StructJoist(r) |

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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joists, mediumdensity fiberboard (MDF), Medite, Mediland, Synergite(r),.
particl eboard, M croFine, M croFiber, FF Fi berCor, Ml tigﬁi%stﬁ(}gke Face
Novoply, M croFi ne Novoply, Novoshelf, Novostep, Novodeck, vowood,
Aspeni t e, WASHEI21® T&G Fl akeboard, 28 30 August 2005 WO BOT/AFes05840

PCTI US02/ 05940 Dur af | ake, Wite Mel am ne Fl akeboard, panel board,

| ndushqush avrsnples-af ds salution Mesenniyeed by pofprliorertia §ERTSverekmer 2 ghegboar d,
Deal er HBD, Fi ber Face, Perfo -Square, Perfo-Round, Superwood, Lionite,
Pri meffieiend ofithe 355 hewrstacsive peridte honogeneity and flowability of the solids
allows themto be readily mxed with the furnish or adhesive nelt in a
conposi t e TROuRs1eCWE RN B5hMAHPERhASRSE 1 NAREOW (BhilrdicQRASHE § wood
products in which the GUP and boriC acid are substantially evenly

di spe : S, | ot her . embodi the i nyentd.on vi des furnish or
an hanagi i BB se Py ST B NEED. el ATHEF B GLBH Wahsid anc
boric_acid is preferably added to the furnish or adhesive resin_as a

hono gBALIGE ednpe; the sHnDlghwerssach ¢amaplaxed yith 10 pofwaspidolda feme g baies. | n
anot her enbodi nent the invention provides a conposite wood product that
conpr acsdsstéaliavingredlobor pKa dot o.mdMh ichs!lytdigiinguishable droni thai ¢l GISPr Thed by t he
treatnent of wood for convenience, other cellulosic nmaterials can be

r endefeglisldr@pRen @ TEBIAN! balbw,hnt PRote@ASEieans of the invention, including
paper, cardboard, cotton, jute and henp. The invention can be nore clearly

understood by reference to the foll ew exanpl es, which are not intended
tolimt the scope of the invention Or of the appended clains in any way.
EXAVRPLES Exanple1—beyandiam de—phosphoricacid_—and boric acid-were
mxed in a 1: FeactoyBmgdhauratio with suffici enSURYiEM @6 %borm a 15%
solids content solution. The mxture was heated to

0 ' 0.84

1 284

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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approximately 48 C to dissolve all of the solids, and a sanple for analysis
taken. The tenperature of the solution was then raised %g 8&&%@% ned
between 70 C and 90 C for 3.5 29 WD 02/070215 30 August b

PCT/ USO2MB0%070RBur s. Sanpl es of the sol ution were anal yzBaIy§02/05940
potentionetric titration every hour, and at the end of the 3.5 hour
reaction period. The sanples were titrated against approximtely 0.1 N NaCOH
(standardi zed agai nst a potassium hydrogen phthal ate st andard from NI ST).
Bec diiss duHEE hedrcastionip moniprihy GIR sencepirationa fing ore prsented iz feble 2he sanpl es
were each conplexed with 10 g of mannitol to forma boric acid ester
havibelpwa | ower pKa that is nore easily distinguishable fromthat of GUP.
The results are given in Table 1, below, and plotted on Figure 1. TABLE 1
Reaction tine (hours)GUP Yield (pApffr200.84 128.4 243.9 365.6 3.571.2

Fi gure 1 shows a substanti al | ly linear increase in GUP yield with time, such

t hat ‘
echS%“‘“\'?B&f*ﬁe@@”?x'berc? od from the 5?’%‘33356‘978’?&@ 'SZSEL]‘ST'_ e

en d—he = anpl.-e X 0 C Nt S
GUP (pKa = 7. 259 and the bor| ¢ abid ester of maﬁrﬂ?ft ol (pKa 4. 50)
Conparative Exam |le 1 Cbherle 010 A 15% solids content solution was
preépared by m xi ng dli cyandi am de and; phosphoric 46.0

i ncr eas

2 , 57.5
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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acid ina 1:1 nolar ratio in water. The m xture was heated to 80 C and

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

el apsed, sufficient boric acid was added to vyield a nol 3%'&???%0%)2? boric
aci d: di cdhedPatde of 1.38:1. Sanples were taken at vari oBGT/ES2AI402/ 070215
30 August 2005 PCTI US02/05940 tinmes during the reaction to nonitor the GUP
con entra1|‘ a d aLe pres ented in Table 2 bel ow. TABLE2 Reaction tine

( hi <SP gpRtIye w2 Ooeseyo8l0ia6 0 257.5 2.7563..6 3.563.6 As indicated in
Tabl e 2, the GUP concentratlon rises to a maxi mum of 63.6 wt.% at

appr oxi r’f&t:sein;ilmdﬁambph®ph‘aﬁt@rd Babenintanks 1 mecdettiatio, wgneerired wthcease. These
asynptotic kinetics are plotted in Figure 2. Coin arative Examle 2 Qoerle

" 0@y vk aioe AhphsXiingieBCI08s ¥Elid seiutioal ThEk ikt ek theh leatkd 1. 38 nol ar
ratio to form a 20% solids content solution. This m xture was heated wi'th

st '\{nfﬂ &?réfslé)to ndQ% %@cﬂm%ﬁ%@%%d eﬂ%%m r ﬁllré Gél%%é ’7(5'56 aﬁﬁ%’@é%@s C and 90 C for

35 mnu a oric a ded in an anount such that the

nol ar ratjo.of .di cyandi sphor.,i c,. aci ‘

1. phipuis BREC 8¢ .%%@%@@emﬁ Fﬁqmttﬂéh‘%{l i ot 62e 8% cool ed to

room tenperature. IpreC| pitation was observed even wi th cooling. The

solmixtuee apd sheamityreadoledyo moneismpsrasirei dhe mtixtwe was thes didutsd i Beadt above. The |

yield of GUP was found to be 67.4% ' |
10% to allow more complete dissolution of solids, and samples were taken for potentlometnc

titration. Titration was performed as in Example 1, and showed that the yield of GUP in this 1

experiment was 91.2%.

The experiment was then repeated, except that after the 35 minute period, the
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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and the third equival ence point at pKa = 3.2 was observed. 31 30 August
2005 WD 02/070215 PCT/ US02/ 05940 Conpar ati veExanple 3 (éé%g@éfzb%o)
Dccyandi am de and phosphoric acid (85%, in a 1:1 nolar ratio, were m xed
with sufWPpdR@r2lhater to form an approxi mately 50% sol i d®PCTAIS02HM0 Thi s

m xture s the ed ith stjrri to 80 and. mai nt aj ned at

t enper E&’Pytﬂv?‘g“ﬁg(y\%eg(ﬁ a,b]@S EraTEpsdep fggl{l Eﬂng%"g’re?ﬁt I@?’fgh‘glfr arcé‘flé’%d‘ aéé?t hen
added (in a nole ratio to dicyandiam de of 1.38:1) to the cloudy mixture,
and t handis haligved ot aphaspherioamid-dicyradiamide saltthe m xture was then diluted to
about 10%to allow nore conplete dissolution of solids, and sanples were

t aken Eoimpho? entionetric titration. Titration was performed as in Exanple
1, and showed that the yield of GUP in this experinent was 91.2% The

' t : ; : | jod, th
Cemper at r o piony o P RS Siic SHIRRL ol by Wl ARSI O ol s
d thi t tur, intaiped aft ' id di.tiqn.. Sanpl
ver e vk R RSPt dBUh Febh afhesfoe piskoifom Slvkon Mrisgonor | .

acid, after 35 mnutes of reaction tine, and after the boric acid was
added T abut 487aieebpuifit dssolredwelids yof wiich abogmt 298 de mias dicdyandidmide, each
sanpl e was determ ned by potentionetric titration, and is given below in
Tabl e BL1% A8k Eh&pRedc heidant aeut 3061t vess) Kdule agid mebrd Inditidily fOrmfedi cyandi am de
and phosphoric acid 56.9 addition) 3590.7 -65 (boric acid dissolution)94.9
Titr atﬂc%&sjg@ncﬁﬁgeto%ﬁ b047 froRCraflo)Tndt hibki€d ¥ Sotieds 1Y RewRliuliMplqpce points,

one for

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.
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(pKa = 7.25), another for the boric acid ester of mannitol (pKa = 4.50),
and a third at 32 30 August 2005 WO 02/070215 PCT/ US02/ 05940 @5&@0&(' mat el y
. 3.20. This pKa was too high to be unreacted phosphoric acid ? -- 2.15),
and is bé&¥Pe¥8W21S0 be a phosphoric aci d-di cyandi arni de saP‘ETfUEi‘WQSé‘#OZ

Sol utions of GUR,.and boric ac ndi am d
phosphoric aci d!PEHEPRASHIoRS ’E?B&ﬁg’?%n?gﬂ%%ﬁ@ak}&ﬁ Bf%lffﬁ 8 a4 Ef’ng to

di ssol ution. Solutions having from about 40%to about 60% di ssol ved

sol i dsanabfzedihy poteatiernetrio diiration. WAppraxisyaigiy 0908 & of selid nwylneisvasieosbinsdi c
acid, and about 30.6 %was boric acid, were initially forned

( cor r egjithabdun 0 igGmannitol add ﬂtzateﬂ)h@iﬂsamlas) NaOdlL. Bt mdnri] slasuddddSe r&8t C wi th
stirring to dissolve the solids. Care was taken to prevent an exotherm

from tﬁﬁh%‘%}ﬁb%t@m RO bS] dit dér%@ﬁhﬁ%ﬁ ﬁp%al%ﬁééﬁdﬁ aﬁ/vere fed

to an 80 cm pi p ant spray rier using inlet te eratures of 200, 250,

and 30 d out t ur.es bet ween about

esul t PRS- et oShed BRPLE 115 ﬁ@a‘fwgehcwosﬁt@&gff S5 SR 3 P o
magni fication m croscopy showed spherl ca articles with sone

agg| orrbqrmc%vew@%é%g;ﬁ thenaetics] Brklal 78530461 B/barie pgid {Idw lossrig viekkwasal |
particle sizes (less than 50 pn) of sone of the particles produced. The
dri ed gtrivthtablestophoshiciadaction\tenandosvedrinthiz exholiple.s Adamstivganelysstwasn m cr oscopy
(SEM and energy dispersive X-ray anal ysis (EDAX). SEM photom crographs of
the_sobibdSuedilyAurkiien, find Gas e@hfinbd ot fn intRA:PHOIUPiMENd LB F1 G 3 vas

obtai ned froma 40% solids solution at an Inlet terrperature of 300 C and
an out| eratureof 119 The in FIG 4 was obtained
from a’ 3 ‘E@F gErape s 1setep cafg ér?g!tegl\r/%l%‘? 300 C and an outl et
tenperature of 124 T. Both sets of Kgotom crographs show i ntact, spherical
particles, having a range of partl 4es. The maj ority of parti cles are

bet ween
REACTION TIME ¢hr) 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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% Sol i ds Feedl nl et Termp.

wilhBi

SN Gl Sk

about 0, 848 g/cnB- Mbdisture
sol uti ons and

g&h@% Ll%lhg%l@bl e 5. TABLE 5

MDI st ure

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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(% 601991031.90 34 30 August 2005 WD 02/ 070215 PCT/ US02105940 -
40199992. 61 402501033. 46 403001143.54 403001193. 22 40300%3$ﬁ &ﬁzﬁ@é'e not
wi shing to be bound by any theory, it is believed that the Pg er

t enper at uvoszaraeci ated wi th hi gher noi sture contents respitedodaodohe
outside of the particles drying faster, trapping nore noisture inside,
since the particles spend less tinme in the drying chanber at higher
tenperatures. As a result, it is believed that either |ower tenperatures or
| onger residence times, or both, would result in nore even drying, and

| o NBL S id i : j 3 t

cval Al A Uhle | Aflrhssh RRoBGH G PRAGHEIPLMOERATR BRI I o

found that a 15 w. % sol uti on coul e prepared Joom ¢t erature after
ot r Saing e e daite cytet 1of8 a5 Sudee BRBEARRS SrEda HRRARTR bar i ol es i
the water. A 20 wt.% solution could be prepared by heating to 45 C. Storage
st abMisroseopigexamination of themattiales ndiceedibeth curstallng ar@cﬁphmcagmmle% ake or

clunp in storage. A beaker of the dried products produced above was

ex po¥hkssitodiatibud@hef the patiohediid ligabbdlew hEABLUBS. alt @ Yelieqedithaimaihfew, beaker of
solids was placed in a desiccator with a beaker of water to sinulate 100%

hum Hﬁah%p&aa@é e R tuafi) SvEO1 deFiSm SXROS G4 Hidt HRAAHMUHaBIiEYof pRiHRIE that aKI NT

after about 24 hours, Wwhile the solids exposed to atmosphéeric conditions.
di d feli%hto ﬁls( Siz¥ ?e%ﬂgle, éasfl}s?erd i%bl%léLE% GMwA'ree:?eki%' fa&x a%gﬁ)ln%ra?’tes.
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Wat er and phosphoric acid were steam heated in a reactor while slowy

addi ng di cyandiam de and boric acid in sufficient quantbpiaggudi@oysel d a
35-40 % solids solution. The tenperature was mai ntai ned at about 92 C and
noni t or eW@Pbu&eLyy to prevent solidification of 35 30 AuguBtT/POEHsY®D

02/ 070215 PCTI US02/ 05940 mate-dal in the punp lines. After dissolution of
the solids, the solution was punped to a 9 ft dianeter spray drying
chanmber. Inlet and outlet tenpefaBLESs were 370 F and 160 F. M croscopic
exam nation of the particles indicated both crystalline and spherical
pgrticles. FheickiSige dbalribution OF t he parpdrednessf T6ial $ahgld bel ow i h TABLE
6.1 It is believed that very few, if any particles were actually ovef 100 m
i ST ZE, d.ng' t'ndt>1t 'lde sTratt quantit of —partictes T{e%‘r fett—nto—th s size
rgnge, as listed II’?TABLE 6 were in fact aggl oneraté&s. 36 30 August 2005 WO

D

02,070 5 PCTH.USO 05940 A 6—Pal cl e S 2 3m.Percen a ot &

Sgnpl e >1501. 96 1880HH064. 46 106>7518. 9 75>5348.7 54511, 2 45>19.7 |
Tiltrational analysis of the spray dried product revealed that it contai ned
68% GUP (represH®7/6g a 97% yi el d)} and 32% boric agigd. This anal ysi $ was

cgnfirmed by I1CP (inductively coupl ed pl asma spectrophotoneter). Bulk

dgnsity was defergiépd to be 0. 781 487
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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g/cnB, and the noisture content was found to be 9.49% Exanple 4 Fire
retardant treated random strand board (RSB) was produced gaya 'glagtqrrdagrati ng
the spray dried solids obtained in Exanple 3 into the furnish prior to
board f orWt2@7#21RSB was chosen for these tests rather thZETOSB2/BWERuUse it
represents a good |aboratory nodel for OSB, and the results obtained from
RSB pgesard b {16 ch apmiral Repids.wVeroysspesitieations ofibhgiranebase given belogbitai n f r om
OSB. More specifically, water, slack wax, and LPF (liquid phenol

f or Mzbkehyde) 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
bl ender in sufficient. anount tordmyrpmrya 7.5% w w board, and the m xture
was tunbled to evenly distribute the powder. The strands were then laid and

37 (36—August —’”4u‘0,®g\f“ 02070215 PCTYSo2-05940—7prt eﬁ%i nto—7+16—nchy
nori nal boards. ?ﬁ?ﬁ% specificatigns of the panel’ argl‘gi ven below in
Tahle 7. TABLE 7 ThicknessQ.437 in i l - [)n)

Regi n content 3. 99dnsite; 3. 9% core M4t constiPuwst (MnRebrmiselzgdam) wax
content 1% sl ack wax Strand typeConmerci al Misture content 7% face; 4% core
Préss tinmel95 sksin daptes of treatdd and unt Bt Estef 8004 c@k) RSB (prEepared
usitng the process descri bed

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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above, but w thout the addition of GUP/ boric acid solids) were burned using
a five mnute horizontal |aboratory burn test. Twelve |@g|;}u§gé{§b§53arrpl es
were clanped horizontally 19.5 inches fromthe counter surtace and were
checked u®OMg/0#2ievel . A Bunsen burner with a propane gaPCIUHOLYsN@S
calibrated to produce an 11 inch flane and placed 7.75 inches below the
center of the exposed surface of the sanple. The flanme was ignited and held
under the sanple for 5 m nutes. Once renoved, the weight |oss and charred

area werec e ndlcatlv f .the flanme spread
perfor manc'g WW‘%%SW% ? @%ﬁ‘? § af?l%l!i 1“5{9 Iaéﬂlrest, and are
used to d term ne if a particular additive has an flre retardant effect
on the wodiFtiaciiugs 5ppe. ﬁ@tBﬁPH@PIWH@ne?@j%t)éﬁm%ﬂ ¢ sovthag therep pr act i ce
described in ASTM standard E 69, which provides: 38 30 August 2005 WD

02/ 070215 oPEE/buBeR1s3:59d OvithAll¢ togt oftihe oyenirgdn ghevereensbetiord.| ame appr oxi matel y
11" in height, with a tall distinct inner cone. Place the burner within an

enpty firRepulbe thofldh@turietd BBducfa t&xﬂ?cﬁﬁ&é‘@fﬁ@aﬁ)@f’ eNthWhd o he top of the
opening in the screen secti on Regul ate the flame further to produce a

t enper at uge Of 13069, at ?Pettémor atéiﬁ@g‘;é %“%H?%ﬁiwﬁ%m .manoneter to

regul ate the gas suppl ain aply to the
burner after the fIa S ,been ed, unless a suitable gas-pressure
regul at or *PStahR v 9\%&1" "’g‘ﬁi‘i?}g thap Beensiystsda@niopsa wi t hdr aw t he
l'i ghted burner fromthe fire tube.” In the lab fire test, the untreated

(control)Sm@bbrgaRSB%Sngt‘e@im@/iS@mpictysdoW}@nmmadamtg:lantlsat the end of the 5
mnute test, as indicated in Table 8 below. During the test, flanes were

| appi ng Oyaﬂfsfaatdry,sfﬁdﬂsav@fhetli@tmlh@ fRndde B npRar ri ng was seen on the top
surface of the sanple. After the flame was renoved, the board continued to
burn unt i t, %P #BWEE M hfrcated (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

lapping 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

extinguished. The treated RSB, by contrast, lost only 5.5% of its original weight. Moreover,

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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extingui shed. The treated RSB, by contrast, lost only 5.5%of its original

wei ght. Moreover, the char area was reduced by 56.7% ovgj Q& g?gzrol.
TABLE 8 SAVPLEVEI GHT LOSS (9% CHAR AREA (in2) Aspen RSB (untr te 2.5125.2
Aspen RSB (treated)5.554.2 The invention having been thus described, it

will be gppgLnt that various nodifications and variations thereof can be
made by‘t“‘htrs*e—of skill in the art. 39 SUBSTI TUTE SHEET (RULE 26) 30 August
2005 CLAIMES: gﬁm\gql,ﬁ@g}é Eﬁ?ﬁg hate (@GJP)/bojic acid fornulation that
has great er than 97 perten n?)ac“fflf‘e'm“éﬂimltbﬁtlhwgmdtcnﬂhamﬂ?ﬁem&&r ein
(1) the formulatdon is produced by a GUP reaction process that has an

t'i cal QJp yield, and (2) the amobunt of unreacted starting

associ at ed t heor
mat er i aI s and unwant ed by-products fromthe GJUP reaction process are |ess

t han % f thetheoretlcal GUP yield: 3) The forrulation of claim1
wher ei n \(&i) ﬁ%lmmmﬁdﬂhfom%dﬁﬁﬁdu%b E@Sr?aélhat has
eacte

an associ at ed theoretl cal GUP yield, and (2) the anount of unr

starting mat eP%%@%m@mﬁed)ﬂmﬂ%ﬁM P rea oNn prQcess
y| 3& )%‘J rW on of

are less than 1 wt. % of the theoretical
claim |, wher saming netdrinlyandatninafcd s | ti trat| on equival ence
poi nt at a pKaof about. 3.2. The fo’rﬁf@%o?&g‘&gﬁ' cliqn-proegss giedessaban al

absence of a Ziwcwﬁﬂﬂtl@fﬂléiﬁét&gpé \M%éf acid salt. 6) The fornulation of
cl ai m1 in the formof a solid ercel n the GJP and boric acid are

3) The formulation of claim 1 wherein (1) the 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 fennulaﬁon.

) | The formulation of claim 1 in the form of solid flowable particulates.
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substantially evenly dispersed throughout the formulation. The fornul ation
of claiml in the formof solid particulates, wherein thg, ustBgpgPor i ¢
acid are substantially evenly dispersed throughout the fornufation. The
formulation, of claimi in the formof solid flowable particul ates. 40 30
August 2005 9) The forrmulation of claiml in the formof solid spherical

particul ages. HYf r ation.of claiml in the formof solid
parti cul at):s havi ﬁéﬂ%&t&o@g@éi i‘éﬂ'%f%‘%ﬂhﬂm@@c@mmubmi on. 11) The

formulation of claiml in the. formof solid particul ates having an average
di aneter jf | han. 50,.m crons. 12) The formulation of claiml in the
formof safid %%??%%@#?Pé’gg?é%gwhﬁ fosmiof splid parécrddseshmingd subktaftRily nhkow! NE
formulation of.claiml. that does not exhibit a titration equival ence point
at a pKa of &6 S“%%“?PH‘M) The fornulation of claim!| Ru ther conprising a
cellulosic material. 15) The formulation of claim14 in the formof a
conposi tg wood_ product. 16) The fornulation of claim14 in the form of
conposi t umoah?fﬂfﬁﬁ“@ﬁpﬂﬁﬁqlaimmmbfﬁdlﬁﬁﬁﬁ&uﬁ@éﬂ '%v%gr' lear O
fire retardance conprising contacting the cellulosic eria wd{aﬁie?‘ﬂe
formul ati on offlessahan 30 mikfnsA sol i d guanyl urea phosphate (GUP)/boric acid
formul ati on that has an even dispersion of GUP and boric acid. 19) The
formulation of claim18 in the formof a solid fire retardant formul ation.

¢1 30 Autst TRdormadidioh orelainl 19h B SRR ARG LBy L kA Shetnce of

formul ation that has a solubility orf "a
fines,

13) The formulaﬁon of claim I that does not exhibit a titration equivalence 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.

41



21) A fire retardant corrp05|t|on in the formof solid flowable

particul ates, conprising a guanylurea phosphate (GUP)/bga)glj_»,‘g:‘l ﬂsqlz 05
formul ation. 22) The fire retardant comnposition of clai ? e torm of
solid spherical particulates. 23) The fire retardant conposition of claim
21 in the form of solid particulates having a substantially narrow size

di stri butigpn grl'l} f| re retardant conposition of claim?2l,in the form of
solid part cuI ates %POS %(W ﬂ%ﬂc@fommcnﬂmhhﬁhmhﬂﬁmy&bfaea A

met hod of progum@ %Iuanyl urea phosphate (GJUP)/boric acid fire retardants
conprising re d ¥dndi anmi de and phosphoric acid under conditions,

that yield substantially linear reaction kinetics. 26) The nethod of claim
25 corrprgfa gg dtl ssolving in water, substantially simultaneously,

di cyandi BR BpH Compasition it fomi bEsoldifTbwaBRGaFRAfs! én?
portion of the di cyandi am de and the phosphoric acid to fs orm ua urea

phosphat e. 27guaiplgraaphbsptiaie (GUPFbsHRRIPBHLAALARY under conditions that

inhibit the evolution of heat fromthe reaction. 28) The nethod of claim
25 conprising: a) providing an aqueous bath, 42 30 August 2005 b) adding

phosphor22) acTie fire rdtirda @bdipositfon Q§ C ndicami de, to the bat
addi ng boric acid to the bath, (gq %ea ngmtoﬁgmggﬁpheﬂf@ﬁpg]ﬂp%qqg it to
heat, to a tenperature that does not yield a substantl al exotherm f)

wher ei n23pt eThe 629 retldand a eous consecutl vely, or in
any order, and step (e)E(ﬁll per?o?ﬁgﬂngpﬂfﬁ‘ ?@bg li§l pesgapulates havingst hod of

pr oduci ng guﬁfﬁélaﬂﬁ%u%*&%%&?z%t S'J(ICIB}JE))HI boric acid soI i ds havi ng greater

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 pomon of the

dxcyandmmlde 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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than 95 percent purity conprising dewatering an aqueous sol ution that
conprises GUP and boric acid. 30) The nethod of clai m 23guhgusidnoshe
dewatering is effected via spray drying. 31) A guanyl urea phosphate
(GUP)/boric acid formulation that has greater than 95 percent purity, in
the formof a solid, wherein the GJUP and boric acid are substantially

evenly disper t the . fqrpulation. 32) A guanyl urea phosphate
DR RN wettlf kel

(GQUP)/ boric aci'd for greater than 95 percent purity, in

the form of sol\i.g;f | bl.e particulates. 33) A nmethod of producing a
conposi te woo )Sg%%%wﬁﬂfi@ﬁ@%&q%si c material, the nmethod conprising

treating the Ccﬁl Iéxl og{%g material with a guanyl urea phosphate (GUP)/boric
acid fornul atPgfdnHbenciagy tothedathy anchan 97 percent purity. 34) The met hod
of claim 33 wherein the fornmulation is produced by a GUP reaction process

that has an as3bedting te batparativiving it GURAY i®d @mpaaied @d;_:g .of - unr eact ed
starting 43 30 August 2005 material s and'unvvaﬁd bygtpro &gé%lg]{draomthe auP

reacti on procewwtaatial eketh&mi han 2 wt.. % of the theoretical GUP yield. 35)
The nethod of claim 33 wherein the fornul ati on does not exhibit a

titration. eqpiwiign ' Ka_.of .about 3.2. 36) The nethod of

cl aim 33 Wnergi n t he%f% fﬁz@%{%‘?}“@@%ﬂ%ﬁ%ﬁ?ﬂ&éﬁwwﬂmam order,

di cyandi anud [.C.acCi alt. 37) The nmethod of claim 33 wherein the
formul ati on ?éﬂ!&g&ﬁ%‘e}ﬁk%}f%n er§BqPFz‘?)‘(th wherein the GUP and boric acid
are substantially evenly dispersed throughout the formulation. 38) The

nmet hod 35 cl %mgl%d%g{ogi n the formulationis in the formof solid

parti cul 2 es A B Yoing sranyureaphasphate (GUR)/bOria add solids ek aeeven! v

di spersed throu t%out the for rru] ation. 39) The method of claim33 wherein
the fornul at iR P Percentmeitf @mprsingsizwattring @WaGhddus 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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particul ates. 40) The method of claim 33 wherein the fornulation is in the

formof solid spherical particulates. 41) The nethod of 36%@bﬂ§t%0¥merei n
the forrmulation is in the formof solid particulates having a
substantially narrow size distribution. 42) The nethod of claim 33 wherein

the formulation is in the formof solid particulates having an average

di ameter of | ¢ ; ] ns. A3) .The hod of claim33 wherein the

formul ation i ﬁ?ﬁ"ﬁ‘ﬁ%“?@‘%@? 8%‘8f‘id§‘°%£‘f’?’i %%ﬁ?é@cﬂgwpmmlesmm 2t 8%

absence of fi nefghe thegretihbGURHAw of cl ai m 33 wherein the fornul ati on has an

even di spersion of GUP and boric acid. 45) The nethod of claim 33 wherein
ty of at least 70%in water. 44 30 August

the for ti ol ubi|i
2005. 43‘5 ﬁheoﬁnlgpﬂ%‘&"%&? C'Iél‘%%’%“éerewm fimulatien desspoisixhibitwtigativnesdublalchse
sel ect ed fromgoligagd sHHLFa6GRSISt i ng of glulam Parallel Strand Lumber,

Lam nat ed Veneer Lunber, plywood, Oiented Strand Board, rim board,.
d I-joists, nediumdensity fiberboard, particleboard,

V\aferboarg) m‘ﬁ ]

Fl akeboard) F Biethorl afslaien 33 whebinaheformalagdnio af tie skbst AP Ien nite,
t enper ed masogicl g enper.ed esggoar d. 47) A conposite wood product
formed from a ggﬁ ba?rggff/ ho ‘F"élrciaé'lf‘)l a nethod comprising treating the
cellulosic material with a guanyl urea phosphate (GJP)/boric acid

fornul at39n Themethodofyilatmt 3Brwhddein 124 t:. DUY. ] he osite
wood product clajm 47, sel evét ed _Pr%of%ﬁ?{igﬁér%%gﬁ%g% éf%ﬁ?&gb?“%g‘gﬁ?rgﬁqthe
Paral | el Strand" acideare pubstantiztlrevenly displrsed thpdugheacthe BrindiftitRg. St r and

Board, rimboard, Waferboard, Wod |I -joists, nediumdensity fiberboard,

parti cl ggpar dihemhetlkRRIPY; te.mgl am ne flakeboard, panel board, '
Har dboar d, Masonite, t eﬁaggég@h%%a@@ﬁ??@ aiog 1518 ¢fsghid paticulates, and
wherein the GUP and boric acid are substantialiy 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 partll iculates

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 particulates
substantially in 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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