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TEMPERATURE AND LONG DURATI ON PROTECTI ON FI ELD OF THE
| NVENTI ON The present invention relates to a fire-retardant coating

that is applied to many organi c and |norban|c substrates to provide fire
protection by reducing the flame spread and reducing the heat

transm ssi on. More particularly, the new and inproved fire-retardant
coating conposition is designed for use in severe applications for
protection of the sub o D enperatures or
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ACKGROUND OF THE INVENTION

Intumescent materials have been known for many years and

have been used as coatings to provide thermal protection up

to approximately 2,000°F. Substrates, such as wood, various

metals, such as steel, aluminum, etc., and various types of

plastics, such as PVC, thermoplastics, and epoxies, have been
- coated to make them more fire-retardant. _

However,' an intumescent coating applied to these
aforementioned substrates is impractical where the coating is
subjected to severe physical and environmental conditions.
In addition, with the increased use of wood and wood by-
products and the proliferation of new types of wood

'cbmposites for use in home and office construction
applications, and composites of plastics and other organic
materials, current intumescent fire-retardant coating
compositions do not provide adequate protection from fire and
heat for a prolonged time period. Currently, there is no
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I nt urrescengvd‘sjghiqu,et ardant coating material having all of thgctgisbHyises
features: Reducti on of avail abl e oxygen in confined areas,

such as a room to snother the fire and to retard the fire in the
advent of a flashover; 2. Providi a lowrate of thermal

transm ssion for coatings to priotect various substrates,
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3. Providing an effective intumescent fire-retardant
coating for low density wood by-products, composite
wood andplastic materials which require zero flame
spread for prolonged time exposure during a fire.

4. Sufficient mechanical properties and durability, to
resist abrasion, impact and severe weather.

5. Non-toxic before it is exposed to heat, and the
combustion products emitted upon exposure to heat,
are below the gés level emissions required by
today’s transportation standards.

Also, in many applications of an intumescent fire-
retardant coating to substrates such as wood, PVC,
thermoplastics, aluminum and epoxies, coatings are
impractical for reasons other than fire protection, as they
lack abrasion resistance, impact resistance, water
resistance, and resistance to other environmental factors.
Because of these factors, present coatings do not provide
protection from fire and heat for a sufficient time duration
during a fire, and are not durable enough to 1last
sufficiently long to make them cost effective.

There is a need for a new and improved intumescent fire-
retardant coating material that would proviae substantial
protection from fire and heat for a long duration if a fire
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conposition which reduces
provide an intumescent fire-retardant coating composition

that is effective at continuously maintained temperatures.as
high as 2500°F for a long duration under severe environmental
conditions, with reduced degradation of +the mechanical
properties of the original material being coated.

Another object of the present invention is to provide a
thin, light-weight, intumescent fire-retardant coating for a
substrate which provides a low thermal transmission rate.

Another object of the present invention is to provide an
intumescent fire-retardant coating composition which reduces
the available .oxygen (0,) in confined areas; to decrease the
burning time and to retard the advent of flashover during a
fire or explosion.

Another object of the present invention is to provide an
intumescent fire-retardant coating composition for a variety
of low density wood products and composite wood products
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4 requiring zero flame spread during a prol onged exposure to fire.
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Another object of the present invention is to provide an
intumescent fire-retardant coating composition that reduces
hygroscopicity within the coating material such that the
coating material on a given substrate has an improved and
greater lifetime, and a higher performance when a fire
occurs. '

Another object of the present invention is to provide an
intumescent fire-retardant coating composition that is
suitable for a variety of substrate materials such as iron,
steel, stainless-steel, aluminum, and other non-ferrous
metals, wood, plywood, chip-board, particle board, plastics,
PVC, thermoplastics, epoxies, neoprene, rubber, and
composites. '

Another object of the present invention is to provide an
intumescent fire-retardant coating composition that has
application for use in many industries such as'construction,
transportation, telecommunications, utilities, marine,
chemical, petroleum, ° manufacturing, and military
applications. -
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Another object of the present invention is to provide an
intumescent fire-retardant coating composition that includes
an elasticity ageﬁt which allows for substrate durability,
and allows for application of thicker coatings of intumescent
film on a substrate with little or no mud cracking.

Anocthexr object of the present invention is to provide an
intumescent fire-retardant coating composition which allows
the aforementioned new additives within the coating
composition not to effect or degrade the overall thermal
performance of the main intumescent base material.

A further object of the present invention is to provide
an intumescent fire-retardant coating composition which can
be easily applied and mass produced in an automated and
economical manner and is cost efficient for a variety of
applications by the user.
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efficient for a variety of applications by the user.

6 SUMVARY OF THE | NVENTI ON I n accordance with the
present invention, there is provided an ignitunescent fire-retardant coating
mat erial that includes an intunescent base material, a flanme spread

reduction agent, an oxygeyMMERYXtIOPNTHEBOERVENTIONEr mal transni ssion
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suitable for a variety of pmterial substrates such as I1ron, steel,

st ai nl ess- $AEHOT A Rnithgn fire-retardant standards for the structures
involved including houses and to the interior and exterior of
homes, roofs, factories, commercial buildings, airplanes,
vehicles, ships, boats, sailboats, and the like. A top coat
such as coal tar or polyurethane is required over the coating
material of the present invention when used in said severe
climatic conditions or when used in underwater applications.
Other uses for this fire-retardant coating material include
appliéation to marine bulkheads; and cabins, floors, etc;
airport loading bridges; off-shore o0il drilling rigs; cable
and conduit wraps; storage tanks; file cabinets and safes;
firewall barriers for vehicles, buses, trucks, etc.

The intumescent fire-retardant coating composition of
this invention is suitable for a variety of material
substrates such as iron, steel, stainless-steel, aluminum,
non-ferrous metals, wood, ply-wood, chip-board, particle
board, composite board, plastics, PVC, thermoplastics,
epoxies, neoprene, rubber, and the like.
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l'i ke. 7 DETAI LED DESCRI PTI ON
OF THE PREFERRED ENMBODI MENT In the,present invention, the preferred
enbodi ment of the intunmescent fire-ret araant coating conposition includes
the follow ng: A 59k . ge (By

Wi ght) | ntunesCent base nater. nct uarng & _ 0% t0_00% foaming -
agent, a bl owi nkn abet present r LRYyen§ien . athenpreferyed embediment 0fd a

pi gment. y{d ajir SME8AENES FUGld-HFhdFdAAt SEOAtahg compositidid EAchi@es
anmoni um ort hophosphate, alum numtrihydrate (Al[err] O‘[)err] *[err]H err]O0),
zi nc oxi d&ERek9L1IoVERIBor ate (3zno[err]Blerr]O0[err]), sodiumsilicate
(Na[err]Sierr]), calciumsilicate (Ca[err]SiJerr]), antinony oxide, zinc

met aphosp te: and pgt assi ug met aphosphat e. Oxygen _reductj on. agen such
as f}?om onent. UB& ur ea (CO\I[err]H[err]),Ei?ng—f‘éynM%;

di cyandi aninkeumesicent abase. mateiarlhuinclwdingsasi on redu@lort@aged®s such
2% 10 6% foaming agent, a blowing agent,

a charring agent, a binding agent,
a solvent and a pigment.

- Flame spread reduction agents such as 2% to 12%
ammonium orthophosphate,
aluminum trihydrate (Al,0,¢3H,0),
zinc oxide (2n0), zinc borate (3Zn0e2B,0,),
sodium silicate (Na,Sio0,), |
calcium silicate (Ca,Si0,),
antimony oxide, zinc metaphosphate,
and potassium metaphosphate.

Oxygen reduction agents such as 1% to 5%
urea (CON,H,), urea formaldehyde,
dicyandiamide and melamine.

Thermal transmission reduction agents such 2% to 6%
as zirconium dioxide (2r0,), chromium

oxide (Cr0), yttrium oxide (Y,0;),

and potassium oxide (K,0).



as zirconiumdioxide (Zrgerr]), chrom umoxide (CrO, yttri.um oxidé

(Y[ err] O] exyd doad36! pot assi um oxi de (Klerr]0). PCT/US98/03865
8 Conponent Conpound Range (By Weight) Refractory
fibers such as al um num oxi de 8%to 18% (AL[err]O[err]), silicon

dioxide (Sierr]), ferric oxide (Fe[errBO[err]), sodium oxide (Na[err]O,
zirconiumoxide (Zrgerr]), beryllium oxide (BeO, manganese oxi de (MO,

zi nc OX|degbﬁm@kggﬁ;ﬁggmggg33|de (Tigerr]) and tanBaﬂmdezhdﬂkiIﬁﬁLbrr])
Stabilizer Rs&d cg_éﬁtr ‘?%Pé‘gnlgvg)a ?mlnum %g to 12%%1 cigPn

conponent s par a ani cal enhancer
conponents(mdﬁo ), 5111con dio&&de4@6phy3|cal | npact resistance and

adnesi on { e oybspakecsuXIq (&1 P saabagabRLEEa0 er1]). ceranic

oxi des, C|u | cate, sodiu cate Wat er -resi stance agents and
effIorescer(é@zo)14%15608%1%9&@{4%4%&?5 such as carboxynethyl cellul ose,

et hyl hydr Yily nceiﬁaésese@ynmmaughﬁébéphosphat e

NH H P d t d oth |
 Sol tbi 11ty ceriste g <1 pEcde of FROBAOELEARSER) | ane glycol .

oxide (Ti0,) and tantalum oxide (Ta0,).

Stabilizer and volatile organic (VOC) 6% to 12%
reduction components such as erythritol
and paraffin.

Mechanical enhancer components for 1% to 4%
physical impact resistance and adhesion

to a substrate such as calcium

carbonate (CaCO;), ceramic oxides,

calcium silicate, sodium silicate.

Water-resistance agents and efflorescence 4% to 8%
reduction agents such as carboxymethyl :
cellulose, ethyl hydroxyethyl cellulose,

ammonium polyphosphate (NH,H,P0,),
melamine-formaldehyde coatings, and

other low solubility coatings and

acrylics, silicones, diethylene glycol,

and monoethyletheracetate.

Elasticity agents to increase resistance 0% to 20%
to cracking and shrinking; and to improve

ease of spraying; such as vermiculite,

perlite elastomerics, and acrylics.



and nonoet h etate. Elasticity agents to increase res 3865
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as vermculite, perlite elastonerics, and acrylics.
9 As stated above, the fluid i nt umescent base material of the
preferred enbodi nent includes a foam ng aéent a bl ow ng agent, a charring
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chem cal conpoun s or cor‘rbounds ow wat er

such as amheuprefenses erhadinrnastnakndesi pofpprisshagent, 'I&ldblﬁmglg
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gl yci ne. The charrlng agent _c¢an_ be conmpounds such as |pentaeryt rito
(DPE), chl oPiGHeaF -par F0E nfoampagt m%rpﬁé‘l e ghepicGalhafempounds or

resorci nol, coa®eid Ql:omﬁ@tl.lﬂé‘sCQll'ﬁtS hé@éblat Odow Oﬁradé&t fs&nubirbft?l Al as
agent can _be %gﬁfou ds ch as cium__car bgna ut.oxyet hg
et hanol . %e Wat e‘?o agpium otLRe. Yé’rh lﬁlﬁﬁ%he gl
The pi gnent bam:lng caqpnutndeaaucheasccbmpaﬂndm ogudk, asnmdl amkney urea,

T S

Fi ve gal | ondeofcompoundanmssuunt asat@pmt@éryhhru.nmént(mm hdearimated. 5
| bs. of alu hydr fi 2
mT?aE‘érPft Eéﬁga%x% 3 tcdgl  hosi lrp n‘?cfét-ﬁ% J t}:%sso r¥b L,

| bs. of amOni um pol’ypho |sa |edto 1-11 sidf ng
conpri si ng GROS4 R sPQ)*Yﬁ ¢obatsin S&ﬁﬁﬂ‘i%ceow tdlﬁ?xttlfemspecfl‘hﬁcahﬂtﬁl‘e‘,ﬂ%f

the Unifor maBentd igarCode (UEShpddnds Th&ich as calcium carbonate or

butoxyethoxy ethanol. The solvent can be water, oil,
toluene, or propylene glycol. The pigment can be compounds
such as titanium oxide, lamp black or oxalates.

EXAMPLES OF USE FOR THE INTUMESCENT
FIRE-RETARDANT COATING MATERIAL

EXAMPLE 1

Five gallons of +the intumescent material of .the
invention is mixed with 1.5 1lbs. of aluminum trihydrate, 2.2
lbs. of milled refractory fibers, and 1.2 lbs. of ammonium
polyphosphate. The composition is applied to T1l-11 siding
comprising three walls of a room, in compliance with the
specifications of the Uniform Building Code (UBC) 42-2. The
coating is applied to a thickness of .012 inches. The test
.is conducted .according to UBC 42-2, with a 40kw corner
exposure for five minutes, and a 150kw corner exposure for
ten additional minutes. The maximum instantaneous increase

in Radiant Heat Release (above the applied heat) is less than_'
20kw.
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i ncrease in Radi ant Heat Rel ease (above the applied heat) is less than
20kw. 10 10

EXAVPLE 2 A conposition identical to the one used in Exanple 1 is
applied to three wal | s corrposed of Mes and installed in a room
simlar toExa haGi2 4365t im rto
the construct | m%°§p}3i§ (igtef‘gl"gg %TD é:%?eesé&en%%eaéﬁaﬁ&gﬂpla @
appli ed toapplhedkn’ees bhreelzwahihescomstaﬂo st eZEGRY h ahgbemr,al and
exterior g | at ai t apl uge papnt e tire
systemis Jéﬁ%g%egé%j g §§8ﬁan§§rﬁé€#& cgﬁdl%t:}lE on%t%f SlUBC 51'\2 é'Z&K'erg—{I afid
Exanpl e 1facig h%eﬁm(?ﬁuhﬁl #9e5alindousimidan o i FhR-@PRRErMESLORPEade | s

less than pPk¥eal exterior of a re51den<Eé<ANP‘£‘Ee3 coatﬁlé?ojf@oépﬁ:lﬂéd to
identical t0 the_one use plied to e rface of 5/

i nch thi ckf"rn?@h’ﬁ’f’n“&éﬁs|‘?€/j (ﬁbﬁr dﬁct?ﬁse'l yaa%pm /‘E‘Ela?? )Y 12/ gepsERd 1o

a thicknesgxeérift2 gnshes. acfyDi.epaIletéﬁrCiialnﬁt,edsaﬁ.tamez Bfuéchoubused
having a fla

t di 100
sur f ace. i?‘?gfggfpﬁl ﬁlur e )f'(r%ggfl,yg r%&?‘lo"%%‘# ‘éjz@g%n%é?% %P E'F atthe
particle boandltsohessof haB@0@2ei2,] Fas in Example 1. The BrANRMEN

Five gallo u 9:%% I t & [ 1.8

| bs. of al S%sgérr#tg?fehﬁ%r gf[ﬁ % tsémjbr? ﬁg#lgﬁh racétéo%%/ ?gléégg ghggl bs.

of perI|te5°1§Wd 1.6 Ibs of vermculite. The corrp05|t|on is applied to a 30
- EXAMPLE 3

A composition identical to the one used in Example 1 is
applied to the surface of 5/8 inch thick medium density
(approximately 40 lbs./cu.ft.) particle board to a thickness
of : .

.012 inches. A propane torch, rated at 2000 BTU/hour and -
having a flame temperature exceeding 2100°F, is used to heat

the - surface.: After  thirty minutes, +the rear  surface
temperature of the particle board is less than 300°F.
EXAMPLE 4

Five gallons of the intumescent material of the
invention is mixed with 1.8 lbs. of aluminum trihydrate, 3.5
lbs. of milled refractory fibers, 2.8 lbs. of perlite, and
1.6 lbs. of vermiculite. The composition is applied to a 30
inch section of W10 x 49 steel column to a thickness of .060
inches. The column is fire tested in an oven configuration,
and according to the specifications of Underwriters
Laboratories Canada (ULC) S101. The average column
temperature does not exceed the maximum average allowable
temperature for in excess of 100 minutes.



inch secti GpoQby3she x 49 steel colum to a thickness of .060 pEREDSSE0386F
colum is fire tested I n an oven configuration, and according to the

specifications of Underwiters Laboratories Canada (ULC) S101. The
average columm tenperature does not ex d the maxi mum aver age al | owabl e
tenperature for in excess of 100 m nutes.

11 EXANPLEE%QMELE A conposition identical to the
sur

one used in Exanple 1 is applied to ace of a 12" x 24" sheet of .
type 6061 0.0403 RERMPEFIGLCN ddenkicat %P dhe iore (redniBsESAMPAEs L dshes.

Thg rs]arr?l eapﬁlieatafbwtha %u&fﬂaw%eggganerz"\é\hl th"gxﬂ%éiﬁ Uf_e}hﬁ FHPeeak e
and hea qui, renent.s pendi x ar e alumi
does not \/\g §46d|3§tﬁ}} €£b?kbt?rlﬁmtlﬁ’r%ghA€oP iFPALIRE s tB #n nHB'gs
far exceedinghebe rethe rsample dt tdested\ ﬁthtan@&b@ﬁme burner, which g
EXAMPLE 6 COopR Slt n 1,15 use
to coat thex ou?érs j 50%et™ "?rggu%yp?%n# élo%r%u F?g@%ﬁﬂ};egﬁ % R- éa?’yl ng
di amet ers ahd8paciimpendixi Bl Part TEEIdi anther adfumimimatibes wert ewakpom
0.5 '”Chesdigcgggr'%?“ﬁhrﬂhEhkaﬁEﬁtq§FE¥ﬂaé$%éE§ 5&“f§f¥é§@“@§EQtes

mat eri al s used comuni cat1 ons

or appr oxi ﬁﬁFePﬁceGii(}ni%@r]i@s rerpuixemgnks 0 thet EdAiR- aﬁt@m‘(ﬁrd-
configuration simlar to the requirepreauperef ¢l EEE 383. The external cable
tenperatures of _the snal.l .di arngej er, cahl es not exceed 200[err]F after 90

m nutes. The t efpSPEPESALign qfﬁrm%rmb%b‘t%% dtR b¥aBRiged
125[ err] F asedr t@OquamttElfe outer jacket of five typi&@VRidmmunicatfon

of B pl ast cabI8, hiftn eyl Vet iBebla P Sabiel, hreftal?,” ke
squar e, andlématsd wift the) cablesharanifes Hrawrhdsiinaches Toe Eaﬁpinches.
~exposed t opRe2§QEkBEUnERer ik Als A vali e Aldidad MO £A1LFubaR E6¥%en
communications cables. The coating is two coats, or
approximately .010 inches. The cables are tested in an oven
configuration similar to the requirements of IEEE 383. The
external cable temperatures of the small diameter cables do
not exceed 200°F after 90 minutes. The temperatures of the
large diameter cables do not exceed 125°F after 90 minutes.
EXAMPLE 7

A composition identical to the one used in Example 1 is
applied to a section of a plastic automobile gas tank. The
sample is approximately six inches square, and coated with
.010 inches of the composition. The sample is exposed to a
2000 BTU/Hour torch at a temperature of 1600°F for seven
minutes. The maximum reverse surface temperature is less
than 300°F after five minutes, and less than 420°F after seven
minutes.




m nutes. The maxi mum reverse surface tenperature is less than 300[err]F
after fivewomuiansys and | ess than 420[err] F after seven m nutRET/USIS/03865/\D
99/ 43390 12 EXAMPLE
8 A conposition identical to the one used in Exanple 4 s used to coat
a6 x 6 x 1/8 inch section of cold rolledpsteel, at a thickness of .018

I nches. The rear surface of the steel plate is insulated. The front
surface i s exposed to a 2000 BTLMFanEXKMEMEam 2100[err]F for five m nutes.

The rear surface temeraiure of el. plate t

after five m nu?}ego%osltlgn 1dg 21201% %é’e‘%&d mrkﬂégﬂoémom t+%n

i denti cal uBehemwoased 6 x Bxamil/8 Lnch @8t ien tof wreld rehbed steelipor
core, made Qf jly i/l%xeﬂég(}-.g . nckolﬁﬂilxt]mégu fep éef@afys@eﬁbsISfbeﬁédsteeihe

coating thi’c fess 15 ches S PO core is tested in an_oven
simlar toplpte cefyi insehatedr AThe Hoont FREFacs AsnerResaheq dpt?@Pure

of the reaf l‘if/}idlﬁ: d&ﬂ‘cl@o&ﬁ mboestcgsﬁl zi%emrihﬁt@%ym@we %aﬁes@l@@ace
EXAMPLE 10 ositionid Ec q1 to th %g 5%

appl i ed tot(ﬁﬁ‘%i’%’iﬁ? of Nﬁ?a?"dﬁ alatgy 45 ?’éc p % ?}'Sfl"e
Gypsum Thenijgasidgng t hi ckness is 0.002 inches. The ceiling tiles are

installed in a ceiling grid assenblyéﬁggﬁgigéé scale room furnace, and

tested according to the requirene 708. The ceiling grid did
not reach therns# aompmsdtibnnidahtdwalf¢m e oneitused imcExamplegltise

ot SRS RLSOTRgE BGOSR bl lobes 1 5/ snch
fire-retanﬁhﬁckoaﬁﬁn@hﬁd@Mrﬁt(ﬁeﬂ$k¢$ré@@ﬁ1Q¥WehPﬁ6ﬁ-canﬂ&§L8%@tMP9h a
top coat, SipfriafesPdals .008 inches. The coated door core is tested in
an oven similar to the requirements of ASTM E152. After 60
minutes, the temperature of the rear of the door does not
exceed 210°F anywhere on the door.
' EXAMPLE 10
A composition identical to the one used in Example 1 is
applied to one surface of Auratone ceiling tiles manufactured
by U.S. Gypsum. The coating thickness is 0.002 inches. The
ceiling tiles are installed in a ceiling grid assembly in a
full scale room furnace, and tested according to the
requirements of FC 708. The ceiling grid did not reach
thermal transmission failure for 125 minutes. The ceiling
tile did not fall out of the assembly for in excess of 180
minutes.
APPLICATION AND USES FOR THE PRESENT INVENTION
The intumescent fire-retardant coating material of the
present invention can be used with a top coat, such as coal
tar, in severe climatic and environmental conditions where
heat, cold, hﬁmidity, and. corrosion play an important factor
in the fire-retardant standards for the structure, object, or



tar, in severe climatic and environnental conditions where h m§9§}0g?65
huni dity, WRP%¥83%0sion play an inportant factor in the fire-Xret

standards for the structure, object, or

13 product being coated. For exanple, a_severe climatic and environnent al
application for the present invention mo&?d be oil-drilling rlgs | ocated in
t he Northern AtI%n c. Ccean. t;%gse % gs are constructed of sgee and ar

subj ect t oPEBAUCEs Reigg; SPa RENFEA™PLCor PoSiDITEE affid ™A™ ur e
fIuctuatloenv1fbamemaahu;pprnaaionffbhetheepeeSenmvamMentinnﬂwbﬂﬁﬂ be

spraved oropiLaLeq 14 e 5 olod QUAEALLOL ROONSLRHe,A 3L SHEYE! Wmpnd

then have a protective top“co as coa 'S coa
mat eri al bBhesewrtiigst M%msuume@ooﬁl a’eeng ahdt prer isgblact Ho ozml@h'

and in useg a@e.ﬁa%@fﬂg raa;oﬁr' %hé%iéarot éskeab%he It oald frem éé“ﬁeat'iifé'

structures_o e ri his makes these oi| rigs |ess-susceptible to
fire damagél Pﬁt8é§éQ@§°an q Bt HRY RABETiALe Of theppsesentdmyentsiqn

applicati O«aou@al Bebgpkageaoakl ﬁﬁl@ﬂ:é@% N0 & e 1D IFliNe s 1 S0 THIRS i dteel

boar d, t f t Al Th t

macer] ol cRHABE SEPRELHTES gRhinen dayend PERRAALHVL AR FHAK AHRIdHdy,

garages, csuthngs, cpametaat.l ofthihar coatingvatermigl gmdnavitite dhketeelhe

coaling mabetbal il 501 088ngPRle Galé OBsbET rssikﬁ%nsea% nodnd "8 B S 2N
cc atlo : t

public a suc tha ercat ¢an
wal | paper, c@etunmgmaquiakuwshénngﬂnd@lemlnatehamsaiﬁkfr@mrpée mmaek@,

room wal | Sstfz‘ﬁ@i:ﬁrefs' | §£calldetg gssal effi'fhn.qaoOi'uékeEV(t‘:l’MQé)|0b'3~I 1‘?!;' les
barriers and the Iike Another exanpl e | cal | catiaon mou

be the coa??ﬁ(jeBFl?[lteuc*t%r fire; damagey| dRnCasffk, ag &4 dé§?ﬂ-ﬁ§l°ﬁar°r
joists, hupfreeilings for construction of conner0|al bui | di ngs, high-rise

of fi ce” bui I ding, A L3S WA S PLEESs SoLFS5e (Al ss Y e e
wood, wood by-products, composite board, particle board, ply-
wood, etc. for construction. The coating material can be

- applied to exterior siding, interior structures, roofing,
garages, ceilings, penetration barriers, PVC wrappings and
the like.. The coating material also has application for
residential dwellings, hotels and public accommodations, such -
that the coating material can be applied to wallpaper,
ceiling tiles, kitchen cabinets, kitchen hoods, carpet
backing, room walls, doors, file cabinets, safes, doors, PVC
wrappings, wall barriers and the like.

Another example of a typical applicatibn would be the
coating of structural steel, columns, beams, steel decking,
bar joists, hung ceilings for construction of commercial
buildings, high-rise office buildings, high rise apartment
complexes, bridges, tunnels, and the like.

A further example of application would be the
transportation industry where the fire-retardant coating



A further exanple of application would be the transportation,industry where
the fire-rat@o9igssbo coati ng PCTAUSPS/03865

mat erial woul d be used in autos, buses, trucks, cargo ships, and airplanes;
for coating of vehicular undercarriages, exhaust systens, gas tanks, fire
wal I s, engi ne conpartnments, catalytic cojwerters, hoods, cargo |iner
patches, airport |oading bridges, and the I|ike. Still another exanple
of appli casderiail drdield rbé hesedrimeantosistivysespr erubksgoetirye shipsi,al

woul d be used, on ,bul.kheads, ers ablne pen b Ler | es,
conduits, GRyoaArRIEnSSy’ égV%hS &HQI %é%&%?gg’ &he eﬁﬁ%§53%%é%
further examwansﬁ sxgﬂemsu|gnsvtnmkbkmﬁ1rethilsLeenqﬁnnlcampemgmentsr

utilities, géa&;y%atg} cBRYeHePL Al hbogyst rda‘i?d/mf:‘iﬁe}:hep&%éég ‘ggowﬂ‘é

woul d be use € Wwap and ‘coatln uit "wrap, conmuni cat
towers, filoasking rexidgesarandrthesdsd 8. pi pel i ne wraps, storage tanks,

reactors, ovens,syisiihhathak %&%ﬁ?ﬁe ber Smcaﬂ{hf.bﬂ h@obilke be in the
ADVANTAGES OF THE PRESENT | NVE

Accordln an adya f the
present |n¥@mAQﬁ1*%ﬂ?%%fylWhﬁFSVFaéscﬂﬁt%%g|Wﬂ?ék§%%ﬁ¥°? ¥ E g&?ﬁa
coating CO@%I%H&&HBIfwﬁleﬁsﬁff@&biﬁ@taipemetraumualybankdéasnedcables,

t t I gh 2500 F_f t

e T onmenCRIGHH | SREI0VREREF baRRAoREsPRES: Srt 1dr e E S L
properties of the stillnfibrthesr ea:lanipé.len@fc@mmcatlon Avouhdr bediantdige of
the present dy rlé’cﬁcglgﬂ&'i‘léém% ﬁ |1 oM V't-.‘t_f‘e*s a t?é@rbﬂhﬁﬁﬁsce&ﬁdf' el icandant

coatlng for ate provi ow t hermal transm SSIon rate.
Anot her adviitugfer igs tweepe ckbat cpaténg Batesiphawopdd)ps uged ompcableg,

Inturrescentwraglaﬁar eb%rtqw, EORduDE GREPYS idomhnft 4t on edowegs,t Fre

avail abl e

ngratlg L L%lers, seals, pipeline wraps, storage tanks,
reactors, ovens, distillation columns, furnaces, and the
like.
ADVANTAGES OF THE PRESENT INVENTION

Accordingly, an advantage of the present invention is
that it provides for an intumescent fire-retardant coating
composition that is effective at -continuously' maintained
temperatures as high as 2500°F for a long duration under
severe environmental conditions, with reduced degradation of
the mechanical properties of the original material being
coated. |

Another advantage of the present invention is that it
provides a thin intumescent fire-retardant coating for a
substrate which provides for a low thermal transmission rate.

Another advantage of the present invention is that it
provides for an intumescent fire-retardant coating
composition which reduces the available oxygen (0,) in
confined areas, to decrease the burning time and to retard
the advent of flashover during a fire or explosion.



confined angggesizggdecrease the burning tine and to retard t hecarysysi3sss
flashover during a fire or expl osion.

15 Anot her advantage of the present invention is that it provides for
an i ntumescent fire-retardant coati gg_; conposition for a variety of |ow
density wood products and conposite wood products requiring zero flane

spread during aapbLhePIRAVRIRAYY Cof Othle’ HresentNghbentadmanisgenat tie
present invention is that it proyides for i nt umes

. | t .
fire-retarRE@Nidegoat A cofPosi P-F‘GH“\ﬁrﬁcrﬁPfdu?inﬁPgr%‘F??%raSBF noCOFTPRDf f
YaDOL s haré’émﬁoégtﬂéﬁgri@'ﬁsa varidagt be ma?_éﬁsﬁtgf md Fstc&ﬁt:t:sn\aa‘rdion
is that.it provides or, ._a i nt unes.cent ire-pet n c .
conposi ti WE&ElfﬁpVSQQSPaaﬁgfﬁ&nHﬁ?ﬂﬁﬁﬁP%uﬁ?EEegf%ﬁé 85??9a%§?4ﬁ§ a
abrasi on grblopged. exposiwet Hex ﬁﬂh&ﬁnage of the present invention is that
It provides foimotfl@r d\xﬁ{#ﬁi&%f ft:t ree'é]z?éé‘éﬂé‘”&nveﬁ%ifdnngifogﬁa% tion

that is water résrstant ducés the "nygroscopi c aspect o e coating
materi al . provi@esher fagvantiige dhtumessentent fimenrebardanthat coating

provi des {&hpos®Pionl MHH@SCRRUrind M 8- i@ dagRlll KOB! igiG, LIPS dgyrd hat
reduces hygroscopicity wmthin the coating material such that the coating
material ORPEMERYeEOsRESUPAESras an i nproved and greater lifetine, and a

hi gher perfor maafetheen ativdrittage CUES the préventeinsdndioipeiof thhe it
present inventigg S %hat it prpv!g%P fqg ang . intggesgeg& coating
fire-retar®ERY19%80at FRY coffosi EPEMUSRGST s fHEBTESTBF 98 ar i S8

mat eri al scdmpoaitionucthas iimrogeagladlseainhestsesumty Swrfiaces a:mi
Lo o ke S IR o BedaLC, Paric)e poard, plastics

Another advantage of the present invention is that it
provides for an intumescent fire-retardant coating
composition that is water resistant which reduces the
hygroscopic aspect of the coating material.

Another advéntage of the present invention is that it
provides for an = intumescent fire-retardant coating
composition that reduces hygroscopicity within the coating

" material such that the coating material on a given substrate
has an improved and greater lifetime, and a higher
performance when a fire occurs.

Another advantage of the present invention is that it
provides for an intumescent fire-retardant coating
composition that is suitable for a variety of material
substrates such as iron, steel, stainless-steel, aluminum,
and non-ferrous metals, wood, plywood, chip-board, particle
board, plastics, PVC, thermoplastics, epoxies, neoprene,
rubber, and the like.



16 Anot her advantage of the present invention is that it provides for
an i nt unagoewi3zgofire-retardant coating conposition that HecT/HRIHU38EH i on
for use in many industries such as construction, transportation, _

tel econmuni cations, utilities, marine, chemcal, petroleum manufacturing,
and m'litary applications. Anot her adyantage of the present invention
Is that it provides for an I nt umescent fire-retardant coating
conmposi ti on t hahnokterazplvarctdge aof ultdier resentabisveotien sis cbhabsién
due to chemi cal. COr .QSi ve _yapors nd - . d i diniy ON
resi st phyEFegﬁapﬁpac§?§higﬁﬁpreég&ﬁggéﬁﬁﬂéh mec %ﬁ*%%?fe?ggatigﬁgg%PFLout
t he coati ngompbeiitdonddhat mas rpplieatippoferhalsqupn (aRy indushgdeser

advant age %Lctnh.eagr Qﬁﬁ@tﬁﬂ%ﬁ?ﬁﬂﬁaﬁ%riétfﬁﬁyi dés1 eéSfmundBations,

i nt umescen fire-retardant coati,ng _conpositjon that ing¢cludes, a novel
conbi nat i ontddizdesnt FasRe FREELGRer i RFETALPI e MGH TeERY oAnd
agent, an giyqeRredppliatianig., a thermal transm ssion reduction agent,
oY b “Uhiarichve Cofoutig S8R0, SpbiRe et k0l 1,
and adhesi pirovddessubforat eana wdinrumesstesiancef fperretaddantel aspating
for an CORPRCAG CORE, wtin  ARREiEe ho) B oBLbBTrdke 125 0T e
an el ast i ciresisge momtisiiom| dessteochemiseds e AREEAFiVe yvapaysSal WekeDror
appl i cati on of JtHiCkal £aatdMPSiPladditiBsCedsift! phpsiaaiubmpaats Wilgh
little or no mud crac |n?. Anat her agy?néa e of,Hggﬂg%egﬁntg%g%ggflon
i s that it DFesAUdey aRd/or gRechandiGads CeHpratipPRa. Way et ofo) g
conposi t i OmatairGhaaldedmidie: S §r 2o8eL £ ofedmneheadtibisteasen thin t he
coating ConposHﬂagLHg¥ g vgﬁégéé o't qﬁﬁ£a3§eégﬁt invention is that it
provides for an intumescent fire-retardant <coating
composition that includes a novel combination of an
intumescent base material, a flame spread reduction agent, an
oxygen reduction agent, a thermal transmission reduction
agent, refractory fibers, a stabilizer, a volatile organic
(VOC) reduction component, a mechanical enhancer component
for physical impact resistance and adhesion to a substrate,
a water-resistance agent and an elasticity agent.

Another advantage of the present invention is that it
provides for an intumescent fire-retardant coating
composition that includes an elasticity agent which allows
for substrate durability, and allows for application of
thicker coatings of intumescent film on a substrate with
little or no mud cracking. |

Another advantage of the present invention is that it
provides for an intumescent fire-retardant coating
composition which allows the aforementioned new additives

within the coating composition not to effect or degrade the



17 overal hy¢bg433p4 performance of the main intumrescent base pet/Es98203865

A further advantage of the present invention is that it provides for an
i nt umescent fire-retardant coating conposition which can be easily
applied, and mass produced in an automated and econom cal manner and is
cost efficient for a variety of applications by the user. A latitude

of modi fi cgfbpallChanéma PNpeittindritd OB Sthet endiad intuedoureygobage
di scl osure, and, Ii sone instances, sone features of the invention will be

enpl oyed WPekeELa% corresponding use of other features.  Accordingly, it
is appropriate Ahaurtheraaﬂsadmmgd:dﬁn&ﬂnapxnsamueﬂnbenaﬂby asdthatait

Ta et 1BropRiken | 08" 3R, T SpRPReRtlR 0| Sele  AyERLARRy 17 Bpdting

conpri si ngcomPOSltlon whichacanube easuﬂrsseppﬂlsdseandt @aisél pmdm@dam
foam ng agﬁgtau@oﬂh@@ﬂnQnﬁg@EBndﬁﬂéEﬁ“ﬁdHhéEﬁﬁﬁd fs bhHgt ngregeibntd for

sol vent ane spread reduction agent;

b)
c) refraétHPVle%NbéﬁéaﬁEﬁ&ﬁ%&&Pﬂ%]Q%u%h?l%ﬁﬁrrntunescent base nateria
d) an oxygen peduélit@dedd¥Nmodification, change, and substitution is

intended in the foregoing disclosure, and in some instances,
some features of the invention will be émployed without a

- corresponding use of other features. Accordingly, it is
appropriate that the appended claims be construed broadly and
in a manner consistent with the spirit and scope of the
invention herein.



e) a thermal transm ssion reduction agent; f) a stabilizer

and vol at i \w 9wagsgsl ¢ reducti on conponent; g) a MeR$I3ABS86s
enhancer conponent for physical inpact resistance and-adhesiaon to a
substrat e; h) a water-resi stance agent;

a
elasticity agent to increase resistancejgo cracking an%llm &tmmmé"'m,to
| nprove ease of spraying. 2. A fire-retardant
accor danceygan tis GrRymEp yberein said foam ng agent of said fluid
i ntunescent ba ter]al S anmoni Qt assi um
trlpolyphosphaﬁe TRE 1r%—re£grpp 8?&?&5% fal°°Wﬂrl§638Fdance
wth daima1i, V\/nerelan) saia lﬁlmmdlg:.agantascfem:al Ha‘séwmhtetimhsmwidgisa
mat eri al | re u ' cine 4
AT rorr SoRR Maptt 78 DRI AREE, 8RR ERSP BalolD ¥ binding
charring agemntofa ssolvent; dandt anpdgment;base material s

di pentaerythritol (BPE), 5 Ch) ahknabee iR rddudt idh C2§8ht ; POl Yol s, '
pentaerythritol (PE), 19 polégrethane,

resorci nol , |n05|tolc)polyﬁﬁ€8ﬁ89§¥ sEibers K dippgesed nin sald cflupd

fire-retamﬁﬁumegﬁﬁﬁgjﬁﬁselmataQQQQQance mnth Claim1l, wherein said
bi ndi ng agent of said fluid intunmesce ase nate[éal I s cal ci um carbonat e
or butoxyet hoxy ethdhbl ., @8 oXygen reduction agent; .

e) a thermal transmission reduction agent;

£) a stabilizer and volatile organic reduction
component;

g) a mechanical enhancer component for physical
impact resistance and adhesion to a substrate;

h) 'a water-resistance agent; and

i) an elasticity agent to increase resistance to
cracking and shrinking, and to improve ease of spraying.

2, A fire-retardant material in accordance with
Claim 1, wherein said foaming agent of said fluid intumescent
base material is ammonium phosphate or potassium
tripolyphosphate.

3. A fire-retardant material in accordance with
Claim 1, wherein said blowing agent of said fluid intumescent
base material is melamine, urea, dicyandiamide, guanidine or
glycine.

4. A fire-retardant material in accordance with
Claim 1, wherein said charring agent of said fluid
intumescent base material is dipentaerythritol (DPE),
chlorinated paraffin, alcohol, polyols, pentaerythritol (PE),



6. A fir mat eri al in accordance with daimail, dﬂwg aid
?ﬁ? to u%&6§

sol vent of sald I d intunescent base material is water, oil, ene
propyl ene gl ycol . 7. A fire-retardant material 1in accordance
with daim1, wherein said pignment of sai, fluid intunescent base materia
is titanium oxide, |anmp black, or oxal at e A fire-retardant
material igh1ASFOLARRES U ﬂlln&eﬂsun 13( b4l UBBEEERb1 base
material i s tltanlun1 |o e, ‘anmoni um oft phosp ate frel'am ne,

di pent aer yta¥% i Q¥ EFEPE) | caIC|un1carbonate vinyl acetate,. acrylic resin,
and propyl ene egcoI A fire-retardant material in

accordance wth_d ai mherel said fla S ad .reduction_agent is
al unmi num tri hydrte, ghw&ﬁ%ﬁn<ﬁﬁ%ﬁé%ﬁ>pﬁﬁ? ?rE?inc¥5q(ﬂ?°9ﬁqﬁg%%raWéth
sodlun1S|I|GIafm.tamwhenesnlsahdeblndingnayentidé saiﬂcfnﬁidpﬁnﬁﬂheﬁeener

potass' um TLAPNR2P0818Y. 1s cp1chim ‘eddEad el A dont HRLEL L Wwﬁ dance

with da Whet 6T neai d ory ers consi's
and/ or S|I|con di oxi de. 11. A

fire-retardant ngterigl ieR AcC &?%W t,g Qefi 1, ﬂ‘f”eraedébxs n%céef{,aghory
fi bers consist, of _al um num oxi de an |con i oxi de, 1 n conbl nation
with at|(%§*a1m 1, wherein said solvent of said fluid intumescent base

material is water, oil, toluene, or propylene glycol.

7. A fire-retardant material in accordance with
Claim 1, wherein said pigment of said fluid intumescent base
material is titanium oxide, lamp black, or oxalates.

8. A fire-retardant material in accordance with
Claim 1, wherein said fluid intumescent base material
includes titanium dioxide, ammonium orthophosphate, melamine,
dipentaerythritol (DPE), calcium carbonate, vinyl acetate,
acrylic resin, and propylene glycol.

9. A fire-retardant material in accordance with
Claim 1, wherein said flame spread reduction agent is
aluminum trihydrate, ammonium orthophosphate, zinc oxide,
zinc borate, sodium silicate, calcium silicate, antimony
oxide, zinc metaphosphate, or potassium metaphosphate.

10. A fire-retardant material in accordance with
Claim 1, wherein said refractory fibers consist of aluminum
oxide and/or silicon dioxide.
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one or nore of sodium oxide, ferric oxide, zirconium oxide, beryllium
oxi de, MaNgHH 96330 de, zinc oxide, titanium oxide and tant al perO89IsH3865
12. Afire-retardant material in accordance with Caim1, wherein said
refractory fibers are mlled fibers. 13. Afire-retardant materia
in accordance with Caim1, wherein sai @xygen reduction agent is urea,
urea formal dehyde, or dicyandi am de. 14. Afire-retardant nateri al

in accordance wih Chal 'f'l&'ew&ﬁ-dhﬁ’é" dmbEeirARl t riaNs i dsdRlah€8UC/i R
agent is 2|rcpn| i de,. chro X|de ttrium oxi de,, or tassi ym

oxi de.  claimsl) wherein @i et rAGEOrYatinars SONHiEh QF ALNRLONE m
1, whereioxidai dndsfba:bléi]zmonaddox\idleat idre combanativadwdibdlpnatongasent
is erythri ffi A fi ret t

"~ accor dance‘gr\?\/lét?(;1;:(1#?l 85'% fn\ﬁnOdlunr‘l °’;‘§?8' Ec'e%an ca%{l%]fhaér%‘?éﬁ%m Qﬁ%ﬂF o
cal ci um cabebnyihleumchadee mm;emqumsuzmatexmedu unteniumaoa;.der

d'bUtylpht§€éa%§ntalum o fire-retardant material in accordance
with d ai ereln sal mater-re5|stance agent is ethyl hydroxy ethyl
cel lul ose, ~carboxynet hyl cel | ul ose, amoni um '

21 12. A fire-retardant material in accordance with

Claim 1, wherein said refractory fibers are milled fibers.

13. A fire-retardant material in. accordance with
Claim 1, wherein said oxygen reduction agent is urea, urea
formaldehyde, or dicyandiamide.

l14. A fire-retardant material in accordance with
Claim 1, wherein said thermal transmission reduction agent is
zirconium oxide, chromium oxide, yttrium oxide, or potassium
oxide.

15. A fire-retardant material in  accordance with
Claim 1, wherein said stabilizer and volatile organic
reduction component is erythritol or paraffin.

16. A fire-retardant material in accordance with
Claim 1, wherein said mechanical enhancer component is
calcium carbonate, ceramic oxides; calcium silicate, sodium

| silicate, or dibutylphthalate.

17. A fire-retardant material in accordance with
Claim 1, wherein said water-resistance agent is ethyl hydroxy
ethyl cellulose, carboxymethyl cellulose, ammonium

A



pol yphosphgee/aa®l am ne- f or nal dehyde coating, acrylics,  siptpRiZ9803865

di et hyl ene gl ycol, or nonoethyl et heracet at e. 18. A fire-retardant
material in accordance with Claim1, wherein said elasticity agent is
vermculite, perlite, elastonerics, or a?gylics. 19. A fire-retardant
material in accordance with Caim1, whef&in said fluid intunescent base

material i ' h e of % t. ' ' A .
fire-ret arégnpprlrﬁg’%grhl al 'in g‘%@(%&&g‘r%g%wﬂ?{%r%ég?ﬁ]el, %%F%gﬁ"sai %C%Y%Jr'r%s'
spread redaédliceonggondiethyiene gingelef cxmmmanacbhplebheypacetate. 21, A

fire-retardant material in accordance with Claim1, wherein said refractory
fibers are in the preferred range of 4 ounces to, 28 ,ounces for each gaILon

of intumescent Adterifal fire-retaydank materidl,ip: aGgandapce; wit

accor dancecwatith @,ai Whbrefier edaigai dlastiedty y dgdifs s i e vermbeuneoey al
range of.lpggai &to 0 qunces, for each galhon of intumescent materi al
d

23. Afire nt® SHLFR aQLoAFENESHth Caim 1, wherein said
refractory fibers are in the range of 8% to 18% by wei ght. 24. A

fire-retardant teriyal j C W i m 1, swhergj [ .d. OoXi i on
reducti on agentq?§i|§tf£§#%ﬁ%§£g?a%&ﬁx;@éo @ia%igﬁph é@ébfﬁﬂﬁ%& Qﬁ&h
Claim 1, wherein said fluid intumescent base material is in

the range of 20% to 60% by weight.

20. A fire-retardant material in accordance with
Claim 1, wherein said flame spread reduction agent is in the
range of 2% to 12% by weight.

21. A fire-retardant material in accordance with
Claim 1, wherein said refractory fibers are in the preferred
range of 4 ounces to 28 ounces for each gallon of intumescent
material.

22. A fire-retardant material in accordance with
Claim 1, wherein said refractory fibers are in the general
range of 1 ounce to 20 ounces for each gallon of intumescent
material.

23. A fire-retardant material in accordance with
Claim 1, wherein said refractory fibers are in the range of

8% to 18% by weight.

24. A fire-retardant material in accordance with
Claim 1, wherein said oxidation reduction agent is in the

range of 1% to 5% by weight.
AR O O




22 25. Afire-retardant naterial in accordance with Clain11 mherein.

sai d ther t I ssion reduction agent is in the range of " 0 y
wei ght . ma‘JV(”%@';@EHre-retardant material in accordance wt j%§

wherein said stabilizer and volatile organic reduction conponent |s in the
range of 6% to 12% by wei ght. 27. A fire-retardant material in
accordance with Claiml, mhereln sai d né%%anlcal ‘enhancer conponent is in

the range of 1% 4@6b ht A fire-retardant ter
accordance with Lé -ai Y 1,f %‘?Y\ag‘?ﬂ?ﬂtm?‘@’ﬁefcéﬁlst afte 3GEPF gcgn f"ﬁg{
range of 4¢ladmB% bwh‘amegm said therffl #ransmisstiandzeducttion algent is

accordance, d g%gg i I L city agent is in the range of
0%to 20% 3\94 %gllegﬁ{%t{ael Aéfil?%?‘?gfgirlgént material in accordance
W th Cla|n11 wherein said flre retardant material is applied to a

substrate being Jg onp Steple_SéehPiLse- ShEebridUMIHM ad@Srd&hELUSwHRNA S,
wood, plywoaqd, chip-board,, particle board, ,orientatjon strand board,

conposi te Gd@M g adfhexeipysaider Abbidires i eolatbleentragpic
r ubber. reductlion doniporieaitrisinin celvé | bgnget efi 8k, teom2¥ byngveight.

a) a fluid intunmescent base material having a
27. A fire-retardant material in accordance with
Claim 1, wherein said mechanical enhancer component is in the
range of 1% to 4% by weight.

28. A fire-retardant material in accordance with
Claim 1, wherein said water-resistance agent is in the range
of 4% to 8% by weight.

29. A fire-retardant material in accordance with
Claim 1, wherein said elasticity agent is in the range of 0%
to 20% by weight.

30. A fire-retardant material in accordance with
Claim 1, wherein said fire-retardant material is applied to
a substrate being iron, steel, stainless-steel, aluminum,
non-ferrous metals, wood, plywood, chip-board, particle
board, orientation strand board, composite board, plastics,
PVC, thermoplastics, epokies, neoprene, or rubber.

31. A fire-retardant coating material, comprising:
a) a fluid intumescent base material having a
foaming agent, a blowing agent, and a charring agent;
b) ‘a flame spread reduction agent;
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foam ng aggpiegussdgl OW Ng agent, and a charring agent; PCTAs98/08863TE
spr ead reductlon agent ; 23 C

refractory fibers dispersed in said fluid intunescent base naterial;
d) an oxygen reduction agent; and 3 ©) athernal transm ssion
reducti on agent. 32. Afire-retardant material in accordance with

G aim31, wherein sagq fl %@Mﬁ%rﬂ%fé’mr‘%ﬁ% degaliyn c{ r iﬂ){ﬂ@t e,

zinc oxide, or zinc borate fire ant nater
accor dancelBFeReersni base mataxiaki d oxygen reducti.on- agent |s urea

34. A fire- retardantdqate@hmoxyggﬁxggdﬁéﬁfoﬁnageﬁkalghag wherein said

thernmal transm ssion reducti nt. is zigcopni um oxi de,., chrom um oxi de,
yttrium oxide, or po lssi @m &ﬁqﬁ% transmission reéuctlon agent.

32. A fire-retardant material in accordance with
Claim 31, wherein said flame spread reduction agent is
aluminum trihydrate, zinc oxide, or zinc borate.

33. A fire-retardant material in accordance with
Claim 31, wherein said oxygen reduction agent is urea.

34. A fire-retardant material in accordance with
Claim 31, wherein said thermal-transmission reduction agent
is =zirconium oxide, chromium oxide, yttrium oxide, or
potassium oxide. -—
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