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i ncl udi ng 5 wellhsuited f fol msg rinssolvent-based.i thge-film hintuniestent ceatingsg Sor
castings, extrusi a th onposi tions may i ncl ude
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measure of pr ot eOfhentiennghexitames qch ?%W“@F%@b@ﬁépg C. Somgiofithe y, t he
char compositions are foamed inorgamic passive insulative compositions which
10 protect merely by their low thermal conductivity and their thickness as applied.
These include, for example, foamed cement or intumesced silicates. The

al’l ous

present invention is not concerned with such systems, but with systems which

include a polymeric binder and which form a char when exposed to fire or
hyperthermal conditions. The char-forming compositions may operate by

15 various modalities. The compositions may be used in various forms, including
thick film (mastic) coatings, thin film coatings, castings, extrusions, and others.

The compositions may ‘include organic or inorganic binders and various
additives. Upon exposure to heat the compositions slowly lose weighi as
portions of the composition are volatilized, and a char is formed which provides

20 ameasure of protection against the transfer of heat energy. Eventually, the char
is consumed by physical erosion and by chemical processes, primarily oxidation

by oxygen in the air and by free radicals produced by the coating or otherwise in

a fire environment, and protection is lost. The length of time required for a
given temperature rise across a predetermined thickness of the composition,

25 under specified heat flux, environmental, and temperature conditions, is a
measure of the effectiveness of the composition in providing thermal protection.

- - ' When subjected to fire or other hyperthermal conditions, different coatings

behave differently. |
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chars ood physi and chem cal resistance.
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of the physicsal ariginal thickness ofthetantihg. pms)eha'pmubﬁaﬁinaﬂabile:blmkavdﬁdti ngs.
! rrequl ar cel I o PRYIA FeHof el effigias, puch gcoost of sorhe offge pRYAGRL#Mbls. and
the char may not cRuRRMUprepertiey B ¥heddblative Rhafings! CTN BRardéfoMme mtuﬁﬂsoent"her e
the char provides far l'ess protection than the average thermal protection
s tends to form coarse and unmmkwcdlmnumnmacnwhsandif
as it expands, and the char may not expand uniformly at corners, leaving areas
10 where the char provides far less protection than the average thermal protection
of the underlying structure. Examples of the intumescent systems include
silicate solutions or ammonium phosphate paints or mastic compositions such as
those disclosed in Nielsen et al., U.S. Patent 2,680,077, Kaplan, U.S. Patent
3,284,216, or Ward et al,, U.S. Patent 4,529,467. '
15 A third type of char-forming coating is disclosed in Feldman, U.S. Patent
3,849,178. When subjected to thermal extremes, these compositions both
'mmkum»mlemkﬁ@mmkzphmecmmmp-mulexmum.wwruaﬁwsﬁnus'ﬂwh
original thickness to form a continuous porosity matrix. These coatings tend to
be tougher than intumescent coatings. They provide far longer thermal
20 protection than ablative coatings, frequently longer than intumescent coatings,
in part because the gasses formed by the endothermic phase change provide
active cooling as they work their way through the open-cell matrix. These
coatings may also have a tendency to crack and form voids and fissures.
The present invention relates primarily to intumescent systems, particularly
25 thin-film intumescent coating systems, i.e., those having a thickness as applied
of less than five millimeters. Several aspects of the invention, however, are also
applicable to thick film intumescent compositions and to the Feldman type
compositions which undergo an endothermic phase change and swell two fo five
times their original thickness. Some aspects of the invention are also applicable
30 to ablative char-forming coatings. '
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10 Another object is o provide such compositions which form chars having a
highly uniform cell structure.

Another object is to provide such compositions which in both their applied’
form and as chars have a high degree of physical toughness and chemical
integrity including adhesion and cohesion properties.

15 Another object is to provide such compositions which in both their applied
form and as chars resist oxidation and chemical attack.

Another object is to provide such compositions which when exposed to fire
and thermal extremes swell in all directions, to protect corners around which
they are applied.

20 Another object is to provide such compositions which resist cracking when
exposed to fire and thermal extremes.

Other objects will become apparent to those skilled in the art in light of the
following disclosure and accompanying drawings.

In accordance with one aspect of the invention, generally stated, a char-

25 forming thermal protective composition is providing comprising a binder, a

source of carbon, and 0.5 to 10% elemental boron. Preferably, the binder is one

. source of carbon, and more preferably an additional carbon source is provided
such s in the form of chopped organic fibers like acrylonitrile fibers, or

graphite, dispersed in the binder. The binder is preferably an organic polymer,

30 most preferably a thermoplastic resin. Also preferably, the elemental boron



- 3 - Background Art One object of the present invention is to

provi de char-form ng conpositions whi ch provi des better thernal

ef ficiencies than previously known conpositions. Anot her obj ect
is to provide such conpositions which can be applied as a 5 thin film
to a substrate, but which provide remarkably |ong protection tineg to

t he under | yiw@9zi¥st r at e. Anot her object is t _ uch
conposi tions which when exposed to fire ‘or other hyperthermal
condition may swell nore than ten tinmes th&ir original t hi ckness.
10 Anot her obj ect is'to provide such conpositions whi ch form chars

havi ng a @m X5 Hn " rnégaf obj ect
is to provide suc%H orrp05| |ons ﬁ‘!"% I'n bo c %sll?onépp |eel B&jimform
and as chars havepmviﬂeghndp@tcﬂy hifghpbs;mncako bnd@ime:ﬁ‘sthaahhr,cinmg the
integrity |nclud|ng,ahes|on n esi,on pro ertle not her
object is to prov (ﬁ?@@?ﬂﬁﬁbﬂé‘bﬁﬁpgh ﬁ p‘bF’?’e@""
formand as charsg 'tﬁﬁt ax Hof %Insawegﬁ{ builds a tough, AnOt her
object is to prow e such conp ?t?ons V\Eﬁ%}; en posed tu:) flareugh’

and t her nal ex5reumﬁ)mwbaﬂwhmluathd&oméi§0?bﬁ§0°Conﬂ1e@wce@r§nmea Thisund

whi ch t he re l.ed npt her obj e S to rovi,de such
conpositions whic @ﬁ%r“é"&ﬁ% 'thabﬁ  u 3% c&:q—@ t her mal

extrenes. Qéjﬁ(eme,bj ects will becone apparent to those skilled
inthe art in |i gﬂrt0 of t he foll ow ng di scl osure and acconpanyi ng

dr awi ngs. In agcordanes: with @pothsriaspesh of theiaventign, 4 M\EWF‘F‘&YH .
rovi di g conpr | 57 oaon s pldided odiuliil b VREE wilkhSofis Wi OBRALH 011
el ement al bor 2. m&m ahbmth whiclofoems agas when esnpusedeo therngadr bon,
R R TR T P i —
graphi te, di sper sgflaiconjiputed faftsieikid, hivet prefeshbly a%ﬂﬁﬁtﬁ&@m OfOthBi C
pol yner, preferred embodiments, the unsaturated triacylglycerol comtains from two to

three conjugated double or triple bonds per chain, each chain having from

15 twelve to twenty carbon atoms, illustratively oiticica oil containing licanic acid

{4-ket0-9,11,13-octadecanoic acid) and isano oil containing isanic acid (17-
octadecene-9,11-diynoic acid). The conjugated drying oil reduces the surface
tension of the coating and provides a blowing agent which begins to swell the
composition at a lower temperature than would otherwise occur, thereby

20  stretching the boundary between heat source and substrate quickly and forming
a greater heat gradient to keep the substrate cool. Preferably a mixture of
triglyceride fatty acids is employed in order to provide control of these
properties. The mixture may include, for example, equal parts of oiticica oil,
castoroilasanaeratingagent,andlinseedoﬂasapla#ﬁcizerandﬂowagent.

25 In accordance with another aspect of the invention, 2 thermal protective
composition is provided comprising a binder which softens when exposed to
thermal extremes, a blowing agent which forms a gas when exposed to thermal
extremes, and a mixture of a metal salt of a medium chain (ten to thirty carbon)
carboxylic acid with a metal oxide. The metal carboxylate is preferably a salt of

30 a T-2 metal, most preferably zinc or copper stearate, and the metal oxide is




30 nost preferably a thernoplastic resin. Also preferably, the el enental
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conprises at |east 2% by weight of the conposition. The el enental boron

provi des unexpectedly high resistance to oxidation of the_char ingreasing
_the wWoItal wei ght and strength of the char. In 8€PP§$H“§

formul ations, it has been found that the conposition surprisingly

gai ns wei ght and builds a tough, 5 unrf®rmm char when heated from

750[err] to 850[err] Cin the presence of oxygen. This aspect of

the invention is able to nu (oY har - f orm her .

protective systengxg&abf c@%ﬁ nwsth ?P %ﬁgpmf t he
invention, a thergmahidipéctionslly wefill mextenmcmuﬁdr@aﬁb&valyomhdpﬁvmsmri si ng
a beknder which sof tens when exposed to 10 thermal extrenmes, a bl ow ng

agent whi ch f or mekROYRLO2REEn exposed to ther nal extrerres and a

drying oil. Prefera
ying ol ?y&é)éﬁagﬁné)bfthém yg%ge%ﬁ&%wnhaﬁgh

or & conjugated fat nost prefe conj ugate ycerl de In
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oiticica oil contgiexpérted ufemuceﬁekdcy fine, uniférfir lefist Lell Istrhdtures lgpéhflg anoi ¢

acid) and isano oil containing isanic acid (17-

oct adecene- 9, 11- dinpreated pretection of perners Apd grgeseef vadcriving shbtrates;iresistangeria
surface cracking and fissures; physical toughness; and resistance to oxidation. The
10  preferred embodiments of the invention are solvent-based (as opposed to water-
based or latex) systems, in which coatings having thicknesses on the order of
0.8 millimeters have been found to protect columns for an hour under the
heating conditions of ASTM E-119.
‘When applied to Feldman-type coatings which swell from two to five times
15 their original thickness and undergo endothermic phise changes to form open
porosity cell structures, the additives of the present invention provide many of
the same advantages without producing the thick, closed-cell chars of the thin
film coatings.
Brief Description of Drawi
20 FIG. 1 is a graphical representation of the heating of a column section
coated with 0.905 millimeters of a prior art thin film coating when exposed to
an ASTM E-119 fire curve. '
FIG. 2 is a graphical representation of the heating of a column section
coated with 0.802 millimeters of a thin film coating of the present invention
25 when exposed to an ASTM E-119 fire curve.
FIG. 3 is a sectional view of a column, showing a thermal protective
. intumescent coating applied as a thin film to the column. '
FIG. 4 is a sectional view of the column of FIG. 3, coated with a prior art
composition, after exposure to a thermal extreme.
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order of present invention and their use as inhumescent and other char-forming coatings.
EXAMPLE 1
10 FORMULATION OF INTUMESCENT COATING
For purposes of making comparative tests, 4 standard intumescing coating
was formulated as follows:
_ Paris by weight
Vinyl toluene acrylate 124
15 Chlorinated plasticizer §+2
Polyol 6+2
Ammonium polyphosphate 21%5
Bloﬁng agent 8+2
Inert fibrous fillers 21
20 Pigment (TiO,) 8§+4
Solvent 27+2

To form a material of the present invention, to 100 parts of this composition
was added 1.3 parts of a drying oil additive consisting of equal mixture by
volume of oiticica oil, castor oil, and linseed oil; and 1.3 parts of a metal

25  stearate/metal oxide additive consisting of 5 parts of zinc stearate, 3 parts of
alumina, together with small amounts of rheology agents, deaerating agents, and

_ bentonite.

The standard material was applied to a generally uniform thickness
averaging 0.905 millimeters to a first W10x49 column section and a slightly
30 thinner coating (average thickness 0.802 millimeters) of the material of the



ten to thirty times the thickness of the original coating. These chars
provi de unexpected thermal efficiency; fine, uniformclosed cel
structure; greatly i ncreased protection of corners and edges of
“underlying substrates; resistance to cracking and fissures;
physi cal toughness; and resistance to oxidation. The 10 referred
. enbodi nent SWOINME| nventi on are sol vent-based (as opposed’q‘ Spef10s92.
based or |atex) systenms, in which coatings having thicknesses on the order
of 0.8 mllimeters have been foun® 0 protect columms for an hour
under the heati ng conditions of ASTM E-1 19. When

applied to Fel dman-tvpe coatin ] fromt to.five .tines

their original h?‘??ﬁg Wﬂ%ﬁ@ﬁ%ﬁ @mﬁ'ﬁg@é’ H& @‘&mﬁ)w?r& m open
porosity cell strgéd)rfd, easkhoheh bécros mfs édpBscr ©S# Btaniiad CASTMNEANOVI de
many of t he sane advant a%rs wi t hout _produci ng the thick,

cl osed-cel | char ssigwl simylation PP(Y&'EVF%@S use of a flamepwhase
Descrl ption of Dr%mp gcgmnuously b Cased tngﬁo@ Iﬁa‘ﬁ“ﬂé?wﬁi A ation

of fhe heating of a co urm sect1on coate |rret ers
of a prior art5thpmoﬂ;&emiﬂntmﬁﬂﬂt&hommmmﬂagetempumdﬁﬂ'%t&lllg

heating of a col ufhse crsghes 538°C BN Clt Blos, DaaB S 1) AT Brraats
thin film coati ngtefpefafific wm%dw\aﬁmerm the measurcd Tafha& RAPEALI® bpn ASTM

E-119 fire curve. 3 is a sectional view of "a col um,

showi ng a t her mal mgp@e!eét(mm), the temperaiuieof @ flange dge ﬂ?g apwraled ® a thin
(110 410! g ot g 6 ol 7, BRIt Wil 150 U
a thermal extI@nenumeral 9, the average measured column temperature by numeral 11 (dots), and
the slope of the average columm temperature by numeral 13. The column coated
with the standard composition lasted just less than 30 minutes, but the column
coated with the material of the present invention lasted one hour before the end
. point of the test was reached.

15 The superiority of the composition of the preferred embodiment of the
present invention is shown most clearly by the curve 13 in FIGS. 1 and 2. The
curve 13 represents the rate at which the temperature of the column is rising. At -
ten minutes into the test, the temperature of the column protected with the
preferred composition of the present invention is somewhat less than the

20 temperature of the column protected by the control composition (both being
between 200° and 250° C), but its rate of heating is approximately half (about
eight degrees per minute against about sixteen). From ten minutes to beyond
sixty minutes, this curve shows the continued suppression of the rate of heat rise
produced by the preferred composition of this invention.

25 The char left by the composition of the present invention showed far greater
uniformity of cell size, without large voids, less tendency to form fissures and

. cracks, and expanded more uniformly around exterior corners of the column's
flanges. As shown in FIGS. 3-5, the thin coating 17 of a thermal protective

" composition on the column 15 (FIG. 3) responds to heat by swelling as shown

30 in FIGS. 4 and 5. With the standard formulation, as shown in FIG. 4, the
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FIG 5 is a sectional view of the colum of FIG 1, coated with a

* conposition of the present invention, after exposure to a thermal extrene.
FIG 6 is a graphical representation of the effect of different percentage
_ weights of s¥eemoissl boron on a graphite cloth as a resul tPCHUSIHMSPYoi ng a
5 t hernogravinmetric analysis. Best Mdde for Carrying Qut the Invention
The follow ng exanples are intended to ild sstrate the conpositions of the
present invention and their use as intunescent and other char-form ng

coat i ngs. . ' . EXAMPL 10,, -
FORMULATI ON OF | NFUsfeiceders ebtly fglumn's flanges showed m%é’f iy chan Ihip
conpar ative tests hofzontd afd véttital direaivAs, 1hviga pddely protected aré® indiGied byt ed as .

fol | ows:
Parts by wei ght numeral 21 of KiGyh whish heated substontislly faster than the flange faces or

5 o o et Rtnfetkafd dF336°C in sbout twenty-three mimutes. As shown .
6 2 5 AiiyBIG. S deadhpydiostitheiliustrative embodiment of the invention expanded

2ilerrls | e iy ok S9ShLa and largely fillod the web area of the column.

g [ ér . 22 Pi%%é&ne%:inlfﬂ &fat kxpanded more uniformly radially outward, providing a

27 [err] 2 far thicker protestive layarcd5i alpng theteaxterior edgenof theflangs than they 100
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10 heating process. The formulation thus showed its superiority in thermal
efficiency, insulation, and char integrity.
EXAMPLE 2
FORMULATION OF SAMPLE COMPOSITIONS
Two thin-film intumescent compositions, Formula A and Formula B, were
15 formed including the basic formulation of EXAMPLE 1. Formula B, suitable
for exterior applications, utilized a polyol having more hydroxyl endings than -
Formula A. To these formulations were added differing quantities of additives
in accordance with the present invention. The drying oil ("oils") additive and
the stearate/oxide ("st/o") additive were the same as were used in Example 1.
20 The quantities of the additives shown in the following TABLE 1 are by weight.
A five gram sample of each formulation was placed in an aluminum
weighing pan and allowed to cure, forming a thin layer (approximately one
millimeter thick) of each. After curing, the pan was placed under a quartz lamp
heater which produces a heating profile, similar to the ASTM E-119 curve, of
25  40% power at time zero, 60% at thirty seconds, and 70% at one minute. The
test was terminated at five minutes. The time to required for initial bubbling of
the surface was noted, as was the time to initial char formation. At the end of
each test, the height of the char was measured, and subjective ratings were made
of char volume, shrinkage, cell structure, and crispness. The results are shown
30 inTABLEI:



vol unme of oiticica oil, castor oil, and linseed oil; and 1.3 parts of a

nmet al 25 stearate/ netal oxi'de additive consisting of 5 parts of zinc
stearate, 3 parts of alum na, together with small amounts of
bentonite. The

rheol ogy agents, deaerating agents, and
standard matﬁéi s applied to a generally uniformthickness
Syt

‘averagi ng O.
30 t hi nner coating (average thickness 0.802 mllinmeters) of the material
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present invention was applied to an identigal_colum section. The coatings
wer e cured, and each columm sectio !xposed to a standard ASTM
E-119 sinul ated fire.pofCh @qf | T €8k JTul @ti on i nvol ves the use of a
fl ame whose tenperature. is é(fl‘jﬂgnti nﬁe?)%’{srluy%#"ﬁcr eé’gﬂ'ﬁg"(o"%?[er refigBness
(1700[err]F) during a one-ho Fe)  sec) per {¥): t Melumend poi nt ekuctee t est
occuss when the a %enperature of the steel substrate reaches
538[err]C (1000[e\r/ﬁ E; n FIGS. 1 and 2, the ASTM furnace

t he neasured furnace tenperature. by

tenperature is indj ed by ral_1

nunmeral 3 (tri ang?éé)g ,l the t rat@r?&o of 3%4%| afige ed@e by ngneral 3 the
tenperature of a f g\%g by nuneral 7, the tenperature of the colum web by
10 9, the® rage fasurdd col usth t enperat uge by ngmeral Ll

(dots)”fmgﬁ,gl t he sl ope of the average columm tenperature by nuneral

13. The col urm coz¥4oils 42 69 53 8 9 8 8
5% oils 39 65 6 9 9 8.5 8

| 10%ois % 95 9 7 9

1% st/o 56 77 40 6 7 8 7
2.5% st/o 66 86 55 8 8 8 8
5% st/o 46 69 70 9 8 7 8 ]
Formula B
control _ 66-74 80-93 3545 6 6-7 6-7 6
1% oils 10 32 40 6 7 7 7
2.5% oils 9 26 50 7 7 8 7
5% oils 8 20 65 8 8 8 8
1% st/o 6 22 55 6 8 7 6
2.5% st/o 8 26 65 7 8 7 7

5% stlo 24 75 9 8 7 8

imeters to a first WLO0x49 col um. sect | porrassgriosss| i ghtly '
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pref®@red conposition of the present

m nute agEFFECTOFADDBITIONOF EIRMENTAL BORONS to beyond

urye shoms t he contlnu d su pre55|on of the rate of

sifet @ Mm itlspregent gyention et i on.

u{,&%{,c@? ?ﬂﬁtef ] m? LQE R owed
uni f'ormt %P cel 3,023%%?’%@ tg?ge V%Wﬁ

t endency to fobm forswlatiens. and cracks, and expanded nore uni forn1y
around exterior corngrs of the colu Janges. As .sh I n FIGS
3-5, the thin coati %%%WWJ%SM@&PW&”"% ﬁgw%
6mm&kofeﬁﬁﬁﬁﬁﬁhﬁﬁnhenkshMpBWﬁﬂhéBEnﬁﬁhﬁEKﬁMﬂade&Jﬂ@ FIGS

4 and 5. Wth the standardforrrulatlon as_shown in FIG 4, the

.5% elemental boron by weight, and the third had 2.8% elemental boron.
When tested by thermogravimetric analysis, the material showed thie fSsponse
illustrated in FIG. 6. As shown, two samples of the material, represented by
lines 31 (0.5% elemental boron) and 33 (2.8% elemental boron), lose weight far
more slowly than a similar formulation without elemental boron, represented by
line 29. As further shown in FIG. 6, with further heating in the presence of
oxygen, the material including more powdered elemental boron begins gaining
weight; in one case the weight of the char is greater than the original weight of

‘the coating when the temperature reaches 850° C.,

Numerous variations within the scope of the appended claims will be
apparent to those skilled in the art in light of the foregoing description, which is
set forth only for illustrative purposes and is not meant to be limiting. For
example, although the thin-film, solvent-based fire resistant systems of the
preferred embodiment are particularly effective, many of the advantages of the
additives of the present invention may be obtained when they are included in
thick film intumescent formulations or in the formulations of Feldman, U.S.
Patent No. 3,849,178 which both expand to form an open porosity matrix and
undergo endothermic phase changes, or in fire retardant compositions which
delay flame spread rather than femperature rise, or in water-based latexes. The
additives may be included in a large number of thermoplastic systems; in
addition to acrylics, such thermoplastics as styrenes, polypropylenes,
polyethylenes, ABS, polyamides, polyurethanes, vinylidenes, modified epoxies

)
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exterior edges of the colum's flanges showed expansion of the char 19 in
horizontal and vertical directions, |eaving a poorly protected area,

..indi cated by numeral 21 of FIG 4, which heated substantially
faster than the flange faces or web, reaching a tenperature of
538[err]C iqﬁggﬁft twenty-three mnutes. As shown 5 in FIG 5, the
-char 23 of t st rati ve enbodi ment of the invention ex2SEERe6/10552

nore than the standard and largely filled the web area of the col um.
Significantly, the char expanded nore um fldrmy radially outward, providing

a far thicker protective layer 25 along the exterior edge of the
fl ange than the deﬁg/ QEII dard. The .goating also started
to i ntunmesce earl?ngrcoi?glt e st% eogfals%%a%P%@gs : ~Tri'§'=?°ommp§t8i% t hus
showed its super i oerely\illustrativeer mal efficiency, insulation, and char
integrity. EXAMPLE 2
FORMULATI ON OF SAMPLE COWVPQOSI TI ONS Two thin-filmintunmescent
conpositions, Formula A and Formula B, were 15 formed including the
basic fornulati on of EXAMPLE 1. Formula B, suitable for exterior

applications, utilized a polyol having nore hydroxyl endings than

Formula A. To these fornul ations were added differing quantities of

addi tives in accordance with the present invention. The drying oi
("oils") additive and the stearate/oxide ("st/o0") additive were
the same as were used in Exanple 1. 20 The quantities of the additives
shown in the follow ng TABLE 1 are by.wei ght A five gram
sanpl e of each formul ati on was placed in an al unm num wei ghi ng pan
and allowed to cure, formng a thin | ayer (approximtely one

mllimeter thick) of each. After curing, the pan was placed under a quartz
| anp heat er whi ch produces a heating profile, simlar to the ASTM
E-1 19 curve, of 25 40% power at tinme zero, 60%at thirty seconds, and
70% at one mnute. The test was termnated at five mnutes. The
time to required for initial bubbling of t he surface was noted, as
was the time to initial char formation. At the end of each test,

t he hei ght of the char was neasured, and subjective ratings were nade

of char vol une, shrinkage, cell structure, and crispness. The results are
shown 30 in TABLE 1:
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- 9- - TABLE 1

bubbl e char hei ght " char shrinkage -cell crispness

“(sec.) (sec.) (mm) volune structure Formula A
control 70-75 80- 90 35-45 6 7 6 4
1%o0ils WOIsn01596 71 50 7 8 g PCI/US96/10752
2.5%0ils 42 69 55 8 9 8 8
5% o0ils 39 65 65 9-12 -9 8.5 8
10% oil s 70 9.5 9 7 9
1% st/ o 56 . 17 40 6 7 8 7
2.5% st/ 0 66 Lamyg 55 8 8 8 8

1. A char-forming thermal protective composition comprising a binder, a
source of carbon, a blowing agent which forms a gas when exposed to thermal
extremes for expanding the char, and at least 0.5% elemental boron by weight of

5 thebinder.
2. The composition of claim 1 wherein the source of carbon comprises the
binder.
3. The composition of claim 1 wherein the source of carbon comprises
discrete particles dispersed in the binder.

i0 4. The composition of claim 3 wherein the particles comprise chopped
fibers.
5. The composition of claim 3 wherein the particles are formed of a
composition selected from the group consisting of organics and elemental
carbon.

15 6. The composition of any of claims 1-5 wherein the binder is an organic
polymer. '
7. The composition of claim 6 wherein the binder is a thermoplastic resin.
8. The composition of any of claims 1-7 wherein the elemental boron
comprises at least 2% by weight of the composition.

20 9. The composition of any of claims 1-8 wherein the composition gains

 weight when heated from 750° to 850° C in the presence of oxygen.

10. The composition of any of claims 1-9 wherein the composition
comprises no more than 10% elemental boron by weight of the binder.
11, A thermal protective composition comprising 2 binder which softens

25  when exposed to thermal extremes, a blowing agent which forms a gas when
exposed to thermal extremes, and a mixture of a metal stearate and alumina.
12. Aihmnmlpumuﬁweommmmﬁmncmnmﬁﬁngzlbmnmrwhhh=mﬂmm
when exposed to thermal extremes, a blowing agent which forms a gas when
exposed to thermal extremes, and an unsaturated triacylglycerol.

* [4 L M S *



5% st/ o 46 69 70 9 8 7 8
Formul a B control 66- 74 80-93 35-45 6 6-7
6-7 6 1% oils 10 32 40 6 7
T 7 2.5%00ils 9 - 26 " 50 - 7 7
7 5% o0ils 8 20 65 8 8 8
.8 1960 01596 6 22 55 6 g PCT/US96/10552
2.5% st/o 8 26 65 7 8 7 7
5% sto 11 24 .75 9 - 13 -8 7 8

13.  The composition of claim 12 wherein the triacylglycerol comprises a
fatty acid having conjugated double or triple bonds.
14.  The composition of claim 13 wherein the unsaturated triacylglycerol
. contains from two to three double or triple bonds per chain, each chain having
5 from twelve to twenty carbon atoms. - '
15.  The composition of claim 14 wherein the unsaturated triacylglycerol is
chosen from the group comprising licanic acid and isanic acid.
16.  The composition of any of claims 12-15 further comprising at least 0.5%
of elemental boron by weight of the binder.
10 17. The composition of any of claims 12-16 further comprising a metal sailt
. of a ten- to thirty-carbon carboxylic acid.
18.  The composition of any of claims 12-17 further comprising a metal
oxide.
19.  The composition of ciaim 18 wherein the metal oxide is alumina.
15 20. The composition of any of claims 12-19 wherein the metal salt is a
stearate.
21. The composition of any of claims 18-20 wherein the metal salt and
metal oxide are pre-reacted to form an adduct. _
22. A method for protecting a substrate from fire or thermal extreme
20 comprising applying to the substrate a composition which responds to thermal
extremes by expanding to at least twice its original thickness, the composition
comprising at least 0.5% elemental boron by weight and a source of carbon.
23.  The method of claim 22 wherein the composition comprises an organic
polymer binder.
25 24. The method of claim 23 wherein the organic binder is a thermoplastic in
an organic solvent.
- 25.  The method of claim 23 or claim 24 wherein the composition comprises
no more than 10% elemental boron by weight of the binder.
26. A thermal protective composition comprising a binder which softens
30 when exposed to thermal extremes, a blowing agent which forms a gas when

* C L L} S *
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EXAMPLE 3 ' EFFECT OF ADDI TI ON OF ELEMENTAL BORON

"> The effect of elenmental boron on the fornulations of the present invention
IS unexpectedly greater than the effect of boron conpounds as used
in prior arwoerei®s fornul ations. ~ To test thBCTEFME2f o this
behavior, a graphite cloth was mxed with a powder of el enment al
boron. One sanple had no el enental boron; Inoet her had 0.5%

el emental boron by weight, and the third had 2. 8% el enmental boron.

When tested by thernograwi net.ric analvsis..th terial, showed the response
10 1 ustrat ed PO te Kot i o cRAGis s R popjpbaied

represented by  doubleortiplobéndd1l (0. 5% el enental” boron) and 33 (2.8% .
el emental boron), |ose weight far nore slowy than a simlar

fornul ati on withol elérmethed foioprotecting ; suhstratedfrem fire or thermadl| exireme. As

further shown in F éﬁ gigl i f i l&@;\;' ' o v
oxygen, the materralrin I%‘P’%&%&ﬁpo ergggé*gﬁéﬁﬁggﬁﬁgﬁgﬁgnegl r?gagai ni ng
15 wei ght; i n ®necongeitioh avhieh wiponds tot thernsdd @xtrémes Bycaxpaiditightorat tiéast rai gi nal

wei ght of . the coati .when the temerature,reaches 850 C.

Numer ous vari at i of@esft Wﬁ%&%ﬁ?&eﬁ’ﬁfmﬂi’gggﬂbmm a0 WIW?

apparent to thosepplidrlah@ddiyinddie art in light of the foregoing description,
which is set forth only for illustrative purposes and i s not neant

to be limting. F3$  Theomethod ofiplaibn 27| wheseiyithe hempdsitionffinther incdedesan- based
fire resistant sy X rlﬁigr j .
particularly eff e%?ﬁirran;ﬁygﬂt Pﬂg t%lﬁvtgn a égﬁg?%%ﬂe&id %deﬁtﬂﬁt%li ves of
the present ixwenbéxid nmay be obtai ned when they are included in

thick filmintumegcent_fornuyl ations in the fornul ati ons of, Fe n, U S.
Patent No. 3, 849,?(%8 M%W%B@ﬂkﬁ%%% qr Slaig, 78 H’h"'ﬁ‘ﬂe‘h" FORRASHHOp tlH%i x and
25 undergo endopdiyrites at Raste0.5% dMifdntal Wordr by iwelght @hd pdAidles GFGafvht | ONS
whi ch delay flanme spread rather than tenperature rise, or in

wat er - based | at ex@ispersed ghroughout the compgisitiones may be included in a large
nunber of ther Mop§RSt i PneHSthéid\§Fany Bf claims 27-29 wherein the composition comprises a

15 second drying oil, at least said first-mentioned drying oil being an unsaturated
triacylglycerol containing -from two to three conjugated double or triple bonds
per chain, each chain having from twelve to twenty carbon atoms.

g



addition to acrylics, such therﬁnp1aétics“a§ styrenes, pol ypropyl enes,
pol yet hyl enes, ABS, pol yani des, pol yurethanes, vinylidenes,  nodified
.epoxi es WO 97/ 01596 * '

PCT/ US96/ 10552 : - 11 - and
copolyners o h_t hermopl astics may be used. These exanples are
nmerely ill USIW(Z% . WO 97/ 01596. PCT/US96/10552
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- 12 - dains 1. A char-formng thermal protective conposition
conprising a binder, a source of carbon, a blow ng agent which
forms a gas when exposed to thernal extrenes for expanding the
“"char, and at | east 0.5% el enental boron by weight of 5 t he bi nder.
- 2. The conposition of claim1l wherein the source of carbon conprises the
. bi nder. WO97/359%6  The conposition of claim1 wherein tPfE/EHHBE of
carbon conpri ses di screte parti&f%s dispersed in the binder. 10
4, The conposition of claim3 wherein the particles conprise chopped
fibers. 5. The conposition of claim3 wherein the particles are
formed of a conposition selected fromthe group consisting of
organi cs and el enent al car bon. 15 6. The conposition of any
of clainms 1-5 wherein the binder is an organic pol yner. 7.
The~conposition of claim6 wherein the binder is a thernoplastic resin.
8. The conposition of any of clainms 1-7 wherein the el enental boron
conprises at |east 2% by weight of the conposition. . 20 9. The
conposition of any of clains 1-8 wherein the conposition gains
wei ght when heated from 750 to SEOP& ]/ @INn the presence of oxygen.
10. The congosi hon @f ang of sl ai 1-8& whggei ng he conposition
conpri ses no Wore Yhan¥10%®l eneft al @oroﬂl by <wei gt of**t he Di nder .
11. A t her mp—prptestti-re—gorpepi-tj-dr—eofprsi-rg—d—bi-nder—whi § sof tens
25 when expgsed o thernal extrgsz, a bl owng agent Whichjforns a gas
when ¢xposed tq theqnmal pMy

mes, |and p m qturejof ajnetal stearate
and al um na. 14. t hef 1) prot ¢ctive conposi fion :ogprising a.
bi nder whi ch $e+teps wirer—exposedtto—thermgt—exfrenes, v bl owi ng
agent which f¢rns h gag whe expoﬁed tp thgrmal jextrenmes, and an-
unsaturated tgiacy] gl ygerol .
O
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13. The conposition of claim 12 wherein the triacylglycerol conp}ises a
““fatty acid having conjugated double or triple bonds. 14. The

> conposition-of claim13 wherein the unsaturated triacyl glycerol
. contains froYMME o0 t hree double or triple bonds per chaPRTUE%AASRNa n

havi ng 5 fromtwelve to twenty cagppn atons. 15. The
conposition of claim 14 wherein the unsaturated triacyl glycerol is

chosen fromthe group conprising licanic acid and isanic acid. 16.
The conposition of any of clainms 12-15 further conprising at |east 0.5%

of elenmental boron by weight of the binder. 10 17. The conposition of
any of clains 12-16 further conprising a netal salt of aten- to
thirty-carbon carboxyljic acid Lt any of
clainms 12-17 further Fﬁprisi oxi de. 19. The
conposi tion of claim I&wre = ary 0 =5 —alani ra. 15 20.

The conposition of any of clainms 12-19 whgrgin the netal salt is a
Stearate. 21. The conposition 01 ny of clainms 18-20 wherein the
netal salt and netal oxide are pr

¢-feacted to form an adduct.
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22. A method for protecting a substrate fromfire or thermal extrene 2
0 _conprising applying to the substrate a conposition which responds to

t her mal extrenes by expanding to at |east twice its original
**t hi ckness, the conposition conprising at |east 0.5% el enental boron
* by weight and a source of car bon. 23. The net hod of claim 22 ’
. Wherein thewoomprssé ti on conpri ses an organic pol yREE/USAGHEBR . 25

24. The nethod of claim 23 wherein tllz organi ¢ binder is a thernoplastic

in an organi c solvent. g The nmethod of claim 23 or

cl aim 24 wherein the conposition conprises no nore than 10%

el enental boron by weight of the binder. ' A thermal protective

conposi tion conpr|5|ng a binder which softens 30 when exposed to

t hermal extremnmeg gemr 'vmrc‘n-f'm'qrs TYaS rg WO

97/ @1596 o

PCT/ US96/ 10552 T M~ 14 -

exposed to ther =—ryi O{g&. |east two

conj ugat ed "t bi p Bds? d & A nethod for

protecting a su : qwggﬁ%'g et ten i conprising

applying to the e t han ﬁrel iﬁPStthk of a

5 conposi tion spongls tp therr’rql extre DY, gx anding to at |east

ten -
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times its original thickness, the conposition conprising an oré&i%"%'?@&?’

bi pder and a drying oil. , 28. The nethod of claim27 wher@TMR he
.eonposition further includes an adduct of  a netal salt of aopzn-
to thirty-carbon carboxylic acid and a netal 10 oxi de. - 29.

The method of claim 27 or claim28 wherein the conposition f

‘conprises at | eFMCID. 5% el ernSMIRINTELECTUAL VROPEREY| QRRANIZATION Dar t i C| G ¥ carbon
i tion.

di spersednﬁglr{&g%ut t he_conpos 30. The net hod of any of
cl ai ms 27 AL AL SPBLISHER UNDERSEIE PATENT GOOPERATIONTREATYH{HCD) |
at | eadsl) bametionsl Pednt Chzsitctbn b dr yi NP Oi| larP@ierdgiomiPubita@h Nindbke d WO 97/01596
triacy| gl gosK 8402,0009p8/18 ng from twoj Ae [t hree conj ugated double or triple

bonds per chain, each chaip hd¥higtemstions] PublichtipnDatey t \\S Fanuary 3397 £1691.97)
at ons.
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A thin-film intumescent composition
(17) for protecting 2 substrate (15) against
fire and thermal extremes includes a polymer
binder, a solvent, a carbonific, a spumific, a
catalyst, and at least some additives chosen
from a source of carbon, finely divided el-
emental boron, a metal stearate adduct with
alumina, and a conjugated fatty acid, prefer-
ably a conjugated triglyceride. ‘The compo-
sitions provide chars (23, 25) having greatly
increased efficiency, greater thickness, better
physical characteristics including cell struc-
ture and physical toughness, and greater re-
sistance to oxidation by fires and by chemi-
cals present in fires.




