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depending on the rated pressure for the pipe. Accordingly, fiber-reinforced pipes that are
used in such applications must be able to withstand an elevated temperature and/or close
flame contact for a brief period of time when empty, i.e., without the benefit of being
charged with water and having the water act as a heat transfer medium to minimize
35 detrimental temperature effects.

Fiber-reinforced plastic pipes used in such fire fighting pipe applications include those
made from epoxy resin because of their enhanced corrosion resistance. A rigorous test has
been devised to qualify fiber-reinforced pipes for use in such fire fighting pipe applications.
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snoke when exposed to flane contact, and provide a desired degree of both
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of impact resistance and flexibility are desired in applications such as fire fighting piping and
pipe fittings because it is desired that such piping remain capable of retaining a rated water
pressure even when subjected to some amount of movement, possibly created by falling,
failing or distorting adjacent structures during a fire.

30 It is, therefore, desired that fiber-reinforced resin pipe and pipe fittings be constructed
that are lightweight, weatherable, corrosion resistant, chemical resistant, and have sufficient
burst strength and temperature resistance to pass the above-described test for use in fire
fighting pipe applications. It is desired that the fiber-reinforced resin pipe not produce toxic
smoke when exposed to flame contact, and provide a desired degree of both impact resistance

35 and flexibility. It is also desired that the fiber-reinforced resin pipe be formed from available
materials using conventional manufacturing techniques.



out si de surrounding | ayer by phase transformation, e.g., to produce a gas,

bel.ow a degradation tenperature of the struct ur al wal l. The gas
formed by such phase transformation produces a thermally insulating
ai r pocket therebetween. 30 A nunber of fiber-reinforced resin

| ayers are di sed over .the ener absor bin | ayer

fi %er-rel nf o‘i‘g%’q%’gﬁers can be magg fromt hegsarre or di f?er%@%ﬁ%srﬂand
resin conponents used to formthe structural wall. In
a third enb dlnent K .cke i s di sposed around a surface of the structural
wal | . T TO -Eroe samperde up of alternating rel ease |ayers and

fiber-reinfor cedl'heess nhexa;m sprovided ig3he practict ofithis inwentios fire resistantrpipesfandm a

Conponent o@@w coleicisd i Iuffckal mitiaiirs 1 4o ddmace reisant 0
str qct ral @;’r m-a mkﬁ%’é@o&&ﬁéﬁﬁ% ’5358? r}igh g:/
di sbon ment PiPsS/BRepared AceRrding thiscinyestiominelude a structysal RlPRewﬂl fm'l!bécause
it is ener ngmbheﬂdallylngnd reigforvitg ﬁwam is bonded wgeﬁe:awdh r'a&lhtﬁﬁsdt Iperyﬁ&
- 3-

PCT/ US96/ 168 ‘ﬁﬁy&lf Ire?ss smmdr g?gxntullen tuﬁe ra T n | ct
shock wave f#%ﬁ?’dﬁ”%?" hgpolic, SE‘H“Q @f‘g‘o'm Jxe r}stﬁ?&e ‘F@V

The fire restinforeing fibegis bmmao tb#bb@hnmcs mtﬂmmmofgfyomlabomtmrtg
materi @ Iamrp‘ercent by weigh réshie srehscs&dcmwme%rmearﬁbn& Aultigde

E(r)“ E)(rjo'?gg?dt fuc ura&efnafnﬁ&d?p@#e pl Za%%ﬁgtdﬁj“%lf# [m‘liness

i nduced degﬂ%&\'%ﬂ Stpapicplar pipe [applisation.
1, 000[ err] C f | arln affist eaﬂ)odlment, aﬁré -mnt laya isrpplied to thie surfics of rliepstruttaral N a

dry conditi pe mue mmﬂreﬁxsmna id & résfi G Ry &%t%;saheat ablatﬂ@tsﬁgz

{:L[g rnviefl:il '57&15,(1@%}’ tlg‘ﬂﬁf prfﬁ%{f"d accor mg to princlples of

e,
chemcal r eshesmmung vresmt,uﬂfhem is selected from thes group of fibwous seatdike t o

be used in hiaterials @it incladedgins fiﬂenl(tamlﬁbeﬁ nylé:hﬁbﬁr ﬁblirés&i'lﬁbﬁr similar fiber

t t t hi
i ﬁ\r/rgﬁ[ ?oﬁre f:ﬂoi{i&l ﬁ‘.wge%ﬁé)g&ﬁt Zi @He co a@fﬁ%ghw pro uce %Euc" o
smoke and hmmﬁ the strucpgalipipe wall. | %‘?dﬁm
conpar & t odubbmbmsmahammp@!e. and m:&rabbdbqoﬂlasamva tprquduattﬁwtm 4 clemicl

%Poxy and pBbﬁ@bétWeeti o mcmam epqseemr:and the fire resisBint flyer @iing! dakd. orrfhefﬁr& he
awi ngs: f

present i nven on ﬁrlcoga cone apgr ecCl a{meé as%ﬁ% cggtrg%' g%%rr@% twew
under st ood W Y&t 0 the specification, 20 ~ clainms, and draw ngs
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25 around a surface of the structural wall. The energy absorbing material used to form the
layers is selected from the group of materials capable of absorbing heat energy from an
outside surrounding layer by phase transformation, e.g., to produce a gas, below a
degradation temperature of the structural wall. The gas formed by such phase transformation
produces a thermally insulating air pocket therebetween.

30 A number of fiber-reinforced resin layers are disposed over the energy absorbing
layers. The fiber-reinforced layers can be made from the same or different fiber and resin
components used to form the structural wall.

In a third embodiment, a jacket is disposed around a surface of the structural wall,
The jacket is made up of alternating release layers and fiber-reinforced resin layers. The

35 release layers are formed from a material that is incapable of forming a bond with the resin
component of the surrounding fiber-reinforced resin layers and/or structural wall to form a
disbondment layer therebetween. Such a disbondment layer improves the impact resistance
of the pipe because it is energy absorbing to improve impact resistance and reduce thermal
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FIG 1°is a side elevational view of a first fire resistant pipe enbodi nent
constructed according to principles of this invention prior to
application of one or nore fire resistant | ayer(s);

FIG 2 is a side elevational view of the fire resistant pipe of FIG 1
after appli caypodsPs of one or nore fire resistant | ayermpciiisos16813 -

FIG 3 is a cross sectional view of the fire resistant pipe of FIG 2 taken
across section 3-3; FIG 4 is a cross sectional view
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for the pipe. Wﬁ 8. 2% AROUEA5RS Vch ok he A VelidEnd 135 51998, { drBE ki ¢
25 of one or more fire resistant layer(s);

FIG. 3 is a cross sectional view of the fire resistant pipe of FIG. 2 taken across section
3-3;

FIG. 4 is a cross sectional view of a second fire resistant pipe embodiment comprising
an energy absorbing material layer interposed between a structural pipe wall and an outside

30 fiber-reinforced resin layer;

FIG. 5 is a cross sectional view of an alternative second fire resistant pipe embodiment
comprising successive energy absorbing material layers interposed between a structurai pipe
wall and an outside fiber-reinforced resin layer;

FIG. 6 is a perspective view of a third fire resistant pipe embodiment comprising a

35 jacket of repeating release layers and fiber-reinforced resin layers interposed between a
structural pipe wall and an outside fiber-reinforced resin layer; and

FIGS. 7A to 7C are elevational side views of fire-resistant pipe fittings constructed
according to principles of this invention.



of pipe, it is to be understood that the same technique can be used to

copstruct pipe fittings 15 such as tees. elbows and the like as well.
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30 novolac resins. Suitable phenolic resins can include those based on phenol, substituted

phenols like para-cresol, xylenol, bisphenol A, paraphenylphenol, para-tert-butyl phenot,

para-t-octyl phenol and resorcinol. The phenolic resin can be prepared by combining a

suitable phenol with an aldehyde, such as formaldehyde, acetaldehyde, paraldehyde, glyoxal,
hexamethylene-tetraamine, and furfural.

35 Preferred phenolic resins are low viscosity phenolic resole resins because of their
optimal wetting of the fiber-reinforcing material and their contribution to producing a fiber-
reinforced pipe having a high glass content. Preferred phenolic novolacs found most useful
in this invention are prepared from any of the phenols and aldehydes previously described
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10 Oregon, as well as a nunber of other small producers. Sone preferred
phenolic resins I nclude B.P. Chemcal's Cell obond J1996L, J2018L and
J2027L, Borden's SL-898 phenolic resole, and Ceorgia-Pacific's
GP5018 phenolic resole. Particularly preferred

si | oxane- nodi wioagaghgenol i c resins useful in form ng the strygrrisdénesis -
pi pe wal |l include those prepared by conbining, in a first enbodinent, a

silicone 15 i ntermedi ate, a phenol or substituted phenol, and an

albdehygn dongid hivé rheletulay :s ih the range of fRACANOG 400G, cmrmm PIAS cinsitibe
above- descri r S
i nt er nedi at el!ﬁ@:«@@&ﬂ@%@%% ﬁﬁ'ﬁ aﬁ%@r@%ﬁg@% ké??f’ﬁ frsolgs foupd most useful
above- descr i BciSiREREER have molk Wweights in. the rangg; of -fram about 30020 3,008, snlids at e.
In a first ecintedtsfroni 50 @ 909 w“ghmdd ixiag domiiia v 2 to 26% Ibyi veight e phAchopy
conbi Ni £1g 200r subiitRESP phédiol ﬁuseaﬁtv t40% v t%sig witgSCr 1 bed above, with an
al dehyde descri b Qve t&l S E‘sﬁmﬁli’er rredl at e The anpunt of
al dehyde present é%g?l © F@§¥m%§€ Rixision,pf Rritish
whet her a si BetrplrunnofBarne H. 1o aireoPackaging anddodustrial Brodhats Dmswn ofBérdemdric. ,
Wlt h respect of ‘Cdbhﬂbtﬁ' | O thel Dhﬁﬁznbﬂhﬁé:ﬁog fddéﬁéﬁialt fpétg&érﬂwé QEF Texas;
si |l ano unc c r L a e.use l.cone
i nt er medj ate:mgﬁ 'rcrce: rghllann%?%%nfa \#ﬁ rﬁ%%m&r‘e‘%ﬂ@m’b Eb‘ﬁ?‘fmer
struct uts sonavvewa% as @j aumber, € RihsT) smalh groducers. o Seme preférred plienolic resins
under goi ng fmnludeBPc Chanicalls, Celigbond 319960 320181 and) 0Z02VL. CBdtiéi"S SL-1808 phérdlié O M
a cured pol yp&de, ME:,?Q 15 GP5O1Pphenblid feshi€! ass of silicone
i nt er medi at es ha e the L fsil
[err] 30 oxmmodnﬁedphcnohcresmsuseﬁxlmformmgthestmcmraIG_
WO 97/ 15775 plpe wall include those prepared by combining, in a first embodiment, a silicone
PCT/ USOf¥ 168ihtermediate, a\phério? of a6tktiflhedd’ phendlS ard S AACHYAE ibiorSBY eshbiting! @M t he
group consi sidopgh %bwﬁeﬁy%é”éy 1ttt fHoRe-described phenolic novolac resins with a silicone
intermediate, or by combining, in a third embodiment one of the above-described phenolic
resole resins with a silicone intermediate.
- In a first embodiment, a siloxane-modified phenolic resin is prepared by combining
20 phenol or a substituted phenol described above, with an aldehyde described above, and a
silicone intermediate. The amount of aldehyde present and the type of catalyst used will
determine whether a siloxane-modified phenolic novolac or resole resin is formed.
With respect to the silicone intermediate, alkoxy-functional and silanol-functional
silicone intermediates may be used. Silicone intermediates as referred to in this invention
25 are chemical polymer structures that have an -Si-O- backbone and that are capable of
undergoing further reaction, e.g., hydrolysis and/or condensation, to form a cured polymer
structure. A preferred class of silicone intermediates have the formula

R,
30
I
R+ O—Si—|0O—R,
|
35 _ R, ],




al kyl, raryl, aryloxy, and al koxy groups having up to six carbon atons,
where each Rlerr] is I ndependent|y selected fromthe_group .
consi sting of hydrogen, alkyl, and aryl groups having up to 12
carbon atons, and where n is an integer in the range of from1l to 56,

sel ected so t the average nol ecul ar weight of the gil] _

I nt er medi at e%?’?’?%?ﬁaabout 150 to about 10, 000. It i CHE%?‘B‘@%‘& t hat
t he nol ecul ar wei ght of the silicone internedi ate sel ected nmay have
an i npact on ed ee to whjc er enetratln netvvork )&
phenollalg polm acir'Ry W&M&F‘S”E@e §1’é° FPBR:t i on
of sil oxane dkdupryl.taryloxy; Aud alkewy groups having llll/\lotmx t:arbmphmns.l where eachnRy ist 0
formba cont | indepersiesiyosslected. ffom the coﬁﬁaﬁab%fhm alkyl iahd 891 groups Bivirdi alte
can be repr ty Q:mtb\ﬁ g&p 5: on ria
I ncl ud;ﬂg tﬁg’g‘g ?raterl gP)s Frolt?ptﬁ‘glr%gé §”}§msl 5% seqx%&’
attached di rtBek W&WWCW g, intermediate| 1&?@%“ ﬂ?&%}ﬁoamsﬁbﬁ@w ng
t he gener al mﬂomlhas believed thatthemolecularwelghtofthe silicone intermeliates seletted may 20

and . have an on the to which an inte and
20 impact degree an N) of phenolic polymer V\,her o

each Rerr] ad'f‘cfb‘Bx'Wﬁfo 5 fogmed, H’?ﬂrﬂ&c %?@Ws@f"&?t‘% cPpRlyIRenize
group r tosfopm dycontinppus phasdcy| , aryl, al karyl, or

ar al kyl1or adi cal SAnandr gmpe»fwﬁd iniEtiholite can be refsénBIOSEn bijdrbky (OH)e Of
from about  Qigraingh'sllichhe/material, including those materials wherein the OH group or groups are

attached directly to the silicon atom such as the silanol materials having the general formulas

OH
15 | |
' R,-Si -OH
|
OH
20 and
R, R,
I I
HO-Si -0-Si -OH
s ||
RS RS
and
30 fs .fsﬂ le
HO-Si 10-Si |-0-Si -OH
I | |
35 RS RS In, RS

where each Rs group may comprise a hydrocarbon radical selected from the group

including alkyl, alkenyl, cycloalkyl, aryl, alkaryl, or aralkyl radicals, and where n; may be
an integer in the range of from about one to thirty.
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PCT/ US96/ 16813 Still another group of OH containing silicone
materials are materials that conprise two or nore OH groups attached
to a silicon atom and that have two or nore silicon atons attached
t hrough di val @torggmani c radi cal s, such as those havi ng the pggrshéiesizor nul a
[err] where each R err] group nay conprise another OH
group or may conprise a hydrocarbon radi cal selected fromthe group
:chl udkl[wg ai Kyl , St ahotiek khthp of.OH confiininig rsﬂicom%ﬁis&bﬂﬁiﬁimstmat?omﬂrﬁtdh'tﬁ@'s
ere Rerr cte om t he
group i ncl ud? ng ﬁw&r‘r’éﬁ]&?@% E% emﬂgécbﬂ’f/gﬁ%g W
cycl oal kyl endtachgdfhroygh, such as those havipgithe) fn,fmu%al

silicone internedi ates useful |n thIS |nvent|on i ncl ude, but are not
limtedsto: DC 3074, DC 3037 from Dow Corm%Corporatlon of Mdl and,

M chi gan; SY-231 (nol ecul ar wei ht a oxi mately 1,000) and MSE- 100
from Wacker Silicone Cor porat i SR-191 from General Electric.

Si | anol -functional silicone int eLﬁé &ﬂ nerally have in the range
of from about 0.5%to 6% by weig aIIy avai |l abl e

sil anol -functional silicone internedi tes u eful in this invention include,

but are not limted to: Dpheny{swa i ol (nolecular weight

appr oxi Hht el y 216), Wacker Silicones -409 (rnol ecul ar wei ght
approxi mately 10, 000) and SY-430; and the following materials from
Dow Cor ni ng: ~ DCS@dere pashRs gwtgr G ERoupir may xe@prisephydreadon 25

DC- 1- 0409, DeadicaDdeléttednfiorn athé tgmprmcmaiag m&yal&}abaﬂmwndlﬁﬂy@%d alkylaryl

A pref erred J( &%EEE m@ck&%
repared b co% , o) flgsU% % e

gucﬁ asis o?/nﬁ'F@X’rﬂ}ﬂ yé‘?f&'y H { '|9¥F'Q?]ﬁ§lﬂ‘i§)"ata§g MWS of a

charge wei ght of Wxnﬁm@qﬂmmemm inothis invention include,| tbe hseckt Wi | |

\égr y bet \INleennﬁnZdS é@mc@om DOl3887 fevisl Dohe CoRlirg) coﬂ,hraﬁbh | of (ViiilanB | Mmgzgt e

f or nal \él\llehydeéhlirﬁ23li hﬂ@&ﬂh@ ‘g&@%ovo ggﬂr}%ﬂih&d 918F’§’§+‘§ Wp%ﬂ

Table 1. shomgofPR@“P&pM

havi ng 4} f f egenerallychave in the rangcgpftfmm abumi Oti% |m éﬁabyawtight Su-(DBx au’:mnmercmlly

modi fi ed” phepqilile fRNG)faetidraPiikbone intermediates useful in this invention include, but are not
limited to: Diphenylsilandiol (molecular weight approximately 216), Wacker Silicones
SY-409 (molecular weight approximately 10,000) and SY-430; and the following materials
from Dow Corning: DC804, DC805, DC806A, DC840, Z-6018, DC-1-2530, DC-6-2230,

25 DC-1-0409, DC-1-0410 and laminating resins 2103, 2104 and 2106.

A preferred first embodiment of a siloxane-modified phenolic resin is prepared by
combining phenol, or substituted phenol, an aldehyde such as formaldehyde, and a silicone
intermediate. On the basis of a charge weight of one mole of phenol, the weight of
formaldehyde will vary between 0.75 and 0.90 moles, and the weight of silicone intermediate

30 will vary between 0.01 and 0.3 moles. The molar ratio of phenol to formaldehyde in a
phenolic novolac resin is typically 1:0.75-0.90. Table 1 shows the typical molar ranges of
silicone intermediates, having different molecular weights, used to prepare the s:loxane
modified phenolic novolac resin.

35



35 ‘ WD 97/ 15775

PCILLUS96/16813 1 _ TABLE 1
SI LI CONE MOLECULAR 1 MOLE PHENOL 1 MOLE PHENOL

| NTERMEDI ATE ~ WEI GHT AND AND 5

0.75 MOLE 0.90 MOLE

FORVAL DEHYDE WO 2715778 orviaL DEHYDE

0.01-0.3 nole silicone
i nt er medi at e
0.01-0.2 nol e JAPLEdne

i nt er medi at e
0.01-0.
i nt er nedi at e

0.01-0.05 nol e

si li cone i nter nEINTERMEDIAKH |

preferred enbod
pr epar

such as formald
char.ge wei ght o
vary between 1.
20 vary bet
f ormal dehyde in
2 showsig he typ
different nol ec
resol e r

15

nol e silicone

10

Di phenylsilaﬁﬁpyﬁnnffé'

0.01-0.3 nole silicone

Sy-231

1, 000

| nt er ned
0.

ment of a si
by conbi ni ng
chyde, and a
[ one nole or|
pDightaylsijandig] e
ween 0.01 and
a phpnnlio

ate
PMOBEGULAR |
CWRIGHNt er
oxane- nodi
phenol , or
' sili
g €no

18nd t he

0.7 nol es.
[ esol

SY-409
1 MOLE PHENOL

dNbBt e 15
v9sMegnol i C

AN

1 MOLE PHENOL
AND A f

[ €SY6LE eS| N |
de

Rl e, I

Ip, 000

rst

v)

hyde
5is of a

Wer gnt_of
0 §h0.3 mhle silidojec
Taancglt ar rat

[esin is tvp

T oriral aen
Hh@1-0.hinele silicghieq

enol t
cally 1:1.2-3

bsin. 25

%lr anges of,
ar wei ghts

f . silicone

ised to pre

%%%La es

yde wil |
e will
D
Tabl e

RN a%@%’ﬂ‘pﬁﬁﬁ‘gphenol ic
ne- M

SY-409

10,000

0.01-0.05 mole
silicone intermediate

0.01-0.05 mole
silicone intermediate

A first preferred embodiment of a siloxane-modified phenolic resole resin is prepared
by combining phenol, or substituted phenol, an aldehyde such as formaldehyde, and a
silicone intermediate. On the basis of a charge weight of one mole of phenol, the weight of
formaldehyde will vary between 1.2 and 3 moles, and the weight of silicone intermediate will
vary between 0.01 and 0.7 moles. The molar ratio of phenol to formaldehyde in a phenolic
resole resin is typically 1:1.2-3. Table 2 shows the typical ranges of silicone intermediates
having different molecular weights used to prepare the siloxane-modified phenolic resole
resin.

20
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PCT/ US96/ 16813 ' TABLE 2
S| LI CONE MOLECULAR 1 MOLE PHENCL 1 MOLE PHENCL
| NTERVEDI ATE wo offpksakiT 1.2 MOLE 3 N_aﬂi‘rﬁjsmssm :
FORVAL DEHYDE FORVAL DEHYDE Di phenyl si | andi ol 216
0.01-0.7 nole silicone 0.01.0.3 nole silicone
i ntermetli ate i ntermedi ate TABLE 2 Sy-231 1, 000
0.01-0.02 nol e M@—G—O&--@—O&M =
I nt er medi at e m i nt ey. 1 MOLE' 0 1495LE PHENOL
10, 000 0.9 ﬂ)@e Wdﬂ{'@? ?%MB:LEEEE m){‘e 5'MOLE
i nt er medi at e on¢ nmedi 4
5 FORMALDERYDE FORMALDEHYDE
Diphenyisilandiol 216 0.01-0.7 mole silicone | 0.01-0.3 mole silicone
intermediate intermediate
SY-231 1,000 0.01-0.02 mole silicone | 0.01-0.02 mole
10 intermediate silicone intermediate
SY-409 10,000 0.01-0.05 mole silicone | 0.01-0.05 mole
intermediate silicone intermediate
15

For each of the above-described first embodiments of the siloxane-modified phenolic
novolac and resole resins, it is desired that in the range of from about 0.5 to 35 percent by
weight of the silicone intermediate be used.

In preparing first embodiments of the siloxane-modified phenolic resins, catalysts are
used to form either a desired phenolic novolac or phenolic resole resin prepolymer. For
example, when forming the siloxane-modified phenolic resin, a strong acid such as sulfuric
acid, sulfonic acid, oxalic acid, or phosphoric acid is used to facilitate formation of the
phenolic novolac resin prepolymer. When forming the siloxane-modified phenolic resin, a
strong base such as sodium hydroxide, calcium hydroxide or barium hydroxide is used to
facilitate formation of the phenolic resole prepolymer. In preferred first embodiments, a
siloxane-modified phenolic novolac resin may be prepared by using up to about five percent
by weight acid catalyst, and a siloxane-modified phenolic resole resin may be prepared by
using up about five percent by weight base catalyst.

Catalysts other than, and in addition to, those described above can optionally be used
in preparing first embodiments of the siloxane-modified phenolic resin to facilitate
condensation of the phenolic resin and silicone intermediate by reducing the time and/or
temperature associated with such reactions. Catalysts useful for facilitating condensation of
the phenolic resin and silicone intermediate are the same, and can be used in the same
proportion, as those described below that can optionally be used for preparing second and
third embodiments of the siloxane-modified phenolic resin. _

First embodiments of the siloxane-modified phenolic novolac and resole resins are
prepared by first combining the phenot and silicone intermediate ingredients and then adding
the aliehyde ingredient to form a mixture of phenolic polymers, siloxane polymers, and

20

30

35
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15 ; For each of the above-described first enbodi nents of the
si Loxane-modi fi ed phenolic. novolac and resole resins,_it is desired

that in the range of fromabout 0.5 to 35 percent by wei ght of the
silicone internedi ate be used. In preparing first enbodi ments

of the silox - Lfied phenolic resins, catal ysts are o form
either a desi%}ga%g%z%ol I ¢ novol ac or phenolic resole resin Bfg'b’g% For
20 exanpl e, when form ng the sil oxane-nodified phenolic resin, a strong

Sﬁéﬁpﬁgﬁcaiﬁ'ﬁﬂh’@aw‘mcﬁ‘q@ﬁmc%&dfomgxa'ﬁ o i grsipte

novol ac resi P assoqiated Wit farmingsthe silaxare-modified phenplicresini ¢
resin, a ibrung:phasﬁrswbodmemaﬂthcrﬁlbxﬁﬁmﬁdm phéxlofit Wbvdltiesifica® Of

b hyd |
2L 1 g g A B ke Bt

si | oxang P%ﬁ@&"’p‘ﬂ@ﬁo‘? W‘P?GM%P@“?‘%M%C cn8¢Te 384 @ demperature centipllero
about five p@m!@u?, molten pheriol, is wheirggdito theireactiont wdssel, the agithtar is sthmedoaid-sitivdhé | ed

phenol i c reswmmmbmmmsﬁ&xmmazwg«gmafm& ol B Nt

by wei ght ba Sts r an n
aédl ti gn to, ﬁ'? ose escrlla%gglymgove O%mcﬁagy Earmhldeah ﬁ then
prepari ng f | pharsed to,We reagtignvessel, gither mmm@mmmlcomumdamm
facilitide 3& elevmdwdmmuuen Q( wmhmmnmemaﬂw v is highl
i nt er nedi at eeitheril E&‘tﬂe@sh gﬁS@CI ate WI th
such reactio Cat ts u %f coI: i f con
the phenol i cEFEbYpn g}%gm n@d F’é’gl“ﬁé“@'a‘ﬁé"m%lm Ehfﬁesbﬁlth,used
in the sane wpmanﬁbpm@mmmhommmmmvwnmmmal ly
be used for Wolmmmmm the useldFionél of oA IR pAl "‘hgf' 1

S e

SI | oxangs m)d? E inferm&idd' m First enbodl ment
i | oxane-nodifie eno |c NOVOl AC antaosresol e resins are prepared by
f| rst combi ni ng Epts apemixed jtogsher,; during ehich, time; they phamob raldehydeandhen

addi ng silicome memtlmtamdmo poiyeondensation) which pulycondensatibn piitsptionslly be
P%}/mer S, si Waph&mbﬁa catilyst, as described below. During this time, alkoxy-functional
PCT/ U9/ 16850 1 I ey eno%"ié’c '%F?‘S&’ah%%‘&ﬁnﬁ’r Jormy, silagol-fiypetiopal - silicone
terrpera? re Wo RIymerize e forma siloxane polymer and also copolymsdiee withdbect i on

ti mes associ MfMp&mMm@Wmmpmﬁmmﬂﬂmfa Sldxgneansdificd phesdlie- resin.

T oo e i MQW’WW% iy

st ai nl ess- st%"éYm'Feg‘E‘f F Ying pne;eromgre
anchor - t ype $iigkanggeaups in itshackbopen demmwmwmmcms

Typi cal2s/, neantaptiondiyrisel acbae:ﬁbarby%uémoﬁ ) athlpste s aékcﬂ&%%iow t Depmtiv@y or IS
started and gihd ?&Eﬁoml fmco Pﬁg%ﬁi e s Oiﬁiﬂﬁqm‘é\& Bl a%actoazlyl¥mt .can be

added at thi inregt? y with ‘fitf':ormedt phenolic novolac resin prepolymer.

At the end of the condensation period, water, residual moisture, unreacted phenot and
low molecular weight species may be removed by atmospheric, vacuum or steam distillation.
30 The point at which distillation is stopped is usually determined by taking a sample of the
resin and measuring its melt viscosity. After the resin has cooled, it can be treated in several
ways. It can be sold in lump or flake form, compounded to form molding powders, or it can

be ground and blended with hexamine and other fillers.
As another example, a first embodiment of the siloxane-modified phenolic resole resin
35 can be prepared by a batch process using the same equipment previously described for
preparing a first embodiment of the siloxane-modified phenolic novolac resin. Typically,
moiten phenol is charged to the reaction vessel, the agitator is started and silicone
intermediate is added. Alkaline catalysts may be added at this time to facilitate formation
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t he phenolic novol ac polymer. Formalin (37-40 percent aqueous fornal dehyde)

I s -t hen charged to the reaction vessel, either before raising the
tenperature, or by controlled addition 10 at elevated tenperature. A
vi gorous condensati on reacti on ensues which is highly exot herm c.

The condensat iwgwrmaks® | S continued until the desired nol ecul wrpayddk/adais -
di stribution has been achieved, During this tine the mxture nay becone two
phases with separati on of the resinous conponent. The act ual

reactioh ti rr&fmeWheﬂﬂICYreﬁtﬂ@Wiﬂ&ﬂ %nhﬂﬂnsaddedanddtﬁé'b ul ﬂﬁ.@ht

di stribution Sts H achd 2t de de tTo

phenol to srfei‘{;:%ﬁe |n1e rredrggﬂdew alFﬁ%% attied out ﬁ;ré‘?sﬂﬁ &nt s

are nixed t oYBPFRMIes iR, &%ﬁr@lﬁ%ﬁ@‘?ﬂ@o"&l@he‘l reﬂuxddiwme mne-modlﬁed

sili cone i ntphemeli¢ seseleusikizangaresind areotheimsedves ithemostiting hdﬂ@dﬁt@ﬂd@l&mqﬁt can
t ly b

optionaly anklyandaﬁﬁ@ :ﬁféslwa@%pﬁ m&&h@ﬂﬁfé glg@i l‘f,gt

bel ow. Durin tinme ox -funct ona I cone |
under go hydr%li‘/" bfvom?%'? tJ 8?1n'ém%0Wh'°h

i nt er medi at ekesinjfigation gdvapens; i Slbx?@-meﬂlﬁﬂhpbeﬂob«melepehmm bencbfrigersted to
copol yner i zeprolong ﬁdﬁemrage stabileg y-f or med phenol i c novol ac resin prepol yner

to forma srloxa cor.di ngl , the
resultr resjn CONPLLSES aan#?WMTMW da e
pol ymer? ands‘ii’xé@ﬁggﬂb lg desols; resi. rospentively, pre by lusingra pbenolicy one
or nore novolai resmamdpbpnohqnsole\resmsremcdwblwa sthiyifl§ @lajesinls. Cﬁmﬁﬁl@phenohc

al koxy- fUﬂCtte%lé'an&bh&ﬁﬁé‘ﬁo\rdiﬂcekﬁﬁsdhﬁhﬁég%ﬁ B.Bg{sba% %b{oger ﬁ

accel er at ed cti cat al esc
si | anol - func#‘ﬁﬁg?’“grh@%ﬂﬁw é‘P‘J’P‘é%n?YQ [Besin 18 prepared by comb Hl%'é&s%l hi ch
can copol ynefapge of from 754t @F tpescenti by, weight wf ftler pwmmcremvoﬂ‘ae tlnasr n

prepol yier . embodiment of the sxld)d‘ané hﬁdﬁdpﬂémk@&s&@@&%ﬁ%ﬂi&d

resi dual noi I o nol equ ar wel gh specr es
may be renove ?)‘gé:t’mrm%q eri cl Hp{’?um i st%’a’%le é"t'i'ef‘?l%ﬁsgh 30 The
poi nt at which d 'é‘F‘H’ﬁ tpsey silicone riptermediates praviowsly o
sanpl e of t hdescribed forprmmstanﬂrsnﬂabﬂnnm ofmmmmbdlﬁa'spnenohoﬁsfekmraré hiso
resin has con'sbed;p' ms&endmmxﬁd eiBodifEAtS 3F the siloxane AMitied ?; fasSol d

in | unpy | ers .
be ground an ‘%dwrt m ne &N gﬁ }%ﬁgﬂt ié\éj Fesifis may eac wmp"ﬁ%
anot her exan‘B mmwmﬁmmmm@aum&mwm
resol e resi nsmwmtumwdbe prepared by a batch process using the sane

equi pnent  previ opgihe sé@i&@inb&ﬂmi:ﬁr the siloxane BcRRRA fab¥otdc 24k of

t he sil oxan ac .resi.n. %%
pheno: |§ cﬁbrg%gfbmﬁ %ir;%okg '%% JEIR wfph g j donoy and -3 sél??ﬂm
silicore intermedja erenaldehde dmoksarnclvdemmwsfpmmy@ solutiond, at
this tine tOpa’raform,r ttﬁbnnéorhmmiylenetenaamme and the like, a preferred material is
-11- hexamethyl enctem 1'ﬁ£7s5cond embod oxnne-m 1ﬁe§aqhenohc novolac

PCT/ US96/ 16813 he phe added
nnd the batc'ﬁﬂreﬂxmemrh*s BF fipin b $50 55 BOLLTEY el

the formaldehyde
30 The third embodiment of a siloxane-modified phenolic resole resin is prepared by
combining a phenolic resole resin with a silicone intermediate. If desired, either an acid or
base catalyst can optionally be used to reduce reaction time associated with finally curing the
resin. Suitable inorganic acid catalysts that can optionally be used in the third embodiment
include phosphoric, hydrochloric, and sulfuric acids. Suitable orgamic acids that can
35 optionally be used in the third embodiment include paratoluene sulfonic and phenyl sulfonic
acids. Latent acid catalysts can also be used in to improve pot life and to increase the
application window without gel formation. Suitable base catalysts for curing phenolic resoles
include various forms of barium and magnesium oxide, and the like. Commercially available’
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reaction is exotherm c. Condensation is usually carried .out at atnospheric

pressure and at tenperatures.in the range of from 60 1o _100C or at
refl ux. Because sil oxane-nodified phenol i c resol e sil oxane resins
are thensel ves thernosetting, dehydration is carried out 5 qui ckly and
at | ow t enmper SO as to prevent over-reaction or gelati % nd

poi nt ‘?@%’gﬁﬁ‘ﬁ by manual determ nation of a specifi CP%SIP f'g gel
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phenol i resB|E n Qe refr| roI ong their stor age
stabi | i tqy ridi) EM%@& ﬁgﬁmg gb
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phenf)l ic resoitalygemcmdermmd:%l,ya diphenyD pEoPherit Rid esté iea"®oR! Dover
novol ac resi ct 5’; 3l i

mat eri als @0?%@5?% g_g;l ﬁ&%éﬁrﬁes e ang' %M’aﬁ BIE %S ﬂ}gg?ﬁgd

i ncl udet hosgpé henolic reselsoresivemay of

the sil oxanecmpmﬁel umltOpatewolS p.emm/by mxghesﬁuhelopumemd ecibdsy caalyri oichfing N
t he agae of from75 to 95 per cent by wei ght of the phenol i ¢ novol ac

resi n. The th|rd ane dified olic resole
resin is prepar eétl%medb%?ﬁl hg |éf‘ P@F sHoxaps- %33‘38"95"“8 lic
percent by m&swtmmwhem%m@memﬂ‘mmwt Ofcatalyatoreducd/ihbhemmpect
to the 301 i ctime amt eeduesi theesadnbmstempeﬂamﬁesnﬂssbdiiwdrﬁdi XbMEnShE

described fo Shiate &E& ne- modi fi

phenol i c resfm&g‘r elp%(;f%g qﬁ ﬁepare secor?gﬂ'gﬁg %%’&?ﬂ% °?r3m s of

the sil oxane- i ns Second and third enbodi nents

of the sil oxane- ﬁbubklce'dlyghmeﬂmdrfwnﬂsgrmxpmhng:ofmammhc compoﬁnd;she
range of froamite Porhpdusis EFMMW' Ebﬁlbﬂinohi‘&‘ﬁ&i'gﬁf%m@ﬂﬂﬁtc'o

zlelcgzgl enggg&ﬂ%ﬁ?ﬁe cﬂe ‘mFoxang P&’(fh % ﬁ HB‘F for, sy zine rtgwsfss ”B‘f’%ar ed

by conbi ni ng s§ful orggpometallie: perapaundroinciudeimetal
silicone 25 dnenmﬂﬂmmmthepaﬁuixﬂuddyesaémwmhaeimﬁdﬁeﬁblﬁm irBﬁ'!éﬁh?axﬁmPOUS

f or mal dehy deggdatel! I r x

and the |like a‘H?i'g?f errﬁgw n%:@e amﬂ{e h:Q %@e?g%?&wh
second enbodtHe Henol i c novol ac resin
may conftise in #nareferrrieclass qfrmmcqmpmpmeﬁéms abgatalyst (i orgafotith e
f or mal dehydecompounds widetokiave $@ general formula The third enbodi ment of a

si | oxane-nodi fied phenolic resole resin is prepared by conbining a
phenolic resole resin with a silicone |nterned|ate | f desired, either an
acid or base catal yst can optlon g Y be used to reduce reaction tine

cat al ys2s that can optionally be use third enbodi nent

i ncl ude phosphoric, hydrochloric, w acids. Suitable organic
acids that can 35 optionally be used in the third enbodi nent include
parat ol uene sul fonic and phenyl sulfoni acids. Latent acid
catal ysts can al so be used |n to inprove Mot life and to increase the
application ndQw wi t hout formation. Suitable base catal ysts for
curing ghenol %‘g&s& 11 areselegied frpay the group Gonsistiag of alkyl, arydnaryloxy,

magnesi um oxamlea,lk(nmtmdpe hi\utgaup (oo hnearbonedionis, and iwheft) sy two of Rg, Rg, R;o and
-12- Ry are additionally selected from a group consisting of inorganic atoms consisting of
halogen, sulfur and oxygen.

Organotin compounds useful as catalysts include tetramethyltin, tetrabutyltm
tetraoctyltin, tributyltin chloride, tributyltin methacrylate, dibutyltin dichloride, dibutyltin
oxide, dibutyltin sulfide, dibutyltin acetate, dibutyitin dilaurate, dibutyitin maleate polymer,
dibutyltin dilaurylmercaptide, tin octoate, dibutyitin bis (isooctylthioglycolate), butyltin
trichioride, butylstannoic acid, dioctyltin dichloride, dioctyltin oxide, dioctyltin dilaurate,
dioctyltin oxide, dioctyltin dilaurate, dioctyltin maleate polymer, dioctyltin bis

associated with finally curing the resin. Suitable inorganic acid
gt'i it

35
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WO 97/ 15775

PCT/ US96/ 16813 1 proprietary latent acid type catal ysts useful in
this invention are available fromBritish Pet r ol eum Chemi cal s under
the trade nanme Phencat 381 and Phencat 382. Qther proprietary

cat al ysts i ncivgdgngegden RC-901, a di phenyl phosphoric aci d ppghRbefesian! i ed

from Dover : Corp., having the product nane Doverphos 231L, and
Georgi a-Pacific's GP3839 and 5 GP308D50. The third errbodi mant of the

si | oxang- modiikdoetyIthiogINEdIAe), 'diteitth Suifide]) ahPibutyltin e ut 15
percent by w gﬂad WJ) ‘ﬁé ﬁc&l or ba %553 gr curil n %
agent . es L L ﬁr‘EsFﬂW @ies of

the sil oxane2bARtifiVG BEFosHt b Sreight of the OISEP@SW#Q cptalysteach opt i onal I y corrprl se
a sufficient anoWith a&speattalme;inm compoasd, t prefesréd Ginir@cohfpounds

[ﬁ?gfﬁeglhgt re%%ﬁ%r(}hé gOE }/I'TEI’I Zl ng I?%%EQCWGHOWC poﬁéym"h%ﬁ?l hﬁl C&Qe

formation of STHFEAl si | oxane-nodi fi ed phenollc resin.

Suitabl e catal ysts are selected fromthe group consisting of organonetallic
conpounds, am ne conpounds, and m xtures thereof. Conbinations of
an organonetallic corrpound with 15 p anNarnRe conpound are preferred, when .
desired, for catal yzing hydrolysis and?o condensati on of the
sili conEol nt er medi ate. Useful organonet a[l i ¢ conpounds i nclude netal
driers well knowdi in the paint industry 8ygh as zinc, nmanganese, cobalt,

iron, lead and tin oct oat e, neodecanat es and napht henat es, and the
li ke, O ganolpbangl & R Cﬂeé%h?él&lﬂdffdnﬁ ,&@g hg& e%‘ﬁ’b

in the current Iigétlo % fer %?‘ #@‘t’illlc
conpounds us &°HPS “é’é?& \asbon atogis and ¥ 14 is selegted from the eXOMP CPRSIRIDG t he
gener al 15 or mof alkyl, aryl, and hydroxyalkyl groups having up to 12 carbon atoms. [err]

30 where R[er rshualﬁ’&%ﬁixe cbin %&uﬁh@rca:hyﬁ& Gnchifdec Ginfethyl 'nBdnbRmEtOUP

consisting o d_al kox avin to
11 carbon at H@I gi“n:& %ere an dgpet%rf M@? 1 ﬂm“%
Rlerr] are agmhty H“?ﬁ*‘%‘% mlmmnmegﬂmﬁtons
consi sting omethanolamnhal ogomhyleﬂiyi ur athdmm;&gﬁn methylethy] pro]ﬁnm:mm

corrpoun& ,swg&ﬁ,hﬁt S meth§ rre

tetraoctylti I trlbt cr t |n
di chl ori de, gﬁ:g&{ %mgco ‘t M‘tﬂ"m{“#%
acetate, di bawmipoe '@E Ix§tesecomd andy third & ompymne‘modlﬁed phenolic
di butyl tin drrdstoumgy mpmph:pdeabmn fivo pércait by vﬂkighub&dhé mnblatalyst

(i sooctylthioglyqgplaesiflt, teubsghddnibtallic compdy SIP MR e @l d

g:ggw:tln dtﬁhloilﬂ&% %Itlnmggf( b %Ptlrﬁ auratg Fcovered
di octyl tin bthat when combined, the organometallic compound and amine compound act synergistically
to catalyze the curing process, thereby reducing the curing time further and/or reaction
temperatures greater than that observed by using either the organometallic or amine catalyst
alone. Accordingly, if desired under the circumstances, it is preferred that an organometallic
30 compound be used in combination with an amine compound to catalyze both the formation
of hydroxide by hydrolysis of the silicone intermediate, in the event that an alkoxy-functional
silicone intermediate is used, and polymerization by condensation of both the alkoxy and
silanol-functional silicone intermediate. An exemplary organometallic and amine compound
combination is dibutyltin diacetate and ethyl aminoethanol. Dibutyltin diacetate, when
35 combined with the amine, reacts synergistically to catalyze the curing process. Although it
is believed that the synergistic effect of the-organotin compound and the amine compound
is mechanistic in character, the exact mechanism is not known.
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PCTUS26/, 16813 1 (isooctylthioglycaolate) dioctyltin sulfide and

di butyltin 3-mercapto propionate. The first, second and third

enbodi ments of the sil oxane-nodified phenolic resin may conprise up to
about five p wei ght of the organonetallic catal yst )
Wth respect W’h”#%m ne conpound, preferred am ne corrpoun&’g"nlngf’m‘ml3
optionally 5 catal yzing the hydrolysis and/ or condensation reactions of
the silijcone inte M%a&%m 9& geioal f or mul al when together

Rerr]- N- R er r
Rlerr] ﬂsmﬂmalymmnearm the fissts wmrmmm

consi sting oinddyﬁbdoghmoharrgdms mayl cainpsie up to abo@y 0![parcBiltVby) Gveiftht

car bon atoms
grl‘“ ?!ilgly , ar aﬁd. hﬁgrgro%al ¥ ﬁwgw ng 38&[ &?b%a"?@o%é%g

met hanol am néompnse up teabyR 25i peccent hsarv@ight dauiwtthyPreﬁu'hdrﬁrlstammd aildnmirhyl
pr opanol ani neuo:dmwiﬁbd phendlkOtediis Bémprise in the rAhIEEf Tom 5 §6'25 BALEHTbY Sveight

di met hyl hexgp %dfm{“ﬂ*% et hyl net hanol am ne, nethyl propyl
nmet hanol am ne rre et hanol am ne,  net hyl et hyl
propanol ani ne, Wd’bﬁﬁ pEmphan mmmnblmmlﬂvfom of an

tri et hab®l anmmdmmmarﬂonmwme phenolic fedle @Yy abthpiie n?flﬂf

865 ne
conpounds i nglyydQ slkdahi {“gg}h@ a oI The
first, second and. ni, r W nts 0 tﬁgﬂgﬁhgxaney cow@?g%
resin may cof#ff t aegus fermaldshydse cfrstmec%mdthud
cat al yst . bodnnems of !ﬁloms-mwmedtphmhc ganmmtredrﬂtrmﬂccfommd of pHeridiit ne

conpound canresishabinguesdiokbor zero lwﬁti?l@&ﬂdﬂ”ivhi&h brovides 'iﬂag%ﬁédl ﬁféad&?mlffgb A | ed
phenol i gsres )] ne

t he organome* ||'I€C CO ouﬂsg aﬁ%m ne conpoumac}%%q'o%s&m&lﬁfcé'?’%&"%m gtve
to catal yze # Mﬂ%&% rally ey visgRsity educi ng the curing tinme further
and/ or reaction Swondandﬁmﬂeenﬂbmmtsgsfdmtsﬂbxinbmdiﬂwtp&haﬁrréﬁdaﬁ’

gl t her dt hedob ootabRing |ih e Hbveddestifbed hﬁﬂ -ortesof fk 30
esire undade .S a ano C
ey o mcwm%m i ficin iy
f or mat i impgl, theramiyptfos therphepalic gesin. cand dhe mdmim thee,

in the eventsnhm mmﬁdiatmyef uhe drgananhetallic compound asdorethé Ginghe Soflipdt®, icén

used, and polpiiBailly’sé Adaed B redtedeition bl \ctd ihie'aha HMetel RN 1Afifbrature.
Flrereslstantpxpeshavmgthesn'ucmralp:pewanandﬁre resistant layer formed from
siloxane-modified phenolic resins display improved physical properties of hoop strength,
25 chemical resistance, flexibility, impact resistance, and flexural modulus when compared to
pipes otherwise formed from non-modified phenolic resins, without affecting the physical
properties of heat, flame and chemical resistance inherent in the phenolic resin.
Additionally, fire resistant pipes formed from such siloxane-modified phenolic resins have
reduced microvoid formation and, therefore, densities closer to theoretical density when
30 compared to conventional non-modified phenolic resins. Less microvoid formation also
prevents possible water entrapment that would adversely affect the resin’s temperature
resistant properties due to steam generation and related resin matrix faiture.
Furan resins can be selected for use in forming the structural pipe wall because of their
enhanced temperature resistance when compared with conventional epoxy and polyester FRP
35 resins. Furan resins, however, display a lower degree of temperature resistance and are
more expensive than either the phenolic or siloxane-modified phenolic resins.
The structural pipe wall of the fire resistant pipe is constructed having one or more
layers of fiber windings. For example, for an approximately two inch inside diameter pipe,
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silanol-functional silicone internmediate. An exenplary organonetal lic and
am_ne conpound conbination is dibutyltin diacetate and et hyl

am noet hanol. Dibutyltin diacetate, when 35 conbined with the am ne,
reacts synergistically to catalyze the curing process. Al though it

is believed tﬁ@t,-,,tlga,es synergistic effect of the organotin conpeeniideasa t he
am ne conpound is nechanistic in character, the exact nechanismis

not known. -14-
WO 97/ 16775 rawdatZZSpsngorﬁreﬁglmn pesemce 1sdesu'ed ar.l Cmgnseo nd
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f?é%sﬁﬁ’iﬁﬁp%&n&memsew G ] Bl i, g o R o

appr oxi mal y Wiadingo Astaicturs] qiper Vﬂ!deﬁlwabogb%wmaﬁ@bemmdmglmﬂm
rmg;)flg;ii phemdgreeofhmpmdlmzmnﬁmps Y iand @nipetiire i@xs&géecléﬁtthhy

conbi n

si | oxane- no | € gfﬁ )repar eéwﬁ%fl v@gr?g ﬁ%vmg more

or ganonet al I#”E“ ‘?R\'g ﬂf 9‘39&) that pecessatytoprovides @ sufficient st
may degrep of hoopapd mmmmﬁﬂgﬂpammehmmm ase)ifi fa. firt' fightirig’ ed
fi rts}] seco%w therefore ﬂdgt b f tllif'?gﬁ%‘nrsmcom(:j)r| se
in e range o cen i ne

cat al ysts. ) nﬁv@\)‘éh V@@ﬂ?"\"rf’ f'ﬁeref%lﬂ“é

phenol i1@ r eﬁp'endothe.qvmreﬁur@@mmeml Pipg Al 1 ﬂ&mfutmiswtelayﬁom is
exanpl e, t hegepdrallyod fesin riels héaeablative chigldrthftGs used té Surkound TheOftrub ipe wall 12 3 to

‘}\ﬁ' Eﬁrfgm %%t%p OXIw‘aﬁﬂF%rceng é%é%%%l%m“

first, secorl®ehif comprysa carrief 2cshitds RDTETALed; Wigh i FSInAGEIPOPaS 2.
phenol i ¢ resTypicalish ﬁremmmllayet tﬁalsfwmnmhcmmfenénmnyemhnd:the outside surfReiofthe

h?wb ng 16ery StOvuml pipRvalIVER! titil & @BSiRA numbky S lafErd Vi edeﬁui S0 Wafl :éxblﬁﬁssa t
stability a | sfi pe.stlicone Lnternediate
functi ons a;&g&fgd ve%%?g%ﬁwﬂ Eeappledd X PL #W&W
general Iy | ow vi § iment Of a fixe| resistant pipe 40 consbuctedancordig t he
si | oxane- rmctnfpmmllpph@ﬁdhs mvemmnrconpﬂsmg apauaaral wall 12 fohnedcmﬁlmlﬂﬁlﬂe ifibert he

above- descrl ]@.ﬁﬂl}%ﬂghhqa v@ a?%@ﬁurﬁ&?% Wﬁﬁkﬁm cﬁ&&
th t t

s o i st ik drtn ok o

phenol i ¢ resﬁ’% of 4h%Pipp,cthe. REtENAL femperature, or flame exposusie| by the: pipe.rthe type of iber

i.e., the ormmmedompomommdomdimésﬁﬁmﬁrm:pemnnmew,of@mer and/or

omorat f o b i G4 08 M0 St P, 00 00 A, ROGHEY
vvalrr}) anduf i rEmbodiments of the Iﬁﬁjr"' B’Fﬂ’gd“gem may ‘f‘ag%’é’ the, ngs %ﬂgﬁ‘ﬂéﬁopl c
resi ns & splylSifirp resistant loysrs,i dmndmcqmnhc abayegfientioned factorsnJn lope S&mple, for
chemical r esinsippidRimately wsiitkhl ihsidé, didnR2 @ipe/ B8 fifd RESENt phtcohipPiesifthe Radgd US
when conpar &g fidin 2 to 15 fire resistant layers.
The fire resistant layer 18 can be wound around the structural pipe wall 12 by
conventional winding techniques, such as those described above for constructing the structural
30 pipe wall. 1t is desired that the fire resistant layer be wound at a sufficient tension to provide
a good interface between the adjoining pipe wall and fire resistant layer surfaces. In a
preferred first embodiment, the fire resistant layer 18 is applied shortly after forming the
structural pipe wall, and before the resin component of the pipe wall has cured, to provide
good interlayer bonding during cure between the interfacing resin components of the pipe
35 wall and fire resistant layer. Accordingly, as described below, it is desired that the resin
component of the fire resistant layer be compatible with the resin used to form the structural
pipe wall.
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pi pes otherw se fornmed from non-nodified phenolic resins, wthout affecting
t he physi cal __properties of heat., flane apnd chem cal resistance

i nherent in the phenolic resin. Additionally, fire resistant pipes
formed from such sil oxane-nodified phenolic resins have reduced

m crovoi d formation and, therefore, densities closer to the bngensity
when 30 C "% 0 conventional non-nodified phenol i c reS|ns ess

m crovoi d formation al so prevents possible water entrapment that

due to bt eam gendPhfarh Hinteel 2 ied TR 8% Y esisny ysy 38 ol B0 forklefl i ' ©°
Furan resi nsanydypersd m@h@ﬂ accpmmodating Aglargy amount of the xesin component |
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The struct uraﬂmmwmpabhéamm npthpmnge oﬁ&amtm%cbdmt ng
one or rm:elb y weight bﬂﬁﬂrt&s@fcoﬁp&ﬂﬁt , \r F6gMGS thréeOfim& e Rdsih cdptkine AP the fiber-
iaul)grom mat e %mfmce& Windig ns#%ﬁ%‘[@& (Htstpen%odmm the fire resistant layer comprises

PCT/ US96/ 16gapproximately 90 pegpentcbyaweightoesini g for fire fighting pi pe service,
it is desired thShthiwﬂaHmmhéﬁbmiﬂaﬁﬁkcmml glagefildr, from

2 to 20 lay e DGk HlerOd rylGR) fi
w ndi ng. A gﬁ"ﬂ%’wh‘gl h%; B‘%é‘kg@ gﬁﬁ:%gout %%%‘“Z’F@B"% lt?&%er

wi nding will
t enper at ur e fibasicontaining ¢apeies matenial ihone Mmamifachedsby Wena‘GomulgeOfToleOf iQhw

fighting pl PéndeP ithd productnam® CIVeilC ptodBét dode fuimbérl GC CJOE! wnfdheid ahﬁiﬁ Bt BPr e

t han ab r f

provi dea sw‘g?ﬁg (?le%d Wwﬂ%g@eﬁoop ang&*hgngécpﬁdlﬂ ren fnand
t enper at ur e AEFETTEY PRIYPHET ti]%"é material 5 pps, ganufac !ﬂ?&l abEES on
and, theref oﬁmpdﬂﬁmmhemebbahﬁambmgmmbdpmdmme Namshprqduqle:ode number
Refgrrl ng gomt-mdﬁwah%h xétbrﬁedhbﬁ:tsn%waaﬂd fhﬁﬁ?ﬁ@at ?‘Qtﬂﬁ“ mubt £ edlaér by fiat |1|8
i s dispose u side surface o e structural pipe wa
12. Thgﬂgl re%%?ogﬁnﬁyégiﬁ% enerally a t“e:;én rich

heat - ab?®t i ve shiAkhem cayrier coyapenent has heen, ibadcand illus M%EWM
and protect stfucfure appiied bg convettional windinggeshnighe)riisad bennderstodd mmnemhect

or egnat ed. oy shibatively b in b8 ¥itn ofd pEITRippAEble el *’?;'j:“m?mgﬂzr e

|l ayer 18 is ¥d%nd '6'*”5 @?‘F@Pﬁ Wh‘@"% X% ‘hgﬂﬁS
structural WMMMNMWHMFM@HM&WWOM¢&GNKM8M%| eld
wal |t hpsknegfucnirdt mewanushigtwnﬁaﬂondfhmﬁlapﬁxc&wmmﬁed ayer can, however,

be applied by a ﬂz?%ﬁ;ﬁg{;ﬁ&ﬂs
|IIustratesaf|r§ﬂ% ?II’EI’ESIS an plperﬁn@gﬁ”‘tructeﬁe

accor di ng istant layer, meghanical, steength Sor the, Festn; vuchymay be soragyha
wal | 12 for rruittlfer oThemmalt depbmapdsition rof \thentésingmakes) jt tritde encntwighaelatively ulamr-st ant

layers 18. TheisRdibeore@kpdsuiet TiSéffecOidithdt Wecfire redistdne layer at most ablates in fine
30 particles instead of spalling in large flakes that would rapidly deplete the resin rich protective
layer and expose the underlying structural wall of the pipe to thermal degradation.
Surprisingly, some thermoplastic resin fibers may be used even though they would seem to
be subject to significant degradation in a flame test. Such fibers work best, however, when
mixed with high-temperature fibers. Glass fibers are, however, preferred for strength and
35 temperature resistance.
The resin component 22 used to impregnate the carrier component to form the fire
resistant layer 18 is selected from the same group of phenolic resins, siloxane-modified
phenolic resins, furan resins, and mixwres thereof described above for the resin used to form
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20 -are used to formthe fire resistant pipe or pipe fitting varies,

dependi ng such factors as the size of the pipe, the potential
tenperature or flanme exposure by the pipe, the type of fiber and/ or
resin conponent selected to formthe structural pipe wall, the type of
carrier and/ ogyoomnsyys resin conponent selected to form the peresssmssist ant
| ayer, and the like. Preferred enbodi nents of the first fire

resi stant pi pe enbodi ment may incl ude |n t he range of from1l 25 to 15
fire registagie dmm,pqﬂwndmgwaﬂc ttbeﬁeuini@cwé&emwama%

Fire rosi of apfmibile siindb il %ﬁw i % i ooy g o bl
resi stant | aﬁ?@ m:[{tpgs F&qﬁmm r dhenfins resigiant d
around the slayuctbartw sqmqoas that kel&ﬁdby form the unﬂeﬂyingntsmmial pipadvalloto ensure
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sufficient t gée resisians lay
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preferred first erleofistdié resiskat bipbﬁhlﬂbﬁﬂinfehﬁﬂh |b%Y&hstﬁ§mﬂ%a@ﬁ§'dn€‘$t§ﬂ&E“y

after formn or heresm
corrponené W |pemﬂy§%as CW%%%%% m@%‘ﬁ"ﬁ 'ﬁ%r
bondi ng1@ur i tRyers t@ﬂ%m&%sltnswmmmwcmme 35
\éval | agd LI refmhdmmwbayﬂremwwmmﬂammhﬁdr&ﬁl@n:ﬁﬁmbﬁme
esired that a&ﬁ " smma%a ik t5rbmb@" w.aig@
?(igPatl bl e genEeFrem n L?%%d;; m.t or;?x{)er t%itngﬁy inctude, movgxg Iy
PCT/ US96/ 168 from the surface of the pipe walk onam more layerfsd of the C:¥eil<ype materiabronetdre

fi reblr easfst gmdoré 3ayef(s)LOf the'Ndxas ftmrmsben‘xalomd one or mdfe laydip oFfthé €L Véil @fpe
capable o e

o vt i e W i 1 i EEWH?MWW {3 A fcmrs
state. Addi t%t?ﬁd‘l’ﬂl@ Tg types pf EEe resigtant dayersamay be.desised to-msduce Jaw s
supporting t mmaterigkcosts,coptimize ttenuperaixiye resiytagoe, Mminimize veight, orthmblpflmmtpfeaed
structural plmﬁfaiekmmh Pibe eiibbdifmbsit (the Fir rad3iahCRPE i Fotined Bontalfettiting layeR. |

i‘fo?ne% g? cenﬁwt@wﬁ)ﬁa&ﬁm@a@% %‘?’ﬁg e5| 2tlhg%ﬁic')’{rilee¢1t g‘hraa roughl y

t hree tlrres HP%‘?\F"WSFH fiber- rei nforced vmndl ngs. In
a preferred f| rstAMiﬂujsnnemtal pipeovatli has beensfomned aind ﬂ:peﬁber:mmamslemhasbeen
appr oxi mat el )6 W’f of U Hirst Ifike resistant pipe eRttiolifidng afe e’

(r:rgﬁg(rjlna:c;sb;pcwﬂg fi ljg)] %use?rrg# lg’Fe st{ogaures cog& | S%Q&Sg{ ﬁss Memm
hi gh- t eRfier atl8PF (607e88°C) for a peneql @f Rkgut B0 minutese| K ds desisedrthatthe resins isedotad
the |ike, andomxpuibisttsiuralpipet Wl frdf the fireoresiftantrpigk @mpeise sufficient catalyst to effect
cure at a temperature below about 212°F (100°C). It is to be understood that the cure
conditions for the pipe may vary depending on the amount and/or type of catalyst used, the
type of resin selected, the number of fiber-reinforced windings, the number of fire resistant

30 layers, and the like.

The cured fire resistant layer acts as a heat ablative coating that forms a porous outer
layer when exposed to conditions of high-temperature or direct flame. The porous outer
layer does ablate away from the pipe but, remains intact to form a heat insulating layer that
protects the underlying structural pipe wall from potentially damaging effects of such high-

35 temperature or direct flame conditions.

Referring now to FIG. 4, a second fire resistant pipe embodiment constructed
according to principles of this invention includes a structural wall 24, constructed as
described above for the first fire resistant pipe embodiment, and one or more layers of an
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fiber containing carrier material is one manufactured by Omens Corni ng of
Tol edo. _Qhio under_the product name CVeil product. code nunber GC
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that are bound together by a binder dispersion. A preferred
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fibers. G agbgisianspowderdayenbekwpen the putsiderspoutiding brqr@ngtm ma& pipe wall

tenperature meﬁgmﬁmmmmamgpmp&ba resin conponent 22 used to

| TPregnate the Cych gl fsrstseags %Edr&ﬁ magerial foﬁa'asw.gtw
18 | ect ed f
phenol . rooFEm Pl mgfge% g SEhont e SR AL e

resin wded ta)mmhenofnmtoformadesxredmmberofhyersorlaycrﬂnckness When polyethylene - 17-
WO 97/ 15775 in the form of 0.15 millimeter thick sheet is used, 1t1sdwredthatmthemngeoffrom4

PCT/ US96/ 16 ml |
applied to t?% e?k S %er“&il e#g Wdﬁl& Pto&?e absm’%tgrIﬁéitlz‘e;ms{!'rﬁuﬁci%E ua'r“e lnt)y
the same tec%?ﬂ&'e%f&’&?‘?% pieyRolysthyieas sheetis applied; by

rei nforced vwmdingtgchmxjw dmn'md@bewerfedthpmcmiabplpewaﬂ ambﬁmremmla}'mnfehh for

t Ege];: rgnr © e It 8hoP ARsdy t&hﬁ%m cgﬁ ltcﬁéjla ?M Mgnd
u | S
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using the  polyethylene, it can be applied in sheet form, in spray form, or in the form of solid half

sheets configured to fit over part of the structural pipe wall.

30 Layers of fiber-reinforced resin 28 are wound around an outside surface of the energy
absorbing material layer 26. The fiber-reinforced resin can be the same as that selected to
form the structural pipe wall 24, or can be different. In a preferred second fire resistant pipe
embodiment, the fiber-reinforced resin is the same, and is applied in the same manner, as
that selected to form the structural pipe wall. The number of layers of the fiber-reinforced

35 resin that is applied depends on the particular pipe application and the degree of heat or
flame resistance desired. Preferred second fire resistant pipe embodiments may include in
the range of from 2 to 20 layers of the fiber-reinforced resin 28.
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sane resin, a single cure cycle is used for the entire pipe.
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suf fici daat catal ymfemngafms analtematlwmoﬂiﬁﬂ resife pitje Edodiflent cantifidlade? 1 2F

(1000 . It i i pe
may. vary depqwé%égg%%i 2 AU éﬁ‘kfm? e o¥ Cg?snfoﬁ&tj dwﬁs"'{e%ﬂ&plewo
type of resi Mre¥feardssired degres, E'F"ST apsp Wé‘e’&s‘*’&m nker, examplen dnber
of fire resi ammhbraf)ﬁrstehagjerabsowm la[nrs 30, of a ﬁtsttypeofailefgycabsethﬂgl re

resi stant | ayfdterddl} Grecdispasédcatito ashrfdce \0F tueomﬁmm twafncazrrBAammpusseebmer

:Og)r/g‘rjs OUter%dabggﬁb&?%‘ésgﬁ% {] W%%e %ﬁﬁé remal ng;léhe

i ntact to fordispase gatp a sydage &9@9? thesesend,
structural pitye ofenérgy absorhiog esaterial has mhagaly]glghéﬁﬂpomn emph'atltgman:ﬁe
tenperature Girstiype ot bScbidlE ‘matédfl so that the two layers 43 b€ h shqint®? \heral| G

4, a second f.i resista nt constructed ccordlng to
principles of"'?"%( t? %M%%m Aflpecgﬁlgtruct ed as
descri b@d above f{mumber of;fibet-reinforeed, resin Jayars: 36,3rp avound argunsan outsida jsusface of
nore | ayers abe auond energy absorbing materté¥D148/éf. 1 THe’ humber of fiber-reinforced resin layets 36

spg{‘ 2526{)%6& sed cagrﬁrﬂb! SﬁH\/\g% B e m%%&gﬁ@ f%ﬁ abgﬂm t er | al
used to for m%ﬁ@e'ﬁ‘ '@‘B?fgigr B*ME"‘E%QB‘?
mmlayer36canbethesameasord1ffetemthanthatusedto form thestructnral pipe wall.
30 The number of energy absorbing material layers used to form the first and second energy
absorbing material layer can be the same as or different than that used to form the single
energy absorbing material layer embodiment disclosed above.
If desired, the second alternative fire resistant pipe embodiment can be formed having
more than one set of energy absorbing material layers to provide a desired degree of heat
35 and/or flame protection to the structural pipe wall. For example, the fire resistant pipe can
be formed having a structural pipe wall, a first set of different energy absorbing material
layers, a first fiber-reinforced resin layer, a second set of different energy absorbing material
layers, and a second fiber-reinforced resin layer. In such embodiment, the types of energy
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t hat sel ect @ g f%?i%e S u‘ﬁ%mj WP& %e nu of t he
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Preferred seqgQ @ sbonientafyed bativeerPthe fesfiunthiniRg la§erd B VThe Iai‘sbbkdﬂlg attion of the t he
r999° % 7 Yedse 1dyer Qe Hmprove &%&&%?Gﬁé&ﬂe%ﬁ&&?ﬂm%? aftesfifiting the travel
of any shock waves through the pipe caused by contact made to the outside surface.
Functioning in this manner, the release layers act to deaden or prevent potentially damaging
impact shock waves from traveling completely through the pipe to the structiral wall, thereby
preventing possible fracture or rupture.
35 Suitable materials for forming the release layers include films formed from polymeric
materials that are chemically incompatible with the particular resin used to form the structural
pipe wall and fiber-reinforced resin layers. Examples of such polymeric materials include
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e
f ormed havi ngg%lv’%ﬁ M atinia ameten °ff approximate X)fwﬂl gﬁ 1), a
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thickness of approximately 1/8 inches (3 millimeters) is desired. It is to be understood that
the exact number of release and fiber-reinforced resin layers that are used to make up a
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pi pe mqgl | I n the sane manner previously described for the
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bet ween t he
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Although the construction of fire resistant pipe embodiments have been specifically
30 described and illustrated above, it is to be understood that this invention also includes the
construction of fire resistant pipe fittings. Referring to FIGS. 7A to 7C, fire resistant pipe
fittings, such as elbows 48, tees 50, Y-shaped fittings 52, and the like are also prepared
according to principles of this invention.
Fire resistant pipes and pipe fittings of this invention can be used alone or combined
35 to form a pipe assembly well suited for use in fire fighting pipe applications, such as fire
fighting pipe assemblies that are used on offshore platforms and the like. Pipes and pipe
fittings used in such applications must be able to function under conditions of high
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as di scussed ¥Beningftoprineiples ofjthisigvention,randiof thenest gysulth farreadinpiperarabedimbee,
that are capaly €achiof WRSIRIIPHingCexaMpRs At $ife HisCarPPSIAE diaieis (of ragﬁgkﬁﬁd

vapori zeyg or # Erate a gas, at a 20 enperature below th egradati1 on
tenperature o e resin selected to formthe underlying structural
wall, i.e., beI ow about 300[err] C. Exarrpl es of preferred energy absorbing
materi al s : gd Ripe poI yet hyI ene, hydrated cal ci um

sul fate (gypsum) , Antieitieaitifoed pipe was cof O“ZI %ﬂ?@?rﬁb@ﬂﬂfnﬁﬁﬁd&élhg a

gas. const) C°2*ﬁ?*%é?ow %T;gfﬁ-'e Bl TheFecnust s
such as Pol ypWFapfeemed 'B@By@’#ﬂ ereufmcmeﬁbquevmdmgsl dandedt bogether with a
p?\ggﬁ rC ego gﬁ;)lrmmnn&mmdxﬁec 8heiel‘k:: resinl, coﬁipnfd@appmdlﬂ? 89 rpeﬁéntggsmglﬁ men.
s percent by weight
Melacure Cotlm T-1 (organotm catalyst), and 0.4 percent by wexght ethyl aminoethanol
30 (amine catalyst). This pipe did not include a fire resistant layer.

The pipe was subjected to the above-identified test and showed signs of water leakage
at a rate of approximately 0.008 cubic meters per hour (m3lh) at line pressure, and leaked
water at a rate of approximately 0.21 m*/h when pressurized to between 14 to 21 Kgf/cm?.
The pipe failed at a pressure of approximately 35 Kgf/cmz. The mode of pipe failure was

35 a rupture in the fiber-reinforcing component of the structural pipe wall.




structural pipe wall having enhanced thermal insulating properties.
The_nunmber of alternating release and fiber-reinforced resin layers used to
formthe 30 jacket that surrounds the structural pipe wall depends on the
particular fire pipe application and the degree of heat or flane

resi stance desired. In an exenplary enbodi nent, for a pipe ving a
structural piRIWAPTS di ameter of approximately two inches (gﬁ?4ﬁﬂﬁpﬂﬁ€ters),
a m ni mum j acket thlckness is approximately 1/8 inches (3
nilllnq ers)..conp 9, fo h ro.R .alt;rnatlng rel ease and

fiber-rei nf oréeH s PR 6. | n form ng pipe 35
fittings, such ad ﬁbmmfomedcmpmw mwenummhr onpnexray thatadesaribed for

M ni mum j acKidample No. 1, éxdépt 0oe te gﬁlﬂhﬁbﬁwﬂd&aﬂ@pﬂﬁﬁnﬁ&yomm
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up a layers were farmpd
WO 97/ 15775 gnawdmththesameresmblendthatwasnsedtoformthestmcmml 1pewa11 The
PCT/ US96/ 1683 resistan %ﬁ%%\ﬁl’wﬁ[‘hdﬁé&s% epends on the

t hi ckness of both the rel egse
fi ber-reinforci ngh‘rm ab ey e 2Boveld eWﬂfﬁ %énqéﬁoggiaglqhéw ofr Watefe
jacket is pdeakpgeoaya @W@ftﬂp@xmly 9. Qﬂﬁ)m &uiattline pressure, and leaked wateriatzd rapi pe

wal | bylot he Greipproximstly ©. 0250k homRndResiie do shwes (Pio 2NK ah%ctmthepl pe

ﬁater.aYaIL%%?W?”mm%%ﬁ@ppl.E'if“ﬁﬁde“’#ﬁﬁ Bl A8 o il

form or in ingke %F‘WW@SIW]‘O #his pipe constryction; di ‘Fetr
part of the pusy thettastcbut pisplayedhhn unproved resistance to tEaeffedu bF ther fianse @siCwhen’ €Si N

layer is wounthnfed4s theffibep Winfoted pilel o Fxalple Nd, §SPECt i Ve rel ease

| ayer. ,The matérial use to formthe fiber-reinforced resin |ayers can be

t he san® as 10 that sel ected.to formthe structural pipe wall, or can be
different. £3AMRIONOLS 5 M FINE S Pleflber-relnforced resin

I aly:ars gre forrreA ﬁlsermihfwcedqﬂ]iemsedsns&hae:ﬂmibmﬂar manner s thatt described ifgre

wal |l and is [ ?ﬁﬂe@ﬁ&dﬁ? fx%ﬂ}r

structural Weﬁﬂ?ptgfﬁ.q E ﬁe tEe rgﬁ”fgm_ rs gﬂ) W@
flber-relnfoMfB‘EPnF@é’ P dé"\"é’ﬁ

parti cudlar fomadqﬂup%capﬂ)lhe stmctural zmwahe 'Iae@n'essmntﬁm wcreftbm fx@n the

resi stance oameménmsasmatdesmbedforﬂmmplamez The fire\+8sitanG layEre had b Wethllwall

pi pe wal | Hf. r& Iease | ayers that are each forned
fromthe sarre or ren erla For ex fire resista i pe
may have a j acke %Bﬂ’ﬁr‘Yﬁ g}%ﬁ“é‘i %‘%‘Fé“q WW&IW&P

pr ogr essi vel leakage at dine pregsure, showethshght mngofrmatar lealtage avw iratg of approxmmly
struct ussal y,af Wi wheR piclriRid 1S bfReimately 16 RifAnd, CEEk @Pe failed 864 Lsmeer

to thereby provide a d e eat rotectlo Wlt theh hest

protection I‘go H%F&WE‘?%“ 'g%eﬁoﬁ%g{] 'P‘?f”"”%éﬁ B)e

surface of t('fe%| Wml pipe wall and resulting eakﬂge NO structural faﬂm of the fiber
reinforcement occurred. This example illustrates the improved heat resistance provided by
two additional fire resistant layers when compared to Example No. 2.

- 30

A f'ber-remforced plpe was constmcted in a similar manner as that described for
Example No. 1, except that the structural pipe wall thickness was approximately 0.36 cm.
Additionally, the pipe was constructed having eight fire resistant layers disposed around the
35 outside surface of the structural pipe wall. The fire resistant layers were formed from a
Nexus material impregnated with the same resin as that described for Examples Nos. 2 and

3. The fire resistant layers had a total wall thickness of approximately 0.2 cm.



In such an enbodinent, it is desired that the material selected to forman
out ernost rel ease --ayef- have a rel atively higher vapori zation
tenperature than the renmai ning rel ease | ayers that woul d be bel ow

t he degradation tenperature of the adjacent fiber-reinforced resin |ayers.
25 woishisenal |y, the jacket surrounding the strugictinioes/dses  Wal |
may conprise an outnost fiber-reinforced resin |ayer having, as a
filament conponent, at |east one carbon fiber wi ndi ng for purposes
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speci fi cal | y approximately, tacbetwesm &4 o 21 Kgi/em't.o The pipa deiledt ood
t hat ]'Ehl S i n\aemptesmreeéfsqbpmwrsomﬂcm Thce&éﬁ@nme%fpipslfmfb s 4 rupture & tiet ant
Pi Pe 11 1t | NG Spe izl :ﬁ% @g c skl bRty fmprov
fittings, su tee It Ngs an tﬁ%m?ege
are al so pre Veﬁ‘r %ﬁﬂs&t davepsn o§ Examppls: Nop 2.

Fire resist ardempnspuss &\minpﬂow hﬂat resisygnceirovifdedsby lthckusnﬁremtdmlaysndenone
or conbi ned Iempared WithAhehoh-proRSled pipe B Exanifie NoSti ted for use in fire

fighting pipe applications, such as fire fighting pipe assenblies
that are_used on offshore pI atforms and the |ike. Pipes and pipe
fitti ngéouse ANDE NG 1K irst danuodiment Hige Kg Aifi-ru Pipt o functi on under

condi tions of hi grhﬁberremforeedplpewasconstmcted having sxxlayers ofﬁber-remforced resin of
-23-

lo: abov le No. 1, and a walil
PCT/ US96/ 168 te re an 0, CI ni t
suffering si Wé’ﬁf"’ﬂ’%’ﬂﬁg‘%?g ﬁ’g‘ﬂ'ﬁ’ ‘B“"”"'“ P‘Fu@ﬁ‘nal
strength. resistant layers dispased msncbﬂumutspdcasdmmf the peuchiralt pipe) watl o riEter fiwet ed
accordi rlsht O réNistadf iapére wed fohhb@fmm the ?amel Meridls A thaRieseribbd fd? Ex@fhpleONaGs. 2
rigorous hig pi pi ng
applicati onsthp@{eaérgl nMeg I aC| rﬁ&ﬁl epﬁ&&ghﬁ?%%ﬁgfﬁ%% S
approxi mately  The Pipp gyas tor ths Abgveridemsified tesy 3pd WRier 3t BéaGr‘gf
i.e., withn 032 mehl at linerpeessure, andleakedwateramtemfdp;lbximauelyom
appr oxi mat el ynt/highetd &ﬁﬁud%tlﬁrwe‘eh\aa 5121 R @fom ipe failkd/#'a pteddtire of

fitting 5 lurr@tw%i ressur
o e
use in a fi rdmbmﬁﬁagrem&apkmdﬂm@mheﬁdmmmmlp@d/wm ipfqrmed ffdoin twelvenrust

.remai n structhal fhin SR ber-i@dread RisimQhyfers. t 0 rated pressure and not show

signs of |eakage in excess. of ten percent of the rated pipe flow
In order to determnethetotal pressure , w t hstanding ability of
pi pes s&dj ectExampls znbodiment Fire Resistant Bipei t i ons, and to better

under st agd t he rreArﬁben ﬁlﬁf(ftwd ﬂi}%&flasrc&ksﬁﬁﬂd Ha®inf toelve li)hﬁs dffadibet/ feinfuresd resmf
i ncreased on j %Em e rhﬁhmi n Nelol-te!
pi pe | eakage or ‘%Ilrhaﬁt . g%fﬁggm:elys 38 cmfts The pnp?:vﬁfznsg:d having
two fire resistant layers disposed around the outside surface of the structural pipe wall. The
30 fire resistant layers were formed from C-Veil impregnated with the same resin that was used
to form the structural pipe wall. The fire resistant layers had a total wall thickness of
approximately 0.18 cm.
The pipe was subjected to the -above-identified test and showed no signs of water
leakageatlmepressure and showed slight signs of water leakage at a rate of approximately
35 0.007 m Ih when pressunzed to between 14 to 21 Kgflcm2 The pipe failed at a pressure
of approximately 112 Kgflcm The mode of pipe failure was cracking in the resin matrix
of the structurat pipe wall. No structural failure of the fiber reinforcement occurred. This



rated pressure until pipe failure. The foll ow ng exanpl es

illustrate different fire resistant pipe enbodiments constrcucted

according to principles of this invention, and/or the test results for each
pi pe embodi ment. In each of the follow ng exanples the pipe has an inside

di amet er of tely two 20 i.nches. Examl g~Nososhsst
Fi ber - Rei nf or‘géa g’g A fiber-reiforced pipe g/as %ggng%ruct ed
using twelve layers of a fiber-reinforced resin, formng a wal |

tzgl Ckn@ii ?]:?r rreg&gé'lk‘%% ﬁ%@#assrgﬂ%l@orm ngC‘?)t‘Beery}%w?\é{ ngs @%wl |

t oget her wi tcAmpared P‘Pﬁ‘? % ed phenolic resin, conpri si ng
-approxi mately 83 percent by wei ght BP—J2027L (phenol ic resole
resin), 9 pet 3 gaact i onal silicone

inter | atent acid catalyst), 0.6
percent by wei ghft ? &%%Wﬁaﬁif’éw éﬁd 0.4
percent by ixagiple dioh, mmmwmlaycrssbrmmg (thmmnultpips'm;l The pippiwee di d -

not incl ude 3ndtiiced’ Rivirg! folié fire YRistant layers disposed aroﬂﬂewldaﬁldélaﬁrﬁéébbﬁﬂieed to

ﬁQ?ﬁS?%M@%WW@&WWﬁ# igeriys ferpit °

pressure, a Gl‘m 0. 6, MV%P@F“&F‘HCmséf@PP@W 3emy 0.21 nferr]/h
when pri@ssur i zedThopipe twas subjéoted  the alioxelidentified fest and showed b Gigns (of wakerl ed

at a pressungypde RédsiER! prive led _
vl . ERICr-gin J&be@g@nf o T,96§§%ph3‘ﬁgkgk%?%%%%?‘?f??{‘f}?‘2+“

WD 97/ 15775 approximately 133 Kgi‘lcm2 The mode of pipe failure was a rupture in the fiber component
PCT/ US96/ 168¢3he stéuctural pipecwdll. € Thie pipé constiuttidn dispiyed B Rhprovederesinarics tathe Pi pe

A fibery re| réffﬂ&g | “&RE r&uﬁbﬁfﬁ EH?ZJ nger as that
descri bed for of ud V@?e g excep%]pi?ﬁ3 ie F%u?:tural pi pe wal
thi ckness was appr oxi rratel y 0.40 cm _Additionally, the pipe was
construct ed ExamplegiNo.yé- e ant thpesposed around the 5

outside surface Rfﬂﬁeh-@elﬁfofdd&t o? |mtﬂ‘§mﬁé frfindeP 5 Wal AeschiBP for Ver e

formed from I | t
used taqg f or l%“f\égie l?orsu%Pndr al ﬁg. %&Q?ﬁy%%%ﬁ%%#@%wn&ﬂ qagg%r s had
a total PM Wag constructed having six fire

layers dlsposed around the outsxde surface of the structural pipe wall. The fire resistant

layers were formed from the same materials described for Example Nos. 6 and 7, having a

total wall thickness of approximately 0.45 cm.
The pipe was subjected to the above-identified test and showed no signs of water
25 leakage at line pressure, and showed slight signs of water leakage at a rate of approximately
0.004 m /h at a pressure of approximately 60 Kgf/cm2 The pipe failed at a pressure of
approximately 161 Kgf/cmz. The mode of pipe failure was discovered to cracking of the
resin matrix of the structural pipe wall. No structural failure of the fiber reinforcement
occurred. This example illustrates the improved heat resistance afforded by six fire resistant
30 layers when compared to the fire resistant pipe of Example No. 7, having four fire resistant

A fi ber-remforced pipe was constmcwd in the same manner as that described for

35 Example Nos. 6, 7 and 8, having twelve layers forming the structural pipe wall, and having
a wall thickness of approximately 0.37 cm. The pipe was constructed having eight fire
resistant layers disposed around the outside surface of the structural pipe wall. The fire
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The pi pe was subjected to the above-identified test and showed sli ght signs

of water | eakage at a—+ate of approximately 0.0045 nferr]/h at |ine
pressure, and | eaked water at a rate 10 of approximately 0.025 niferr]/h
when pressurized to between 14 to 21 Kgf/cnierr]. The pipe failed at
a pressure of vapgeymsmately 84 Kgf/cnierr]. The node of pi pepdrudssnesias a
rupture in the fiber-reinforcing conponent of the structural pipe
wal | . This pipe construction did not pass the test but displayed an
i mpr (r)]ve](cj Lesmﬁmhybﬁ were farfiled Giom he si@ﬂieﬁﬂ?dé@ﬁﬁed"ﬁ?ﬁg(mple lNosCOWP&EdE‘d
to the fiber anpl e :
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was constructed i %P’!’Frqueﬂ‘ Qp&&sabf’mﬁsbé@w ed o signspOfawRlete
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as that descrﬂ%é‘&lqﬂéﬁl B&'&prfewbcz mmwmt aFhis Ieagmpls ilinstrates tthet al
wal | ifipedved IRaiesisime affordet dy\eight ﬁ?e felistant layers when comparedSto Rhé fire/\@LS

subj ect ed to Hlﬁ k! Q&Bﬁi I gns of wat er
| eakage at |ine prg)gﬁséure OV\lg(gd%l ﬁh% signs )gﬁg’vva?é | eakage at a rate of

appr oxi n@tely 25 0 016 rr[err]/h when pressurl zed to approxinately 31.6
Kgf/cnferr]. Exampjs N > (- : - of approximately 126

Kgf/cnferr]. hexoﬂ&raémw Wil BontE ' W&Qﬂte@b&f f
al ure (0]

?LetP?biﬁrUCtﬁﬂwﬂhﬁfﬁﬁaﬁm%'&e o “&wﬁe@aa&wﬁ‘éps” o

i mproved heatthicknsss, of approximatelyd@d7 ispn.  The pipe wap cmmdnhmngr 3 malrafsus ﬁamt

:zﬁ%ecrjs menmeneuym dEspaserd lacoulsa .the? outside surfaoe of thesaiigtinal pipe whit The Site
odl nent |

HieP froving o y awa Eu-t{cﬁirﬂfﬁﬂecﬁgl( %qa
truct ed g9

Rt e A i b vt
cm Ammm&rleschcfﬂs M&mﬁh&m@s that ssed t@ftgmthmsmmral
resi stant | aygipewall.sThe fide fesistifitiaydrehile a totaD Whls thickness lof appotimately0.35 cm.
structurg pipe ?ﬁwﬁf@s b ¥ e ibovd. ﬁ¥&ftﬁd"i@s§ﬁm§ Qﬁc@;@gr | fﬁ@saof water

Nexus materl f»sl}sgetflrESI n ?‘% t o aath 0

Exanpl es Nos
t hi ckness of &Ry wimaaprpsmofcapproxmtely 77 Kgf/em”. The pipe failed at a pressure of

-25- appmxmamlm‘ﬁiéﬂﬁ .5The mode of pipe failure was cracking of the resin matrix of
PCT/ US96/ 1681gle srrucrural pipe wall. This example illustrates the improved heat resistance afforded by
25 using a combination of different fire resistant layers when compared to the fire resistant pipe

of Example No. 8, having six of the same type of fire resistant layers.

A ﬁber~re1nfomd pipe was constmcted in the same manner as that described for
30 Example Nos. 6-10, having twelve layers forming the structural pipe wall, and having a wall
thickness of approximately 0.41 cm. The pipe was constructed having a total of eight fire
resistant layers disposed around the outside surface of the structural pipe wall. The fire
resistant layers were all formed from the Nexus material immersed in the same resin
component as that used to form the structural pipe, and had a total wall thickness of

35 approximately 0.22 cm.
The pipe was subjected to the above-identified test and showed slight signs of water
leakage at line pressure, and showed slight signs of water leakage at a rate of approximately
0.016 m>/h at a pressure of between 14 to 21 Kgffcm®. The pipe failed at a pressure of
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1 : The pi pe was subjected to the above-identified test and showed
slight signs of water | eakage at_a rate of approxi mthMSl g,
showed signs of water |eakage at a rate of approxi mately 0.04

nferr]/h when pressurized to between 14 to 21 Kgf/cnferr]. The pipe failed

at a pressure_of g;@#rom mately 80 Kgf/cnferr]. The node of w&a{ﬁ&#re was

a rupture in V& fi ber conponent of the structural hi s
exanple illustrates the relativel y I mproved heat re5| stance afforded
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resi stant | agicthe corrpared with the non-protected pipe of

Exanpl e No. 1. 10 Exanpl e No. 5 - First Enbodinent Fire Resistant Pipe
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35 Kgf / cni er tojal walidhickngss affapptopimately OulSemuas a rupture in the fiber
conponent ThOfplﬁehﬁasS&bWthepAH%@e itiehtified \tése And GHGVWAIdSED ignstePwaee NO.

2chi ovelt wholpe @MI ;@f'ﬁ%ﬂ‘é@ o Tl GRS CHREAR) B,

than six fib P’BFH‘P‘HY‘G 108 Jgf/cry,, legking jat a gate of
Enbodi nent Fappeoxiteately 8h ItP.l p:pefaﬂedatapressun&dflappnmmlymiﬁgﬂm eThas

construct ed hayd SiGige/faiife wastil Ripture fm&efﬂb@\e t OF fie dstﬂxé\ﬁtai‘ ipe wall. Tiaé the

same fiber and resin_ c nent

st ruct ur al %ﬁ%mﬁgﬁ&aﬁ gg‘ig% B& %% cm
The pi p& wasakserbing maeral 13yY, in.place of the ﬁretr\msqqt,lge; esi st ant I ayers di sposed
around the outside surface of the structural pipe wall. The 30 fire
resistant | aggl ‘ InbifedPisd | | npregnated with the same resin
that was used ) sfructur e.wall. The fire i st ant
| ayers had a tot & TR %} diamete raﬁugm% cyﬁ’ﬁls

The pi pe msmmmwgmmy iteelme Jayére of a@bcr—undors@mm. MMHS of

Yvatﬁr t set|f6ﬁK&gExﬂipléNéelmb6€eﬁum ﬁhﬁmdoslthegitiucﬁm MW& t
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bet wegn 14 t @R err E p e FI ed &ﬂré%cm%&ﬁﬁﬁﬁ%béf
appr oxi nat el @‘P&ﬁ?‘@ﬁl HB‘E PG yas B‘F?ﬁ‘,‘ﬁ%‘"ﬁ% t he

resin matri xair at apressuuf Oﬁzﬁep& mm@pm Mldbkscﬁ@ oftvisible airdeaks.ai | ure of

the fiber reinfonmaeandse Redondifichs thérugacketed structural pipe wall displayed a 75 percent

- 26- 30 probability of failure, i.e., three of the four impacts leaked air, after four drops from a ball
drop height of approximately 10 inches (25 centimeters). The same unjacketed structural
pipe wall displayed complete or a 100 percent probability of failure, i.e., each of the four
impacts ‘leaked air, after four drops when the ball drop height was further increased to 12

inches (30 centimeters).

35

A two mnh dmmeter stmculral pipe wall was constructed according to Example No.
13 above, and a jacket was disposed around the structural pipe wall to form a fire resistant

29.
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PCT/ US96/ 16813 1 pi pe construction displayed an i nproved resistance
to the effects of the flame test when conpared to the pipe of
Exanple No. 2. Exanple No. 7 - First Enmbodinment Fire Resistant Pipe
5 wo dnees-rei nforced pi pe was constructed in t hepcargesnesmer as
t hat descri bed for Exanpl e No. 6, having twelve layers formng the
structural pipe wall. The pipe was constructed having four fire

resistant |aygpes The Ws Rﬁﬁﬁ{lﬂ’oﬁx W@ﬁﬁaﬁﬁg fni?éi’s of polypropylene

structural | !%;? fromthe same
materi al s des or Exarrp e r%éal\ﬁ#és ggfe %ﬁa&fness
of appr oxi madAesials '!?Sd@rﬁmiéhe structural pipewall- i pe was subjected to the
above-identified mmmmmﬂﬂmlmmfpméomdm&ﬂeﬂmto thiene

pressure, angpsaubRebal méhid

appr oxi %&tel 33'9 ﬁ at a, ?éﬂf‘éég? a rox¥ r'rat gly
63 Kgf/cnf eréfmwmblpg of Jailure. MP to approxlmately

appr oxi mat el yaemmfmmmq Amlmweoﬂb'ommpdcaoutwmeOMamum ofn

the fiber co i gaRIPR N tAt drop fofuowumaieyroﬂ it 'ou;m: f )
construction \6 ce e S ;t e
L e

pi pe was conatiucecordingly) based ron mhmest data, tﬁeajacmcmpbdﬂplﬁyud 400 perReRoS .

6 and 7, haV| @%W{&&W%t&% %&ﬁpg vvaII and havi gg

a 20 wal | ess, 0 pr nat e cm onstrycte
g recic cmboximy s B iy &’éﬁﬂéﬁ Sinscielogs

havi ng si x f|re r ace

of the structhavebeepideseribed and illnstratad; mamemoslmons and vanauagsewﬂl hecapparfeot toe d
f rom t hassankhowatskilled!ifi takeake.r i1baxy] thepéfofex a6 be QanliiiStood thaf) Owithin mvscage of the

LSE?LC?’Z‘LHO Pﬁ‘*““@‘ﬁove .329"&?.*‘%?"‘?*& 33 b of s imventon con LRG0

| eakage at ‘?ght signs of water |eakage at a
rate of approxinately _ 0.004 nerr]/h at a pressure of approxi mately
60 Kgf/cn{err]. The pipe failed at a pressure of approximately 161
Kgf/cn[%P The node of pipe failure was discovered to cracking of the
resin Fix of the structural pipe wall. No structural failure of the

fi ber reinforcenent occurred. This exanple illustrates the inproved
heat resistance afforded by six fire resistant 30 | ayers when conpared
to the fire resistant pipe of Exanple No. 7, having four fire resistant

| ayers. Exanple No. 9 - First Enmbodiment Fire Resistant Pipe

A fiber-reinforced pipe was constructed in the sanme manner as that

descri be® for 35 Exanple Nos. 6, 7 and 8, having twelve |ayers formng
the structural pipe wall, and having a wall thickness of
approximately 0.37 cm The pipe was constructed having eight fire

resi stant |ayers di sposed around the outside surface of the structural pipe
wall. The fire

30
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PCI/ US96/ 16813 resistant lavers were fornmed fromthe sane

mat eri al s described for Exanple Nos. 6, 7 and 8, having a total
wal | thickness of approximatel m The pi pe was

subj ected to _the above-i dentlfﬁullﬁ !“urul‘wllmmed no signs k13 -

| eakage at |i Bsure, and shovked “no"si Yns* of water |eak ta
pressure of 5 approximately 204 Kgf/cnierr]. The pipe failed at a
pressure of mat el.y 250 Kgf/cnierr]. The node of pipe failure
was cr Acki nm M% matrix of the structural pipe wall. Again,

no structural féll uré fie resistant pipe compiisidgsr cenent occurred. This exarrpl e
illustrates the asmmmnmrmﬁsxhgweﬂswmawrp&oﬁw&man@rwwmedm

No. 5, havi Sycin AL e G St ol ot rsid UcHBCgBif gloce "7

Enbodi Aent R§Sins, faEan wsins,angimixwres théreo A fiber-reinforced pi pe was
constructed in tdnhaamﬁmmhyertdvaﬂyndgmersu'hmhf will, wherein Wnbsistﬂbs
6-9, havi ngwﬁmﬁd&aa/ﬁ&susfaﬁﬁ wa%mpa ﬁen\a@umﬁaﬂtnégtog .

wal | thi ckne of I‘OXLITB. el C p Was const
having a tofdF “ﬁ?g fﬁ"‘PP‘P Pé’flg??ﬁ nh?? t’)‘%%‘e‘a
out si de sur wammm@mm tpefomame firel krsistapy layer is compatlbbnmtam

| ayer s 100N késifselddteditd forai theaireitoraioway, from the structural pipe wall, two

| ayers of CVeil, followed by two | ayers of Nexus, followed by t wo

| ayers of C-Veil. The resin nponent for each of the fire resistant
layers is the sdme aéﬁ’ﬁéﬁ%ﬁ%@%ﬁﬂﬁ“@t*ﬂbfrﬁm e resins seleqted,to fopm |

The fire reshesstootural awalirand itize fire resissang layenire thesameness of approxi mately 0. 35
cm 20 The pi pe was subjected to the above-identified test and

showed ,po si gns pof t. I e PLESSur nd ) d slight
si gns o? wat er Iéé)aka eﬁ‘raetwﬁmf'tgt%lbeeggg%b &da 3]elrh at
a pressure svmawﬁak%téwmm@m@m] The pipe failed at a pressure

of approxi mately 147 Kgf/cnferr]. The node of pipe fail ure was

cracking of the 4esig fRlrelitadipipe as recito i cliind ¥ %ue.;e@m x84 ¥8lyho o
exanple illustrates e |rrp ovope reS|stan g usmga
conbi nati onsfﬁ‘“ﬁﬁ‘f @'{] %ﬁ?“é?ﬁ’ﬁf aye Rothy ¢ al?heﬁf’ll

resi st 38t puwmmmmmammmsmwsmthf
fire resi st avnd faifforcing fiber formingtha shcturdbwallll - First Enbodi nent Fire

Resi st ant Pi pe A fi ber-rei nforced pi pe was constructed in the
sanme manner as t ge Cri bed for 30 nﬁwg Nos. 6-10, havi n? twel ve
| ayers formng t P'B%W i SOmpPEising |

absorbing material layers interposed between the structural wall and the fire resistant layer.
25
6. A fire resistant pipe comprising:
a structural wall comprising layers of helically wound reinforcing fiber bonded with
a resin selected from the group consisting of phenolic resins, siloxane-modified phenolic
resins, furan resins, and mixtures thereof;

30 a mumber of energy absorbing material layers overlaying the structural wall, wherein
the energy absorbing material is selected from the group consisting of materials capable of
absorbing energy by phase transformation at a temperature below a degradauon temperature
of the structural wall; and

a number of fiber-reinforced resin layers disposed over an outside surface of the

35 energy absorbing material layers, wherein resin component is selected from the same group

of resins used to form the structural wall.
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t hi ckness of approximately 0.41 nstructed having a total
of eight fire resi stant | ' round t he outside surface
of the structural pipe wall. Themﬁg] ﬂ'mﬁlﬂ[ﬁ j stant | ayers were all
formed fromthe Nexus material il LTy resin conponent
as that used wodwersmst he structural pipe, and had a total wapdr/Os$vemémess of
35 approximately 0.22 cm The pi pe was subjected to the

above-identified test and showed slight signs of water | eakage at
line prdssure, an’li shanfire sdsisgint p@égaseﬂkd\dﬂtcmmlﬁewhagﬁ thé résin & £ siléxane-

appr oxi mat el yy ben?m fing! SSUre of between 14 to 21
Kgf/cnjerr]. The ,nge al ﬁen%mresgieor

-28- p;:enohc novolac resin;
PCT/ US96/ 16813 a_mmorpr@ppmmfrsdtcewmmm.cr@drr] The node of pipe

failureswas a rupj sifficiedt aidofintldfieaialySiud1FadiiRtide processing @ ef8@ ciide! UCt Ur al pi pe
wal | . Exanpl e No. 12 - Second Enbodi nent F| re Resistant Pipe 5

A fiber-reinforced structural pipe was constructed using the sanme fiber and
resin conp®nenislirgJesistant pips SAMPrsiBgie previ ous exanpl es. The

structural pipe vabtucnasl wal conmprising dayers of heli¢allp lwoand ijﬂbﬁ:u@ff'ﬁehﬁonded with

fi ber-reinfor r

The pi p§0V\IaS agge%lg %&Eﬁmw n aly\@&g 'sfu@ ?‘k tm0 ai;ﬂ/gfgsﬂgo yet ER/b?ene

di sposed"ar offit#% fa@ﬁd of the structural pi pe wall. The
pol yet hyl ene |ayam&mo%mmdvﬁte|swmkwegsm§dncmcgmpamoxu mately 1.2
mllimeters. A total of lehstohe feléase ﬁgemmiteﬁwm(amﬂnﬁaﬂ fcbmpatible With the

formed fromthe SEE@ r Q@ME ral pipe wall, and were
di sposed around t Méﬁ’ ?‘e sur?}xfl the poI yet hyI ene | ayer. The

outsi de fiber-rei nforé‘e‘@%@?l reipiqreed; fssin Y“' sed gpiupd a gatface (of thesiease of
appr oxi riégt el y 0. 1@3yerm The pi pe was subJ ected to the
above-identified test and shovved no signs of water Ieakage at line

pressure, and no §ign f at twi.ce.t.he rat d ur

Kgf/cnferr]). 9. iﬂg S?“ﬁg ﬁ%ﬁd c?fe P%ﬂﬂi@‘e a§¥e(t Comprises a
appr oxi mat el ymmarp@ﬂmﬁpesrqleasqwkﬁwwomﬁs@ layers. approxi mately 31
merr]/hr. The pipe failed at a pressure of approximtely 715 Kgf/cnferr].

euctu® ”"diﬁé F'“ﬁ’-‘%ﬁm B & ol B s il RE'ERISRANA ol 11
Fally R SPEARTIDE S dpifeg gt Test felesten

resi stance af ¥ﬁ’o‘§’8‘p5‘§°
mat eri al | ayesroum censistiog of phenoli¢ resins, siloxenamodified ehenohc resins, furaparmsing, ml 13

- Fi ber - Rei nfgixares thereof. A two |nch (51 millinmeter) dianeter

fiber-reinforced structural pipe wall was. constructed conpri sing

ppr oxi TRt ety Y)Y | B Srodhak ik B o i Bk 8 et e B8 Tyt s Formes
from a polyolefinic material.

12. A fire resistant pipe as recited in claim 8 wherein the resin used to form the
structural wall and the fire resistant layer are both siloxane-modified phenolic resins.
30
13. A fire resistant pipe comprising:
a structural wall comprising layers of helically wound reinforcing fiber bonded with
a resin selected from the group consisting of phenolic resins, siloxane-modified phenolic .
resins, furan resins, and mixtures thereof;
35 a jacket disposed around the structural wall, wherein the jacket comprises a number
of alternating release layers and fiber-reinforced resin layers, wherein a fiber-reinforced resin
layer forms an outermost pipe layer, and wherein the release layers are formed from a
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25 set forth in Exanple No. 1 above. The inpact resistance of the
structural pipe wall was *_—Lest_ed~by_dr_app1_nga60 non steel ball,

wei ghing 0.9 kg from progresswe he| hts to inp t he pipe
perpendicul arly. After the | !gUﬂ M ted t he pi pe was pressuri zed
wth ' pressur el d under watgc, ection
of visible ai%‘;’r@éi : “‘Under " t hese test condltlons th&%

unjacketed structural pi pe wal | displayed a 75 percent 30 probab|I|ty of
failur ee of ur .i ct ked. air afte four dr from
aballl Wgﬁ@fg ngﬁ%’é %6'? i ¢anino et OF fhe srotiral iy o
sane unj ackéln@ berrreinforced layers p| pe vvaI | displ ayed conplete or a 100
percent probability of failure, i.e., each of the four | mpact s

ot eased 1o 10 - Othe ﬁ*@(}%ﬁ'ﬂ%& ”e‘%f ﬂ‘g‘f gﬁa@wwewm
Thi fd Brbodils¥ercomnrises lnyets of halically alrﬁ%“ﬂ

structural desmoﬁphmbhm@md mmmmwgmmmsm resins, and 13
above, and gnik@pdsfhertits di sposed around the structural pipe wall to forma
fire resistant - 29-
WD 97/ 15775

PCT/ US96/ 16813 151 A firpireséstany pipe jcomoprisingsias f or med from approxi mately four

each rggeating I@stﬁkﬁnafwmcdomnﬁag Inga@ of helically wo@fl Riiforting Tibe¥ smﬂéd)md

rI'T:.'[Slell:ll argeufse%ﬁp OI’ m e stg?a@nura B?B;W&ch%g&d Sﬁ&ﬁmm e 1 rrpact

resi stance &Fsinsygupn [ﬂ‘?fé ormed was tested according to the
5 above- descxjaﬂeddnmshd)m&efsuu@ume“lktmpckupmmmhgnot di spl ay any

3In tglnls of bZH :jregkagea: leas® one release lay &%f%z%ﬁa?ﬁiliin nfthiihe gombh&hbfeWw
centi metr'ers) ms%%c%%%fgﬁf@%s onl'y one inpact out ofegcght showed
any signs of yex digposed) & surface RE the Telgasy
three inpacts omywiwmghmemwmmmhyercompm&hélh;mpMmfommg
QLBPSS: lmlazgl Sf 4;%3{?% ﬁrﬁgelgc%?g:v %eéwp?ctg V\Tﬁﬁ& e ﬁé ted
structdral pipe S m"@&&F‘f aé'ﬁ% TegL ang

j acket @ pi pe disieaseyayer is forgwd fromy e material that is cheprically imcomphtible whcthemm

resi stance when gedpfopd thefiberuéinfordediresin Riyee. Al t hough
speci fic enbodi mrents and exanples of fire resistant pipes and pipe fittings

have been descri bed angFGI | Lustrated, nmany nodifications and variations wll
be apparent to 1¥- JESISDL PIPSFORRTINE art. It s, therefore, to be

under st ood t hat , a stintchiral wallccosipuigieg ddyetsiof helically wosphreinfierding [fibenbonded with
resi st gt plapesﬁrséwemiﬂ {tle| g?6iip EdnsistingSof phéRdlici resins; 3NoXafe-HidaiFlel hbmilic
ot her than as. sp% | cs%s Xnddesgmsblgg h}er ein.

a jacket disposed around the structural wall, wherein the jacket comprises a number
of alternating release layers and fiber-reinforced resin layers, wherein a release layer is
disposed around an outside surface of the structural wall, wherein a fiber-reinforced resin

30 layer forms an outermost pipe layer, wherein each fiber-reinforced resin layer comprises a
reinforcing fiber bonded with the same resin used to form the structural wall, and wherein
each release layer is formed from a material that in incapable of forming a bond with the
resin component of the structural wall and the fiber-reinforced layers.

35 17. The pipe as recited in claim 16 wherein the material used to form the relcase

layer is selected from the group consisting of materials capable of absorbing energy by phase
transformation at a temperature below a degradation temperature of the structural wall.
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PCT/ US96/ 16813 1 is Cainmed is; 1. Afire

resi stant pipe conprisi ng mll“”“!““l ﬂlﬁuwct ural wall conprising
| ayers of hel wigéd¢raound rein ded with PCT/USYG/i68I3 N

sel ected fromthe group consi sti ng of - phenol I c resins, siloxane-nodified

phenolic 5

resins, furan resins, and nmi xtures thereof and

at |l easty one fireg eshsﬁag&d foay £k l‘wﬁﬁm}t'}ﬁgﬂoﬂﬁfxﬂ? of: Wherein
the fire resi star}ldFl |ncI I?és ous ‘carrjer c%ﬂeent

| npregnated with

10

15

20

30

35

h‘@etﬁflo

consisting of phenohc resins, sxloxane-modlﬁed phenolic resins, furan resins, and mixtures
thereof, for forming a structural pipe wall;

placing a fibrous carrier wetted with the same resin over the structural pipe wall, for
forming a fire resistant layer; and

curing the resin in both the structural pipe wall and the fire resistant layer to form a
bond therebetween.

19. A method for forming a fire resistant pipe comprising the steps of:

helically winding a reinforcing fiber wetted with a first resin for forming a structural
pipe wall, wherein the first resin is selected from the group consisting of phenolic resins,
siloxane-modified phenolic resins, furan resins, and mixtures thereof; and

winding a fibrous carrier wetted with a second resin around the structural pipe wall
for forming a fire resistant layer, wherein the second resin is selected from the group
consisting of phenolic resins, siloxane-modified phenolic resins, furan resins, and mixmures
thereof, wherein the second resin is compatible with the first resin, and wherein the carrier
comprises at least 7S percent by weight of the second resin.

20. A method for forming a fire resistant pipe comprising the steps of:

helically winding reinforcing fiber wetted with a resin selected from the group
consisting of phenolic resins, siloxane-modified phenolic resins, furan resins, and mixtures
thereof, for forming a structural pipe wall;

placing a number of energy absorbing layers over the structural pipe wall, wherein the
energy absorbing layers are formed from materials selected from the group consisting of
materials capable of absorbing energy by phase transformation at a temperature below a
degradation temperature of the structural pipe wall; and

helically winding a mumber of fiber-reinforced resin layers over the energy absorbing
layers, wherein the resin component used to form the fiber-reinforcing layers is selected from
the same group of resins used to form the
structural pipe wail.

21. A method for forming a fire resistant pipe comprising the steps of:

helically winding reinforcing fiber wetted with a resin selected from the group
consisting of phenolic resins, siloxane-modified phenolic resins, furan resins, and mixtures
thereof, for forming a structural pipe wall;

forming a jacket around an outside surface of the structural pipe wall by placing a
release material around the outside surface of the structural pipe wall, and placing a fiber-
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consi sting of phenolic resins, siloxane-nodified phenolic resins, furan

resins, and mxtures Uner_eof_,_and_Jme.Lm_n_Ltle resin selected to
formthe fire resistant layer is conpatible with the 10 resin sel ected

to formthe structural wall. ”Illl'lml"luuumﬂ“' A fire resistant pipe as
recited in clq+gg%%¥hereln t he to form

structural “%the fire resisfant I'hyer dre the sane. Eig §Jﬂfissls
3. A fire resistant pipe as reC|ted inclaim 1 wherein the fire
reS|st nt | aye CO S at | east 75 ent weight re
i ¢ cbibered vesin e B s Biest bt hctviftie Tate il b fopoed g ¢ o
f orm t he starmeteualachat\mincamhh of fornfing & bonk with awsins|usgdeto forme bothithe structural
si | oxane- m)cb mwm.ﬁmﬁnﬁmaaoam vvherel n the fire resistant

| ayer conprises . y
wound rei nf or ci naiq‘n#berltc?or m ng%{ﬁ‘ﬁ‘p‘% H&IMO%%%EJ A

fire resistant pipe as recited in claiml conpr|5|ng a nunber of energy
absorbing material |ayers interposed between the structural wall and the
fire resistant |ayer. 25 6. A fire resistant pipe

conpri si ng: a structural wall conprising layers of helically
wound reinforcing fiber bonded with a resin selected fromthe group
consi sting of phenolic resins, siloxane-nodified phenolic resins,
furan rgsins, and m xtures thereof; 30 a nunber of energy
absorbing material |ayers overlaying the structural wall, wherein

the energy absorbing material is selected fromthe group consisting of

mat eri al s capabl e of absor bi ng energy by phase transfornmation at a
tenperature bel ow a degradati on tenperature of the structural wall;
and a nunber of fiber-reinforced resin |ayers di sposed over
an out sjde surface of the 35 energy absorbing material |ayers, wherein
resin cénponent is selected fromthe sanme group of resins used to
formthe structural wall
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1 ‘ 7. Afire resistant'pipeeas recited in claim6 wherein the

resin is a siloxane- nodi fied phenolic resin prepared by conbining:
a maj or proportion of phenolic resole or phénolic novol ac resin;

a mnor proportion of silicone internediate; and 5 a sufficient
amount of cat facilitate processing and effect cure

8. Afire ‘r@éﬁ,&?ﬁt pi pe corrpr!osi ng: ° a strﬂg}vgrsa 68\/\I/éil I
conprising layers of helically wound reinforcing fiber bonded with a
resin selected fromthe group consisting3of phenolic resins,

si | oxane-nodi fi ed phenolic 10 resins, furan resins, and m xtures

t hereof; and ‘a jacket disposed around the structural wall

t he jacket conpri sing: at | east one rel ease | ayer of
material that is chemcally inconpatible with the resin used
to formthe structural wall; and at | east one
fiber-reinforced resin | ayer disposed around a surface of the rel ease 15

| ayer. 9. The fire resistqqy pipe as recited in claim38

wherein the jacket conprises a n er 74
fiber-reinforced resin Igfzrz; 0 ; 0
as recited in claim8 wh the fibe

conprises helically wound reinforcing
fromthe group kagsi sting g7
phenolic resins, furan resNs,
11. The fire resistant pig 1??

erpq;ing rel ease and

e fire resistant pipe
asi n | ayer
th a resin sel ected
si | oxane-nodi fi ed
w eof. 25
er}ei N the rel ease

| ayer is formed /é}"fi 12.
Afire resistant pipe & re §sin used to form

re both
A fire resistant

t he structura
si |l oxane-nodi fi ed ph
pi pe conpri sing:

helically wound reinf
the group consisting of

! a resin selected from
(% e-nodi fi ed phenolic

resins, furan resins, 2”35 a j acket disposed
around the structural wd /Facket conprises a nunber

of alternating rel ease | ayer® LAY -reinforced resin layers, wherein a
fiber-reinforced resin _ ef forms an outernost pipe |ayer, and
wherein the release |l ayers are tornmed from a .
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PCTLUS96/ 16813 1 materjal thaf in incapable of formng.a . bond with
the resin conponent of the structural wall and the fiber-reinforced
| ayers. 14. The fire resistant pipe as recited in claim13

wherein the fJ -reijnforced resin 5 | ayer conprises | _
helically mu‘k@%’é‘{’ﬁ% orcing fiber bonded with a resin sel ecréic({%ﬁ%‘ 13
the group consisting of phenolic resins, siloxane-nodified phenolic resins,

furan resins, and m xtures ther ed¥3 15. Afire

resi stant pipe conprising: 10 a structural wall conprising

| ayers of helically wound reinforcing fiber bonded with aresin

sel ected fromthe group consisting of phenolic resins, siloxane-nodified
phenolic resins, furan resins, and m xtures thereof; and

a jacket disposed around the structural wall, the jacket conprising:

at least one release |layer of material that is chemically inconpatible with
t he 15 resin used to-formthe structural wall; and

at | east one fiber-reinforced resin | ayer di sposed around a surface of the
rel ease ' | ayer, wherein the fiber-reinforced resin |ayer
conprises helically wound reinforcing fi ber bonded with a

resin selected fromthe group consisting of phenolic resins, -
si | oxane-nodi fi ed phenolic resins, furan resins, and m xtures thereof, and

wherein the 20 rel ease layer is formed froma material that is
chemcally inconpatible with the resin used to formthe
fiber-reinforced resin | ayer. 16. A fire resistant pipe
conpri si ng: a structural wall conprising layers of helically
wound reinforcing fiber bonded with 25 a resin selected fromthe group
consi sting of phenolic resins, siloxane-nodified phenolic resins,
furan resins, and m xtures thereof; a j acket disposed around
the structural wall, wherein the jacket conprises a nunber of
alternating release |l ayers and fiber-reinforced resin | ayers, wherein a
rel ease layer is di sposed around an outside surface of the
structural wall, wherein a fiber-reinforced resin 30 | ayer forns an

out er nost pi pe | ayer, wherein each fiber-reinforced resin |ayer conprises a
reinforcing fiber bonded with the samgy £ ed to formthe structural -
wal |, and wherein each releagzrdgz;E.E§ formed fr mat eri al that
in incapable of formng a bond with the resin co nt of the
structural wall and the fiber-reinforced |ayers. 35 "(}H) 17. The

pipe as recited in claim16 wherei sl _usedPro formthe rel ease
| ayer is selected fromthe grou ey al s cgqs?le of
absor bi ng energy by phase rat ure bel ow a

degradati on tenperature of
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PCILLLISQ6/16813 1 18 A nethod for fornmng a fire resistant
pi pe conprising the steps of: helically w nding reinforcing
fiber wetted with a resin selected fromthe group consi sting of

phenolic resi %%@g fxane-nodi fied phenolic resins, furan r?ﬁé‘ﬂﬁsﬁma

m Xt ures reof, for formng a structural pipe wal

placing a fibrous carrier wetted with the same resin over the structural

pi pe wall, for forming afire r esiPé? ant | ayer; and

curing the resin in both the structural pipe wall- and the fire resistant

| ayer to forma bond therebetween. 10 19. A nethod for
forming a fire resistant pipe conprising the steps of:

helically winding a reinforcing fiber wetted with a first resin for formng
a structural pi pe maJI,}mngtein the first resin is selected fromthe
group consisting of phenolic resins, 7y g<,rodi f i edoghenol i c
resins, furan resins, and m xtures tBEyE ndi ng a
fibrous carrier wetted with a sec ﬂ’ gy pi pe wal |
15 for formng a fire resistay in i
sel ected fromthe group ,
si | oxane-nodi fi ed phenolic re;}f’
t hereof, wherein the second r¢
wherein the carrier COH
second resin. 20 ,
pi pe conprising the steps of:
fiber wetted with a resin selfe
phenolic resins, siloxane-no
m Xt ures t hereof, forVyi0

resin, and
BAght of the
esi st ant

ei nf or ci ng
sting of

, and

et hod for formng %
helically
om t he group

pl aci ng a nunber of energy absSefANYAA 4 { ,
wherein the 25 ener gy absoi‘f\g o e Aot erial s

helically w nding a nunber of fiber-reiNa /
absor bi ng | ayers, wherein the resin ponent used to formthe
fiber-reinforcing layers is selected from 30 the sanme group of resins
used to formthe structural pipe wall




21. A nhethod for formng a fire resistant pipe conprising the steps of:
helically wnding reinforcing fiber wetted with a resin selected fromthe
group 35 consi sting of phenolic resins, siloxane-nodified phenolic
resins, furan resins, and m xtures thereof, for formng a

structural pi : form ng a jacket around L de
surface of th‘gsgﬁ’ﬁ%’f ural pipe wall by placing a rergg@%%‘gri al

around the outside surface of the structural pipe wall, and placing a
fiber- 4/5 - 34-

WD 97/ 15775 '

PCT/ US96/ 16813 1 reinforced resin |ayer over the release material,
wherein the release material is formed from ~ a material that is

i ncapabl e of formng a bond with resins used to formboth the structural
pi pe wall and the fiber-reinforcer resins |ayer; and curing
the resin in both the structural pipe wall and the fiber-reinforced resin
| ayer. 5 10 15 20
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