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'BACKGROUND
1. Field of Invention
This invention pertains to methods of producing
thermosetting plastic foams utilizing any suitable catalyst
to create exothermic heat, which heat in turn causes the
5 unique expansion agent of this invention to vaporize,

thereby creating small cells and a low density thermbplastic
foam, as well as foams produced by such methods. Examples
of such foams include polyurethane foams, polyurethane
modified polyisocyanurate foams, and condensation reaction

10 foams such as the formaldehyde series of urea, melamine, and
phenol used for thermal insulation.

2. Related Art and Other Consideratioms
Cellular organic rigid thermosetting plastic foams
15 used for thermal insulation are well known in the art. Such
foams can be made with urethane linkages, or made with a
combination of both isocyanurate linkages and urethane
linkages, or they can be made via the well known .
condensation reactions of formaldehyde with phenol, urea,
20 and melamine. All such plastic foams must utilize an
expansion agent, often referred to as a "blowing agent".
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prior art is replete with references to techni ques of expanding foamcells.
For rany years, the donminant blow ng agent for all thernosetting foans was
“t7i chl orononof | uoronet hane (CFC-11). Qher types of blowing 5 agents
have been praopos uch as the use of hydrocarbon mi xtures, pcpusssio2o6a U. S.
Pat ent No. 3, g . In recent years, various foam expansi on net hods have
been taught in such United States patents as the following (all of which
are incorporated herein by reference}: 10 3,993, 609, 4,636,529,

4,898, 893, 4,927,863, 4,981,876, 4,981, 880, 4,986,930, 4,996, 242,
5,032,623, 5,070,113, 5,096,933, 5,114,985.5, 130, 345, 5, 166, 182

5,182, 309, 5, 205,956, 5,213,707, 5,227,088, 5,234,967, 5,236,611,

5, 248, 433, 5, 262,077, 51hé’pEiér 5;:2785196p1£;é8&ﬁ)03:efﬁence55;290 823,

5,296, 516, 5, 304,330 344e320na8n31 B0 PlE. 5 R3O HAG yEAES ckli vel Y

r ecent hydrogena rocar bons "HCFCs" re consi dered to
he 20 enV|¢Qﬂﬂmtalq1§°“'F-PBeﬁSP§‘te£EEn§4-Bnt q}ﬁ‘{g ¥Bfit ai n sone

¢hl orine, and ﬂﬂeﬁm‘da:romdmmua&om@taaaemwennh Pcum alypbeisc alfl bllowinp") .

Because of the ODP e ggrg

Anot her known %qeg:stfss %‘FV g:ﬁ%% Bﬂs@n gan Egaén%%ﬁéc)m%\r/?gat Eg'r§.tB|81<"a]!It I y25
hydr ogenat ed fodsuxes. b@ﬁlslgPé:aP-PeH SHFEé“?n\?\HF%h hRRS 53 -gedt®r CFBFmJI a:
Herr] F[ err] Cyaddds, %&&%ws, famiestpanaioni nétiysdss haktee Hdefi canghunds bei ng

proposed for fuf yr e, 1y 4 AUENLAcARLE LUCLRET MRSt OB whieh

are incorporated herein by reference)}:

10 3,993,609, 4,636,529, 4,898,893, 4,927,863, 4,981,876,
4,981,880, 4,986,930, 4,996,242, 5,032,623, 5,070,113,
5,096,933, 5,114,986, 5,130,345, 5,166,182 5,182,309,
5,205,956, 5,213,707, 5,227;088, 5,234,967, 5,236,611,
5,248,433, 5,262,077, 5,277,834, 5,278,196, 5,283,003,

15 5,290,823, 5,296,516, 5,304,320, 5,314,926, 5,318,996, and
5,336,696. '

The relatively recent hydrogenated
chiorofluorocarbons (called YHCFCs") are considered to be
20 environmentally friendly expansion agents, but still contain
~ some chlorine, and thérefore have an "Ozone Depletion
Potential" (called "ODP"). Because of the ODP, the HCFCs
have been mandated for eventual phaseout.

25 Another known class of blowing agents is the non-
chloronated, partially hydrogenated fluorocarbons (called
"HFCs") which have the general formula: H,F,C,, where x, Yy,
and z are integers. The HFC compounds being proposed for
future blowing agents have two serious defects: (1) high

30 intrinsic thermal conductivity properties (i.e., poor
thermal insulation); and, (2) expense. In view of the fact
that approximately ten percent by weight of rigid foam
insulation are the compounds'used as blowing agents, high
cost combined with the poor insulating value render HFCs
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_3- less &% 've candi dates for blow ng agents in commercial foam

i nsul ati on. Hydrocarbon bl owi ng agents are al so known, which 5 cl ass

i ncl udes hal ogen-free and CJ err]-free bl owi ng agents. For exanple, United
States Patent 5,182,309 to Hutzen teaches the use of iso- and

nor mal - pentane in various emnul sion m xtiuges. Anot her exanple of hydrocarbon
bl-owi ng agents is taught by Volkert in United States Patent 10

5, 096, 933, Ppesatatgractitécandidatesoiforoblewtingl agent ® pibmt commekcital | ed

and eXtrath%E$céﬁgﬁfﬁé§éﬂ gas wells. However, the hydrocarbon bl ow ng
agents nentione connection with such prior art have inadequate 15

mscibility with pol yester polyols, comonly used in polyisocyanurate
rodi fi ed pol yuret hanemfdmnafﬁm Hewdhgt hgental arseslsedundwn A wiirti cal

o 51 201§ P ey Aot B YA TS R0 O
Bl anpi ed, W@Pﬂ@ug@’cﬁe%zsé&tﬁ?pgéltﬁpf:hspb?&ﬁ@ @i BUBAR Y ent s enhance
the m sci bitédohed tthPaiss oblirst andpaoythl -pehvanerin akarddud hat work was
done using emulsion mixtures. Another example of hydrocarbon blowing
agents is taught by Volkert in United States Patent
10 5,096,933, pointing out the virtues of commercial
cyclopentane distilled and extracted from natural gas wells.

However, the hydrocarbon blowing agents mentioned

in connection with such prior art have inadequate

15 miscibility with polyester polyols, commonly used in
polyisocyanurate modified polyurethane foam. The use of
these alkanes require a chemical surfactant to obtain a
suitable mixture. . An improvement in the problem of poor
miscibility is taught in United States Patent 5,166,182 to

20 Blanpied, whereby the use of azeotropes with polar organic
solvents enhance the miscibility with polar polyester
polyols. However, all of that work was done using
cyclopentane extracted from natural gas.

25 - Another problem with some of these alkanes is the
poor insulating value. For example, the thermal
conductivity of n-butane at 25°C is 16.3 mW/m*°K, and n-
pentane at 25°C is 14.8 mW/m*°K. |

30 None of the prior art patents known to Applicants
discuss how the cyclopentane is obtained for the disclosed
foaming process, nor is there any recognition that any
certain mode of cyclopentane production may endow the
cyclopentane with properties which are beneficial for a

35 foaming operation.
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sone cycl opentane originates from petrol eusg-nost cycl opentane ori gi nates
fromnatural gas wells, and is extracted as the bottom | ayer of
distillation in a ref|neﬂgphaughwsqgetugclmgﬁnuananmnaguhaSesofbemS
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o ol o ¢ Y el o bt 87 e xRaie o Sombadns, iBguRicses | Tn,

nmeet the quantEhytdecyndepentaaecsaﬁérasa?Temhqxnathraahe contains from
22% to 30% impurities.

10 Extracted cyclopentane ("EXTRCP") has at least
five problems which heretofore virtually prohibited it from
being considered a serious candidate as a commercial blowing
agent for rigid foam insulation. The first problem is that
its limited supply is considerably below the amount needed

i5 to meet the quantity demanded of a commercial compound. The
second problem is that this inadequate supply contains at
least twenty-two percent impurities in the form of hexane
isomers and n-pentane, which impurities significantly reduce
insulating value of foam made therefrom. The third problem

20 is that extracted cyclopentane is not miscible with the
common polyester polyocls which are used with HCFCs, nor
those that were used with CFC-11.

The fourth problem is that extracted cyclopentane
25 does not reduce the viscosity of the polyester polyol
foamable blend to a workable level, even when ligquid fire
retardants are utilized.

The fifth problem is that the foam produced with
30 EXTRCP will not pass the ASTM E-84 maximum 75 Flame Spread
Index even with moderate flame retardant.
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cyclopentane are unstable mixtures. In this regard,
extracted cyclopentane is no more suitable as a miscible

10 blowing agent than n-pentane or iso-pentane. All three
require chemical surfactants for miscibility.

Perhaps the largest obstacle to the use of

hydrocarbon blowing agents in the United States is the fifth

15 problem -- flammability of thermoset plastics blown with -
hydrocarbon blowing agents. United States Patent 5,096,933
to Volkert mentions disadvantages caused by the flammability
of the cycloalkanes. Volkert alludes to the optional use of
flame retardants, but provides no example utilizing a flame

20 retardarit. Furthermore, none of the five Polyurethane Rigid
Foam examples shown by Volkert would pass the maximum Flame
Spread Index (FSI) of 75 (ASTM E-84) required of
construction foam in the United States. Likewise, a
polyisocyanurate foam, without flame retardant, having an

25 Isocyanate-to-Polyester Polyol INDEX of 2.3 badly failed the
ASTM E-84 maximum Flame Spread Index requirement of 75, by
achieving a 2174 FSI.

With regard to flammability, it is well known that
30 organic surfactants contribute to the flammability of rigid
plastic foam insulation. The three main classes of organic
surfactants (anionic, cationic, and nonionic) all add to the
flammability problem of plastic foam. However, the use of
organic carbonates, such as ethylene carbonate and propylene
35 carbonate, does not increase the flammability of plastic
foam.
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Wi th non-pol ar n-pentane, iso-pentane, and extracted cyclopentane being
shown in the second through fourth columns, respectively.

10 In all experiments, the polyester polyol utilized was
Stepanpol PS-2502A, which (along with Cape's 245-C) is known
to have the best miscibility with non-polar hydrocarbon
blowing agents. In the experiments reflected by the first
row of TABLE I, pure (no other chemicals) PS-2502A polyol

15 was used at 80% weight with 20% by weight pentane; and so

- forth as indicated in the first column of TABLE I.
Significantly, all experiments showed the polyester polyol
to be immiscible with extracted cyclopentane, just as it is

probl em

with n-pentane and iso-pentane.

20
TABLE I
IMMISCIBILITY STUDIES
—_— - _ . —_-
“Weight Ratio N-Pentane Iso-Pentane Extracted
(Polyol/Blow Cyclopentane
25 ing Agent)
80/20 Separates Separates Separates
75/25 Separates Separates Separates
70/30 Separates Separates Separates
50/50 Separates Separates Separates "
30 35/65 Separates Separates Separates
“ 20/80 Separates Separates Separates




hydr ocarbons, as well as the imm scibility of n-pentane and 5

i so-pentane with this polyester. polyol Thefirst-—colum of TABLE | shows
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Ratio t ane | sg- Pent ane tracted (Pol yol / Bl ow
Cycl opent an¥hes blendpﬁgxgggﬁgwa%*p;g}en s Separates Separ at es
Separates 75~25-------- Separates-------Separ-ates------ Separates-79/ 30
Separ gt es Separ at es Separ 3%6%_0‘{150 Separ at es
Separ at es Separates 30 Separ at es
Separ at es Separ at es 20/ 80 Separ at es Separ at es
Separ at es  CHEMICALS: Pbw Pbw Pbw Pbw Pbw Pbw Pbw ' Pbw Pbw Pbw
PS-25022 100 100 100 100 100 100 100 100 100 100
Fyxrol PCF ~== === wes === === 15 1§ 15 15 i5
10 Dabco K-15 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
PM-DETA 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
DC-5357 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Watex ~ee wes eame ee= -=- 1.8 1.8 1.8 1.8 1.8
Prop Caxb --- §.0 10 e~ ===~ ==~ 5.0 10 com ===
15 Tex NP-95 e e-- «=- 5.0 10 -=- === === 5.0 10
EXTRCP 20. 20. 20. 20. 20. 23, 23, 23. 23. 23.
Brookfield
Viscosity * *

cps at 65°F =6928 4016 2392 4480 2880 2725 Broke Broke 1810 1124
20

* = unstable emulsion separated (broke) rapidly

TABLE II shows that, without exception, every

25 foamable blend made with extracted cyclopentane produced a
Brookfield viscosity over 1000 cps at 65°F, even one with 10
parts by weight of a strong viscosity reducer, Texaco's NP-
95. The foamable blends using both Fyrol PCF and Propylene
Carbonate mixed into an unstable emulsion which soon

30 separated. The inability to formulate with both liquid
flame retardant and an organic carbonate is a serious
obstacle to obtaining both flame resistance and a low enough
viscosity to be workable.

35 In addition to obtaining cyclopentane by .
extraction, it appears that cyclopentane can also be
synthesized from other hydrocarbons. In this regard, French
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fourth problem of extracted cycl opentane (EXTRGP) is shown in TABLE |
bel ow, where viscosity is high when blended in foamable blends. 5

TABLE 11 CHEM CALS: Pow Pbw Pbw Pbw Pbw Pbw Pbw Pbw Pbw Pbw PS- 2502A

100 100 100 1Qfh k844300 100 100 100 100 Fyrol PCF ' - - - - - PCTAIS96/02063 - -
15 15 15 15 15 10 Dabco K-15 4.0 4.04.04.04.04.04.04.04.0
4.0 PM DETA 0.2 0.20.20.20.20.20.20.20.2 0.2 DC5357 2.0
2.0 2.02.02.02.02.02.02.0 2.0 water “-- m-- --- --- ---1.8
1.8 1.8 1.8 1.8 Prop Carb --- 50110 --- --- --- 5,010 ~--- --- 15
Tex NP-95 --- --- --- 5010 ------- -8-5.0 10 EXTRCP 20. 20.

20. 20. 20. 23. 23. 23. 23. 23. Brookfield Viscosity .
*  * cps at cHeERANCR FB9235351092380d4ER(02 03B WD Tepchk her prepagabian 24

20 * = unst abl efeBitdlysrecrtdredebookpalIapiuh WithBlahothegheransgion

Gyclopent ane. plikaie 3chs A2 rurbefRlR bE PhEATHE, bulel cP81088L En gpa
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seri ous cyclopentane from dicyclopentadiene ("DCP"), or make any :
reference to foaming processes.

10 British Specifications GB 2,271,575A and GB
2,273,107A disclose two similar methods for synthesizing
cyclopentane from dicyclopentadiene. Likewise, British
Specification GB 1,302,481 teaches a method which
synthesizes minor amounts of cyclopentane, but

15 preferentially produces cyclopentene. While British
Specifications GB 2,271,575A and GB 2,273,107A mention
initially the search for blowing agents for polyurethane
foam, neither provides an example of the use of cyclopentane
as a blowing agent for foam, much less a foam produced with

20 polyester polyol. 1In fact, European practice is to make
polyurethane foam using polyether polyol rather than
polyisocyanurate foam using polyester polyol.

Historically, considerable attention has been
25 directed to the synthesis of cyclopentadiene and various
isomers of the pentadiene and pentene building-block
monomers. In this regard, dicyclopentadiene ("DCP"),
C,.H,., is the dimer of cyclopentadiene ("CP"), C,H,, and is
the naturally stable form of CP. Cyclopentadiene monomer
30 spontaneously dimerizes at room temperature. DCP is
obtained from the thermal cracking of high molecular weight
hydrocarbons, such as naphtha and gas oils, particularly in
the presence of steam.
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preparation catal ysts conprised of palladiumw th another transition
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make pol yur €éehabes f odfe mrmmlmnmww@lxlﬂatnen.tﬁanmust be
protected from atmospheric oxygen. Thus, it is advantageous

to convert DCP into cyclopentane in an enclosed reactor

10 utilizing an excess of hydrogen, and adding cyclopentane as
a diluent, as shown in GB 2,271,575A and GB 2,273,107A.

The thermocatalytic conversion of DCP to CP, and
back again, and similar processes, have been well
is documented. However, such conversion and similar processes
have not occurred in the context of utilization for a
blowing agent for a rigid insulative foam which utilizes
polyester polyol. |

20 The similar processes mentioned above include use
by Alder and Stein of palladium as a catalyst to polymerize
and hydrogenate DCP into the trimer form, then to
tetracyclopentadiene, and finally into pentacyclopentadiene.
Hydrogenation and polymerization to

25 -tetrahydrotricyclopentadiene has also been accomplished with
Adams' platinum catalyst at room temperature and fifty
pounds per square inch pressure. Bai, Zhang, and Sachtler
of the Center for Catalysis and Surface Science,
Northwestern University, reported using palladium adducts in

30 1991 for cyclization and hydrogenolysis reactions of
neopentane and other hydrocarbons. United States Patent
4,178,455 to Hirai et al. teaches that a transition metal
catalyst, with a Lewis acid promoter, will convert urea,
biurets, and allophanates into correspoﬁding urethanes.
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pol yi socyanur ate foam usi ng pol yester polyol. Historically, considerable
attenti on has been 25 directed to the synt-hesis of cycl opentadi ene and
various isonmers of the pentadi ene and pentene buil di ng-bl ock nononers. In
this regard, dicyclopentadiene ("DCP"), Cerr]Herr], is the dinmer of

cycl opent adi e nkdas) Cerr]Herr], and is the naturally strepiussdoaeen of
CP. Cycl openta |ene nnnoner 30 spont aneously dinmerizes at room
tenperature. DCP is obtained fromthe thernmal cracking of high nolecul ar
wei-ght hydrocarbons, such as naphtha and gas oils, particularly in the
presence of steam WO 96/ 25443

PCT/ US96/ 02063 Owning to its conjugated dowdos bonds, CP can undergo

numer ous reactions, and has several inportant commercial uses. \ile nost
conmercial CP is obtai nedtf isnharekiecl gicrthecpreseatsdnysRaieoRIE? r om ot her
comrercial 5 protgdet ROBReM6Be0Einy Ndamaiyindeiek che adoaptayestoft from

aut odi neri zi ng, t 0 S (% nee S

pr event spontaﬁ§§§5g§§¥da ER8L§29& §$§%§*%ro g%tegyﬁﬁgnfa ﬁgg%hi&§&°J;h
oxygen. Thus, nmsuéaaavansageeas1@® erRrd tc9¥dS i nto cycl opentane in an
enclosed;;eactor 10 utilizing an excess of hydrogen, and adding

cyclobentane s 2 o Lo bnoffefraifat e dr tlh REIAEAN i Fnhe RO, 40 he The
processes, havatiddgandbh ¢ a hY@melublo"nge\asﬁntsthcboh’?@%#%ﬂ-hnd
simlar procesg@sciBye #othOe6HnbRIpbIyédtee: PN sOWithbhtzeeaoiring a
| organic surfactants to make a stable blend.
10
An advantage of the present invention is the
ability to create a foamable blend viscosity low enough to
use in existing pumps without the requirement for additional
viscosity reducing diluents.
15
Yet another advantage of the present invention is
the utilization of an abundant source of specially
synthetically produced cyclopentane, which insures that the
costs will be contained in a reasonable range.
20
Still another advantage of the present invention
is the achievement of a thermosetting foam having an ASTM
E-84 Flame Spread Index less than the maximum 75 allowed.

25 SUMMARY
A thermosetting plastic foam solid is obtained

using a blowing agent comprised at least partially of the
reaction product of the cracking of dicyclopentadiene into
essentially pure cyclopentane. This unique cyclopentane

30 hydrocarbon is miscible in polyester polyols, where others,
such as extracted cyclopentane, are not. In a blend of 15
parts of liquid flame retardant per hundred parts polyester
polyol, the mixture is both stable and has a suitably low
viscosity.
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bl owi ng agent for a rigid insulative foamwhich utilizes polyester polyol.
N The sinmlar processes nentioned-above include use by Alder
and Stein of palladiumas a catalyst to polymerize and hydrogenate DCP into
the trimer form then to tetracycl opentadi ene, and finally into
pent aCyC'@@%E',&&QL ene. Hydrogenation and pol yneri zati on t @cghuse602063
tetrahydrolriCycl opent adi ene has al so been acconplished with Adans'
pl ati num catal yst at roomtenperature and fifty pounds per square inch
pressure. Bai, Zhang, and Sachtler of the Center for Catalysis and Surface
Sci ence, Northwestern University, reported using palladi umadducts in 30
1991 for cyclization and hydrogenol ysi sigeacti ons of neopentane and ot her
hydrocarbons. United States Patent 4,178,455 to Hirai et al. teaches that a
transition netal catal DETAILER [DESCRIRBION IQF THETSNVENIRON| convert urea,

bi urets, and al | ophangt gad %%ncw.—ﬁ%@emgneo%fém thit WD 96/25443
PCT/U896/0206 IS an ohj ect gﬁresent é%éﬁﬂlon to provide a

| t
t her moset t i ?jﬁ%ﬁﬂ'-iﬁf}q %eﬁﬁéegd§§Waﬂé StoRSRkAdHeRe SRR zed
eycl opent a@olg SYAERN] setble with alyestar polyglgasnobsreguitingd cells. 5

Anot her  advasdaaesnf Ihe falts 2 b2V ﬁgh?ﬂfiéréh@o%nl Izilyl ON A e
hydrocar bon b %. gga ent which_is rea ¥
skille n the art will now appreciate upon comprehending
this discovery, the miscibility of this unique cyclopentane
creates a foamable blend having a viscosity low enough to
utilize, whereas the EXTRCP does not create this advantage.

10
The unique, or special, synthesized cyclopentane

(SYNCP) utilized in all embodiments of this invention is
cbtained from Exxon Chemical Americas as imported "Exxsol
Cyclopentane”. In this regard, the cyclopentane utilized in

15 all embodiments of this invention is synthetically created
by the depolymerization of DCP to CP. The synthetic
cyclopentane used in the examples of this invention is in
excess of 95% pure cyclopentane.

20 The simplified equation for synthesized
cyclopentane (SYNCP) according to the present invention is
as shown as EQUATION 1:

Examples of processes suitable for production of
25 the synthesized cyclopentane (SYNCP)} according to the
present invention are described in GB 2,271,575A and GB
2,273,107A, both of which are incorporated herein by
reference. In GB 2,271,575A , cyclopentane is used as a
diluent, or carrier, during the depolymerization, e.g.,
30 "cracking", stage to reduce coking and the formation of
trimers, tetramers, and higher polymers which ars not



m scible with comon pol yester polyols w thout requiring organic
surfactants to nmake a stable blend. 10 An advantage of the present
invention is the ability to create a foanmable blend viscosity | ow enough to
use in existing punps without the requirenent for additional viscosity
reduci ng di |l ugphsensies Yet anot her advantage of the present i rrcEWssen206s t he
utilization of an abundant source of specially synthetically produced

cycl opent ane, which insures that the costs will be contained in a
reasonabl e range. 20 Still another advantage of the present invention is

t he achi evenent of a thernosetting foam having an ASTM E-84 Fl ane Spread

I ndex | ess than the maxi num 75 al |l owed. 25 -12-

SUMVARY A thernosetting plastic foamsolid is obtained using a bl ow ng
agent conpri sed T&A9RYsACFAMPPERA LR LR AQnORaY.ofSptauglt &8 ®Be cracki ng

of dicycl opent adi,80@,48tLp aiseninebiporated Qeveipebiaretetbnse Ui IIGE
Chersben o023 RHABIAS LRI BaRAL 4 LANGLY hebighoeellile
Fiquid flame re£8Rganinpar sxﬂﬁHYeﬁomerstidol%si{Serrep@V§dl byt fitleration. i s
both stablse andThis prodessbhy hevhdd SEIIdwWs/ thed hydrogenation of the
unsaturated monomer to cyclopentane at temperatures below
175°C. The advantages of this process are outlined in GB
1,115,145 and GB 1,264,255, both of which are incorporated
herein by reference.
10 _
As another example of an implementation of
EQUATION 1, the C;H, represents the unsaturated five-carbon
hydrocarbons, either linear or cyclic. Some pentadiene
(CsH,) may also be present during the conversion. In such
15 process, the cyclopentadiene is hydrogenated to
cyclopentane, and the pentadiene may undergo hydrogenation
and cyclization to cyclopentane using a catalyst, e.g., a
transition metal (or adducts thereof) catalyst. An example
of a palladium metal adduct is PdC1,..
20
The miscibility of the specially synthesized
‘cyclopentane (SYNCP) of the invention is evidenced by TABLE
III.

25 Furthermore, the addition of a potassium catalyst,
a tertiary amine catalyst, and the normal silicone type
surfactant to the above blends of synthesized cyclopentane
(SYNCP) produces clear solutions in the useful ranges of
from about 13% up to about 30% cyclopentane by weight. By

30 contrast, these same additives do not make clear solutions
of any ratio blend with the three blowing agents of TABLE I.



WD 96/ 25443 PCT/ US96/ 02063 -11-
DETAILED DESCRIPTI.ON-O=_THE | NVENTI ON-+t- h s ; :
t hat cycl opent ane synt hesi zed from di cycl opent adi ene ("DCP'), Clerr]Herr],
iI's miscible with polyester polyols, not requiring 5 addi ti onal
surfactangg Rhsfyul sifiers to mx well. As one skilled ipcrussseposs Wil now
appreci ate upon conprehending this discovery, the mscibility of this

uni que cycl opentane creates a foanmabl e bl end having a viscosity | ow enough
to utilize, whereas the EXTRCP does not create this advantage. 10 The

uni que, or special, synthesized cycl opentane (SYNCP) utilized in al

enbodi nents of this invention is obtai net3$rom Exxon Chem cal Anericas as
imported "Exxsol Cyclopentane". In this regard, the cycl opentane utilized
in 15 ali~ “emgodi-ments -of ~thrs-rnvent7omis symtireti-cal-l-y -created-by t he
depol ynmeri zati on of DCP to CP. The sggg@ngg_cyclopentane used in the

exanples of t | 0DE

The sinplifie ie| S f??s(l q F g% eﬁ?@r\%ﬁ NE q’i‘&“ﬁéﬁg to
the present invefftjan,.s._as.s o¥n45§m JATTON 1. oepo [yme FT- ’
catalyst+4H[err] %F ip ©

ynthesized
.............. I ﬁvpmppen;ane-- CyclopentaneZC[err]H[-rr] Exanpl es

of processes SUII-- e mejers e ed cycl opent ane
( SYNCP) accordinfj to the Qﬁésént |nven |onSaableechtued |n1e. 2,271, 575A
~and GB 2, 273, 1075, ot oT P2 by ef erence. In
GB 2,271, 575A , lyclopentaﬁé2$s used af a Stable “Mixture
70/20 Stable Mixture
" 50/50 Stable Mixture
10 35/65 Stable Mixture
20/80 Stable Mixture
— |
15. In contrast to the high viscosities shown in

TABLE II utilizing extracted cyclopentane, as shown in
TABLE IV foamable mixtures using the specially
synthesized cyclopentane (SYNCP) of the invention have
low viscosities. PFurthermore, the mixtures of the

20 invention were all clear solutions and remained stable.

It is well known that organic surfactants
contribute to plastic foam flammability, whereas
propylene carbonate does not. Thus, the foam of

25 Example 8 in TABLE IV utilizing 10 pphp propylene
carbonate has a lower Flame Spread Index than the foam
of Example 10 utilizing 10 pphp ethoxylated nonylphenol
(Texaco NP-95). Advantageously, Example 8 also has a
lower viscosity than Example 10, although both are low

30 enough to use easily. Thus, the use of an organié
carbonate in place of an organic surfactant is a major



di luent, or carrier, during the depolynerization, e.g., 30 "cracking",
stage to reduce coking and the-formation of t+wers, tetramers, and higher
pol ymers whi ch are not WD 96/ 25443 '
PCT/ US96/ 02063 -12- readily deconposed to the nonomer, as taught in GB
1, 302, 481, 31}'%89&’5&9'{ porated herein by reference. I n GB 2, 27BCT/US6/02063
catal yst powder "I's circul ated through reaction zones in a slurry formuntil
it is removed by filtration. 5 Thi s processing nethod all ows the
hydr ogenati on of the unsaturated nononmer to cycl opentane at tenperatures
bel ow 175[err] C. The advantages of this process are outlined in GB
1, 115,145 and GB 1, 264, 255, both of which-amre incorporated herein by
reference. 10 As anot her exanple of an inplenentation of EQUATION 1, the
Jerr]Herr] ragveneage 2ol avrbkakls &@ gi%ﬁeee‘fé?:ﬁﬁﬁe‘l‘\y‘iﬁ%%ﬁ‘,e ei t her
Linear or cycl(BXTREPE, et &l dettcddiksr nthd Birbkenmemubs sond el rBBLE  duri ng
t he conversion IIn such 15 process, the cycl opentadi ene i s hydrogenated
to cyclopentana,'and t he pent adi ene may undergo hydrogenati on and
cyclization to cycl opentane using a catalyst, e.g., a transition netal (or
ggtgju?ts %her eof%1 cat al yS’i‘hué\n.i.Le;@&ﬂ)'lﬁ @feealla baﬂbammtmw?mt is
err]. 20 T 1scibility of the speci . y I cl opent ane
(SYNGP) Of ¢ hevtERerRTER, TU St ey G e rAs el B fShitadd
affords lower, workable viscosities even at the low
temperature of 65°F.

10 ‘ Table V shows blends with, and without,
liquid flame retardants (Fyrol PCF), with either
extracted cyclopentane (EXTRCP) or synthetic _
cyclopentane (SYNCP), as well as theit Brookfield
viscosities at 77°F.

15
TABLE IV
FOAMABLE BLEND EXAMPLES 1 - 10
20 Ex 1 Ex 2 Ex 3 Ex 4 Ex 5 Ex 6 Bx 7 Ex 8 Ex 9 Ex 10
CHEMICALS: Pow Pbw Pbw Pbw Pbw Pbw Pbw Pbw Pbw Pbw
PS-A 100 100 100 100 110G 100 100 100 100 100
Fyrol PCF T i %1 15 15 1s 15
Dabco K-15 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25 PM-DETA 0.2 0.2 0.2 0.2 ©0.2 0.2 0.2 0.2 0.2 0.2
DC-5357 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Water -—== @;~ === =-- ==-- 1.8 1.8 1.8 1.8 1.8
"Prop Carb --- 5.0 10 -=- === =--- 5.0 10 - ee-
Tex NP-95 --- <ec 2-- 8.0 10 === === =--- S$.0 10
30 SYNCP 20. 20. 20. 20. 20. 23. 23. 23. 23. 23.
Brookfield
Viscosity

cps at 65°F = 3416 2680 12438 3104 2200 2148 1344 874 1432 942



11, 25 Furthernore, the addition of a potassiumcatalyst, a
tertjary amne catalyst and the normal..silicone type surfactant -to the- .
above bl ends of synthesized cycl opentane (SYNCP) produces clear solutions

i'n the useful ranges of from about 13% up to about 30% cycl opentane by

wei ght . pe; contrast, these sane additives do not poTRIS9602063
solutions of any ratio blend with the three bl ow ng agents of TABLE I

WD 96/ 25443 PCT/ US96/ 02063 -13- TABLE
11 MSCIBILITY STUDIES OF THE PRESENT CYCLOPENTANE | NVENTI ON Wi ght Ratio
of Synt hesi zed 5 Pol yol / Cycl opentane  Cycl opent ane 80/ 20
Stable M xture 75/ 25 St abl e1#Lxture 70/ 20 St abl e

M-xt ure 50/ 50 Stable M xture 10 35/ 65

Stable M xtHe20/83-=-=--======~ Stable-Mxttif €945 ----m=-c-we=- I n contrast

to the high viscosities shown in #ﬁgﬁﬁ_ﬁl utilizing extracted cycl opent ane,
as shown in TABLE |V foamable m xtures_usin %ﬁe zggcially synt hesi zed

cycl opent ane ( SYNCP) 3Pmﬁﬁénﬁh9éﬁypoﬁxﬁﬁgﬁzgo vT sities. Furthernore,
the m xtures of the B@: Exi2 Bxipvxpt PO BRERx1PRs B Fr20 S8UPRDNs and renai ned
stabte. | tCHPENGS| | kPowiew Rt B g B ¢S LT ot affrg Fov Pow  Pbw

PS-28027° 1060 100 100 100 100 100 100 100 100 100 100 100
Fyrol PCF mes @ee me- ewe === ee= 15 15 15 15 s 15
Dabco R-15 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
#M-DETA 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
10 Silicane 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.§
EXTRCP 21.7 ~-e 25.3 ~-- 29.1 --- 21.7 --- 28.3 «-- 28.1 ---
sSYNCP --= 21.7 === 25.3 === 29.1 -== 21.7 =-- 25.3 --- 29%.1
Brookfield
Viscosity
15 cps at 77°F= 5320 3168 6072 3120 7192 3160 2120 1408 2336 1440 3552 1680

One skilled in the art will notice a unique

situation: with both versions of cyclopentane, as the

20 amount of cyclopentane increases, so does the
viscosity. This is in contrast to prior art blowing
agents, which decrease viscosity with increased amount
of blowing agent. Nevertheless, it is evident from
TABLE V data that synthesized cyclopentane (SYNCP) not

25 only produces lower viscosities than extracted
cyclopentane (EXTRCP), the viscpsities produced with
about 15 parts by weight (per hundred polyol) liquid
flame retardant added are low enough {(below 1700 cps)
to be easily used in any foam machinery. Conversely,

30 without a liquid flame retardant being utilized, the
viscosities are over 3000 cps.

Vapor thermal conductivity properties of four
blowing agents are shown below in TABLE VI, including
35 one blowing agent from the past (CFC-11), one blowing
agent from the present (HCFC-141b), a purported blowing
agent of the future (n-pentane), and the SYNCP blowing
agent of the present invention. ‘



contribute to plastic foamflammbility, whereas propyl ene carbonate does
not. Thus, the foam of 25 Exanple 8 in TABLE IV utilizing 10 pphp
propyl ene carbonate has a | ower Flanme Spread | ndex than the foam of Exanple
10 utilizing 10 pphp et hoxyl ated nonyl phenol (Texaco NP-95).

Advant ageousl* ggpl e 8 also has a lower viscosity than ExpopuUesedoss

al t hough bot.h are ow 30 enough to use easily. Thus, the use of an
organi c carbonate in place of an organic surfactant is a major WO

96/ 25443 PCT/ US96/ 02063 - 14-
advant age not available to the extracted cyclopentane (EXTRCP), as

evi denced by the broken enul sions in TABLE1b6+. 5 Thus it

can be seen by conparing TABLE Il with TABLE IV, that the synthesized
cycl opent ane af fords-1-ower-,--workall-e -vi~scosrtres-evermr at~tte 1 ow="

tenperature of 65/ err]F. 10 TABLE VI Table V shows blends with, and
wi thout, liquid flame retar P her extracted
cycl opent ane ( EXTRCP) or syn éﬁ%@@#& BRe % as well as their
Brookfield viscosities at 77F. 15 TABLE |V FOAMABLE BLEND EXAMPLES 1 - 10
20 5 BLOWING AGENTEX 1 ExXmw/mEX s B¥ecd Ex phu Bx/e-Fxi+drbe @ade 9 Ex 10
CFC-11 7.80 0.0648
HCFC-141b 9.80 0.0960
n-Pentane 14.80 0.1080
SYNCP 12.10 - 0.0864
10

It should be noted that at higher
temperatures (140°F), the SYNCP exhibits a better
15 intrinsic insulation value than the currently utilized
HCFC-141b. In general, TABLE VI shows the advantage of
SYNCP over n-pentane as a potential future insulating
gas.

20 TABLE VII shows thermosetting foam examples
and illustrates the surprising differences between
extracted (EXTRCP) and synthesized cyclopentane (SYNCP)
of the present invention. Thus, TABLE VII demonstrates
that when the extracted cyclopentane (EXTRCP) is

25 compared directly to synthesized cyclopentane (SYNCP),
the synthesized éyclépentane of the present invention
shows unexpected and favorable results. All examples
of the synthesized cyclopentane show better k-factors,
and lower densities. All of the friabilities were

30 lower than foam blown with prior art blowing agents.

At the higher 3.0 Index, and the highest water level
(.85 parts per hundred parts polyol), the synthesized-
cyclopentane produced a foam with 24.5% lower
friability than the extracted cyclopentane counterpart.

35



CHEM CALS: Pbw Pbw Pbw Pbw Pbw Pbw Pow Pbw Pbw Pbw PS-A
100100 100 100 .100 100 100 100100 -1Q0 Pyrol PCR

== --- --- 15 15 15 15 15 Dabco K-15 4.0 4.0 4.0 4.0 4.0
4.0 4.0 4.0 4.0 4.0 25 PM DETA 0.2 0.2 0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2 DG5357 2.0 2.0 2.0 2.0 PQ—;,&,@,;&;O 2.0
2.0 2.0 V9625443 e e 4-2 --- .22 1.8 1.8 1.8 1.8 1.8
Prop Carb --- 5.0 10 --- --- ---50 10 --- --- Tex NP- 95

- --- --- 50 10 --- --- --- 5.0 10 30 SYNCP 20.

20. 20. 20. 20. 23. 23. 23. 23. 23. Brookfield Viscosity cps at 65[err]F =
3416 2680 1248 3104 2200 2148 1344 87444432 942 WO 96/ 25443

PCT/ US96/ 02063 - 15 - FOAMABLE BLEND EXAMPLES 11 - 22 EX11 Ex12 EX13 EX14
EX15 EX16 EX17 Exl 8 Ex19 Ex20 EXZABEE2VID CHEM CALS: Pbw Pbw Pbw Pbw

Pbw Pbw Pbw Pbw Pbw E&WRFB E?M%gﬁﬂ%ﬂﬁg) 41Q0 g100 100 100 100 100
yro

100 100 100 100 100 --- - --- --- 1515 15 15 15

15 Dabco TA
0.2 0.2 0. QCOMD.“&H,O. ). ¢ 2. { Q.2 (.82, . k:& COreex. 32 6 2.6
2.6 2.6 2 . . ——2= . T, 7 o - 29.1
- > 7 p100.0 | 200.0 § 40070 | 100.0 :
. 4 1. === ---
29.1 --- hkfielld Vistosity
n Potassium Cat. 2.7 2.7 3.0 3.0 3.2 3.2 4.0 4.0
Il Tertiary Amine 0.2 0.2 Q.2 0.2 0.15 0.15 0.1S 0.18
Silicone 2.2 2.2 2.1 2.1 2.1 2.1 2.0 2.0
10 Water -—- .- --- . 0.68 0.68 ¢.85 0.85
Il EXTRCP -—-- 24.0 —-- 26.9 --- 23.4 .- 26.7
H SYNCP 24.0 .es 26.9 --- 23.4 .—- 26.7 -
I['ronx. B-SIDE 129.1 | 125.3 | 232.2 | 232.2 | 229.33 | 129.53 | 233.7 133.7
—
15 lupr. M70L 146.7 | 246.7 {176.7 | 176.7 | 170.3 170.3 | 208.9 | 208.9
Silicone 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5
TOTAL A-SIDE 147.1 | 147.2 | 177.2 . | 177.2 | 170.7 | 170.7 | 205.4 | 203.s
TOTAL POAM 276.2 | 276.2 | 309.4 | 309.4 | 300.23 | 300.23 | 343.1 | 343.1
20 INDEX, NCO/OH 2.5 2.5 3.0 3.0 2.5 2.5 3.0 a.o0
DENSITY, BCF 1.6 1.7 1.6 1.7 1.8 1.6 1.¢ 1.7
CREAM TIME 18" 19" 19" 20" 22 23" 21" 22"
GEL TIME 30" 30" 28% 29" g 42" g2 43"
STRING TIME aar 44" 43" a3 48" 49" s1* s2"
25 TACK FREE 47" PY 45" 46" 52" s3» 53" 55"
FRIABILITY, % 2.57 2.39 2.94 2.61 3.60 2.9¢ 7.88 10.43
Weight Loss
INITIAL k 0.1401 | 0.1539 | 0.1357 | 0.1528 | 0.1377 | 0.1515 | 0.1397 | .1508
‘Percent Better 9.9% 9.4% 20.0% 8.0%
30 R-Value with
SYNCP




15 cps at 77[err]F- 5320 3168 6072 3120 7192 3160 2120 1408 2336 1440
3552 1680 One skilled in the art will notice a—wrt-que situation: with both
versions of cycl opentane, as the 20 anount of cycl opentane increases,
so does the viscosity. This is in contrast to prior art blow ng agents,

whi ch decreasgouersfasi ty Wi th increased anmount of bl ow ng ag®CTAS96H2063
Nevertheless, it Is evident from TABLE V data that synthesized cycl opent ane
(SYNCP) not 25 only produces |ower viscosities than extracted

cycl opentane (EXTRCP), the viscosities produced with about 15 parts by

wei ght (per hundred polyol) liquid flanme retardant added are | ow enough
(bel ow 1700 cps) to be easily used in any +d&8m machi nery. Conversely, 30
wrthout a liquid flanme retardant being utilized, the viscosities are over

3000 cps. VaporTQrﬁ##ﬁheﬁuﬂﬂﬁuﬁhevPPFeﬁﬁéﬁérFPEBrGf1$ﬁﬁkaQﬂRSM§i§e§géﬁts are
shown bel ow i n gé¥iigeddivd NFevdirdd propose@NHFO! §ibed DHaeridded®Int he past

(CFC-ll) one £ fr e urported

bl owi ng agent g#ﬂfhqu%q" %nbﬁ?'gﬁglf ig%‘eggcggdﬂl\ég rd%rp gent of the
pr esent |nvent|§#porocaann§n25hmyzng respective insulation data

PCT/ US96/ 92063 =16--TABLE M. MAROR-THERMAL . CONDUCTLI M X, e 5 e e - BLOULNG
AGENT mMVnierr]K at 25[err]C BTgmhgﬁgﬁégb%err]*[err]F at 140[err]F
CFC- 11 . 7. 80 ”

' VAPOR THERMAL CONDUCTIVITY:

*fr2eo °

BLOWING

10 m :i; JQQ°F 25; g!og 3§: 299; 4a: 250
CrC-11 0.0648 0.064 8.4 7.8
HCFC-141Db 0.0960 0.084 9.7 9.8
HFC-245ca @ @ ===--- 0.092 13.3 -—-
HFC-245fa @  ------ 0.087 -———- -—-

15 HFC-356mffm @ ------ 0.102 ———— -
HFC-365mfc @ «==e== —e=--- 10.6 -—-
SYNCP 0.0864  ----- 12.0 12.1
n-pentane 0.1080 ----- - 14.8

20 i

pow Chemical Company.

Knopeck, Parker, Richard, Shankland, "Polyurethanes
1994, Page 116.

Murphy, J., & Costa, J., 'Polyurethanes 1994°,
?roceedings, Page 323.

25

BASF Chemical Company.

30
(Different data sources show slightly different
conductivity values.)

35 By noting the lambda values in the third
column of TABLE VIII, one can compare cyclopentane
(SYNCP) to HFC-245ca and HFC-365mfc. Then, by using
HFC-245ca to interpolate that data into the second
column, one can see that SYNCP has a better intrinsic

40 insulating value than three of the four HFCs listed.

In view of the fcregoing; preferably the
foamable blend which contains most of the synthesized
cyclopentane also utilizes a liquid fire retardant.

45 The most preferred embodiments of the instant invention
also utilize (1) a lower boiling point alkane blowing



HCFC- 141b 9. 80 0. 0960 n- Pent ane

14. 80 —0.1080 SYNCP. 1210 00864
10 It should be noted that at higher tenperatures (140[err]F), the SYNCP
exhibits a better 15 intrinsic insulation value than the currently
utilized *#?ﬂﬁhﬁd}b' In general, TABLE VI shows the advantpeyasséne8es\NCP over
n-pentane as a potential future insulating gas. 20 TABLE VI
shows thernosetting foam exanples and illustrates the surprising

di fferences between extracted (EXTRCP) and synt hesized cycl opentane ( SYNCP)
of the present invention. Thus, TABLE VII denonstrates that when the
extracted cycl opentane (EXTRCP) is 25 -19- conpared directly to synthesized
cycl opent ane (SYNCP), the synthesized cycl opentane of the present invention
shows unexpgentdwikhil theospetitally synthesizedx giplopentande synt hesized

]g_y_cl gpfnt ansyRbpy ggt 1ﬁéré|§a§élciﬁ]érna;mCEélQ.}’\@’asdﬁ_ﬂ.tébhﬁgé- adl at OL | the
agent s. At BERESHE 4FBr 2SR tPFhoRa LarRES ich; (REAORaAtE] (BUGR (.85 parts per
hundr ed papeiapobyganicthlowimg htsiFeexparisipant agenprwbichd a foamwi th
24. 5% | onwepzbbt 2Ehbk {WitRadyélGpend i It Wel eBAgheNenCOHDEEgPArt. 35
g%;?ﬁégg?ggsgges Patent 5,166,182, or a viscosity depressant such

as propylene carbonate or the non-ionic surfactants

such as ethoxylated nonylphenol. The latter are

especially useful if the foamable blend is to be cooled

10 below 70°F prior to use.

Suitable flame retardants utilized in the
invention include, but are not limited to, tri(2-
chloroisopropyl)phosphate, tricresyl phosphate, tri(2-

15 chloroethyl)phosphate, tri(2,2-
dichloroisopropyl)phosphate, diethyl N,N-bis(2-
hydroxyethyl) aminomethylphosphonate, dimethyl
methylphosphonate, tri(2,3-dibromcpropyl)phosphate,
tri(l,3-dichloropropyl)phosphate, and tetra-kis- (2-

20 chloroethyl) ethylene diphosphate.

The isocyanates utilized may be any organic
isocyanate. However, the most preferred type is the
polymeric polymethylene polyphenylisocyanate having an

25 average functionality of between 2.0 and 3.5.

The polyester polyols preferred for this
invention are those aromatic organic esters based upon
one, or a combination, of the phthalate isomers linked

30 together with mixed glycols, predominately diethylene
' glycol.

Any of the prior art catalysts and cell
stabilizing surfactants may be utilized. However, the
35 potassium-organo-salt catalysts are preferred.



-17 - TABLE VI1 THERMOSETTI NG FOAM EXAMPLES 1 - 8 COVPONENT ( pbw) EX 1

Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8 5 PS- 2502A
100.0 100.0 100 O 100 O 100.0 100.0 100.0 100.0 Potassium
Cat. 2.7 2.7 3.0 3.0 3.2 3.2 4.0
4.0 Tertiary ] 0.2 0.2 0.2 0.2 POTAS96/020630. 15
0.15 0. 15@’%’5“% 2.2 2.2 2.1 2.1 2.1
2.1 2.0 2.0 130 ' Wat er ---

--- --- 0. 68 0. 68 0. 85 0. 85 EXTRCP --
24.0 -- 26.9 --- 23. 4 --- 26. 7 SYNCP

24.0 --- 26. 9 23.4 -20- - -- 26. 7 TOTAL B-SI DE
129.1 129.1 132. 2 132. 2 129.53 129. 53 133. 7 133.7 15

Lupr. MOL . 146.Thermasetting Bpam Exgpples 91hrough 1% in  208. 9
208.9 SiliconeraBLE IX show $hé most preferred foam formulations. 0.4

0.4 0.5 0.5 TOTAL A-SI DE 147. 1 147. 1 177. 2 177. 2
170. 7 170. 7 209 .4 209. 4 TCWAL.FOAM 276. 2 276. 2 309. 4
309.4 300. 23 300. 23 In3uenmosszing Kpam Examples| Rongiyy X5+

2.5 52.5 any ﬁcﬁc or HFCemé’y be s’hﬁstitutea Yor, or3m.{)xed with0

DENSI TY, PCF 1. .7 g% z 1 6

1.5 1.7 CRBX\P |R/Ee addl“"nﬁ’s"e"l’a“s"fﬁ‘ agentsjge. g%, %‘”Pane' 20"
23" 21" iso-bg@tamEl g¢efone, methyl/e3thyl alcobhol, or metigyl 29"
22: jg: acetége One é%llfﬂ&“fﬁ3%?é%?rt will rééo 1ze trat 43"
47" 46" other4gmmb1nat§éps of tgsrcomponqggs shown kit figﬁﬁ g%

FRI ABI LADY, % can be 2n&frchanged9 or imtepmixed, proadded @te60 2.06
7.88 10. 43dY€EGQEnEO§éVéf§TWé$-ﬁkovzde a theimbi@tring £6a8 w1@h1397

0. 1528 0. 137% . 1508 Percent Better - . 9%

9. 4% 1ff?636%9r°l’ertles 8. 0% 30 R-Val ue W|th SYNCP

Advantageously, the abundance of DCP makes it
15 an ideal raw material for the synthesis of pure
cyclopentane according to the present invention.

As an additional advantage, as understood
with reference to the foregoing éxamples, the use of
20 SYNCP faciliates the use of little or no organic
surfactants for either compatability or viscosity
reduction, so that the foamable blends of the present
invention are substantially devoid of organic
surfactants.
25 .
Thermosetting Foam Examples 16 and 17 (see
TABLE X) show the use of polyether polyols in
conjunction with polyester polyols. These foams are
suitable for non-construction foams used in the United
30 States, such as appliance insulation, and for a wide
| range of foreign (e.g., European) rigid foam
applications, including building construction. Ranging
from an Index of 1.5 up to 3.0, the foams of Examples
16 and 17 provide good insulating properties with
35 differing flammability resistance.



WD 96/ 25443 PCT/ US96/ 02063 - 18- To

f urther—put—the—pot enti al +future i nsulating gases—i-r—perspecti-ve—several
proposed HFC gases are added in TABLE VIII to the pentane isonmers and the

prior art fluorocarbons, show ng respective insulation data. TABLE VII|

VAPOR TH DUCTIVITY BTU in/hr*ft[err]*[err]F PeTUSIM266E 1] K
BLOW NG 1 [err]at 140F [err]at 44[err]C [err]at
20[err]C [err]at 25 CFC 11 0. 0648 0. 064 8.4 7.8
HCFC- 141b 0. 0960 0. 084 9.7 9.8 HFC-245ca @ ------
0. 092 13.3 --- HFC 245fa @ ------ 0. 097 ---- 15
HFC- 356nffm  ------ 0. 102 -21- --- HFC 365nfc @ ------
10. 6 --- SYNCP ' 0.0864  ----- 12.0

12. 1 n-pent ane 0.1080  ----- ---- 14.8 20 pow Chemi cal
Conpany. Knopeck, Parker, Richard,z nd " Pol yur et hanes 25 1994,

Page 116. Murphy, J. 19 Proceedi ngs, Page
323. BASF Chem cal Corrpany égﬁr § 5f‘ere afa sgurczg show slightly
di fferent cQug

5
PS-2502A
Dabeo K-15 4.0 4.0 4.0 4.0 s.0 €.0 4.0
Amine Cat. 0.3 0.3 0.3 0.3 0.3 0.3 0.3 -
10 Silicone 2.5 2.8 2.5 2.5 2.5 2.5 2.5
Brop. Carb. 5.0 10.0 10.0 10.0 10.0 [ 0.0 10.0
Texaco NP95 s.0 0.0 0.0 0.0 0.0 0.0 0.0
Acetone*r a.0 0.0 0.0 | 10.44 0.0 0.0 0.0
Methyl Acetates** 0.0 0.0 0.0 0.0 0.0 10.99 0.0
15 ﬂ Methyl Alcoholww 0.0 0.0 c.0 0.0 0.0 0.0 4.06
|| Propanes~s 0.0 1.0 0.0 0.0 0.0 0.0 0.0
I Iso-Butane**» 0.0 0.0 4.1 0.0 0.0 0.0 0.0
Water 1.5 0.0 0.0 0.0 0.0 0.0 0.0
SYNCP 20.0 28.7 25.6 18.56 | 26.82 | 1s.01 | 24.94
20 TOTAL B-SIDE 153.3 | 261.5 | 161.5 | 160.8 | 160.8 | 160.8 | 1s60.8
Lupr. M70L 230.0 [a7s.8 | 178.8 |a178.8 | 27s.6 | 178.8 | 178.s
Silicone 0.5 0.5 0.5 0.5 0.5 0.5 0.5
TOTAL A-SIDE 230.5 | 179.3 | 179.3 | 175.3 | 179.3 | 279.3 | 279.3
TOTAL POAM 383.8 | 340.8 | 340.8 | 340.8 | 340.8 | 340.9 | 340.3
25 Foam Index 2.68 | 3.0 3.0 3.0 3.0 3.0 3.0
Flame Spread 36 less less less less less less
Il Index than than than than than than
7s 75 75 75 75 75
30 s~ "These polar organic expansion agents aie mixed at the weight percent ratio

with the special synthesired cyclopentane which forms an azeotrope boiling at a
lower temperature than either component alone.

***These alkanes are mixed with special synthesized cyclopentane in a weight ratio
which produces the same vapor-pressure-verses-temperature curve as CFC-11.

35



35 By noting the |lanbda values in the third colum of TABLE

VII1, one .can conpare cyclopentane (SYNCP) to-HRC-245ca and HFC 365nfc.
Then, by using HFC-245ca to interpolate that data into the second col um,
one can see that SYNCP has a better intrinsic 40 i nsul ating val ue than

three of the four gs listed. In view of the foregoing, prefperaisbonodic
f oamabl e bl enYQMWEH cont ai ns nost of the synt hesi zed cycl opent ane al so

utilizes a liquid fire retardant. 45 The nost preferred enmbodi nents of
the instant invention also utilize (1) a l ower boi i ng poi nt al kane bl ow ng
WD 96/ 25443 PCT/ US96/ 02063 - 19- agent

with the specially synthesized cycl opentane22SYNCP) to increase internal
cell gas pressure as a protection against shrinkage and [optionally] (2) a
pol ar organic blowi ng (e.g, expansion) agent which 5 azeotropes with
¢cycl opent ane such as taught in Uni ted Q&EEZPatent 5,166, 182, or a

vi scosity depressant such_as the n-ionic
surfactants such as et hoW %ﬁg ﬁé%l #)éclt:té;r' g‘?e especially

useful if the foanmable blend: |s to be cooled 10 bel ow 70[err]F prior to
use. Suitgable il gae_fetardapts Ltfl)zed fn the invention include, but are
not limted to, : osphate, tricresyl phosphate,
tri(2- 15 heamoatsay| ) phesphaf®.0tri {12, 2-
Voranol 280 49.00 4%.0
Fyrol PCF 15.0 15.¢
Dabco K-15 4.5 2.0
10 Frop. Carb. 5.0 5.0
Texaco NP95 5.0 5.0
0SI-51000 2.47 2.47
PM-DETA 0.25 0.15
Water 0.379% |.0.379
15 SYNCP 21.72 | 21.72
TOTAL B-SIDE 154.3 i151.72
-FMDI 213.10.] 104.0
DC-5098 0.53 0.53
SYNCP 10.66 5.2
20 TOTAL A-SIDE 224.29 | 109.73
“1’0‘!& POAM ) 3768.60 | 261.45
Foam Index 3.0 1.5
Flame Spread »>78 >450
Index
25

For the present invention, a majority (e.g.,
greater than 50% parts by weight) of the polyol
component should be polyester polyol, although as shown
in TABLE X a minority of the polyol component may be a

30 polyether polyol (e.g., Voranol 280).



di chl or oi sopropyl ) phosphate, diethyl N, N-bis(2- hydroxyethyl)

am_nonet hyl phosphonat e, di nethyl net hylphosphonate, R
tri(2,3-di bromopropyl)phosphate, tri(1, 3-di chl oropropyl ) phosphat e, and
tetra-kis-(2- 20 chl oroet hyl ) et hyl ene di phosphate. The isocyanates
utilized may be any organic isocyanate. However, the nostp@fgésepicws type is
the poly ymet hyl ene pol yphenyl i socyanat e havi ng an 25 aver age
functionality -of between 2.0 and 3.5. The pol yester polyols preferred for
this invention are those aromatic organi c esters based upon one, or a

conbi nation, of the phthalate isonmers |inked 30 together with m xed
glycols, predoninately diethylene glycas- Any of the prior art catal ysts
and cell stabilizing surfactants may be utilized. However, the 35

pot assi um or gano- sal Whent s¢lecting evarisius (fdame ret@rdsnts/4che

PCT/ US96/ 038@§nf: e TOF EPSERLLI0 ERAMBeENeC SOuED) Wk dGalh TABLE IX
show t he ng erred oan]fornu ations. ernDsettlnﬁpgoanlExanples 9
55

t hrough 1 Str%l HCHYE o I—F@%f‘bé"&uWUYeab?ﬁ?' HExed with
any of thexaﬁdbelomashewaaﬁbecnraqkfﬂeideyu;cpsﬁtdpanef blendut ane, acetone,

nethgl/ethg% A0l %yt fﬁgﬁ O e k& gg t art will
recogni ze that ot% conblnapyon Eﬁg conponents %%ﬁng?% TABLE | X
differ only in the particular flame retardant

utilized (the same amount of flame retardant being

utilized in each example). As seen in TABLE XI, the .

only flame retardant soluble in both types of pentane
10 (e.g., both SYNCP and EXTRCP) is Fyrol PBR. '

TABLE XI
FOAMABLE BLEND RXAMPLES 23A - 237
Chemi 8 Pbw
15 Stepan PS-2502A 100.0
" Flame Retardant 18.0
Propylene Carbonate 5.0
Texaco NP-95 5.0
Dabco K-15 3.2
20 Tertiary Amine
Silicone Surfactant 2.6
Pentane : 23.5

25 TABLE XII
BROOKFIELD VISCOSITY AT 65°F

e ———
Example Flame SYNCP EXTRCP
Retardant
23a FPyrol PCF 1184 1784+
23B Fyrol DMMP 644 ' 1040*
30 23cC Fyrol CEF 1564 2712+
23D Fyrol-6 1520 2296+
228 Fyrol-PBR 1680 1940
||23F Fyrol-2. 1540 2092+
35 In TABLE XII, an asterisk (*) indicates an unstable

(e.g., separated) mixture.



10 can be interchanged, or interm xed, or added at different levels, to
provide a thernosetting foamw th different properties. Advantageously, the’
abundance of DCP makes it 15 an ideal raw material for the synthesis of
pure cycl opentane according to the present invention. As an additional

advant age, as UQ%§%$$OOd with reference to the foregoing exapor/esssobise use
of 20 SY! lates the use of little or no organic surfactants for

either conpatability or viscosity reduction, so that the foanabl e bl ends of
the present invention are substantially devoid of organic surfactants. 25
Ther nosetti ng Foam Exanpl es 16 and 17 (see TABLE X) show the use of

pol yet her polyols in conjunction with pol y«st-er polyols. These foans are
sui tabl e for non-construction foans used in the United 30 States, such
as appliance insul ati on, Thadatount of deiquid)£iamef getagdage. ghouldir opean)

rigid foam appbeCahi ena. raﬁgéUang tnndtb CazicsUpbORundpadi Ng from an

e ot e o SBohfel) b aESP Ry E %ﬁe&%ﬁiﬁﬁ B0 o
96/ 25443 pphp.

PCT/ US96/502063 -21- TABLE I X
The preferred levels of propylene carbonate

utilized are in the range of 5.00 pphp to 15.0 pphp,
with the most preferred embodiment being 7.5 to 10.0
pphp. The preferred range of organic non-ionic

10 surfactant utilized is between 0.0 and 10.0 pphp, with
the most preferred embodiment being from 5.0 to 10.00
pphp. It was discovered that an equal weight ratio of
propylene carbonate to non-ionic organic surfactant was
the optimum balance of these different types of

15 diluent.

As understood by those skilled in the art,
the term "Index" as employed herein refers to the ratio
of isocyanate functional groups to polyol functional

20 groups.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereocf, it will be understood by those

25 skilled in the art that various alterations in form and
detail may be made therein without departing from the
spirit and scope of the invention.



THERMOSETTI NG FOAM EXAMPLES 9 - 15 5 COVPONENT, pbw EX_ 9

Ex.10 Ex.11 Ex.12 Ex._13 . FEx.14 Ex_15 PS-2502A { THIS SHEET HAS BEEN
100.0 100.0 100. 0 100. 0 ——166-6—1060.0 100.0 Fyrol REPLACED

15.0 15.0 15.0 ﬁﬁsﬂeemassl ceg 120 15. 0 TAbTo—te—4b-
4.0 0 4.0 4 0 dpErrsvsiifoes-at

0.3 él"‘b’.“?“““’ 0.3 H IU"!” ﬁ 0.3 10

Silicone 2.5 .5 2.5 2.5
2.5 Prop. Carb. 10. 0 10 0 10. 0 10. 0

10.0 10. 0 Texaco NP95 0.0 0.0

0.0 0.0 0.0 Acet one** -25_ o o 0.0 0.0

10. 44 0.0 0.0 0.0 Methyl Acetate** 0.0 0.0
0.0 0.0 0. The embodiments of).tthedSinvention inMehliyh Ahcohol **
0.0 Oe&cluszvg ropertyOof 1k grane***
0.0 foll g P 8 privi é% is Cﬁ%%%ed are ggg Féo But ane***
0.0 Gs ° °21'si o o o o o o 0.0 Water

1.5 0.0 0.0 0.0 SYNCP

20. 0 2837 A mefh ﬁ £ 1-8

TOTAL B-SI D; MEERPEL0% P ?.‘g%%g gq%‘% ﬁgi’l‘%%“%lg’g aglic
160. 8 Lupr. *RPBy the meth“zSBmEnSl&s'sﬂBe stepmof:  178.8 178. 8

178. 8 178.8 Silicorfg) preparing a £ifsts of two Ecam forming 0.5
0.5 0. Blend g BT Sk 0.5 179. 3 179. 3
179.3, 179, ?n s y8ing EbHmer Rt hotymerhysend 383.8  340.8
340.8° 340P8 whsnvlssocysﬂe%. 340.8 25 Foam | ndex

2.68 3.0 - 3.0(2) pré@pf@iring a fedbnd of Twd foam firfihkame Spread
36 Ie5§ ds bl-e8s | ess | ess | ess | ndex

t han than - % X1ng thgééher t han than 75 75 - 75
75 75 75 éb a polyol eemporyite GRFPFiseAg8Ai @ expansi on agents

are m xed amafbeivei gbt ppkyesvérrpbiyoly th the special synthesized
cycl ggentane which forgp gn%ﬁéggérfg Gnd U lBade .8 | ower tenperature than
a

ei ther ‘conponent al one. nes are m xéd with speC|aI synt hesi zed
cyclopentane in a wei §fl Rafnitaple Faadisteda PEOSQEE th
vapor - pr essueactponcBetwaprr eher £iest W & ifGall forming blends

and the polyol component; and,
[d] a blowing agent comprised at least
15 partially from depolymerization of dicyclopentadiene to
yield cyclopentane; and,
.(3) mixing together the first and second foam
forming blends to form the rigid thermosetting plastic
foam. '

2. The method of claim 1, wherein the cyclopentane
ocbtained from step (2[d]) permits both the first and
second foam forming blends to be substantially devoid
of an organic surfactant.

3. The method of claim 1, wherein the foam has a ratio
of isocyanate functional groups to polyol functional
groups greater than 1.5:1.0.

* (4 L M S *




35 WO 96/ 25443

PCT/ US96/ 02063 -22- TABLE X THERMOSETTI NG FOAM EXAMPLES 16 - 'UI-HSESHEET HAS EN
COMPONENT, pbw Ex. 16 Ex. 17 Stepan 2352 51.0 REPWQﬁfng
280 49 .00 49. fhistSyéeOHasBiebn Replaced 15 0 15. 0 "Babree— '
4.5 2.0 10 P _ 5. 0 Texcanssedéioés

5.0 5.0 28880 Hmllnmnﬂulleﬁ 2 47 PM DETA 0
.25 0 .15 Water ) 0.379 15 SYNCP

21.72 21.72 TOTAL B- SI DE 154. 3 151.72 213.10 104. 0 DC-5098

0.53 0. 53 SYNCP : 10. 66 5.2 20 TOTAL A- SI DE
224.29 109.73 TOTAL FOAM 378.60 -2%61.45 Foam | ndex 3.0
1.5 Flane Spread >75 >450 25 For the present invention, a

rraj ori ty (e.qg., 4gr cthermethod SR oplains by wheirglin) the bhewmgyagent

the reactions:

- - 1) the depolymerization of
dicyclopentadiene into unsaturated five-carbon
hydrocarbons; plus,

ii) the catalytic hydrogenation

comprised at least partially of the reaction product of

of the

unsaturated five-carbon hydrocarbons into cyclopentane.

5.  The method of claim 1, wherein other foam expansion

agents are utilized with said blowing agent.

6. The method of claim 5, wherein the other foam
expansion agents are alkanes having four or less carbon

atoms.

7. The method of claim 5, wherein the other foam
expansion agents are polar organic solvents forming

azeotropes with cyclopentane.

8. The method of claim 5, wherein the other foam

expansion agents are partially hydrogenated
chlorofluorocarbons.

9. The method of claim 5, wherein the other foam

expansion agents are partially hydrogenated
fluorocarbons.

10. The method of c¢laim 1, wherein the liquid
retardant is chosen from a group consisting of
chloroisopropyl)phosphate, tricresyl phosphate,
chloroethyl)phosphate, tri(2,2-

flame
tri(2-
tri(2-

5 dichloroisopropyl)phosphate, diethyl N,N-bis(2-

hydroxyethyl) aminomethylphosphonate, dimethyl

methylphosphonate, tri(2,3-dibromopropyl)phosphate,
tri(1,3-dichloropropyl)phosphate, and tetra-kis-{2-

chlorcethyl) ethylene diphosphate.

(I
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conponent shoul d be pol yester polyol, although as shown in TABLE X a
mnority of the polyol conponent may he a 30 . pol yetheTHIBOSNEHT &S BEEN
Vor anol 280). PCT/ US96/ 02063 WO 96725443 -23- When sel ec I ng bl AED
f1ame retardants, the advantages of téﬁﬁtﬁ§§¥§kggggtane

agai n denonstr at ed. As in TABLE IV an ImEMM %ME TABi.é.: %Mow shows
TABLE X

t he BrookW@¥¥RS#3scosities of blend 5

Bl end exanpl es 23A - 23F differ only i r flame retardant
utilized (the sane amobunt of flane retardant being utilized in each
exanple). As seen in TABLE XI, the only flane retardant soluble in both
types of pentane 10 (e.g., both SYNG® and EXTRCP) is Fyrol PBR TABYL
XIl. FOAMABLE BLEND EXAMPLES 23A - 23F Chem cal s Pbw 15

St epan PS-2502A  100.0 Fl ane Ret ardant 15. 0 Propyl ene Carbonate 5.0

Ane. 0t (TeE, hetRi oF Slain 3, wRefafd the said peacrio | Y

Ani ne
product is at least 95% pure cyclopentane.

12. The method of claim 1, wherein the polyol
component is a polyester polyol having a hydroxyl
number between 190 and 340.

13. The method of claim 1, wherein the polyol
component is comprised of greater than 50% by weight
polyester and less than 50% by weight polyether polyol.

14.  The method of claim 1, wherein the second of the
two foaming blends is a clear, stable mixture having a
Brookfield viscosity below 1700cps at 77°F.

15. The method of claim 1, wherein one of the forming
blends includes an organic carbonate.

16. A thermosetting plastic foam solid produced by the
methed of claim 1.

17. A thermosetting plastic foam solid produced by the
method cof claim 2.

18. A thermosetting plastic foam solid produced by the
method of claim 3.

19. A thermosetting plastic foam solid produced by the
method of claim 4.

20. A thermosetting plastic foam solid produced by the
method of claim 5.

21. A thermosetting plastic foam solid produced by the
method of claim 6.

* ¢ L MKW § *




25 _ TABLE XI| BROOKFI ELD VI SCESLILAI
65[ err] F Exanpl e Fl are SYNCP - EXTRCPTHS SHEETHAS BEEN

Fyrol PCF 1184 1784* 233 Fyr ol VP REPBABED
1040* 30 23C PyTi ShedrHas Been Rephbedl 2712+—23b
Fyrol -6 1520 22 Fyr ol - PBRcTus9602683 0
1940 23F WO 96125443y | | . 2 mllllﬁml“m !, 2092* 35 I'n TABLE
XI'l, an asterisk (*) indicates an unsta .J., separated) m xture. WO

96/ 25443 PCT/ US96/ 02063 - 24- The
amount of liquid flanme retardant should be in the range of 5 - 30 pphp
(parts per hundred polyol), and preferabl y2Bs in the range of 10 - 20 pphp.
5.The preferred | evel s of propylene _carbonate utiljzed are in _the range of
5.00 pphp to 1320 phHhempasettiagpiassier EPABISIAR RHRANCaRMY thss (o
10. 0 pphp. Theng¥dEréetradnge .of organic non-ionic 10 sur f act ant
utilized is between 0.0 and 10.0 pphp, with the nost preferred enbodi nent
being from5.0 to 10.00 pphp. It was discovered that an equal meiqpt ratio
of propyl ene c23 borhtthemnosatting Plasgisi £03n satid Rrogiced by the

method of claim 8.

24. A thermosetting plastic foam solid produced by the
method of claim 9.

25. A thermosetting plastic foam solid produced by the
method of claim 10. :

26. A thermosetting plastic foam solid produced by the
method of claim 11.

27. A thermosetting plastic foam solid produced by the
method of claim 12.

28. A thermosetting plastic foam solid produced by the
method of claim 13.

29. A thermosetting plastic foam solid produced by the
method of claim 14.

30. A thermosetting plastic foam solid produced by the
method of claim 15.

* c L L] s *




t he optinum bal ance -of these different types of 15 di | uent .
understood by those skilled in the art, %/Ee term "Il ndex" as BQ@-@QEM@]&%EET
refers to the ratio of isocyanate functjonal groups to pol ydRp# Yot
groups. Wile the invention has been p#rficularly shown and {dgse kN HEET
reference to the preferred enbodi nents thereof, it will be yndgerstood by '
t hose 25 skilled in the art that various alterations in}f¢rrid SiAYie9ys |
may be nmade therein without departing fromthe spirit and s :oilg of the
i nvent i opp AIMSREPLACEMENT SHEET - 25- CLAIMS: 1. A met hodjof producing
rigid thernosetting plastic foam said nmethod conprising thé-~steps_af
m xi ng toget her Thel foll owi ng conponents: either polyisocyanate or
i socyanat e; aqpolyal; I | HRcNeRingf | iRer
t her noset ti ngl.'r eacl% %%@?&ggé (i_ug?l@' ggrll glias{‘(glgyana?len(g o?ﬁ?gg?%ﬁgt%hawgmggi d
pol lyol; mupraslmgm@sagfermm@mpﬁhgre efollowingcoponeds: y from a high purity
cycl opent ane produ el | E gr‘;m rity cyclopentane product is at
| east 95% pure cycﬁ%%eémagﬁgécs}?ﬁégr{? mamtéhod according to cloai m 1 wherein
sai ﬂ gol yol gorrpri s@olywlpol yest er pol yol and/or pol yet her polyol. 3. The
met hod according t ' . rel ' | O . : ' am
- further conprises gé@&%‘ﬁgﬁg P&@?’ggﬁ{rb&i“@ &Q‘%ﬁé?ﬂr%@étﬁhé‘gea‘&haﬁtbbﬁuéeﬂ

said polyisocyanate or isocyanate and said polyol; and

a blowing agent comprised at least partially from a high purity cyclopentane
product, wherein said high purity cyclopentane product is at least 95% pure cyclopentane.

2. The method according to claim 1 wherein said polyol comprises a polyester

polyol and/or polyether polyol.

3. The method according to claim 1 wherein said rigid thermosetting plastic foam

further comprises a liquid flame retardant.

4. The method according to claim 1 wherein said high purity cyclopentane.
product is formed by the following steps:
depolymerization of dicyclopentadiene into unsaturated five-carbon

hydrocarbons; and
hydrogenation of said unsaturated five-carbon hydrocarbons into cyclopentane.

5. The method according to claim 1 wherein said high purity cyclopentane
permits said polyol and isocyanate or polyisocyanate components to be substantially devoid

of an organic surfactant.

6. - The method according to claim 1 wherein said rigid thermosetting plastic foam
has a ratio of isocyanate functional groups to polyol functional groups greater than 1.5:1.0.

7. The method according to claim 1 wherein said polyisocyanate is a polymeric
polymethylene polyphenylisocyanate.
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4. The nethod according to claim1 wherein said high purity I

product is fornmed by the foll ow ng steps: depol ynerizati on of ﬁEﬂA%@WN?%EET
di cycl opent adi ene into unsaturated fivescarbon hydrocarbons; ,

hydr ogenati on of said unsaturated five:% arbon hydrocar bons i r&EPLACEWNT SHEET
cycl opent ane. 5. The met hod according to claim 1 wherein gaifd high

purity cycl opentane permts said polyol and isocyanate or polyi s&‘:ﬁg*h@f 4998
conponents to be substantially devoid of an organic surfactagt{_6. The
met hod accordgng t @hghaiedlactBrlies fo SRiM I WabRir bRerBsdh kpdikidnagdents dream
has a ratio qf jsocyanate functional groups to polyol functi éfetl—goups
great er iHiged pith saig blowing agefe et hod according to claim 1 wherein said
pol yi socyanate is a polyneric polynethyl ene pol yphenyl i socyanate. - 26-

8. The nethod according to claim1l wherejn other foam expansion agents
afe utilized fith She anoshaAcegrding clan B WherRiD S, ARORT ah PRRARSION AEENS) m 8

are ul . ) .
erein al sg%e:ﬂfe?;fgoxg W LRLBUAL M th)SalRines RSVIRE FOR Jr 1669 dalSorDAtBHR, (b)

consisting o : havi ng r"or |l ess carbon atons, (b) %I ar
or gani c palar erganicvsolyenta rwhich e capable fof rfermingaazentropsseWithi eyslapgatanpe @ane,

1 or ocabBERLY MHGEIENR Bibrtl ol ROTanamy iyfkeid hbrokr Ui, AAE (9! °°

wher ei n sepehtdriequi d fl ame retardant is at |east one selected from the
group consisting of: tri(2-chloroisopropyl)phosphate, tricresyl phosphate,

tri(2-chloroethyl)phosphate, tri(2,2-dichloroisopropyl)phosphate, diethyl
© N, N bi s(2- hy#i9.0xy@Fhéyiethcardcoandintgty lctaivo phisereinesaiddiqued figrhe retardant is at least

met hyl phosphopat e, ~tri(2,3-_dibronopropyl) §c?13§ i .

1, 3-di ch%"?o‘ﬁ&ﬁ@l f%s%ﬁaglaul) CoSTng; ?% %‘F@ ) 5‘?%?’8&’@'2‘?%°€P?%?’h;}?%’ﬁéﬂ

di phosphpligsphdtd, tri(2T¢tdornvethyl)phasphate dir@,2-dichlondisopiopyliphesphatei diethyl YWoN-i s a

pol yest e{)is&%yd?'loxyethyl) aminomethylphosphonate, dimethyl methylphosphonate, tri(2,3-
dibromopropyl)phosphate,  tri(1,3-dichloropropyl)phosphate, and tetra-kis-(2-

chloroethyl)ethylene diphosphate.

11. ° The method according to claim 2 wherein said polyol is a polyester polyol
having a hydroxyl number between about 190 to 340.

12.  The method according to claim 2 wherein said polyol is comprised greater than
50% by weight polyester and less than 50% by weight polyether polyol.

13. The method according to claim 1 wherein said polyol has a Brookfield

viscosity below 1700 cps at 25°C.

14.  The method according to claim 1 further comprising the addition of an organic

carbonate.
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ha{vi"‘ng;_a' hydr oxyl . nunber between about 190 to 340. 12. The net
according to claim2 wherein said polyol is conprised greater thggﬂé\g%w. SHEET

wei ght pol yester and | ess than 50% by Vﬁ_ght pol yet her pol onjog‘z%QEMjEmf SHEET

met hod according to claim1 wherein sai“d pol yol has a Brookfi
bel ow 1700 cps at 25[err]C. 14, The net hod according to cl i i1 further
conprising the addition of an organic carbonate. -27- 15. A0 5 MAY 1998
thernosetting plastic foamsolid forned fromthe reaction prodyct of:

ei ther polyi spgyanat feRfioseBng) st Foard sBld Yermeddromithe yeaktion producsof:apabl'e
of promoting the thernosetti n%alreaction bet ween sai d pol yi sotyanate or

i socyanate and sai eithes ppbyisocyanate, oL s8Ry A} eagent conpri sed at | east
partially froma hﬁ%my@gri ty cycl opentane product, wherein said high purity
cycl opent ane product I's at | east 95% pure cycl gﬁent ane. 16.

| eal h
thernpsetting pl asaicatalyshmhech is Fapabie Pt PrRIQtEche thArmoseiiag é‘?aﬁt-gg’gibﬂt"ﬁpyol
conpri ses.: 3 fani e r polyol. 17. Th
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ni'gh par PRy cy Span 0 e RSB ARAE R, 3 Ref 5378 Pyt Ficlogentiie
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pol yol and isocyanate or polyisocyanate conponents to be substantially
devoid of an organic surfactant.

17.  The thermosetting plastic foam solid according to claim 15 wherein said rigid

thermosetting plastic foam further comprises a liquid flame retardant.

18.  The thermosetting plastic foam solid according to claim 15 wherein said high
purity cyclopentane product is formed by the following steps:
“depolymerization of dicyclopentadiene into unsaturated five-carbon

hydrocarbons; and _
_ hydrogenation of said unsaturated five-carbon hydrocarbons into cyclopentane.

19.  The thermosetting plastic foam solid according to claim 15 wherein said high
purity cyclopentane permits said polyol and isocyanate or polyisocyanate components to be
substantially devoid of an organic surfactant.

20.  The thermosetting plastic foam solid according to claim 15 wherein said rigid
thermosetting plastic foam has a ratio of isocyanate functional groups to polyol functional

groups greater than 1.5:1.0.

21. The thermosetting plastic foam solid according to claim 15 wherein said

polyisocyanate is a polymeric polymethylene polyphenylisocyanate.

22.  The thermosetting plastic foam solid according to claim 15 wherein other foam

expansion agents are utilized with said blowing agent.
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20."" The thernosettihg plastic foamsolid according to claim1
said rigid thernosetting plastic foamhas a ratio of isocyan
groups to pol yol functional groups gr’eg‘%er than 1.5:1.0. 21.
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olid
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d according

to claimi15 fost herhg aidBhbseiill plastic foam solid according to claim 16 wherein said polyol

is a polyester polyol having a hydroxyl number between about 190 to 340.

26.  The thermosetting plastic foam solid _accofding to claim 16 wherein said polyol
is comprised of greater than 50% by weight polyester and less than 50% by weight polyether

polyol.

27.  The thermosetting plastic foam solid according to claim 15 wherein said polyol

has a Brookfield viscosity below 1700 cps at 25°C.

28.  The thermosetting plastic foam solid according to claim 15 further comprising

the addition of an organic carbonate.
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. .the addition of an organic carbonate.
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