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presence or absence of a solvent at tenperatures
ranging fromroom tenperature to about 390F. The

wWo emehdsns i s normal |y exothernic and yi el ds i nPCTrES3004/004509

situations are essentially quantitative. 30 CPDis a
wel | - known chem cal building block as is its diner,
di cycl opent adi ene (DCPD), CloHl2. Both are used
extensively in industry. 1 WO 2004/094348

PCT/ US2004/ 004509 DCPD exists in two stereoi soneric
forms, endo and exo |soners but t he product
predon1nan v d
Thi s |nve§#¥%gﬂ%&' oji v et sotrer. —bct
(4, 7-methano-3a, 4, 7, 7a- tetrahydr0|ndene) |s t he

Lo L et RS R o IR o o
in industry. This iFp|EyegRTHESINEPESYed doubl e

bonds coupled with an active methyl ene grou Thus,
CPD can Uhifeinyeniioni ieifeaddi theanak eraskingnofu lasfﬂldesadducts to

}S[rglu%‘stﬁél b):groqc‘%ggpn@;f%c%gg??og%&% gtcgﬁ ‘ftlé?'asy%” ﬁﬁe original

hﬁﬂﬁpdﬂhﬁimmhidh\mﬁé%fdduatst\ﬁ@ﬁé formeloghd réddvadringeat least one of
drawn to the dinmer DCPD. CPD oligonerizes

dherthys écam@cyownmﬂa@um%ﬁﬁmtye@r@@kﬁ%pm&lwt ent)

t enper at 0 at alayst

il gﬁ&s?hg?%%%mﬁ tt@gD nvﬂﬁﬁgn lfelé’t]eg { t%é fo?%%omg cracking
fpmomasé W[D@R'Ebn thb dreat ib‘rﬂﬁe %Mstpmtmded bym‘bntrolled cavitation.
significant noncatal ytic polynerization of GPOto its

tri, tetra, and higher 15 polyners can be achieved.

The formation of BEBBRIPITOMRS THEIPRIOR ARfsequent

formati on of higher oligoners and polyners thereof

i nvol ves Thisstineentoar isesapplicablelte- wedﬂ‘rermaécctradnsg dfoDiels-Alder

TeRther nrblicBL it banBre BBNeRoak Selse o Tady pnsiprevity this
.ﬁvémidmﬂnmrgayi %rwegcmemmr@spé@t tb*‘t%/cﬁjld&\tadlé‘ﬁ‘é’ (8PD), CsHs.
20 It is convenient to enploy CPD i'n the diner

f or m bec dheeDidgig-Alder reaction is a useful reaction that is widely employed

using conjugated dienes (the original diene compound) and an unsaturated
compound (the original dieneophile compound) having a carbony! group and/or
a methylene group. [t is an addition reaction in which the addition of an
ethylenic group in the original dieneophile compound adds across the 1, 4
position of the original diene compound.

The Diels-Alder reaction is well known. It is a second order reaction
that is carried out by simply bringing the two original compounds together in the
presence or absence of a solvent at temperatures ranging from room
temperature to about 390°F. The reaction is hormally exothermic and yields in
many situations are essentially quantitative.

CPD is a well-kknown chemical building block as is its dimer,
dicyclopentadiene (DCPD), C1oH12. Both are used extensively in industry.
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DCPD can be achi eved by boiling DCPD at ambi ent
pressure. As DCPD boils at about 338F, it cracks at a
rate of about 36% per hour. By maintaining a 25
distillation overhead tenperature at from about 105F

t o about DU exgste i had lsierepisbmedicdonns, drdebhadiexedisomers, but
Wth its two conjugated doubl e bonds GPO readil

. y . )

thaecprpsist dpredemingriiv iusrdadt segmeece is stheaepdn igogper.  This
ISR PR gy N | .

TR P S B SR, Simehliio-2a, 4, 7, 7o

refahpdvoincamed inthe fdomiinmbrieh efilkisDiatrse| i aenmeaddaitt marketed.

b f t hi i ngle. I ted e .
5004/ 094 SHD fcR M bt FAR TIGES Y B s Teg b Rdndustry. This
tﬁﬁglu%xt%“@ E@ﬂﬁ@t'a@ %b‘&ﬁle%%Qd??c{u%%&%h%ﬁé@ﬁ/éjhféﬁﬁyléﬁe group.

reacti o I eneophi at can be reacted
Whus, (CPB simghaergongpdiend additibe reaetiodnewith admesbany unsaturated

di basi c_aci nd der.ivativ uch,as, chl or ejc .
atgeninit. SR e iyan el it sl Ao tacy fpormers s s
SHHoRSrAEatHPERba/KIW, nethacrylic acid, 5 etc.;
al dehydes such as acrol ein, crotonal dehyde, etc.;

ket ones $levreves, apieofiemphowe firgt bredrgma to,the dimer REPD. CPD
ket one. . etc.. k - vinyl d .
T arizsc; saifiafoGisy) W O S Py, 2foom or ambient

aeRipdrafies t6 P BSwitlkf&tndednsf,a catalyst or other aid. That is why CPD
acetyl enedi carbonitrile, etc.; quinones_ suc

s beorallyl Bokein the tfpggoofcagpd:g,.ndg\bgug@thC%SD substantial and
géeléﬁﬁ?%?f%%@?te}lﬂlﬁgq NASE Adn. BENEPDE 6 #€ tri, tetra, alnsd higher

on o entron in its broadest sens
cp@lphiens darelbe Actimvedaddig ormatidn tdieDO@&Rifred CPD, and the

escription of this inventjon being, directed, for .sak .
oHUbSsEIY Jrmaties) G RIEhEPEiORRRERT PebieTs pirafdatpives just a
féé’r{)@saof’ Bgéléw?é}f rddeGbAg! F‘b?%éh*\o;ﬁ@,sth%uﬁi%éﬁs%ﬁhed by adding 1
carbonization (tar, Trght oil, coke-oven _?as) and
t ineteraf norarkemy afsectbd myele afanboorse,gabilethe trimer is formed by

”Scﬁ’cﬁ‘utng E%‘he %EQ,PO%‘& toetihlgacﬁr%’er,aanndd é(y Sn.l ike). CPDis

It is convenient to employ CPD in the dimer form because the
monomer and dimer are easy to separate by simple distillation, CPD having a
boiling point of 106.7°F and DCPD having a boiling point of 338°F. Cracking of
DCPD can be achieved by boiling DCPD at ambient pressure. As DCPD boils
at about 338°F, it cracks at a rate of about 36% per hour. By maintaining a
distillation overhead temperature at from about 105°F to about 108°F essentially
pure CPD can be obtained.

With its two conjugated double bonds CPD readily undergoes diene
addition across its 1, 4 carbon atom position with a dieneophile. As a result of
this reaction and the robustness of CPD as an original reactant compound,

innumerable Diels-Alder adducts can be made from this single conjugated
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lighter is forned. The distillate is heated at a
tenperature of about 212F to convert CPD to DCPD in a
heat soaki ng operation that takes fromabout 5 to 20
about 24 hours for reasons that will be explained

fd%rﬁ; papeund T ol igplehusihg jb@tl CPDaas ﬁwehcghjelgated diene in the
enperature than the unreacted Sr ocar hons f th

aeastian, dbe dienapphigdoa ean Bs aRGEAI Wikh thim Sisile sRETPoHR can be
Qs Lt 5%%? B dlﬁaélg%ﬁm IR ofe?l('(ép ivds WLE 'ésca@ofo?ngéﬁzeanhydnde

comerci al I'y aval e Since spont aneously reacts
malbmﬂlnm&ir@eu atter moRbhasidiackisysunbral ticdmsic efcid, methacrylic acid,

L S0k P 6 ebfes e =

ﬁﬁﬁ@ﬁﬁ%ﬁ’é@h yl S&8okk Sviny P%@cﬁ%c%@ten%; &3d.; %ﬁé’ ﬁh?péompounds

ret of ore back cracking of D to recover CPD
rsushbesnethylans, esltytﬁne bymweapei@ge,t ﬁa&emzplt@r aoebenes such as

S N e e e ——
trﬁfﬁ@écﬂsco@pm&é)%/cﬂ%§4ﬁtr8§%é&%hblMﬁdldridéiﬁl%n Hence the

form ng higher polynmers, at the sane tine using
tdasoaponref dhig pnveston dn #af bioagdest |SENSEwis &r%qﬂﬂ'agv Diels-Alder

et ) i BT e o PR for sk o
asteiity Dc%élgt@r(a@mlgm@ DORPD by boiling sane, vapor

phase D cracking can be e For
DCPD can QD vapepdsead Ham ?h\fag'e@éﬁ’grth%hnﬁ?le%‘?eéapg%s §Hch as coal

?(%]azﬁrf@n@??’g}oli fg%z,r ?@%{te E?ngcggeﬁo%qdizgra%@ls thekiflal cracking of

trendpecarbone  (gaEsooile meaphithrey prapaelss ethbbes a‘no!r the Ilke) CPD is
32?@{(5?? C{cg(ﬁgl@p rl?:llgs rgrer{zg)glp Evego%elg,y tcﬂﬁtap such other
3 u?g&gg@gﬁsn; Vmghﬁ%rag&?ne gl@é%: %(/ reﬂiétllfa‘ﬁé“ddhﬁpr%ihé ICs hydrocarbons
and lighter is formed. The distillate is heated at a temperature of about 212°F to
convert CPD to DCPD in a heat soaking operation that takes from about 5 to
about 24 hours for reasons that will be explained hereinafter. The DCPD, which
boils at a higher temperature than the unreacted hydrocarbons of the distillate,
is recovered as distillation bottoms.

The dimer, DCPD, is the normal form in which CPD is made
commercially available since CPD spontaneously reacts without help under
ordinary conditions of temperature and pressure to form the dimer. CPD is
formed by back cracking DCPD to CPD under elevated temperature, see U.S.
Patent No. 2,831,904 to Kreps.

Heretofore back cracking of DCPD to CPD to recover CPD has been
carried out by heating the DCPD or DCPD containing stream at a temperature

sufficient to back crack the DCPD, but, since DCPD is so reactive towards
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DCPD first hits a hot netal surface of the heat
exchanger and furnace tubes enployed in the back

w@e@akd43as process, guns (pol ynmers) are fornmed BPOT/USE®S£004509

hot surfaces and build up throughout even | ow
tenperature, long termcracking processes. Thus,
unwant ed pol ymers deposit on DCPD back cracking is
equi pnent is an omi present problemthat hurts process

edriifg &ngherapélxlhfe@ oat the sdrpertmeusing taetem;taawrecam:a pressure
is conpl eted such unwanted polyners do no

ﬁuﬁ@mwu law depaliow CRD: ki hoikff MH'? ahmﬁuzmgqmepﬁ%rmatlon of
BEEFEDS 11945, egBFRSDl ERS, RAME, e BacRRRPT crocking

Ql(ﬁ?l!)l I?}n boﬂﬁ@n%aﬂheg vapou ghas@@@ﬁ@ecmﬁ:kw@scmlbmemployed For
conten the by roduct s b
GRgmFd D1 AT, SR, 8 PSSy P SUPRPLAA Tg1en cleveted

gﬁﬁéggré%%dbt Re7ob &éq?eéé deho aREHRAIR eAttkbfe D@FFD to CPD.
to their origina conmpounds w t'hout the need

fﬁbﬂs lemgiertdeqbesamk@ ngpoperaddsg andcess dawsf fos caishorigndracking
cost ment cleaning to renove the pol yner

fesif ?ﬁ@egmé)ently endured by the prior art. 25 SUMVARY

OF THE | NYENTYHEN fhe eckdreekifg tavnbBradtlicsisi Kepe Mdw @nd a very long
there is provided a nethod for back cracking

BoekingAirders taleated, paymaefquliogisgllescutsohpraRgviagn the reactive

HECEEHL 6 EAAE s 100 R g umace s

Rindslaled ¥n G?Iﬁe Gk tophtkig bvéﬂése$ gumd (polyraeds tave Kormed on these
These  bubbl es then inplode 4 WO 2004/094348

Fbc‘r/suzfagea/ammml up H@rpéabowﬁé} IoMh EeTRIRRY AHIE h ORGCIRF™ cracking
ﬁ)@%@%’se‘%ﬁpl Gﬁ‘u a@hé?ggbg} %Hbale Ssit 61 DEES - bd&H Scracking

trans elrre stoc In the |l ocation
Aquipraehtrigl emiledml;trlebbhmobfﬁm tlwmurtn process effidiéroysand is costly

[l ed h
ﬁéﬁ?@?ﬁ%gﬁeﬁmégr&@%u?%@? ﬁtedt S??Zﬁ%h%\%%@ﬁd polymers do
ﬁ&%&#@aﬁ@ggﬁﬁoﬁt brﬁﬂ%hc%ﬁtn%tw&rsﬁaf eéhlp‘nﬁhﬁ‘nt' Q§fdelN Instead,

toits/their orig
csmm@lﬂidhese polymers can become dispersed in by—product streams of the

process in question. When this occurs, because of its polymer content, the by-
product stream can be severely degraded in its commercial value.

By this invention DCPD and many other Diels-Alder adducts can be
back cracked to their original compounds without the need for extended soaking
periods and without frequent and costly equipment cleaning to remove the

polymer fouling currently endured by the prior art.

SUMMARY OF THE INVENTION
In accordance with this invention there is provided a method for back
cracking Diels-Alder adducts to their original compounds by subjecting the
adduct containing feedstock to controlled cavitation conditions which form a
plurality of cavitation bubbles in the feedstock. These bubbles then implode
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used in formng the adduct(s) in the first place. By
this invention, and contrary to the prior art, the

wholo/ooz4svhol e of the feedstock is not heat edP@TIU$1084/004509

entirety to effect the desired back cracking.

I nstead, the bulk of the feedstock in this invention
stays at a significantly lower io tenperature than is
necessary to cause back cracking, thereby m nim zing

ttherebyod@ivierriing iy meehanieal émargly Rin@Bgedin ﬁf fhe bubbles into
contam nation. Further, the cracking heat in_t

ine@tnt (R heat s sanstegradmioethealeegstsck: iRdhedesstiot raf the imploded
'de,;ﬁar {Iﬁée Q?Q%Ec%%ﬁ%ﬁ&? of9iSnd8fe 8 d&%tq g‘c??ﬁaq: hE ez Pg@ﬂérated by

ore, unwan 0és
rteadinploding bubbleriebyfiiricmi tn mang;allylbanbtcr@ﬂd imereddueg or adducis

BT Ricnedpralats of Ina MdUMeghURRiRs 10 Jelybriinal compounds
GRRYGA ForrAi tthe%d@%ﬂ%@ﬁ%g’ﬁrﬁ flace 10 fuel oil.

DETAI LED DESCRI PTI ON THE T NVENTI ON I n accordance
Wi th thi8yi thxsemt/eraﬂqn andl comdiary teethe m@-amt dbe badldaicwhole of the

SPeiRhER EonnbhRaleY T’ BolyboftiEitohE’ Bhaldd back cracking

dhsteanhife buiksSoft th@rfeaaétbcﬁwﬂmgdnmmnt Kaysiah aOéugﬂiheéhtly lower
corrpounds using controlled cavitation to produce the

H@moer@fqlu@ itlan foneesrsary bacruse Hakk myackiog f hereky fHriknizing the

RO RiroRSBimers Wy 2hE' bihiBlval Bbrihtafor. *Jufhtner, the

Bﬂaskmg\hmﬂIlﬂﬁhisslnii@lﬂidrﬁ%beQ)d&J@edﬂNte@rﬁaltWQf ﬂer%adistock i.e., the
D el s- Al der adducts avail abl e, sone of

whi ch
deedstoskd ﬁ@ﬁe.nﬁébmacfad@axﬁqi c RAHPENeAts @@H@psseanﬂo therefore,
tJFﬁvvéTﬂ’aggf é’énb‘?ﬁédllgggﬂﬂr{hek?é&?rﬁlﬂl dE"ﬁg f'rgitr@llmmatlng,

conpoun uct or ne
ﬂddtlstfrq:dtmm.costlwmqum?ﬁbmscleanlqm ao\dcbyrpmomwlsltrxeammthat, due to

éE%'é];?i% m%ccg'gpnhmustg@ ‘i‘B’V@@geéﬁge °tf ggﬂ( that is

cracking pursuant to this invention. Qher forns of
DCPD 5 WD 2004/ 094348 PCT/US211114/ 111145119
DETAILED DESCRIPTION OF THE INVENTION

In accordance with this invention, at least one Diels-Alder adduct
which was previously formed from at least two original compounds, the
conjugated diene and dienophile, is thermally cracked back to such original
compounds using controlled cavitation to produce the heat required for such
back cracking, to form a back cracked product, and separating at least one of
said original compounds from the back cracked product.

This invention is applicable to any of the myriad Diels-Alder adducts
available, some of which are described hereinabove, and which are susceptible
to thermal cracking at least in part back to the original compounds from which
the adduct was formed in the first place. Since CPD is marketed commercially
in the form of DCPD, DCPD is a Diels-Alder adduct that is especially, but not
solely, suited to back cracking pursuant to this invention. Other forms of DCPD
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are equally well suited to use in this invention. For
exanpl e, adducts such as CPD isoprene, CPD

w@epenydsee, and the |ike (co-diners) can be epqi/oy®o4/004509

General ly, conjugated dienes having from4 to 8 carbon
atons per nolecule can be enployed to forma co-diner
with CPD. Dienophiles useful as an 5 original conpound
al so vary widely as shown in the partial |ist set

208 Ruallg vedinaditsceio asy |erh|S\Mrh\£éht|©an Ber prarapla, adnlucts such as
adduct s processed i n accordance this inventio

THRD cigoptans, drPBoRtmerviene, aserthe l"ﬂa ?ﬁ‘? glmﬁ'{ﬁén@%#ecsmployed

\% t
Seer%gugy ggnjg%?te%on@iéﬂéé M%t OQK{ootz Jﬂu é}lggeé’tbﬁ%sper molecule
aod beBdidplh2dt MWQO@meramnierlan Esnedlesl ugeful as an
thi s invention, produce a free disperse syﬁ]temu

RGNl FOREHAT c&lFPt ‘é%ryoW'%&Yeﬁ Vi P at& o,parfalnﬁst set forth

ﬁl’h@be{/? aﬁ&“%f WRidhhearl BBl grasent iAfaduers ﬁ#&e@ﬂ@@'nﬁ?&ccordance
ani ca formed in the interior of the body of

fwbith mlanwsotlom quid (fluid) being subjected to

cavitatiqp, inpakts heat. . .Of

the use oAt epitih sSEALIBI Pranich Gl bbyitbbuced by
kagklo§ r ClhdVen REGIERRPEGIES, Se& UrSiTEdtent Rdsi 492654 to Kozjuk
cool er gw d through the use of a significantly

tﬁjtaleranﬁg 310052 de Kopdk. eﬁgvgqaﬁ@@ cgﬁ)@q,)%s Ufsﬁfl,g in this invention
?ﬁr@g@{é n?Pgle\égg{is\éag%é t%&%tﬁl‘%' Sd%’ln% sur afg%ﬁ%\}v‘h@ec%\gtatlon effect.

Qa\ititiohl gererators f due o thH traplnsmnncpfummmemls ukiles mechanically
fluid, if present, to m

afﬁangq.ma @ pntetobal Heko (ot fig %Q%Pci’é@ Rﬁ‘dﬁsﬂ@sl'}%aucblecfed to
6n W];S{Hs:ﬂlééf ) 508 %%’312 f%ﬁ]lé Wl%dlﬂttherlfs%t of heated metal

trans er’ surfaces are enp e netal surfaces in
cAanfdoalsi oWVisly strimmsart cbmcnkb@raekleg pm@leeses et tibdransfiered into a
bei ng roce sed. Tﬂ’eoheat sed .for r acki

fqpfql,%rd igHid quu,gpe UsSgs h% slgﬂlﬁaar@@ rﬂ?% lrolpgg eaurface As
%@%{Heﬁh%b &) Qﬁlg WE orfBi §meerdathd.nermss,. tR8utsmperature

eat i s or ne ere it | s needed, 25 throughout
tdiffeteodipl betwésn Heunot matal sufasgiand heaeaaleigfivid gan force certain

e PR 5 Rlrb B e Mg i
tdf)}?that surface along with undesired polymer. With cavitation generators no hot
heat transfer surfaces are employed. The metal surfaces in cavitation systems
can be even cooler than the fluid being processed. The heat used for back
cracking is formed in the interior of the fluid being processed due to the myriad
of bubble dispersed therein. Thus, the heat is formed where it is needed,
throughout the body of the fluid.

Accordingly, cracking heat is formed throughout the body or bulk of
the fluid being processed without heating the entirety of that body to the
cracking temperature. Since the back cracking of adducts is a first order
chemical reaction, and, therefore, does not require a concentration of two

separate molecules to proceed. Therefore, the back cracking of adducts
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cracking tenperature. Since the back cracking of
adducts is a first order chemcal reaction, and,

wo benedoue, does not require a concentrati on OPCT/US2089004509

separate nol ecules to proceed. Therefore, the back
cracki ng of adducts 6 WD 2004/094348

PCT/ US211114/ 111145119 proceeds readily w thout
heating the entire body to the required cracking

_P?HMC% treadilyT Without NeedtitcK tieé  dritire bBEYy tbajtee ¢eqlired cracking
his m nin zes second order chem cal reactl ons t hat

d@mp@qaﬁw% a m&qé%m&lﬁ b Ahe hodyostayp £0at-e ThipInaip(miges second
By g% ?%%lb&ln E‘% tedé %e%dcéH%ht?azloﬁwh%f two separate

i on o bod
proleesk’dat léoreaxlanpﬂempaatmenm pmdeedoéuciﬂ@l@[lhm refmcﬂmatlon of

ESDI 1N Ko, GO BRinG RIaeFSa5tDF R S RITRS: he frplecule of
ftﬁ@bd Ghesy&d %reﬁﬂ ch&korcré?@{ tb”’Rh@dhq‘i‘)%du}@ém&‘SOF‘D (original
e 0 at t

i nterior he two nol ecul es
sEpapateds from wihieh am:atidug:t Dcmwasfmad@)s@umm beaﬂ r@ewed from

m bt o raBand BPABESCHLAnga et el Body BRd the two

HavREles sépahte FRMP MR Hh6thel, fhehdefthede |m@lébdlebsencounters
too lowto trigger the second order reaction, such

rassthenmalgtule mft CBBC tirwidlnlay tie e‘omoD%’lEbé@ Isesopgl ordpp chemical

Jemetdi | ERVRIGE 1 fcChBsPatiie B Mg Uity 5T o § o dgw to trioger

f’tﬁb éé%@hdtd”lf@elemaicﬂ@n tz;ut:h feactibl will ackocqur ahid the two molecules of
nBﬁrat ure. Thus process aof this invention
B wélsncaiaiqm*émaémfﬂ@n 2EPR aguct. Shie 1$ Argbstantial advantage

”?OP' mlsz eﬁx%%dh gnlfﬁcﬁ eﬁ ESRRLO R ﬁ%d%ﬁlﬁe aﬁgdn)eotlo%’ :?ﬁéﬁ cracking

fouli ona advantage wth 't
I’@n’iﬂéﬂatmet h the use of m croreact ors (inploding
bubbl es) _at very smal | ﬁ’ﬁati on§ within the

§

t he bul k Fusi H1e prpgeg@of $ ipventjon %mpt%lp%% g%@%ng, but at the
%thg%ac |ﬂfm|9é %%ﬁ%aﬁ@ﬁﬁﬁ%@%cp%d%gpélyﬁ%%mmg. An

o ack vitation in a
caddibenaloadvarithgel wﬂh thisranventicsuishthahavith the use of microreactors
(imploding bubbles) at very small locations within the body of the bulk fluid, the
fluid stays well below the boiling point of the original compounds being reformed
by the back cracking.

Cavitation in a body of fluid can be controlled in a manner such that it
can be applied to heat the fluid to obtain back cracking of a variety of Diels-
Alder adducts. Cavitation generators designed to create microscopic cavitation
bubbles are commercially available. Such generators employ mechanical
forces such as spinning discs that contain numerous cavities in a tightly
enclosed area to convert mechanical energy into microscopic bubbles within the
fluid being processed. These microscopic bubbles then promptly implode and
release shock waves into the fluid. This converts mechanical energy that went

into forming the bubbles into heat in the interior of the fluid without the use of
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can be applied to heat the fluid to obtain back
cracking of a variety of D els- Al der adducts.

wE2a004D2B3uON generators designed to create m creSDUPI004/004509

cavitation 25 bubbles are commercially avail able. Such
generators enpl oy nechanical forces such as spinning

di scs that contain nunerous cavities in a tightly

encl osed area to convert nechanical energy into

eatexs anefat surfdckes sthat tigat tHee entitety dofbiendluid.oc&hasdthe heat

Reveasay RO SRSt S e ad 800y CHEROR ARAGKIBG iy BF\GiSa, by way of
bu%bﬁ'{‘v’eﬁﬁbne é%ll?hélt tl’{@%ea&obﬁt%’?é Q:[léﬂ)éfge&hi?l localized micro

eS|nto eat fn the interior he fluid w t hout
tioturnse odfhe feed@iRBodhdesss sidhelsdbleslimpledasisThe caviiational
hat , hea

A58 CrTmis e ePRBR of e EHgT Brog pr pLERTFS i microscopic
RBoread @rﬁ)@%amgkd@mcm@wa@ d@rowaéqasi atirachi®y dtween liquid
this invention, internally of the feedstock and

dnelsebleed in local i zed nicro vol unes of the feedstock

e o MO A 0 REAI I e vy

d@geluinid ftﬁtherwwemarmwadductbmneble fandsbriedtkis igvention, and
down the Van der Waal s attraction between |liq

6l e reactly detorBEpls PaconssKled it a8 SEoARFS Hhadduct(s) to be
Lbsag:ﬁ(uk:rdcﬂe{ihfs idehY dﬁ@&' OR ‘H'eH’ %Q{fycf‘a\)i‘fa%hyofj%? 1E9st 881 can be

varie ucts ava use in thrs
igmployedn, V\Hmh thkoaudlidt ilseDCPiM|drytsded>-ellmemmamtayomm@ndltlons

killed
f’;pé@@dé‘h%&@% ogﬁ EHBB usd.&ﬁcd%n tpaqq‘?‘g%v%fm e location of
tﬁ%sfmﬁﬁaeeaﬂu@&e S§BaekRg: tehseratite 8fdyqkass a@@BPWWF at a

Imers, cavitation~conditions that provid
heesstlineon ifroph cabeit batlidsphesaf toi abeultt 26 opsig h¢aﬂ/é>e iused, with a

the | ocat f hi s i npl bupbl o Ki

erpsraLtr s ot oo BB weeoufb TS bebg e

ffom aboioriolieg PhesvitatibA a@wém%o peity g@n Reresdd. employed
with a tenperature range of” from about 400F to about

saormarsialbii bigckdigtiar oxidaianrasid beatingy iboder fpdsxipgsystems,
tvhaarltou%r Su (b 5h n;gagyer ngWé’a‘?%ns and the like can be employed in this

invention. The physical size of and absence of a flame source in such
cavitational devices allows them to be added to existing facilities, e.g., as a
pump around or feed for an existing distillation tower, without taking up large
amounts of ground space. Cavitational devices useful in this invention can be
operated in a batch mode in the same manner the prior art now depolymerizes
DCPD to CPD using long soak periods. However, yet another advantage of this
invention is that cavitation devices can also be operated in a semi-continuous or
continuous mode and the desired back cracking still achieved.

The back cracked original compounds from which the back cracked
adduct was originally formed can be separated from the back cracked product



commercially in black |iquor oxidation and heati ng,
boi l er feed m xi ng systens, various pulp and paper

wa@ppkieats ons, and the |ike can be enpl oyed i nP¢hius2002604509
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i nvention. The physical size of and absence of a flane
source in such cavitational devices allows themto be
added to existing facilities, e.g., as a punp around
or feed for an existing distillation tower, wthout
tiakinagy upaysakgewn dndhet art.ofA gacinudarp aseful Gapatatidnotemhnique is
gﬁvﬁﬁﬁs useful in this invention can be operated in a

¥0de in the sane manner the prior art now

depol ymeniges, 26 KBRdle, GhE éédjlﬁt& tonscpeakiferdadeed product
However, yet another advantage of this invention Is

t¢eniainay bt leesoin ;zmtsua:wtueawo‘a@%[ben@ﬁé?[ét &y digtiling this cracked

EDRuEr D FHtgPEaRie raGe oD BRI o[ TBo51 AR08 KRG Fint of oD at
OtheWverhe &@ BPHENGistilldtRm tolict o hae sb@@t&nﬁala,cg@@teraﬁdhqhe boiling

was ofri BI nally fornmed can be separated fromthe back
dreioket m@éﬁhe owe Q@mﬂogm@m@wnbswr@maé@onﬁ, CPD is
TR M dod bl BEPGLX ol removed o5

exettarhe prédiectadduct is DCPD, the cracked product

cont ai ns east art m xture of . DCPD and
By disti Iq'ﬁlﬁgg\'ﬁﬁr §délﬂ'9§k“éﬁ bg pyeseRic YaT ioyst %ﬁ%?@n'caﬁ’{ﬁ?%ms such

;?g‘tgl% Bhtdni %i”algfttdgﬁ@ b&%fl td?@dl?&ldn‘ a%rnﬂfl‘oeginnotﬁfls,cgr% the like.

over |st| Iatlon
shaitys texatipde | YPE@fPBacan béafounde lmmrgamg, spreamts dhatDaR® used as

oMot Be SasPie, HENAT Gy OBy BV o BoRb iR o o |redm), and,
E@@%fo?e SAIPBEARIY foeﬂ‘ReVngélﬁ\e Mltlﬁ%éf&ﬁﬂ& andther. DCPD is

Di el s- Al der adducts can resent in various organic
smmtedaslrahjehn agasemgmg@tream benguse chritsopdel and its natural

SRR P88 Bl B e ) BB R i sughea sream
uw@oaeentmﬁamﬁéw&l &a&mhgrwr Ibb@rmsnlje@mann@of the stream to
(gasoline grade stream, and,

elevated cracking temperatures. This can degrade the gasoline quality of the
stream by forming heavier hydrocarbons therein, even to the extent that it can
no longer be used as a gasoline blending component. By the use of this
invention, a gasoline grade stream containing DCPD can be upgraded by
removal of at least some of such DCPD without risk of degrading such stream
by employing conventional thermal cracking and its elevated temperature
conditions. The CPD formed by this invention can be separated from such a
gasoline grade stream by distillation without risk of degrading the stream
because CPD has such a low boiling point.

Accordingly, organic streams containing at least one Diels-Alder
adduct can be purified or otherwise altered by this invention by subjecting such

a stream to controlled cavitation conditions to back crack at least one adduct to



therefore will be added to the gasoline pool in one
formor another. DCPD is 15 not desirable in a

w@amaehy43es gr ade stream because of its odor andpd1/8S2004/004509
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natural tendency to form guns (higher polyners).
Rermovi ng CPD from such a stream by conventi onal
thermal cracking of DCPD subjects the bulk of the
streamto elevated cracking tenperatures. This can

deosriglral Eempesnds entlvwHicH Yuoh addect siasecialiially rhadeifolibwed by
heavi er hydrocarbons therein, even to the extent that

iSepgEatiorOTers sushgdreare %@b@aééoae Gh8UFh RETIHPEARMRGUNdS.
conponensd . By e ¥ 56= ¥ 8&%}[5%0‘%&]%§%I 1%%88 d&@iﬁé'r@ﬁoved from

gr ade StTeam cont al ni ng e upgrade
rteewvgdniofstrabm aadtremeafassauualummduhbsﬂreamsih izf own right.

e e o G50 i @Tes SERRTLINGY coelAe DLRE Eh have its DCPD
Cc,Q:J?\‘E'éﬁt' crEEﬁe@P Iéé’ét'\‘ﬁgné?')’td FD,| Ave hd @P@aerrk&ed from the

separ at from suc asol 1 ne gr ade stream y
dstmanh leatd oecomerdd wepearatklyothedefyemdi dhererfian tearthus recovered

use Dha such ,a,l Qw boi l,.n 0l..nt I
JrEBhREn b7 oRndrished 19 domaes wll, P RARESRAR Yich has
W@r&gwéﬁ@e BUOF fts @vrPr otherwi se altered by this
i nvention by subjecting such a streamto controlled

cavitation conditions to XAMRlAER at | east one

i o I ST AR 5 e

IDClebbgedf&iﬂ\etHeOtdtQMwéldm of thp astrdan®ris frieetedsmla temperature of
stream of at | east one such origipal co

ARbWBEtAPASF angk passeg Aalo @r%d@!'@d HViaioR device %%SCfgéd in U.S.
va%%égﬁleof' :??%@dzuégﬁ t? rfgﬁﬂ'é:fréércﬁ%@rég%ygﬁ?ﬁ\fﬁ g%gio?@fb containing

reamin Its 'own
esteagrh ¢hatcgatanis aqohgrraatyeoﬁtmmbubhles cAfiemthesr fo@rP@tion in such

can _hav D.content ha racked at |east in

it othepbUbRles THBRERAPE BOEPY Conerae SEoThalfugsythat heat
r@@@"[ﬂrﬁgues%%%ﬁaﬁ & dhé 'Wb%ié PAPloSIAI 1854 tc%cklﬁgafﬁelhbéﬁature in the
recovere can be re-dinmerized to forma high
pranigeyofTIEHD ahowa40M tthabat 60@Mmiheceky thermallygracking at least
Iéosmevl\fCPD in such location to two molecules of CPD, the original compounds
from which the DCPD was initially formed.

A fluid mixture of liquid DCPD and gaseous CPD is removed from the
cavitation generator system and subjected to distillation in a tower whose
overhead temperature is about 106°F and whose bottom temperature is not
greater than about 338°F, whereby CPD is recovered overhead of the tower.
The thus recovered CPD is re-dimerized to form a high purity DCPD stream.

DCPD recovered as bottoms product is recycled to the cavitation

generator system as co-feed therefore to back crack at least part of same.

10



10 EXAMPLE | A resin oil hydrocarbon stream cont ai ni ng
40 wei ght percent (wt. % DCPD based on the tota
wowioght43ad the streamis heated to a tenperat UPET/U$2004/004509

about 200F and passed into a controlled cavitation

device described in U S. Patent No. 5,492,654 to form

a free disperse systemin said DCPD containing 15
streamthat contains a plurality of m crobubbl es.

After their formation in EX®MMPHEV2ce, the bubbles

i npl ode and thereby generate shock waves, that heat
DCPD i n EXamMRrie at ivrerpated xseBb that; agesis 8lh hygragarbon stream

. o . _ _ E
BBAEHNNY SRR HArER, bt RAL bichE eRHRy BtbertiRemployed
2arthe BERI3tock.such | ocation to two nol ecul es of CPD,

the ori ginal ounds 0 fromwhich the DCPD was

nitial Ty oGl ToeoeEs %’%Eg%ﬁ”‘ﬁh o “P?qf%eroéﬁvgﬁﬁﬂdse@arate'y
QA4 ' - ifide cavitation generator
systgﬁdaﬁggﬁ?@grggsﬁéé%?ﬂ?ﬁeati on in a tower whose
overhead tenperature is about 106F and whose bottom
tenperature is not greater than about 338F, whereby

CPD is recovered overhead of the tower. 25 The thus
recovered CPDis re-dinerized to forma high purity

DCPD stream DCPD recovered as bottons product is

recycled to the cavitation generator system as

co-feed therefore to back crack at |east part of sane.

30 10 WD 2004/094348 PCT/ US211114/111145119 EXAMPLE 2
Exanple 1 is repeated except that a resin oi

hydr ocarbon stream containing 80 w. % DCPD based on

the total weight of the streamis enployed as the
feedstock. 5 The CPL recovered overhead of the tower

is then separately enployed to form other chem ca

entities.

11



11 WD 2004/094348 PCT/ US211114/111145119 | claim 1.
A nethod for thermally cracking at | east one

wormheBhgler adduct, said adduct havi ng been PCT/US2004/004509
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originally formed fromat |east one conjugated diene
conmpound and at | east one unsaturated conpound havi ng
at |l east one of a 5 carbonyl group and a nethyl ene

group, said nethod conprising providing a feedstock,
d@hian: ni ng sai d at | east one adduct, subjecting said

ool arh 1 yR o B Bl SRR, SR bR DIEARl acuct
fefdabankt WQW%@ %@pbﬁglnhw’k&%dﬂfﬁ)ﬁ{ at IR AR cOhjugated diene

same and thereby heat sai'd feedstock in the | ocat’ion
aforspaund eptioletéasiioheesnsaiuieted cosmpmingt beeing at lsast ons of a

Tl onb g Wethiefip YEuB SHiE iR oS tibvicing -

Feag&edk | dirfamfd sald @t Néhstcond i, amd_;ecmg:csa@d ifegdstock fo
at | east one of said original conpounds fromsa

croadiedad f eadietion keormitionse wher¢ibde oflUealily Af| C%@iﬂ@n nbubbles are

S PR 1Py e S99k s Somaton o seme an

ltﬁleﬁabyTglefatT@alitDCfﬁecﬂstcblallm thewveation Ghsdldcuﬂﬂloniedsbableles to a
sel ected from the group consisting of cyclo ent di .
|§6meéﬂ re%l%@%toameéﬂ@"w%%ﬁ@%b at | %%%} af least in

gétgd o Ieé@? t‘Helrftj BldBxed RS AR cﬁ’@uﬁ’al cor?qp?unds and

fee cavitation condi tions t
peowekmmaabam bhe nf sandcbrfgami spoyolindstfrem|saicdciasked ffeedstock.

20 sai t ab %ﬁgggg{f% ltor@gélﬁl@sé%g?ﬁI%%Bﬁé@%t%ﬁguct is at least
ﬁ]ﬁ@épﬁfé ¢l6p éﬁta@% aﬁc@c@&fnﬁer@of dibpclopémadicle. cl ai m 4

erein a|d cracking tenperature is from about 400F
to abodit 600Re neeththeofmiainnd whereirnisaidicodémneisnarenselected from

dt?\% éer%ugfcé:nas\{st}n%t 6\‘0 cyclgpeagtadlgﬁétlsogr%ng %yclopentadlene piperylene,

and mixtures thereof.

4. The method of claim 2 wherein said feedstock is subjected to
cavitation conditions that provide heat within said feedstock in the location of
said imploded bubbles to a cracking temperature of at least about 300°F at a

pressure of from about atmospheric to about 20 psig.

5. The method of claim 4 wherein said cracking temperature is from
about 400°F to about 600°F.

6. The method of claim 1 wherein the degree of cavitation is at least
0.1.

7. The method of claim 1 wherein said at least one original

compound is recovered from said cracked feedstock by distillation.
8. The method of claim 2 wherein said at least one original
compound is recovered by distilling said cracked feedstock in a temperature

range of from at least about the boiling point of cyclopentadiene at the overhead

12
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7. The nmethod of claim1 wherein said at |east one
original conpound is recovered fromsaid cracked

wo ewdotgak by distillation. 8. The nmethod of cP@I/ISD04/004509

wherein said at |east one original conpound is
recovered by distilling said cracked feedstock in a
tenperature 30 range of from at | east about the

boi ling point of cycl opentadi ene at the overhead 12

V@n&%fo_@%&ébﬂy Rﬁ@é@&héﬁﬂhémm@mﬁ@f dizyclopentadiene at the
substanti %ter than the boiling point of
gptom PQ@?%W@ @ntpﬁ%ssuﬁ%ttorm and under anbi ent

pressuyy 1153 Bed) ﬂﬁ £ lﬁ é’é?@ra‘aglﬂc\?%' &iic?éigfdéﬁtadlene

is dlcyclopenta I ene, recovere or1 gi nal
aodma@deazcslew@bugmmi eolinpnend i dycloférdadieniod of claim

9 mher id cyc nt adiene i s recpvere

di st i 10 ngsﬁﬁ %ip%fgsgglafrge@d\gﬁgwn SRICCYRIN %}1§¥\?PS is recovered
”Si%tlﬁif'ngz§é}lH1 é‘ack@@%ed@t@@l’dtmt@%ﬁ@eﬁtﬁ@e pahgé off from at least

cycl opentadi ene at the overhead to not substantially

t@ﬁ@at &tie blodimot W%nb 02 cyclgrerirdienss aldtheyeverbead 48i @tes@stantlally
e S, R, 48 . nc oner

Srmisiaft p@@@gﬁ@ ni ng di cycl opent adi ene conprl sing
subj ectl ng said streamto controlled cavitatign

condi thlons Aweethad forpHperading asr adiametive grsplip ggde stream

gﬁ&g ﬁ@g‘?ﬁ.c&&oﬁghf&g 8mp?’|§mtsﬁgfr%@hﬁ§ g’.;eﬁr% 's‘?re\gg'ﬁ 48 controlled
td@xelﬁém bgﬁtkl)lgleﬁs d\{rﬁrémaarplmalith@f Icaudﬂhm?tfmtbblsalade formed in said
oded bubbl e t
atr@@w gaﬂar epes@pagéﬁ iy % %@Hé'ﬁ%ﬁ ofniafipn of same
f Pfﬁ etthé’aﬁdfﬁé(??ﬁ ﬁ%ﬁbq eatiWif"&id nﬁm&féodbubbles to a
eam ere

y upgr adi sal stream w t hout
demp@damge saffitiertrto aoradly satail s|cmgopeetadmne tsf cyclppentadiene, and

SSRGS S4B 58) A 08 TS roain
t?%ri% ggg?ﬁfgvﬁgéag 8 E)Shtgdééegg Iustcﬂeam BY rHRiPtRNo @K & keRistream to
said cracking temperature.

12.  The method of claim 11 wherein said cyclopentadiene is removed
from said stream by distillation using an overhead temperature of at least about
the boiling point of cyclopentadiene.

13. The method of claim 12 wherein in said distillation process
cyclopentadiene is removed in the overhead product and the bulk of said
stream is removed as the bottoms product.

14. A method for altering an organic stream that contains at least one
Diels-Alder adduct formed from at least two original compounds comprising
subjecting said stream to controlled cavitation conditions to form a plurality of
cavitation bubbles in said stream under conditions in which said bubbles
implode and thereby heat said stream in the location of said imploded bubbles

to a temperature sufficient to crack said adduct back to its original compounds

13



the boiling point of cyclopentadiene. 13. The nethod

of claim12 wherein in said distillation process
weyomhopst adi ene is renmoved in the overhead prednus20a416)4509

the bulk of said streamis renoved as the bottons

product. 25 14. A nethod for altering an organic

streamthat contains at |east one Diels-Al der adduct

formed fromat |east two original conpounds conprising

UBell 8F toRairkAisdics tadeiaiat,t and ormoNihg daic dedstabhenof said original

conditions to forma plurality of cavitation bubbles

compndssrem-saidiaH82Meondi ti ons i n which said bubbl es

i npl ode and thereby heat said streamin the |ocation

of said inploded bubbles 30 to a tenperature

sufficient to crack said adduct back to its original

conpounds 13 WD 2004/ 094348 PCT/ US211114/ 111145119

used in form ng said adduct, and renoving at |east one

of said original conpounds fromsaid stream 14
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