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thermal cracking of Diels-Al der adducts to forma
thermal ly cracked (cracked) product that contains at
| east the original 10 conpounds from which the
adducts were forned, and recovering at |east one of
the thus forned original conmpounds fromthe cracked
product. Mre particularly this invention relates to

the for ego'%ﬁmb.@&l C@Qi\%%ﬁf’p‘f@& %gbéﬁ%ﬂtﬁﬁfcfé”

t he cracki
DESCRI PTI ON OF THE PRI OR ART This invention is

applicable to th S’ﬁd@ i i Alder
reacti on product ?’%‘?ﬁﬁ p@{ﬁ&ﬁoﬁggj&\&@l S!\éke of
clarity and brevity FiFISD OFTEIR INVEMITIONI argel y be
described with respect to cycl opentadi ene §CPD

C5He.
The Di el SN dventienctelaiasite therpak aracking: of SHelsHider @dducts to

8] X RN ke A 0 S e orna

(¢drepounds fram Whtﬂhetheiaddacmmimmehaund gecovAinyaatieast one of
d/ or E ene is ap addition

rté‘&g[gl"% rm?%\"@ﬂa BGHH&P g’ﬁ”bﬂ“eacﬁad‘éﬁqw?f%% group
in the o M&‘enﬁjl rt?dt{?%@?pcﬂisl ﬁ]\ﬁaﬂﬂgﬁu@al%gd% atﬁéofoZgbﬁiﬁg cracking

1, 4 positio ori gi nal diene conpound.
Epreulcess\Mdimremethetheam fordheeradckimpisrprovidedsoacaretoalled cavitation.
order reaction that is carried out by sinply bringing

the two original conpounds together in the presence

or absence of a SDES@RIPMON@PWW@@RAF@ ng from
room tenperature to about 390F. The reaction is

nor mal | y Téistimeantion inapplicakde tontherthgrme tarackiog sofa Désls-Alder

ersﬁé%fég Hsﬁpﬁté{am' g&%e yg \f\geve? IFOJ ﬁ%l\f’\éelclf égﬁ%/m and brevity this
dinQe sl @Al |@dg@?©e(c[é§%‘ﬁbed WithHedpeBoolty@icheantsdiene (CPD), CsHe.

extens| VQI’lh% b?elé—rA?clijert re)éctlon 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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isomer. This invention is applicable to either
i soner. DCPD (4, 7-methano-3a, 4, 7, 7a-
tetrahydroi ndene) is the formin which CPDis normally
commercially marketed. 5 CPD is a very robust chenmi cal
W th wi doGRIDIaxigiih iy sterebisdrtdricyforrhbj endo ainduexd isomers, but
its conl ugat ed dqubl e bonds coupled wth ?& active

HBEhPT gP&geminanills usedpin: HOMYNGETRdS at 0 |somer This
t
AL LA DY oY IS, 2 Bt 9, 4. 7. To-

d.éirgbydmm@e) $s trebefvomsin vetie CIPé) & imdorehadly. cc&ﬂrnHom&Memarketed

ttenti ld f d
§| | Gonrer P8 TS B o MR £ ST e Site AnTiap i Rdpiety. This
loeifd bon;b%ﬁ?é‘é{ abimig Hd?ld@Q,PdBp\féd Wi’cHtarFaéﬁk/é)heﬁhylene group.

catayst or er ard. That is why CPD is normally
sbhut, iGPPhearf ondengo DORMe Additien zqarnlommtb bsoghanyunsaturated

?‘?‘g“"ﬁ’?ﬁ"%] oy t non Staﬁl%yé@cg véﬁ |Ls%iftaﬁ3§eﬁ£ &Fd%rﬁé’rs as is

B&é?héﬁﬁ%teah%rémb%w on of DCPD from CPD, and the
subsequent formati on of higher oligonmers and

thereof _Hiemiess atasion showld st oe @iaé\{f‘sf%lt"t%ﬂ?mer BcPp. cPD
G "SroRiAEBlay 10 CLPR 4° SN, Dadlgg amoien
tﬂéﬁ\ﬁdram?é tb DEPDNRithdut neaddbing catadystonatieer aid. tTrat is why CPD
dimer, and so on. 20 It is_conveni t ) ci):yCP

CRenoriall SoicimdoafoEM: #o DGlnonAPONA 1 %P al?e%@égfgnﬂa' and

SRS RU ISR Gror SO .9 By, and ighr

poolpinerd EBBMhe @Ch@k/ledg oThe [ﬁﬁl?ﬁ)ainmn dfe D&ED eW@m BPD, and the
boi | i ng DCPD at . a
SRR oD TomiatoPaek Sohe! BIaIe 7N Bo e pEoTEpIves just 2
o3 i ko Oy
canolé ef afrainerdto a second mole of monomer, while the trlmer is formed by
adding the monomer to the dimer, and so on.
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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Wth its two conjugated double bonds CPD readily
undergoes diene addition across its 1, 4 carbon atom

w@oauodoses Wi th a di eneophile. As a result of PEI/ES2004/004509

reaction and the robustness of CPD as an ori gi nal
react ant conpound, 30 innunerabl e Diels-A der adducts
can be nmade fromthis single conjugated 2 WO

2004/ 094348 PCT/ US2004/ 004509 di ene conpound. For

@f@i&t)bemp@fthdgdﬁ:mséxa(dﬁ@leaas?bqusto@Pﬁgas ¢iok dorjugated tieme in the
reacti on e di eneaphi t

rncian, e SinsaRiIRheLFA, S T5ACIREALh Hie SyTdlaiteythqund can be
%'Igéstagﬁ%%?rdl%ﬁlb‘a%?dsséﬁ@ RFivaiv&d QTRh easccﬁ'lﬁfbfﬂéieﬁeanhydnde

mal el ¢ etc nonobasi ¢ aci ds such as
a'natewrd‘lwirlo@,, ehet maophbsic sadsdsuch 28 ctotomb@tydﬁ@lhacryllc acid,
crol ein, croton | deh ket pne
&7 BRBHOR ity P R AN TRERS K BondeTdlige such as
Kﬁb 8%y el KABREUDRGI nfethll REtden VBN ketSher GMGI compounds
V|nyI acetate al | ene, “etc.; acetyl enes such as

atiehy benethylans, ytsterrmﬁ cdnporceiatee allene, efguianshdgnes such as
such

e Ene S EERR R, 8- PaRERBRC T 4 PBenzoquinons;

df866d Rddrapodidd ughi BY eRitroetbeérrdricss amdastesindsamse Hence the
cracking D el s-Alder adducts, wth the detaile

dirseriphien opf dhist ivential eift itsnbrradest Fanser & qrgg(lggkglels—Alder
f%doq#gse\(/g I"Ytt{eaﬁgﬁlll%ﬁﬂtd%sgp Hictn gk thidRveli béln%rdt[?%'f&ééij for sake of

SrRaIT operations such as coa
asrebiop lazrgélydo Ctl?lrand DGRD.oi |, coke-oven gas) and

h

hapht ha, Cio artodusarh oM orosarbon TpeffRsiShgrations such as coal
r o] nt al erg dr r

(FIBSERIGCIET QU d, CORBXRER by her oRebgracing o
thtmtroeardbloasl (dast @llcmqnhtl&a ngrdr&rtwmﬂjeaeb@rm thendike). CPD is

ighter is forned t

e, or e MBSt SRk et TR BRB e Ul s ot

h@ﬂ)‘roé&%‘é‘n@gmoa%ﬁhh@rn s&é}@tthétaa eisfill=06n cupaptisifg t@ BPdrocarbons
ut 24 hours for reasons that will be expl ai ned

mdehgiatbr & formied. (trDyistitate lis heatedata tenprrgte of about 212°F to

TRETRHLS 1 P DOR & Pe? ShERn g AR T8 ket dfom 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



10

15

20

25

30

The dinmer, DCPD, is the normal formin which CPD is
made commercially avail abl e since CPD spontaneously

WO e@as43ws t hout hel p under 25 ordi nary condi t PONESN4/004509

tenperature and pressure to formthe diner. CPDis
formed by back cracking DCPD to CPD under el evated
tenperature, see U S. Patent No. 2,831,904 to Kreps.
Her et of ore back cracking of DCPD to CPD to recover CPD

mmgqﬂgh@ra{)bl'ymérggét m{e saaki m‘getd@%%)@xptéfn?weraﬁﬁ@ and pressure
ai ning stream a enper
Sutioantiiciow He B, ChR 10 Srai oTbmbtie: SMaBTIFBgCie, domation of

tdggﬁéﬁ@ ofsuNWaI%fé%é)Ql?/ﬁ%}%g IT@EQW%]UI %‘}5091 Rt % cracking

pol yners, ime using'a tenperature
DTPDriep duilng safk] vapot bhateEBDatizokingPEan debeiriployed. For

oL B, D9, L Lof Tol 0 S SSPRES) 55 o levered
‘Eér‘?\@éké’tgre E@%Bd% b@b' eé@rFE’to\’tﬁéﬁﬁalﬂ%}”'@ﬁ&kD@%DDCPD to CPD.

cracki ng can be enpl oye For 5 exanple, DCPD can be

Wammngrectemmramrs veaporcracking qrredess allaws| fvaa edorter cracking
rtaerat We of 600 to 700 degrees F to thermally crack

trﬁ%' This high tenperature vapor cracking

process Ek/leﬁwérpfheaoédk%rbekmg réglpefdturd RStaltnoe atnldrmvery long
Even when the back crackin nperature i s kept

soaking/ime is telgrated, pAwken Ltllngéstl,ll oochrehbegalse \HB%V the reactive

b 965 5P SETHGE S50 9 GERphb8P BT Race tbes

E@?ﬂpfbyéﬁaﬁethé uﬂm& cr@ﬂﬂh@p@@b&s& ghmsqu{ymem) Iereg‘ormed on these "

process, yners) are t he
mw@gemdbwuddu@ ronaBos XN Dy leTestaL R b (i, cracking
Jnc e h t I
88t TS nohwA1eqpoiners " epolT G PEATS! HEBK Soracking
mlmeﬁem amp bnmlmseh’aprobm shatriootsproeess eﬁm@r}cyaar@d is costly

AP SO AR PeRpsel 5 FOraPIglsd. nBth oG el bolymers do

IR oSO VS oI Lrt A BBt dfagns, nsiac
i Sorhy -qfrtheae tpalymersmsanfbedeme 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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process in question. Wen this occurs, because of its
pol ynmer content, the by- 20 product stream can be

W@ enwened3ys degraded in its commercial val ue. ByPeTUS2004/004509

i nventi on DCPD and many ot her Di el s-Al der adducts can
be back cracked to their original conpounds w thout
the need for extended soaking periods and w thout
frequent and costly equi pment cleaning to renove the

[thésaiyr corvariimg theimeenahizakbaskerggerhplolde i Makingtie bdbbles into
WRY OF THE I NVENTION I n accordance with
[ n

this
TR hemérie tRasTsrisel tasthesapsletas ingheygeation of the imploded
OdLﬂfﬂféélgTREeda@ité{iﬂ? Eoﬁ&ﬂ?ﬁé ard ggﬁtl?@iéd Q(% WUAL heat generated by
conmpounds by subjecting the adduct containing
fthe dispbling bubblekrieklfidiccd v therimaily barHicradohewdddilti or adducis

SRS N T RIS IR S—
204 iﬂ%ﬁﬁ#yg&ﬁé/dd%%@ﬂé)(mgé%’st gihgs eby converting the

mechani cal €energy enployed in making the bubbles into
heat. ThiBy thisainvestiam, amsfesntrady tothenpridresrtishediull ar whele of the

I i f t [ d bbl es. The i fati :
TRREPERR .S bl gl 3F VB, BN 3P oS 85 dsdiref abagk creciing.
hiistelaae theBuRdbMBebraBls ek i tisy fihvattRmt sthps b er sighifi¥antly lower
back crack the adduct or adducts 5 present at the

lieeweraire thamds NRPESFEIYI 0 I58UBE dackcraeking hisiereby minimizing the

«gi.fal «Co d_jn for (S) i
S, 65 PRRIRSE oIS o, SEATRACL MG BBAER) e, the
tdracking dreatrih  thishiavéntion &r prdtticeddhterhally betsfazeistaock, ie., the

ot heated inits entirety to effect the desired back
rc}?ﬁéﬁfpﬁb. dopgs 0hgcontgst HRASH 1 COHIPEd SUBRRSS n anf; stherefore,
i ' Lani:E i t . 10 . T
(NEHER bRRE 15bs AL LY O, Nerc 8L Flinieing, f pof piminating
throth €fbgquenti casiy reguigraentp oleant i@ landoby-poddunt rstfeants titat, due to

d. by- product, cont aminati on. Further, the .cracking
ABSir BPiToR SORTE IS AOBaBEHcE nitaHa Ay of ¢ he
feedstock, i.e., the feedstock does not contact
heat ed equi prrent surfaces and, therefore, unwanted

pol ymer does DHoFAILERHDEB GRIPHIONnOFeBYE ANNENTAON), i f

not ell rriqu ae%écrcl)gdance 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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n accordance

with this invention, at |east one D els-Al der adduct

20 which was previously fornmed fromat |east two

original conpounds, the conjugated diene and

direrseuiallly avell suitdtbtarase yn d:hnamkmhtimac kFbioesarmplegradgiuctd such as

conmpounds using_contraol |l ed c ta h
e nseatﬁn%dCEQr PYgEYENaaR \é‘i'hgc s Comgﬂﬁ 53D [pge mployed.

e p&&ﬁp%’eﬁga@l né§ do E?tﬂ leastarhbR é’cBmssgéFj molecule

ori gi Ral rom-t cracked product
'blalnsbenaiemowﬂi tcs fanppld @abﬂnme{rammimﬁBD ttﬁbenwhlm useful as an

Di el s- Al der ad ava f. h
eI T ER B sy N aidelk: 2n "SR E nc Bl A figt set forth
tHegEmBboCE 25K BE whicH €& bel greB@nt inkRfduct pidteseed n Bztordance
conpounds from which the adduct was formed in the

f\fwtlsth@ira/@@tm& nce CPD is marketed commercially in

copecaf e SPGB U A eSS Upgocec o

rebgm? kigowmicavitaticendéites, Sdeey. S. d?aten’ONo@CBJZISBZ%ﬁMJtO Kozjuk
2004/ 348 PCT/ US2004/ 004509 _ar.e equal |y é"l Suj t
S

tef als andh 515092 e nkearik. F&a\@tﬁﬁﬁﬁl‘éew%ﬁﬁjl&‘é? []Ciilpl%énventlon
gﬁzﬁdgéé’%e%e gf’é&e&é’e%tﬁ flze WdiKend R~ BhiiBdtdh effect.

e enpl oye conj ugat ed di enes havi ng
fCavitationog@neratdrend Mrﬁ\epenplmelosmcuﬂ leumemusbleulmlpis oyechanically

f
HOBRg 1R Ahe JREGL AU B At Juid BT L fa e Beirthalected to
Q?H\)itb%nl |n§ﬁar§§'hg§?fd @uclﬁ‘@foﬂgn&bﬁﬁ’é wﬁ%ﬁt%e%&é Bf ﬁé@ted metal

presehnt Tn adducts processSed i n accordance
tdurfiaoesver\)’t/ltlmrprloﬂm’t ekt max:bnmgcpmesswdwaaées Ltranaferred into a

Sl B dBHERe e uBel o8 S eiBlieSRBL Rt SRR syrgace.  As
d’%ﬁlé’ﬂﬁedt %\b%(/ea'thlsé"b‘ﬁ'o@of’el»0 gimEP f6afNgk. AJay| tthéi esmperature

Vi Ces useful in this invention produce a free
diliffpeantial bptwesn ths hot metalwairfackranshtheasqalet fleid can force certain

e|frr]1cpeucr}’u'e3 in the fluid, if present, to migrate to the hot metal surface and build up
on 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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Cavitation generators, due to the inplosion of
numer ous bubbl es nmechanically forned in the interior

wotooheody of fluid and/or liquid (fluid) bePe@mUS2004/004509

subjected to cavitation, inparts heat to such body of
fluid without the use of heated netal 15 surfaces.
Wth prior art back cracking processes heat is
transferred into a cooler liquid through the use of a

Sirgbeéds aeblly hathout h@ﬂﬂg she f @ctire Bedy etmpthie meduired cracking
above, this pronotes ¥rrer foul i ng

temperaiuiee ThHs: fthe tB%thﬁ&é/nsf@M% %@f OM%m'mmlzes second
S&BEF‘ cﬁe@ﬁﬁgaf ?§%@%?F3th§;tl iH? Be?@ﬂreat%r eBnE&httAidh of twq separafe

Impurities In to mgrate to t
habtlemeteal ab @ feaioantdnperetlraptc2 praoeethatcts wsf dee reformation of

G e R on! FHGE=IND dopErctlr FAb G oRHe. a5 @ molecule of

%WQH side eréclj Sb’écfka“fﬁ‘écks!" téa‘tﬂhéaFﬁdEbLﬁé@t@‘T‘EPD (original
can be even cool er than the fluid belng processed. The
€

heeahpowsiedts from whick the eddkchGRD fuasrmeadendye éo hﬁaterac?@wved from

of the fluid.b d t

s HdserdghifiebhBRRRAT,IHE, IeddicoPHbbE oy and the two
Wh@fe%ulés sEpaetsigdbm otfe bhbm&hﬁ%né e thesly radlethiles encounters
fluid. Accordi ngIéP cracki ng heat is forned t hr oughout

tmotb@rdwqiecwamf D ithwillf tryiite leenngChRiD da sesengi @rﬁl@utchemlcal
r%%ﬁg&g)( Pgw%gérl rlietth% t%ﬁb&aég rg%@fhé Bo&?%f dgﬂiﬁclg b8 Iow to trigger

nce the F acki n

fthéséeo@hdafrdelci‘wmoﬁ,l su@al@actmn walh dot btarefnol the tnlxmemolecules of
not (?w re a concentration of

n%PQcW Rk eoTph 0BdaqOTTIReDLF U0k BaloHS & shataRfiaedvantage
for dﬁflsc‘ m@?w%rfqaﬁ’/cﬁgﬂgﬁ R&tT/ Hé%%oﬁge( é@ﬂﬁg%ﬁg Of€4HE cracking

ing the entire body to t
rtemperrawrerackl ng tenperature. Thus, the bulk of t he

bod t . Thi d
rga'\ét isoﬁs Lﬁa edgrqclggﬁoif gug] |Qz:v%8[qggﬁfpror§m06q§ grf\cli E]ng, but at the

SERALa rﬁﬁkrﬁ&@k %tl"f“t & réRARhtoR df %B@@bﬁtéﬂcﬁpé?mer fouling. An

procee he re ornmati on of adduct in
baxdtyltnomarf advanhtbge wgthpthis degentionFisr thatamiph éhe arsseaof microreactors

" BpoREE R, e oo B AR R B i, e
it Sray RN \b@ﬁ)vﬁﬁﬂﬁbmﬂﬁg pbfht % #ie bAGIAAVESmboANAS 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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one or nore inploding bubbles in the interior of that
body and the two nol ecul es separate from one anot her,

wo tooafot3ad t hose nol ecul es encounters 1o anot hr€T/US2004/004509

nol ecule of CPD it will try to form DCPD (a second

order chem cal reaction). However, if the tenperature

of the body of liquidis too lowto trigger the

second order reaction, such reaction will not occur
dedtédanetad swizmes! that dieatClR \sintiretpoof tonifluick t dhiisy the heat

DCPD d . Jhis i b [ d f.
fiecssravdat Fomcwn Be Sededhatoiidniatkaagiy fE Praeded by way of
:tﬁ% H2AKOAY intdmaI§TBERRE UeRdstbRiSand rtﬁs;@ér@éésﬁh%calized micro

I's Invention pronhotes back cracking, but at e
saimmes o the fhadciank woele edanh oktherdblemingglodesiudhe cavitationzl

nd pol yner, foul in diti d t i . .
Thres o ane R GooPine hiePhmer Ll P AR AR by icroscopic
(Humpledli a8d bdw@akm?) datvnv e/ \avRl derl Veadls cattraviiomi etiveen liquid
bod?/ of the bulk tluid, the 20 fluid stays well bel ow
trhelegulesi ng poi nt of the original conpounds being

ref or med | Lt Atk e ; :

e o T R S g RO LR o i very
Qﬁﬂe?@dw% tredwide Wty;dﬁ%dﬁll,luﬁsdaA\fagabletfggusban lthis invention, and
cracking of a varje el s- Al ts.
wﬂ;heafgmyg%ﬁ@rramﬁvfe g¥s‘?r@5‘r}§h‘"?‘$_”%§{é%t%ét ﬁﬁe? daE Fsiduct(s) to be
A BHARBAZR DIENRTER, AU RBTEE ! edlithtiBHab! @k IBastSeCN can be
generators enploy mechani ca orces such as spi nning

drapleyedat Whamt tienadduetr isub CERAY ior i itss co-diraets, giavitation conditions
encl osed area, t o convert ni cal. .ener i.nt o . .
ihat Besisss beRtBmadripien FUBRES St &M iSs da dug docation of
R fmBlotleasapbie RuBRLRm tf@ﬁ?é’u{aﬂﬂ’ét b it Bhedebang 300°F at a
rel ease shock waves into the fluid. This converts

nerehaumiec af feomerahyout ratmaspherigotoi abeut 8Pnpsig eae be used, with a

ubbl es, into heat.in the. interior, of f 1 Ui iih
CRERaNE ndhe) ol aes A Thed roRugT s o et Al

netal sudafetethagaiRdiont heyssins ethatof atehe duiendy  employed
Thus, the heat necessary for effecting the desired

achiomergatk irc blackiliagor oxislesionang hegtingaypailer feaq guixing systems,
BRI Bl ERHERARL) YoBficdtidfs! SRS HRC k8 Chrf bRP BTG ed 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



vol unes of the feedstock where each of the bubbles
i npl odes. The cavitational 5 forces created are

wae apalobs4of breaki ng down | arge gas bubbl es i nPOT/US2004/004509
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m croscopi ¢ bubbl es, and breaki ng down the Van der

Waal s attraction between liquid nolecules. The

controlled cavitational conditions useful in this

invention will vary wdely due to the wide variety of
adddmeny ways kabwe indheuart 1A paniiculany esefubrseparation technique is
W, | ﬁ" l%e readily determ nable by one skilled in the art
HSHIFUR- adduct (s) to be back cracked is identified. A

degree ofyyRay| tgt i@ D@leatthéeééélu& s q@0Pke tRdraves product
Waen t he adduct is or its co-dimers, cavitation

cotbinsoatleashiat et & midurreat DEFENENehSltlde Bywiistillieg this cracked

THSbBLE S arip @Sl Ener Ry Ry ERAR, Pofitng il point of CPD

atb@@ve’iﬁ@&d @f ttee d@tmutmmr% nibt e0bsaatiallyageedhidahthe boiling
to about sig can be used, with a tenperature

rmgbof)m%mt 5'@%@@\/\1%@@&@@ wnlaitangbignt Rressukeicagditions, CPD is
usell, - epgpé{%ﬁ ggeﬁ@ébit ﬁjo'dﬁﬁty%ﬁé E)h‘%t q%%ﬁately removed as

curre Commerci a I'n"blac
otxd;mtahsmnom heat| ng, boiler feed nxing systens,

various pul d er, applications,. and.the |like c
bo ennt oaRrAer B Gais” N, b e Ren RV AiR eldany sgeams such
Ohs Y2 geﬁ SStorfs i HFoRAN ﬁ@dh&loﬁﬁﬁi&n@ aMdsiRbiIONAd the like.

devi c ows themto to existing
f ol laxangde, GPD sanabepfoyndaimuwrdavic stredntsoithain are used as

Hhithdhst Beble bRk Bmtid 9RO P feam). ana
i fhetrélfoﬁe Wﬁf%@tédhbopﬁﬁtﬂ%ega%lﬁfeab@& ihMorfe fthe Br BP@ehdrN DCPD is
the same manner the prior art now depol ynerizes 25

DopiDdesirati® insa wgsphing gadk steand hecanpauel dis, oder and its natural

o BBEEy B Y4 BReoidr ol B, Ak, B5D from such a stream
sieyricon08htich UhePhal mﬁkllnguﬁﬂllomeub td tiee Baid bthe stream to
back cracking still achieved. The back cracked

ofleypies cr@@hﬁ@ut%@eraﬁﬁe&muws CAB dRarrde thegasoling gludlity of the

Faedh A Rnlite "RV SRR B RR 5Bk 05 26 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



in many ways known in the art. A particularly useful
separation technique is distillation. Wen, for

wezaaphs48 t he adduct is DCPD, the cracked prodeCt/US2004/004509
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contains, at least in part, a mxture of DCPD and CPD.
By distilling this cracked 5 product in a tenperature
range of from at |east about the boiling point of CPD
at the overhead of the distillation tower to not

qtebsitiginal edbmpognéds tfieim Wdch sheh kaddlubhg/aspinitimyoﬁaﬂﬁ?ﬁ]lowed by
at the_ tower bottom under ambient l(?Eressure ndi ti on

@ﬂpeur%tlowfé%@iwhsﬁmtoéat leashoBe 198 sHCh PHE Cmppém
DCPD i's éﬁé’%rr%ﬁtlé bf rtﬁé“b‘f ?yro@@é’cé QEBFORRE U bé%moved from

el s- Al der a can sent in various organic
Q:hemgamsmﬂ@anaandepemumad mra bahablfspmuiuahsinealﬂﬂi in its own right.

A BPs ARl Gredea=pin B gnit: FRRR Ehdpes ks DCPD

L&ﬁﬁerﬁ%acﬁ@&r‘é’&éd‘éﬁ 1885Ghi Pt B € Nan@ PP TP tremoved from the
(gasoline grade stream, and, therefore will be added

tsdreane ajmiswd:crver@@cﬁepamtewethafeﬁom dinstreafier, Hopphus recovered

GeB0bef Bk A, 1EBIIS A By, BRRFSERUSR Bhich nas

(é&rﬁﬁ@fqiﬁwaimfﬁﬂ)of n:é@mw ng CPfoE)?:QDSUCB' a Streﬁm by
conventi ona ermal cCrac |ng 0 supj ects the

bul k of the streamto el cki ng tenperatures.

Th' S cany qg%lhagi? hwﬁoc%?&% S Sa&u%ﬁtﬁ}ﬁlﬁé 4t0h\‘ﬁle|q‘htt rpeeﬁgént (Wt. %)

y forning heavi el hydrocar ons erern, even

eIXCE’lIII bbbed ort theatotaDweight widhe dircansdsl heated dgasotemperature of
bl endizr:c&) conponent. By the use of this. inventi

°Gr i Pasped inioo tcontiotgd rséwﬁa%% d&éﬂ(&?pé?%fa@)&d in U.S.
gf?atgh?mv% 483 68k tb%Bfh S fEB cﬂ§ R |H"sta|'}:P'lﬁCF5[DSdbnta|n|ng

rad such stream by convent i onal
tﬁmamaltha’r aclkhangs arpdunailbj of HuatobdbblespeAﬁeutIEIr formation in such

: %‘g‘::érlt &??Sﬂ“ggf [ﬁ’ ngggg%ﬁr%@? gdeﬁ‘éia aB/g;-\pvees that heat
dD@'F‘d ﬁrﬁEHé’Tbc‘éﬂtle‘Bﬂthé'bﬂbbﬁ wﬁ?l@éﬁﬁx' foda tdﬁ@clﬁﬁg e&fperature in the

because CPD has such | ow boi oi nt. Accordingly,
oraygei of &omeamutc@(aﬂ%ﬁ to aoult 60Q° the@e#éy themally eraeking at least

?%%%EQ@EBHB(E%WQ%%E % B Ot Ipr?orlecags %Hﬁf[?dth%yoﬁ&hél 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



a streamto controlled cavitation conditions to back
crack at | east one adduct to 9 WD 2004/094348
weEROASae04/ 004509 its original compounds fr onP@iUS1V04/004509
such adduct was initially made foll owed by separation
fromsuch stream of at |east one of such origina
conpounds. One or both of the original products so
formed can be renoved from the organic stream and
recovered as a val uabl e pECGAMPLEt2eamin its own

2o oG e Bt ol S g s
%bn{aqﬁﬁgnSg‘WE%tDéﬁgfg%echH ﬂfl% ?otéﬂ@e@‘?ﬁ%‘f%ﬁ’e EfreAimt B&mployed

stream recovered separate thererrom Thereafter,
talsdhe liesdsteclavered CPD can be re-dinerized to forma

hi gh puri stream whi ch, ha ci al .val ue

all of it eo%ﬁ'g_ :'916@@\/&_ DOEtEEE of RIS i AhHE  separately
Frhfared b ihgr tHeiédRhtifes. cent (w. %  DCPD

based” on the total weight of the streamis heated to a

tenperature of about 200F and passed into a
controll ed cavitation device described in U S. Patent
No. 5,492,654 to forma free disperse systemin ,said
DCPD contai ning 15 streamthat contains a plurality of
m crobubbl es. After their formation in such device,

t he bubbl es i npl ode and thereby generate shock waves
that heat DCPD in the |location of the bubble

i nplosion to a cracking tenperature in the range of
from about 400F to about 600F thereby thermally
cracking at |least sone DCPD in such location to two
nol ecul es of CPD, the original conpounds 20 from
which the DCPD was initially formed. A fluid mxture
of liquid DCPD and gaseous CPD is renoved fromthe
cavitation generator system and subjected to
distillation in a tower whose overhead tenperature is
about 106F and whose bottom tenperature i s not

greater than about 338F, whereby CPD is recovered
overhead of the tower. 25 The thus recovered CPD is
re-dinerized to forma high purity DCPD stream

11



DCPD recovered as bottonms product is recycled to the
cavitation generator systemas co-feed therefore to

whaok/ogsack at | east part of sane. 30 10 WO 20PdT1/0S2084/84509
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PCT/ US2004/ 004509 EXAMPLE 2 Exanple 1 is repeated
except that a resin oil hydrocarbon stream containing
80 wt. % DCPD based on the total weight of the stream
is enpl oyed as the feedstock. 5 The CPD recovered
dwdaiead of the tower is then separately enployed to

formof her chem,cal_entities. 2004/ 094348 .
PCT/ US2004/ JSk6d for dhesmal;craRking, FoFarb pheRielsaidpr adduct,
AS a8 cBhalifashed 8riginlip fAnsted frags e teast ol cofiddsted diene
havi ng been originally forned fromat |east one

compeiténdi ahEast emsounblairiedcompaiindhsving at least one of a

SN 0a BRSO SRl S2B, R8s roviing o

qeaBstosk neoramtglisall at 16asidehechddumensabjecting saiid feedstock to

| east one adduct, sub%,ecti ng said feedstock tq ..
cstioded eepdialicnasensitions shareins awplerlity of g\itationt ubbles are

SR 43U A Ul BRASAFr seme enc
ttheratyy heettsaidifdefistedistincthei fodatien! ok ahidoimpfodedi bubbles to a

REIRRIYS AtReTG o el A abhe Al eash O addifoh at least in
it sA@iIA I@ést'cﬁ%éédguﬁ b%%’giEFaéR_%HrIth%lé‘in@&biﬁéltébrﬁ@ét%ds, and

ridi nal conpou recovering at |east” one of
sacdvening ahksast onp ofisdisl drigimal camp amalskfeemfsaidi staskird feedstock.

2. The_ neth of clai wherein.said at, |l east q .
addu_ctz-i S afﬁlia éggtflog(ﬂg]é;ll%m ISWE?@'%&@H a{ﬂegﬁ oge @'&%uct is at least
ConélbMBicciBpe iRl OReN tadimBes ofldicyelopdstadRineod of
claim2 wherein said co-diners are selected from the
group donsi §he n’geﬂjxpdcqf@@p@at\mer@nf@ sagbgqa-@lﬁ‘ggers are selected from
Ct¥\%| é)r%%?)t ggﬁs“?sr}%go oP Syr/éﬂ)gé}'ﬁadiene isoprene, cyclopentadiene 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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and m xtures thereof. 4. The nethod of claim2 wherein
said feedstock is subjected to cavitation conditions

W bat/ope3as/i de heat within said feedstock i n thBCT/US2004/004509

| ocation of 20 said inploded bubbles to a cracking
tenperature of at |east about 300F at a pressure of

from about atnospheric to about 20 psig. 5. The nethod

of claim4 wherein said cracking tenperature iis from

&b oot %&ﬂtmlly@eﬁtéﬁ%én the Bdibngrtdintidofotiicytlapentadiene at the

gn re| n%%c%w geg of cavitation is at least 25 0.1.
HB pMPjefit raSSMi@r ei n said at | east one
ori gi A Iﬁ? of E%Vﬁmr&h%ﬁlé%oﬁju@f %Cﬁiégclopentadlene

feedst ock by di st ation. 8. The nethod of claim
\ainelrssiich reciwkrad origimst conmeound@ oydlopeiagsingd i s

recovered di st | racked. st o

terrper@t ur & NS3[ i&?\cEJQPgI@ rggWﬁgfe'P ?35{ Cg c“?ﬁ'??]e% recovered
blisﬂUn o4t &fack¥§!fepgstbarliinng tainpdhgtuty eahga dof ﬂ:@m at least
2004/ 94348 PCT/ US2004/ 004509 to not substantia

@b@@t e tiedingt peinbof cyelgraaiedienss autheyeverbeas 4ai @té%stantlally
e T AT SRR RSP 20 B e e

ambieat freseamyered origi nal conmpound is
cycl opentadi ene. 5 10. The nethod of claim 9

sai d cykl optnngthashéon spgading @y aumy ﬁ"éﬁ .96!%1@; %{gae stream
CREHg BRIEREH e SSIRTLRSRLRAS Sl EBRly convoles
tdamtau@ﬁ keaditibas wiersinbs pamblity|df cavigatiat bubbleamare fiermed in said
s UaRBT GhpOipEs B EICH oG PUBR e e STt SO AR or same
e hasBy .%ﬁ%%ﬁ%f?&ﬁﬁéi“&%?ﬁﬁ o Miplitied bubples to a
dempevaiueel suﬁmventatol wack saiti dicyelopantadigne to pyclepentagiene, and
Orfemcoa\l/\llr%é ﬁ%el 81 us o*r)nqle Scyg o%eF]P dtlg“‘ne l’romsgélg stream, thereby upgrading
said stream without degrading said stream by raising the bulk of said stream 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



stream under conditions in which said bubbles inplode
after formation of sanme and thereby heat said stream

WO pootlogs3tocat i on of said i npl oded bubbl es to aPABUS2004/004509
tenperature sufficient to crack said dicycl opentadiene
to cycl opentadi ene, and renoving the thus forned
cycl opentadi ene from said stream thereby upgrading
sai d stream w t hout degrading said stream by raising o
Used Ml fraing aiattl Hddeetn and sandving aakilerstt enpeehisaice. original
12. The nethod of claim 11 wherein said
Oy PPulR HeMetald s¥eA@pved 20 from said stream by
distillation using an overhead tenperature of at | east
about the boiling point of cyclopentadiene. 13. The
met hod of claim 12 wherein in said distillation
process cycl opentadiene is renoved in the overhead
product and the bulk of said streamis renoved as the
bottonms product. 25 14. A nethod for altering an
organic streamthat contains at |east one Diels-Alder
adduct forned fromat |east two original conpounds
conprising subjecting said streamto controlled
cavitation conditions to forma plurality of
cavitation bubbles in said streamunder conditions in
whi ch said bubbles inplode and thereby heat said
streamin the location of said inploded bubbles 30 to
a tenperature sufficient to crack said adduct back to
its original conmpounds 13 WO 2004/094348
PCT/ US2004/ 004509 wused in form ng said adduct, and
renmovi ng at | east one of said original conpounds from
said stream 14
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