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-5 (373 Abstract: Disclosed are processes for the recovery and purification of higher diamondoids from a hydrocarbonaceous feed-

stock. Specifically disclosed is a multi-step recovery process for obtaining diamondoid compositions enhanced in letramantane

components and other higher diamondoid components. Also disclosed are compositions comprising at least about 10 weight per-

cent of non-ionized tetramantane components and other higher diamondoid compenents and at least about 0.5 weight percent of

a non-lonized pentamantane components and other higher diamondoid components based on the total weight of diamondoid compo-
nents present.
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purification of higher diamondoid components from hydrocarbonaceous feedstocks.

Specifically, this invention is directed to recovery processes for obtaining compositions

enhanced in one or more higher diamondoid components.

5 This invention is also directed to compositions comprising enriched levels of one

or more higher diamondoids.
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All of the above publications and patents are herein incorporated by reference in
20 their entirety to the same extent as if each individual publication or patent was

speciﬁcaily and individually indicated to be icorporated by reference in its entirety.

Diamondoids are cage-shaped hydrocarbon molecules possessing amaz'mgly rigid
structures that are superimposable fragments of the diamond crystal lattice’ '(see FIG. 1).
Adamantane, a ten-carbon molecule, is the smallest member of the diamondoid series,
25 consisting of one diamond crystal subunit. Diamantane contains two face-fused diamond
subunits, triamantane three, tetramantane four, and so on. While there is only one
isomeric form of adamantane, diamantane and triamantane, there are four different

isomeric tetramantanes; four different shapes containing four diamond subunits that can
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Diamondoids are present in virtually every petroleum (oils and gas condensates) as well
as oil source-rock extracts.'! The natural concentration of diamondoids in petroleum
varies by orders of magnitude. For instance, methyldiamantane concenirations in
relatively low-maturity crude oils from the central valley of California, are on the order

15 of a few parts per million (ppm). Low-maturity oils sourced from the J urassic-age
Smackover Formation, Gulf Coast, UUSA, have methyldiamantane concenirations of 20-
30 ppm. Deeply-buried petroleums such as gas condensate from deep formation,-which

have undergone substantial cracking as a result of intense heat, may have

methyldiamantane concentration in the thousands of ppms.

20 : The high diamondoid concentrations of some gas condensates and other
feedstocks occur because of the high thermal stability of diamondoids compared to the
other petroleum components. These diamondoids may be remnants of petroleum
degradation by a geologic process over time and temperature conditions where other
hydrocarbons were thermally cracked or reduced to gas and pyrobitumen. B;acause of

25 this natural concentrating mechanism, in some gas condensates, diamondoids may |
become the dominant species. In addition, because they are extremely stable molecules,

diamondoids survive and become concentrated in certain refinery streams.after -~ .
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structured polynmers and other materials. 18 July 2005 WD 02/096804
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In addition, tetramantane and other higher diamondoids have sizes in the

nanometer range and, in view of the properties noted above, the inventors contemplate

15 that such compounds would have utility in micro- and molecular-electronics and
nanotechnology applications. In particular, the rigidity, strength, stability, thermal
conductivity, variety of structural forms and multiple attachment sites shown by these
higher diamondoid molecules makes possible accurate construction of robust, durable,
precision devices with nanometer dimensions. It has been estimated that

20 ‘MicroElectroMechanical Systems (MEMS) constructed out of diamond should last
10,000 times longer then current polysilicon MEMs, and diamond is chemically benign

- and would not promote allergic reactions in biomedical applications.” The higher

diamondoids would have similar attractive properties. Furthermore, some of the many
isomers of the higher diamondoids possess chirality, offering opportunities for making

25 nanotechnology objects of great structural specificity and ones which have useful optical
properties. Applications of these higher diamondoids incjude molecular elecironics,

photonics, nanomechanical devices, and nanostructured polymers and other-materials.
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recite that the pot material recovered after said distillation comprises a major amount of
substituted triamantane and minor amounts of tetramantane and pentamantane. There
was, however, no disclosure in Chen, et al. of the relative amounts of tentatively
15 identified tetramantane and pentamantane in the pot material and Table 3 of Chen
indicates only the presence of triamantane and tetramantane‘ m the pot material and no

attempt to isolate any high diamondoid is reported.

Other efforts to recover diamondoid fractions from naturally-occurring

hydrocarbonaceous feedstocks have dealt with recovering the. lower diamondoids

20 lustrated by adamantane, diamantane and triamantane and various side-chain-containing
analogues thereof primarily for the purpose of recovering these components from a
natural gas stream in order to prevent operational problems in natural gas productions due
to precipitaﬁpn of these components in the prodaction equipment. See, for example, the
four related patents to Alexander, et al.”® One or more of these patents disclose: |

25 1) extracting lower diamondoids from a gas stream with a solvent and further extraction

by sorption on silica gel; 2) exiracting lower diamondoids by use of a heat exchanger;
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over a platinum catalyst at 360°C. As is apparent, the use of such a starting material
coupled with its low availability renders this synthetic procedure commercially
unattractive and, moreover, it does not provide for the synthesis of other tetramantanes or

15 other higher diamondoids,

In view of the above, there is an ongoing need in the art to provide for
compositions comprising tetramantane and other higher diamondoids thereof. In view of
the synthetic difficulties, there is also a need in the arf to develop processes for

recovering tetramantane and other higher diamondoids from natuoral sources.
20 SUMMARY OF THE INVENTION

This invention is directed to novel processes for providing compositions enriched
in higher diamondoids from a hydrocarbonaceous feedstock comprising recoverable

amounts of these higher diamondoid components.

hwlméﬁ%rangi anondoi ds |



boiling point | ess than the | owest boiling point higher di at®hdpP@bs
conponent selected for recovery under conditions wherein recoverable
anmoun¥® Bf9¢Re hi gher di anondoid conponent or conponegtsaiseslsest ed for
recovery are retained in the treated feedstock which is recovered; and 15
c) thermally treating the treated feedstock recovered in b) above to
pyrolyze at |east a sufficient anmount of nondi anondoi d conponents
therefromto permt recovery of the selected higher dianondoid conponent
or conponents fromthe pyrolyticalky- treated feedstock wherein the
pyrolysis is conducted under conditions to provide for a thermally treated
feedst ock retaining recoverabl e anounts of the sel ected higher 20

di anondoi d copponent or conponents. | n comon hydrocar bonaceous feedstocks,
conponent s haﬁ) Hmpotigient %@ Proggsers of thisdaventemmptratailsompesingrsldaitag sel ect ed

hi gher  dicatimnd diedom o @bin theyBddGbL NavindGlvedfe pBaNGkaRAGR Bwe@nponent s as
wel | as | owe onents. Accordingfy, there may be provided a

protes "'?'91 mg'r C'“ @”E?ﬂmdn .0. pone Ct £ : u J. i s
process 101 EPELVERT f§mndos! Pmpgneppisiectegdorasonat splsuImET/ D2/ 04549 - 8- |

JAanmounts 0

conposi tayorytealy Chet he fedtocR ind® EshdiRheGES6n RicghehidipiRedpind component s
whi ch Q£@gg§§ ﬁoggris S: 3% selecting a feedstock conprising recoverable
T ighet drmandnidjgoatronst ehrAasReRts atsTaiatehin tesPyeaviisateeated

nondi andidisiock. acepdingintberhiayy Kopravili d jri@sSwiel dphgth bel ow and above the
| owest boiling point selected higher dianondoid conponent, and at | east
one | ower di anondoid conponent; b) renoving a sufficient anount of

nondi anondoi d conponents having a boiling point below the | owest boiling
poi nt sel ected hi gher di anondoid conponent as well as | ower dianondoid
conponent s frpm t bdedtmgddeakiock neapritondid ietidtde irtoprsaxfiadéphar 10 treated

f eedst ogk wherein the sel ected hi%qer d}annndoid conponent or conponents
are re gfl}%lgo H:gFﬂé}Pﬂ?nt ghaomponents elected for recovery;

10 b) - removing a sufficient amount of components from the feedstock haﬁng a

boiling point less than the lowest boiling point higher diamondoid component selected for
recovery under conditions wherein recoverable amounts of the higher diamondoid
component or components selected for recovery are retained in the treated feedstock

which is recovered; and

15 c) thermally treating the treated feedstock recovered in b) above to pyrolyze

20

at least a sufficient amount of nondiamondoid components therefrom to permit recovery
of the selected higher diamondoid component or components from the pyrolytically-
treated feedstock wheréin the pyrolysis is conducted under conditions to provide for 2
thermally treated feedstock retaining recoverable amounts of the selected higher

diamondoid component or components.

In common hydrocarbonaceous feedstocks, components having a boiling point

less than the lowest boiling selected higher diamondoid component typically include

nondiamondoid components as well as lower diamondoid components. Accordingly, there !

may be provided a process for recovering a



~for -a-treated feedstock retaining recoverable amounts of the-selected

L

10

15

20

c) thermally treating said treated feedstock recovered in bj8 vy p§osol yze at

| east a sufficient anount of nondi anondoi d conponents therefromto permt

r ecovtQ024P680the sel ect ed hi gher di anondoi d conponent BCUSH/04589

pyrol ytically-treated feedstock. The order of the procedures for renoval of
the | ower boiling point conponents and 15 the pyrolysis of the feedstock
are interchangeabl e. Accordingly, there may be provided a process for
recovering a conmposition enriched in a selected higher dianondoid conponent
or conponents which process conprjses: a) selecting a feedstock conprising
recoverabl e amounts of a sel ected higher 20 dianondoid conponent or
conponents; b) thermally treating the feedstock to pyrolyze at |east a

sufficient ampunt of nondi anondoid oqﬁnts({h refromto permt recovery
of the SOrERBH Hrhed B SOl te0 AR Gpec fBBRGIEE RS t he
pyrolytgﬁa&ﬁy@&ﬁggggd f eedst ock wherein 18 July 2005 WD 02/096804 ’
PCT/ CJS02/ 04549 -9 said pyrolysis is conducted under conditions to provide

hi gher di anmongoi dsgesmenaBidsRick 6ANRANRNES veRBR FlonhRBH BRcRd Bt Ci ent
amount of those conponents fromthe feedstock surviving pyrolysis which
conponerfigmnepsipid onmeneit g cqrapanents awadipmardaiteorhpanssis hgwing jadgiling poi nt

mponerfidy ! | _ S . "
sel ec edpomt%B&fbeﬂi“@sgaesgskgtgh%g@g%&&@%@&&@&%@p&%&&% n recoverabl e

anount s ‘of the sele I ano conpo t or conponents are
r et ai nediompandniend tf leadt ede fosed étmokdoid tomponamger st ood, however, that due to
their thermal stability, the conmponents surviving pyrolysis which have a
boiling point Iess than the | owest boiling selected 10 hi gher di anondoid
conponent wi b} i nodruséng suffeistt amopairdfinomliafoitdog ¢caummenis dnvingai ds
originallv. present. in the feedstock. Accordingly, there may be provided a
or ocess teYPETERE Ba g Ssrer TRgerors i G, [ared OTror ek B RaT Bner
di anondaidll £PETHRIhorAbidCRMPAGI Som the feedstock under conditions to provide a

treated feedstock wherein the selected higher diamondoid component or components are-

retained therein; and

c) thermally treating said treated feedstock recovered in b) to pyrolyze at
least a sufficient amount of nondiamondoid components therefrom fo permit recovery of

the selected higher diamondoid components from the pyrolytically-treated feedstock.

The order of the procedures for removal of the lower boiling point components and
the pyrolysis of the feedstock are interchangeable. Accordingly, there may be provided a
process for recovering a composition enriched in a selected higher diamondoid component or

components which process comprises:

a) - selecting a feedstock comprising recoverable amounts df a selected higher

diamondoid component or components;

b} thermally treating the feedstock fo pyrolyze at least a sufficient amount of
nondiamondoid components therefrom to permit recovery of the selected higher

diamondoid component or corﬁponents from the pyrolytically-treated feedstock wherein

1



:

which process conprises: a) selecting a feedstock conpri si ng Juyczoosr abl e
anmounts of a selected higher 15 di anondoi d conponent or conponents,

nondi W@ AUM6EP4conponent s, and at | east one |ower di anprgekeege@ponent; b)
thermal |y treating said feedstock to pyrolyze at |east a portion of the
nondi anondoi d conponents under conditions wherein recoverabl e anounts of

t he

sel ected hi gher di anondoi d conponent or conponents are retained in

said pyrolytically 20 treated feedstock; and c) renoving a sufficient
anount of | ower diamndoid conpone?ts fromthe pyrolytically treated

f eedst ock under conditions to prov

de a treated feedstock from which the

sel ected hi gher di anondoi d conponent or conponents can be recovered. 18

July 20

05., WD 02/ 096803 PCT/US02/ 03549 -10- It will be appreciated that it

i s possi iﬁllldepyr alYgis & “E‘E‘H“‘Ftia%é%dﬁf CopRions IRreVigmEr adreatrd Aersisigcie tiwisingi ng _
f eedst ocksowtdble SR 5 BEYRER hidte OG0 ATDAIAL fn EQTRARSRLS, 395 Of whi ch
I wh e sel ected. BB

are to be selected and sone o
~~upon whi-ch of these higher di-anondoid conponents are-5 present and-which-of
t hese are SGHQCteq@mbhnhﬁg@@ééh@h&nhb

ich are not t pendi ng

B&%ﬁ’lp\léhéﬂts REMINDRLEGI R hi gher

th.
di anondoi ds havi ng a- boiling point bg§OMIthe owest 0|€|ng poi nt of the
| onest bHINIVAG pypolysis vhedheompdndnisdhes a toiting pdiot tss thin dsdoweanbsilibgi | i ng

fonsel ecgd spfeg@g%%%%:eﬁcﬁgmﬂggdogisconﬁ)%}{en?ﬁgﬁe?gggﬁﬁ%nsa\%%%ﬁ%ﬁog% tally, wth

t he ot her | ower

conmponent's, s oi ds. 10 Wen

enpl oyi regnduetsdsfttincietecsiditighet daimbiydoid @ et AbMFBAGR e PSS Bl

recovery,
al ways

3 %g%ég nt ane conponents and pentanant ane conponents do not
R PEsorkr mal pyrolysis to effect their recovery. \Wen thermal

pyrolysis is not enployed, after renoval of the | ower dianondoid
conponent s, e tetramantane conponents and pentamant ane conponents can be
j Padienoredh

recovered fr

10

i5

20

s unders yey & fo their thermal stabilify, the components
surviving pyrolysis which have a boiling point less than the lowest boiling selected
higher diamondoid component will include at least a portion of the lower diamondoids
originally present in the feedstock. Accordingly, there may be provided a process for

recovering a composition enriched in a selected higher diamondoid component or components

which process comprises:

a) selecting a feedstock comprising recoverable amounts of a selected higher
diamondoid component or components, nondiamondoid components, and at least one

lower diamondoid component;

b) thermally treating said feedstock to pyrolyze at least a portion of the _
nondiamondoid components under conditions wherein recoverable amounts of the

selected higher diamondoid component or components are retained in said pyrolytically
treated feedstock; and

c} removing a sufficient amount of lower diamondoid components from the

pyrolytically treated feedstock under conditions to provide a treated feedstock from

- which the selected higher diamondoid component or components can be recovered.



--di-anonddilter dpadeidicenmpbhaits sopieafestcic arps bs edect@l andabme bf which afeedst ock -
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15 by separation techni ques disclosed herein. Accordingly, thane2005y be
provi ded a process for recovering a conposition enriched in tetramantane

and panasdeltane conponents which process conpri ses: p@yuselegsiol Nng a

f eedst ock conprising recoverabl e anounts of tetramantane and pentanant ane
conmponents and at | east one | ower dianondoid conponent and; 20 b) renoving
a sufficient amount of the | ower dianondoid conponents from the feedstock
under conditions to provide a treated feedstock from which tetranmantane
and pent amant ane conponents can be recovered; and c) recovering
tetramant ane and pent amant ane conﬁbhents fromsaid treated feedstock by
separation techniques selected fromthe group consisting of 18 July 2005
-11 chromat ographi c techni ques, thernmal diffusion techniques, zone
refining, prdgriddsapmeciateichatstiapdsgiblej on and si ze separation techniques. In

a first_aspect. e [0V I -0V 0 overing a
o omoa PRAES kel Fafihe ERGs dNGRbIE Rl il e Bl BBl Yo bBE
conprising recoverabl e agounts of. tepramantane. congonents and other higher
di anondt %%?@%F?Qn ?6’5{.{‘?%%996\/‘?’1%}@ #@ﬁ%ﬁgﬁﬁfa%gﬁﬂﬁtCOWOWBMﬁent s from
the feqgsdeRCAadRAMEINSE tBed2Qid ddMebicdPRIiNpossBESthh Hee thR bl Q¥RSIcto®highBg poi nt

t et ramant ane conponent under conditions wherein recoverabl e amounts of

t et r aneditmaerdordsiswine ntboilimsdomnt helovhthg awesi baikipe pointofdbmlosdhodinggr e
retainegd.i ' t ' " E%! i: f eedst ock
recoveregk?ﬁﬁggdg%gégﬁgg&ggg%r3§§“§?Q%%§%Ph€ﬁéu |%?%%§&&%%%ﬂﬁgﬁgf

nondi anmmdied @nooad) ankadt patiladly ek itinthetothqpéswirtbotlpevmpynats, swehraathent ane

conmponents and ot her hi gher di anondoi d conponents fromthe pyrolytically
treategdwﬁé @g?ﬂ%wﬁhherein said pyrolysis is conducted under conditions to

provide for a treated feedstock retaining recoverable anmounts of
tetramntan e\&’ﬁgnnyrg&gy%g f&ggto&}shs%ﬁﬁc%xggeéee of néndiamondoid materials,
recovery of teframantane components and pentamantane cormponents do not always
require thermal pyrolysis to effect their recovery. When thermal pyrolysis is not
employed, after removal of the lower diamondoid components, the tetramantane
components and pentamaniane components can be recovered from the treated feedstock
. by separation techniques disclosed herein. Accordingly, there may be provided a pi‘ocess for |
recovering a composition enriched in tetramantane and pentamantane components which

process comprises:

a) selecting a feedstock comprising recoverable amounts of tetramantane and

pentamanténe components and at least one lower diamondoid coraponent and;

b) removing a sufficient amount of the lower diamondoid components from
the feedstock under conditions to provide a treated feedstock from which tetramantane

and pentamantane components can be recovered; and

c) recovering tetramantane and pentamantane components from said freated

feedstock by separation techniques selected from the group consisting of




di anondoi d conponents. |In a second aspect, the present invetgJun2gosovi des a
process for recovering a conposition enriched in tetranmantane conponents
and ot her hi gher dianondoi d conpehkents which process conprises: a.

sel ecting a feedstock conprising recoverabl e anounts of tetranmantane
conponents and ot her hi gher di anbndoi ds conponents; b. thermally treating
t he feedst germatesrpnpicipapniguest theramakdiffasien tedhiniguesntong rebiaime, wegressivadi anondoi d

conponent s, thah bl g ank QP ton"t&RANELY of tetramantane and ot her higher
diannndoidmggnponénts ?oﬁ%?hémpyro¥y€¥cally treated feedstock wherein said

pyrolysis is conducted under conditions to provide for a treated feedstock
retaining recoverAlQsRE0HE bRsenPhvdibh AERRALA R0 QRGN S \Snbliedn i gher
di anondoi d cpnpqnentsﬂﬁand E.“?e#gving a_suffi%ient anmount of?@hosg
conponent serickas in friramendans coreponsnis Hidatheghighsy dismpadoid gpmpdnentdrpishent s have a
boi |'i ng pojBlest &hprisdtan the lowest boiling point tetramantane conponent
under conditions wherein recoverabl e anounts of tetramantane conponents

..... and--ot her- i g.heqreieﬁqi%ﬁ@gqogk ngppgveaqb@ aneunts pidefranentapecampepedsd

feedst ock. adaviRr hilBhdr dia@ORRSd confpBfenif €S€NT i nvention provides a process for
recovering a conposition enriched in tetramantane and pentanmant ane

conponent sbwhi ci§mMeYiag & sdficiens gppyng @Ecompgnents| fipmthe Fedstork having aslailingt i ng a

feedstock gaumadst aRhe n&z@eec\b%nﬁg lbSin AR forlBhdrd RIeE ARRiBAGWhAGHT amant ane
conmponents; b. renoving a sufficient anmount of components fromthe

f eedst ock 1ERFFIBle MBIy effigjramgafpmn comparentsigag otherdigher digpongdeid|cPRBONEES r amant ane

conponent 4Eelined GML bk ASreddolr: Q¥d de a treated feedstock from which
t etramant ane and pent amant ane conponents can be recovered; and_c.

recoveri ng™t et riaffEatian te fredttedrpronmed Bdphovetemyrolyze A least dsuffident ed

f eedst ock anR¥nBSRBh@ih@Roit SSRRInBME BieREbRGS BGmft FRBVNSE G RHREONSI Sti ng of

chr omat ogr aphi ¢ techni ques, ) )
components and other higher diamondoid components from the pyrolytically treated

feedstock wherein said pyrolysis is conducted under conditions to provide for a treated
feedstock retaining recoverable amounts of tetramantane components and other higher

diamondoid components.

In a second aspect, the present invention provides a process for recovering a
composition enriched in tetramantane components and other higher diamondoid components
which process comprises:

a. selecting a feedstock comprising recoverable amounts of tetramantane components
and other higher diamondoids components;

b. thermally treating the feedstock to pyrolyze at least a sufficient amount of
nondiamondoid components therefrom to permit recovery of tetramantane and other higher
diamondoid components from the pyrolytically treated feedstock wherein said pyrolysis is
conducted under conditions to provide for a treated feedstock retaining recoverable amounts
of tetramantane components and other higher diamondoid components; and

c. removing a sufficient amount of those components from the feedstock surviving
pyrolysis which components have a boiling point less than the lowest boiling point
tetramantane component under conditions wherein recoverable amounts of tetramantane

components and other higher diamondoid components are retained in the treated feedstock.

In a third aspect, the present invention provides a process for recovering a
composition enriched in tetramantane and pentamantane components which process

comprises:



thermal diffusion techniques, zone refining, progressive retdydyafd5 zation
and size separation techniques. In a fourth aspect, the present invention
provi des a process which conprisestla-a. selecting a feedstock conpri sing
recoverabl e amounts of a hi gher dianondoid conponents or conponents

sel ected for rec?ver%,f n(gndf(armndpi d co g\ents apnd di anondoi d conponents
havi ng a b8i | i nif {BR&f 1PELOES eoIsing gecp amOuNts PHITHRANERRS fidgher

di anondoi dpanipenasidonpehaet ed for recovery.b. renoving fromthe feedstock a
sufficient, anmount of c onent s hﬁvi ng a boilin oi n&] |.ess, than t he

| onest boi Pi ng BBCHPS AFGHE ABOUHGhERIR “%‘E?fﬁﬁ’gh@ﬁ?eeg%?cé PEe 4 Bilmeecover y

-under condpdintdes thah ehie ddwest R0 a¢tRaRaaRBMPbRnt WlHertdfditiorg Iftg;smﬂa@dgondoi d 4
in the treate

conponent QOr . .c on s selected for recovery are retaine

f eedst ock; 8%%&%@“9%3%%@??{%%% A Renta CFORPPREEE &L BRFeFIYeBY: above t o
pyrol yze a#nd east a sufficient amount of nondi anondoi d conponents
therefromto permt .recovery of the selected higher di,anondoi d conponent
-or -conmponefit s f FENCTHE YR IAEP ft HGP%‘Q?‘E@G-P@BE%’F%E %‘-’Wﬁ%‘fi- gﬁﬁﬁfﬁﬁg

i s conduct kseparatinh tebiiididsiseleded fonpthe Yot cansiktinpaif ebtomaegapiicicin@fuad, Ni ng
recoverabl g a@%{}ts of the sel ected hi%her di armﬂdoid c onent . or
conponent s eR! ATRTigR fehoiques, pone fefnig, pIORIRTIvVE FRybR{ B ABY SitFsPaatR ocess f or
recover i ngteehniqnesyposi ti on enriched in one or nore sel ected higher

di anondoi d conponents whi ch process conprises: a. selecting a feedstock
conprising recoverabl e anounts of one or nore sel ected higher dianondoid
conponent s and harfsethesjeed thegtaért dlvention ptoniledPproaRdwhiseddgiridesc onponent s;  b.

fractionatjng the feedstock to f.orm one nore cuts enriched. in materials
v ng Dot o e R RO PGB G P ATDUGE SHTEN SRBORE | ng pot Nt of
t he | owest campbhdntsgr s@h@atadseldated ke recdveaayTnotiintbndeidpongontntt end Ust above the
boi l i ng poi.nt aof. the highest bailing selecte hi gher. .di anondoi d conponent ;
18 July ZO%gmn%lldﬁonéPmte%éE%ﬁ Oblg‘&%ﬁlﬁf%ﬁ téﬂ?gheolf’w%sﬁg‘é‘hwoén@lﬁﬁﬁf to pyrolyze

at | east adisudrkdbidicemponampeladtedior recovery.b. removing from the feedstock a sufficient

-amount of components having a boiling point less than the lowest boiling point higher
diamondoid component selected for recovery under conditions wherein recoverable amounts
of the higher diamondoid component or components selected for recovery are retained in the
treated feedstock; and

c. thermally treating the feedstock recovered in b) above to pyrolyze at least a sufficient
amount of nondiamondoid components therefrom to permit recovery of the selected higher
diamondoid component or components from the thermally treated feedstock wherein the
pyrolysis is conducted under conditions to provide a treated feedstock retaining recoverable

amounts of the selected higher diamondoid component or components.

In a fifth aspect, the present invention provides a process for recovering a
composition enriched in one or more selected higher diamondoid components which process
comprises:

a. selecting a feedstock comprising recoverable amounts of one or more selected higher
diamondoid components and nonselected materials including nondiamondoid components;

b. fractionating the feedstock to form one or more cuts enriched in materials having
boiling points in the range of from just below the boiling point of the lowest boiling selected
higher diamondoid component to just above the boiling point of the highest boiling selected

higher diamondoid component;



nondi anondoi d conponents therefrom under conditions to fornm&uhdy 2005T0r €
thermally treated cuts retaining recoverable anounts of sel ected higher
di anondoi d; d. recovering a conposition conprising one or nore sel ected
hi gher di anondoid conponents frddbene or nore said thernmally treated cuts
formed in c) above with one or nore additional separation techniques
3 e:c ]tcact ed froom t hiergalbufegading bt or APreofutsEaid ATPYIrogEed tag a sﬁfﬁle;bdtiaﬁm&:s,oft hgr mal

i ffusion techni [ rL.essjy, recry sta on and size
separation T8 ﬁrﬁ‘igr@ §§omp?{'eﬁt5§\e5?ﬁ' gg?)éc‘f? R o P At F‘ﬂ(?é%t“i“glﬁ?' provi des a
process fortreateatcmenetangl@‘bcdveralséammtsos?@dlemetde@ghlar@hﬁmdﬁtﬂarmndm d conpri sing
sel ecting a feec}gtoock cont ai ﬁj a recoverabl e qrz?eg d{lu g g | east one
sel ect ed hi gher ZOAFHIE A SPUPLITG™ PR e CAg O AYS sTlefd fgherstinordeidct ed hi gher
di anondoi d cbmpﬂsnehthﬁofn&ﬁdstmork sdig/theﬂiﬂaumeaig:r@wfymneum@ab@meﬁmhnasxpect t he
present iny S oces overin one.sel ected

R oner di abne PRl En BoBIREE ERek? b T 0% She af omp LR o able

~-arount —of - tiévnigtes} therﬂial diffesiciaéobaited, 4ongjfeining) pomessios torystaltightion hnd szeni -t h -

nondi armnd%%raﬂga% maules aromatics and pol ar conponents, distilling the
f eedst ock top g ant6Ver head and a bottons, the bottoms cont ai ning the
at | east one sel ect ed hi gher di anondoi d, fractl onati ng the bottoms to
yield an overhezi\lga |on cont a J“nI ng the sel ect

3ncB0inE UG Aol RSV SRBER Bl retBie LREx B0 e pol ar

di anondoi d in adm X ur R
conponent s selpyeddlighet dlgmbrhbld oommditmleém@catﬂmﬂatotlmmaﬂlmga rédoeergiiaa@adnt at i on

of nondi a terials z over hea ctlon
treating Pﬁ)gﬁgyr 0 one(f?elg?/teedr d&‘?rpg%deld??ﬂgﬁi?w %‘P @S?ﬁ/ ese[a‘g'f‘{ ig

chr omat ogr dphyond(mdﬁmﬂni!ﬂd‘e@smwlﬂi}dchmmn@rqpbj' ar conponents and yield a | ow
pressure chromatographed pyrol yzed overhead fraction, and recovering the
at | east one selected higher dianondoid fromthe |ow pressure

chr omat ogr aphed Iipg/sfe@élylz afpea ey fresant ifiveaddn pmvnl{r;s afp'rcmads forefrpoarimg agleaphy. I n a
Gl oyea 1 RO BIoHCR B Aea Rl Pk e R R  RRETRR S ubEs BPERI™EL 1 cas
about 25 p pﬂnourm nfiths bt lkdst oo seeqoaddii gheadiboraibid ie a:ﬁmxamuith nbadiap@blotf sel ect ed
hi gher di am){('ﬁrlols aroma?{gP e pofar ¢omponents, distilling the feedstock to yield an overhead and a

bottoms, the bottoms containing the at Ieast one selected higher diamondoid, fractionating the

bottoms to yield an overhead fraction containing the selected at least one higher diamondoid

in admixture with nondiamondoid materials, aromatics and polar components, pyrolyzing the

overhead fraction to reduce the concentration of nondiamondoid materials and to yielda

pyrolyzed overhead fraction, treating the pyrolyzed overhead fraction by low pressure liquid

chromatography to remove aromatics and polar components and yield a low pressure

chromatographed pyrolyzed overhead fraction, and recovering the at least one selected higher

diamondoid from the low pressure chromatographed pyrolyzed overhead fraction by final

chromatography.

In a preferred embodiment for each of the above processes, the feedstock
_ employed therein comprises at least about 1 ppb (more preferably at least about 25 ppb
and still more preferably at least about 100 ppb of selected higher diamondoid
| ‘components.
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18 July 2005 -11c In another preferred enbodi ment for eachgjfuly beosabove
processes, sufficient amounts of | ower dianondoid conponents are renoved
fromthe feedstock to provide a ratie_ of |ower dianondoid conponents
(triamant ane conmponents and |l ower) toO Ri gher 1 0 di anondoi d conmponents
(tetramant ane conponents and higher) of no greater than 9:1; nore
preferably, a ratio of no greater than 2:1; and even nore preferably, a

ratio of n reater .than 1:1. In.still ot.her preferred enbodi nent for
each of thg‘n5g8§r?)rregefr§g§ﬂi’?&'é’?€tﬂéfomf’ A ahorve pRsesseertigicBhondoi d
conponaihis Ak ENBah 88 S6liporhtsl AN RO HbMUIRY FeedstodRS Eyo@{c%faer ably at

| east 50% and still nore preferably at |east 90% of said higher di anondoi ds

~ conporféHe &f leper dismendeid coppparnts deyBItaie cagpeniaiusdower) thhighanount f ound

|0 U NQEAREARPEKRIICAL (ahlifial DA ndk o Ripn 8O RRhE 50 embodi ment,

after pyrolysis o S eas nore preferably at
| east mbreprefBfbly, amaio aftriol dreaverthap?:¢f ardadyby nate prefesibly hantio 0ofho90% of sai d

----hi-gher---di-arm%lﬂ(:gjrld conponent s are retained in the feedstock after pyrolytic
fag -

treat MERETC ed to that anount found in the feedstock prior to pyrolytic
treatment. Preferably, the recovered feedstock produced by the above

processes i 4rt her rifie - chr omat ogr.a menbr ane. si ze separati on,
crystal liza F%ﬁf"“‘g‘% 1Rk F%ﬁmgﬂ "'PE’[@‘F?ﬁi‘e&ﬂfgﬁ%H‘l" proseses, AR 021096804

- PCTI USe2b 0t o the 1d@ et diagdnddid bblpaspedtom e fBedstheR Mt 1k Bo@vigdes for a

conposition conprising at |east tetramantane anql) pent amant ane conponents
wher ei PR Rreferablys 528t 1o anchiit mete nipferablisat leaghlip ebsaihigher

per cenfiah&idoRIFRBLABRROIRNEALS iRfd & 9?% 13 o e YRk rcent

pent ar_nalmt ane corrp%ne?lts bgsgﬁl oh@t hef {d’(g)ttba Wel %%gdot? ttéﬁg@gﬁ%ﬁgoj ds in the
conpodh thedpedstagk prior to the removal.

In yet another preferred embodiment, after pyrolysis of the feedstock, at i_east
about 10%, more preferably at least about 50%, and still more preferablf at least-about
90% of said higher diamondoid components are retained in the feedstock after pyrolytic
treatment compared to that amount found in the feedstock prior to pyrolytic lreatment.- '

. Preferably, the recovered feedstock produced by the above processes is fuither
purified by chromatography, membrane size separation, crystallization, sublimation and
the like.




In yet another preferred enbodi nent, this invention provi dess8 duy 2@05
conposition conprising at |east tetramantane and pentanant ane conponents
wher ei nygaiodiooe@@posi tion conprises at | east about 25 wei@ghisdaRh&snt

t etramant ane conponents, still nore preferably at |east about 50 wei ght
percent tetramantane conponents, and at |east 10 about 0.5 wei ght percent
pent amant ane conponents based on-the total weight of the dianondoids in
the conposition. Preferably, this conmposition further conprises hexamant ane
and hi gher conponents. Mre preferably, the hexamantane conponents found
in any such conposition do not i ncl'dde the full y condensed

cycl ohexamant ane of the fornula C26H30 15 and havi ng a nol ecul ar wei ght of
342. In an enbodinment, there may be provided a preferred conposition
conprisi-ng at | edstn eigleh nspeetnthieveativo ppehdea fona tangsitionpan@ising anket ei n sai d
conposi tion | t.least about 10 weight percent tetranantane
conponent o SRRl iy BBhe b cnisrihtfT A o PR o Ri SR P ponent s

~pased -on- t-habqubt Giveigh pgrlatnt efranmhrearceoppaichts aml at Mastabqrt 85 eveight yerced0 such-

conposition I | eas bout i ercent . t.ef,r amant an
conponent s, ﬁ%n%@%?%“%???%ﬁ% er g%ﬁ t9t%g e etgg{hegﬁ g %"@Aﬁﬁeﬁﬂlppoﬁglro g‘ent

ted ramant ane conponents, and at | east about 0.5 wei ght percent
pent amant ane conmponents based on the total weight of the conposition.
Preferably, this conposition further conprises hexamantane and ot her hi gher

25 di anondoi d CRIROBRING prefBrrdd bibaifent, tﬁ@i&%ﬁ@@&@@ﬁd&% WelabOdmdd - 13-
BRI EF DESCRI PTI OF THE DRAWNGS FIG 1 i1llustrates the cage-shaped

struct ure &FOpisHECH dRsisistranahtaneaind peniamadtans componantsivbereimgsid Speci fical |y,

illustrateg, i rrelation of ft struct ur of di anondoi d 0
subuni 15 oferpibstidt oGBS Al eph ol Belo b B Ran in B FRRIER i,
chr omat ogr awregfrefarayBsat ¢pdtpansEwbiphtsdaakictraimtale coRBonents, and at least

10 about 0.‘5 weight percent pentamantane components based on the fotal weight of the

diamondoids in the composition.

Preferably, this composition further comprises hexamantane and higher
bomponents. More preferably, the hexamantane components found in any such
composition do not include the fully condensed cyclohexamantane of the formula CysHzg

15 and having a molecular weight of 342.

In an embodiment, there may be provided a preferred composition comprising at least
tetramantane and pentamantane components whereih said composition comprises at least
- about 10 weight percent tetramantane components and at least about 0.5 weight percent
pentamantane components based on the total weight of the composition. More preferébiy,
20 such compositions comprise at least - about 25 weight percent tetramantane
~ components, and still more preferably at least about 50 weight percent tetramantane

- components, and at least about 0.5 weight percent pentamantane components based on the

, total weight of the composition.

| Preferably, this composition further comprises hexamantane and other higher
25 . ~ diamondoid components.



ori ginal feedstocks used in the Exanpl es (Feedstock A). FI Gi8 3uly R0Gsst rat es
a simulated distillation profile of a gas condensate feedstock containing
petrol edkPBYPHHuct s used in the Exanpl es (Feedstock B) PCBUiSOt/G4poi nt s
depicted are atnospheric equivalents. to FIG 4 illustrates a high
tenperature sinmulated distillation profile of atnospheric” residue of
di anondoi d rich gas condensates; Feedstock A and Feedstock B. This Figure
also illustrates the n-paraffin carbon nunber atnospheric equival ent
boiling point. FIG 5 illustrates gag chromatographic profiles of
distillate fractions containing tetramantanes and ot her hi gher di anondoi ds
froma gas condensat e, Feedstock A 15 FI G 6 illustrates the preparative

capi | lary gas chromat ogg ]f%q#ﬂtptﬁ aﬂQ’EN. | ations. The first
col um shows cuts nmade on |st ate {)r J‘a‘nﬁlj 93&‘ ehe%gt ock A. The bold
face nunbers refers to peaks of the tetramant anes. The second col um shows

peaks isol ated pea 2, 4, and
--G)-are-the tet rgfr%jr%tsi gﬁsteﬁarteg ﬂ{l&%éé 5%@%%@&%{«:@% 1%“&3%38 SFkIPPI
optical |y &cdiamend20 Specnﬁeaamniilastmt@lnethe@drrdamebﬂmhdduuﬂumfdfmﬁoha&es peaks.

FIG 7 |Ilds at.es hedlstruture of the four-tetramantane isonmers two of
which are H‘PYS G hanign ‘EIV%}a % WD 02/ 096804 PCT/ US02/ 04549 -14- FIG
8 (A B O i I | ustrates photom crographs of tetramantane crystals isol ated

from Feedst ock .pr rative gas chro rap (FIG ,6). FIG_ 8A was
isgl ated from ﬁlﬁb% ﬁ‘r"si’t%%s gZ‘SC P@at‘)@ré“%:&ég%%‘? eiter iepdsiackegnerafq i on 4,
and FI G 86?11@&@&fteﬂ@do@kﬁ@kedfﬂtﬁ%k&rgﬂesfﬂiﬂ“@é‘dsto%A Because the two

enanti oneric tetranantanes have identical GC retentions tines in FIG 6,

one of the crystals contains both enantioners. FIG's 9-11 illustrate the

GC retention tire. BQ]]us@taﬁBsﬁ@Hﬁ\ﬂchﬂdﬁtﬂﬁﬁﬁﬁ?x%ﬁ& @asgﬁ's kbftnsat ekl 1 €d from

Feedstock A, distillate fraction 38 MsS total i1on

current c h?Q?ﬁad‘ElB%P%lFﬁlf’W Guprodgcsusedin the Bxamples (Bfw‘edﬁtogh 8. Bpélm pdivitds  at
level s all @éﬁld?&i are atmospheric equivalents.

10 - FIG. 4 illustrates a high temperature simulated distillation profile of atmospheric
residue of diamendoid rich gas condensates; Feedstock A and Feedstock B. This Figure

also 1llustrates the n-paraffin carbon number atmospheric equivalent boiling point.

FIG. 5 illustrates gas chromatographic profiles of distillate fractions containing

tetramantanes and other higher diamondoids from a gas condensate, Feedstock A.

15 FIG. 6 illustrates the preparative capillary gas chromatographic data for
tetramantane isolations. The first column shows cuts made on distillate fraction 33,
Feedstock A. The bold face numbers refers to peaks of the tetramantanes. The second
column shows peaks isolated and sent to the fraps. The circled numbered peaks (2, 4, and
6) are the tetramantanes. It is notéd that both enantiomers of the optically ecﬁve

20 teframantane are contained within one of these peaks,

FIG. 7 illustrates the structures of the four-tetramantane isomers two of which are

enantiomers.



isolation. In FIG 10, the GO M ion chromatogram (nm z 394) 18 Uliiygbost es t he
presence of 10 a nol ecul ar wei ght 394 heptamantane. In FIG 11, the GC/ M5
total i w0 @neont ogram (TIC) illustrates the presence eThepi/amant anes at
|l evels allowing isolation. FIG 12 illustrates a high tenperature sinulated
distillation profile of Feedstock B wusing the atnospheric distillation 650
F + bottons as feedstock. This FIG also illustrates the targeted cut
points (1-10) for higher dianondoid isolations. 15 FIG 13 illustrates the
gas chromatogram of distillate Fractji,on #5 of Feedstock B atnospheric
distillation 650 F + bottons illustrated in FIG 12 and exenplified in
Exanple 1. FIG 14 illustrates the GO M selected ion chromatogram (m z

394) showing t [ e.of the isoneric hetanantanesmth distillate
Fr a)cti on #5 of rlﬁ‘ée@&@i@@e“%a‘sf RB¥pmIogapfistiteFaniankie g/atals iso 1864 1 orr.

FIG 15 il#eifFects@sk W Remrdite gmw%aegﬂbhfm@ tspcmcﬁsﬁtvmsmﬁéd c

distillation- hold up fraction, exenpli was -used as

- f eedst ock o ggp ﬁﬁ%qﬂ@ FK}. $Bewasiisnjated ﬁ@ﬂfbﬂkﬁ%ﬂiwﬁl"rﬁm‘i Tt‘iﬁi ﬁ@ WﬂﬁeSQﬁfﬁ@(br i-al

at appr oxi rarary Mebe® Aedh 5&%%f‘f*%ﬂ%f%%@%%h%%&#ﬁ@ﬁ%ﬂ%ﬁ%ﬁédi?’%kGB
165i | | ust reateeigors hieneg asFich 6 poretod tiresnry aifls thretainy boihyenigtiopiedduct from t he
starting material in FIG 15, i.e. the holdup fraction of Feedstock B

at nospheric distillation 650 OF + bottons, show ng the degradati onof
nondi anondoi d ddapefdhilusiie Ge GC retbﬂltumttrméﬁﬁatdmnmdepﬂroaﬁemeteﬁéﬁnbdﬂc

{1 acti ons DARGHGLEg Fepsied Sgdie e et de by Skt OTMSEoEFow ng

Feedst ock ofirreftichdnhdteirem IT@&AtbPRe phoddncedF hfg?ﬁpafaﬁﬂn&&dd z‘iﬁedéﬁ'—a@owt ion #6
i ndi cated as shown in FIG 17. HPLC fraction #6 shows significant

enr i chmentisqlgfiogndn BFG.t1Rethe B/ MiSdon erematoryron Em{zs304fFillostrates the presencarfs GO/ VB
tegal ion GULEERE: WwHER B BPtA e Hk Frd. MACIHXCARS total ion chromatogram

(TIC) illustrates the presence of heptamantanes at levels allowing isolation.

FIG. 12 illustrates a high temperature simulated distillation profile of Feedstock B -
using the atmospheric distillation 650 °F + botioms as feedstock. This FIG. also
illustrates the targeted cut points (1-10) for higher diamondoid isolations.

15 FIG. 13 illustrates the gas chromatogram of distillate Fraction #5 of Feedstock B
atmospheric distillation 650 °F + bottoms illustrated in FIG. 12 and exemplified in
Example 1.

FIG. 14 illustrates the GC/MS selected ion chromatogram (m/z 394) showing the
presence of the isomeric heptamantanes in the distillate Fraction #5 of Feedstock B
20 atmospheric distillation 650 °F + bottoms. |

FIG. 15 illustrates the gas chromatogram of Feedstock B atmospheric distillation:
hold up fraction, exemplified in Example 1, which was used as feedstock in pyrolytic
processing. The hold up fraction is the material recovered from the distillation column

after distillation of Feedstock B at approximately 650°F.



10 (FIG 17), showi ng one najor conmponent and sel ected ion ct8 gupRoay am of

fraction #6 (nmfz 292) denonstrating that this conponent is one of the

t et ranarvagedsseners. FIG 20A illustrates a gas chronmat@griaseoid) of the

distillate fraction #6 (Table 3B) of Feedstock B 650 OF + distillation
bottonms, and FIG 20B shows the resulting product of pyrolytic processing
this feedstock, show ng the nondi anondoi d conponents 15 have been degraded
and pent amant anes, hexanantanes and hi ghly condensed heptamant anes
conponents that have become availabl g for isolation. FIG 21 illustrates a
gas chromatogram (FID) of distillate ?racti on #5 (Table 3B) of Feedstock B

650 IF + distillation bottons, and the resulting product of pyrolytic
processi ng show dj anopdoi d conponent s. have been destroyed and

t et r amant anes, Wﬁgﬁﬁ'&@ﬁ? ﬁ'ﬁ@é‘? dﬁ%‘? P& hfEe BAHE predpret Bordits ed

hept amant asesing RaterBEMEFIGECHNR, thena;dhﬁbﬂa@ﬁaﬁfPeé&g't&k@amoéghfhu' y 2005 WO
02/ 096804 PCT/ US02/ 04549 16 FIG 22 illustrates an enl ar segnent of the

gas -chr omafBEHaRR§F0 Hi Ghogams, sheywing distegradetiorss fnondiamyngsidwompomests. and- t he- -

resul ti ng hexamant anes and hi ghly condensed heptanmantanes avail able for
isolation. FIG_23 illustrates a photom crograph two co-crystallized
pent amant ane f riofa 15ijngiEss e preparafiyeODMHPLL treeq efissdsioskad gaspect ra of the

St 118t eolioBgt Lo FRRASHASK DRl b B | bl on DOt o, pyrol ysis

product show ng the presence o € ntanes purified
therefrom FIG 25 illustrates a mass spectra of the distillate fraction

#6, Feedstock BrBbPfiusilfedd-Stl ' r si;s..product show ng
the presence of nmol. Wi %ﬂ%ﬁ%g%#%%%%% p%g}f?eﬁge(taﬂ{ e(rhé?lﬁ)%?#a%lo& 26
i |1 ustrat e83Zaanespasdeeits HPBLC fravtion 6 indi¢aaddensishaws iOMGG7. Feedsietak B 650F+
(rjr:)ISt ' l/vlt ét'4 sh%gftsts%mmﬁbarﬁ%]rn% Berit il cgnoedo ?lge ’%prgl%nr% etcrclmg‘lp%;gftse;nce of the most
FIG. 19 illustrates GC/MS total ion current chromatogram of HPLC fraction #6
10 (FIG 17), showing one major component and sclected ion chroﬁlatogram of fraction #6

(1/z 292) demonstrating that this component is one of the tetramantane isomers.

FIG. 20A illustrates a gas chromatogram (FID) of the distillate fraction #6 (Table
3B) of Feedstock B 650 °F + distillation bottoms, and FIG. 20B shows the resulting
product of pyrolytic processing this feedstock, showing the. nondiamondoid components

15 , have been degraded and pentamantanes, hexamantanes and highly condensed

heptamantanes components that have become available for isolation.

FIG. 21 llustrates a gas chromatogram (FID) of distillate fraction #5 (Table 3B)
- of Feedstock B 650 °F + distillation bottoms, and the resulting product of pyrolytic
processing showing nondiamondoid components have been destroyed and tetramantanes,

20 pentamantanes, hexamantanes and highly condensed heptamantanes that have become
available for isolation.
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decamantane purified therefrom 15 FIG 27A is a photoni cr ot 2065
crystals of pentamantane #1 (nol. w. 344) isolated from Feedstock B by
pr epar awio/e/megeitl | ary gas chromatography. FIG 27B is a r@@ideéaial ion
current chromatogram and 27C is the mass spectrum show ng the purity of
this isol ated pentamantane. FIG 28A is a photom crograph of crystals of
hexamant ane #8 (nmol. wt. 396) 20 isolated from Feedstock B by preparative
capillary gas chromat ography. FIG 28B is a GO M total ion current
chromat ogram and 28C is the nass spggtrum showing the purity of this

i sol ated hexamantane; 18 July 2005 WO 02/096804 PCT/ US02/ 04549 -17- FIG
29A is a photom crograph of crystals of a fully condensed hept amant ane

(mol . wt. 394) i - i i Y. Qas

Chr omat ogr aphy ‘e 278 unled I fARE R PPLERMIAA IR B0 BUART o

i s the massppramatei? ®iB3whingick,bad phy esultigf hdxbmantimes bad Bighlpepidensdt ane. S5
FIG 30 i ﬁéﬁ% t abl e de€i,céi Eg 1 qe. nunber of different nolecular weights in
~.each-hi-ght tamanianes ayailable foris

FIG 31 is adistillation chart illustrating distillation cuts on a higher
di anondoi d- co I ni feedst ock sel ected to favqy the enrichnment of

sel ected vari o[}é@%ﬁ@wﬁaﬁ?a ?fa@?fa%g.fa@bt“ﬁﬁwe%ﬁézeémn@@a%ﬁ@ rts

i 14 ustratimgdghdit Aon sequences for a variety of individual higher

di anondoi ds on two different chromatography colums: ODS and Hypercarb.
FIG 34 gives a flow chart representing the various steps used in the

i solation of iprghen jlliseaRed tatks SRATAOMEOGsAIAS krhP0R #8NEbedctic'B gk hi gher
di anondoi d conponents. 15 Note that the steps can in sone cases be used in

a di f f er erfistdlagoe heomn @ypdess trpgucs Rhqyriegiths presence of sl Wind48he Exanpl es.

heptamantanes purified therefrom.

FI1G. 25 illustrates a mass spectra of the distillate fraction #6, Feedstock B 650°F+
10 distillation bottoms, pyrolysis product showing the presence of mol. wi. 446

octamantanes purified therefrom.

FIG. 26 illustrates a mass spectra of the distillate fraction #6, Feedstock B 650°F+
distillation bottoms, pyrolysis product showing the presence of the most mol. wt. 456

decamantane purified therefrom.

15 FIG. 27A is a photomicrograph of crystals of pentamantane #1 (mol. wt. 344)
isolated from Feedstock B by preparative capillary gas chromatography.

FIG. 27B is a GC/MS total ion current chromatogram and 27C is the mass
spectrum sho_wing the purity of this isolated pentamantane.

FIG. 28A 1is a photomicrograph of crystals of hexamantane #8 (mol. wt. 396)
20 isolated from Feedstock B by preparative capillary gas chromatography.

FIG. 28B is a GC/MS total ion current chromatogram and 28C is the mass
spectrum showing the purity of this isolated hexamantane. - Lt



FIGs. 35A and 35B are conpilations of the GO M5 and HPLC p1®pay0@s of
various hi gher dianondoids included in this application. FIG 36 shows the
t wo- HPL&V@ot/omsrosst r at egy used to isolate individual 20pteike@itanes and
pent amantanes. FIGs. 37A and 37B illustrate the preparative capillary gas
chromat ogr aphi c data for hexamantane isolations. FIG 37A, shows the first
columm cuts containing two of-the 18 July 200& WO 02/096804 PCTI US02/ 04549
-18- hexamant anes from Feedstock B. FIG 37B, shows the second col unm peaks

isolated and sent to the traps. Fromthis procedure pure hexamantanes were

i sol ated, hexamantane #2, the second hexamantane to elute in our GO/ M5
assay, while hexamantane #8 is the eighth to elute. 5 FIG 38A is

phot om crogr aph nonapant ane crystal .. FL.G. 38B is ss spectrum of a
s ved DonpnER?. 284 IR P ORI gRIr ] giRstals of R5RoRisstd FRnT e fully
condensed @eclawarvayigolwict from FRESockIPOEHEAMAIRE chftll &trb@hto 1 in FIG
39B. FIG 40A is a photom crograph of aﬁcl?b)&/%tal lIE’c}f ﬁ?%lﬁ%y cond%%glé@d

‘decanmantanes. 10 FI G 40B i-sa mass spectrum of a dissolved decanantane-

crystal of FI G FHRAYB iEGAMBEREESCRIRT Shorltodils anhYENTY @bk s i nvention

is directed to rgcesses for the recovery and purification of higher
di anondoi dSH,ESIi‘fb‘gﬁ Qv ge thedimriy ofrthis solitnddepiemantecadst ocks as wel | as

conpositions conprising such higher dianondoids. However, prior to
defcribing this_jnpyention in 15 further detail, the following terms will
fitst be defineflC- A8 iataplerlspiging the penyes pf difleregt melepariusights fesablol | owi ng

reani ngs. TRl Rl ARRBdR e FAL ot OnSHARA LAY and unsubstituted

caged conpounds of the adamantane series In adamant ane, di amant ane,
triamant ane, tetramantane, pentamantane, hexamant ane, hept amant ane,

octamant ane, nNoF@IAN isaﬂﬁstﬂ%&@%ﬂtiﬁﬁ!ﬁatmg distillation cuts on a higher diamondoid-
containing feedstock selected to favor the enrichment of selected various higher

diamondoids.

10 FI1G.’s 32 and 33 are charts illustrating elution sequences for a variety of
individual higher diamondoids on two different chromatography columns: ODS and
Hypercarb.

FIG. 34 gives a flow chart representing the various steps used in the isolation of
higher diamondoid-containing fractions and individual highér diamondoid components.
15 Note that the steps can in some cases be used in a different sequence and possibly

skipped as discussed in the Examples.

FIG’s. 35A and 358 are-compilations of the GC/MS and HPLC properties of

various higher diamondoids included in this application.

FIG. 36 shows the two-HPLC column strategy used to isolate individual

20 ~ tetramantanes and pentamantanes.

FIG’s. 37A and 37B illustrate the preparative capillary gas chromatographic data

for hexamantane isolations. FIG. 374, shows the first column cuts containing two of the



20 undecamantane, and the |like and al so including all isoneidJapdoos:
stereoi soners thereof. 18 July 2005. WD 02/ 096804 PCT/ US02/ 04549 -19-
Substi t mi@dsicsogondoi ds preferably conprise from 1 -to 1G@EnckeiRe
preferably 1 to 4 alkyl substituents. The term "l ower di anondoid
conponent s or "adanmantane, di amantane and trianmantane conponents" refers
to any and/or all unsubstituted and substituted 5 derivatives of

adamant ane, di amantane and triamantane. The term "hi gher di anondoid
conponents” refers to any and/or allgsubstituted and unsubstituted

di anondoei ds correspondi ng to tetranmantanes and above i ncl udi ng

t et ramant anes, pent amant anes, hexanmant anes, hept amant anes, octanmant anes,

comors. andEre SoChmarerkih LR SR o sl o g St ol o

i ncl ude- sukest iotthd teshs aBtbm RSO hirk Puthek BinbiRBRR A€ Ssolde]) hatmihane §2,
hexamantan&g,é ggﬁlamantanes, oct amant anes, nonanmant anes, decanmant anes and

(@]

di amondoi dgohiageditier Wi th their nol ecul ar weights. The term "tetranmantane
conponents” refer to any and/or all substituted and 15 unsubstituted
di anondoi ds corresponding to tetramantane. The term "pentanmant ane

cofiponent s” refm@e. j unsubsti t ut ed
50,008 ke el be bbbt

di anondoi ds correspondi'ng to pe m " non-ioni zed
di anondoi d conponents” refers to higher di anondoid conponents which do not

carry a Charg%‘l@”%ﬁ%rﬁag?iﬁ% ?’Sﬁgf}g ?e&&ﬂ%ﬁﬁg nggioskaﬁ[g mass spectral

anal ysis wherein the 20 phr i anondol nents" is as defined
herein. The term "non-ionized tetranmantane conponents” refers to -

tetramantane GQOPIENRE fe W/ER oF Roledd, %%*?&&QQWEQS%%% RAs! tive

charge generated during mass spectral a SI'S.
spectrum of this material shown in FIG. 39B.

FIG. 40A is a photomicrograph of a crystal of fully condensed decamantanes.
i0 FIG. 40B 1s a mass spectrum of a dissolved decamantane crystal of FIG. 40A.
DETAILED DESCRIPTION OF THE INVENTION

This invention is directed to processes for the recovery and purification of higher
diamondoid components from hydrocarbonaceous feedstocks as well as composifions
comprising such higher diamondoids. However, prior to describing this invention in

15 further detail, the following terms will first be defined.

As used herein, the following terms have the fdllowing meanings.

The term “diamondoid” refers to substituted and unsubstituted caged compounds
of the adamantane series including adamantane, diamaniane, triamantane, teframantane,
pentamantane, hexamantane, heptamantane, octamantane, nonamantane, decamantane,

20 ‘undecamantane, and the like and also including all isomers and stereoisomers thereof.

b |
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WO 02/ 096804 PCT/ US02/ 04549 -20- The term "non-ionized pent sgauy ames
conponents and di anondoi d conponents hi gher than pentanmantane" refers to
pent amarwanowsirponent s and hi gher di anondoid conponentgrhdh8eissd han
pent amant ane whi ch do not carry a charge such as a positive charge
generated during mass spectral analysis. 5 The terns "sel ected hi gher
di anondoi d conponents” and the like refers to that one or nore substituted
or unsubstituted higher di anondoids that are desired to be isolated or
“enriched" in a product. The terns "nponsel ected hi gher di anondoid
conponents” and the like refer to those higher dianondoids that are not
"sel ected hi gher dianondoids". 10 The term "enriched" when used to describe
the state’ rity of or re hi.gher di anondoid conponents refers to
such nater?&ﬁg%gﬁ' %E@Fgggpﬁﬁagﬁycg@%%¥a%§alﬁPéHﬁn@ﬁ@ﬁﬂg sobckto and in the
case of "enlidichegituenidi vi dual hi gher di anondoid conponents, concentrated
at least 25 and preferably at least 100 tines the original concentration
eXhlbl ted |n t he. f eedst'OCk.' ..Pr ef. er ab| y " enr | .Ched'.'- hl gher.. dl 'a'ITDndOi d SO

"enriched” 15 hiighein YoRenaslabmictPIRGREnis sRkaatRudle 18Ashroy especially
at least 50% (i.e., 50- 100%, nore preferably at |east /5% and yet nore

pr ef er abl yir§mapiangsgonyprmends” isiperfogny prdien all woubdijuted ightbsiituiedie over al |
maserial i g Whieb of : ' rr words exhibit a weight
purity of ag Ieas? %%éﬁﬁﬁ%%1@@%@%@%@%#ﬂ3%®?%¥'such material. The term
"feedstock” or "hydrocarbonaceous feedstock” refers to hydro- 20
car bonaceous mehgnlal §:GQMRLLSI r bl nts .of high
di anmondoi ds. Preferab %ﬁ s&%ﬁh@gggéﬁgﬁé& %%F%gse)glgf ?n,d%ééig S@%ﬁé’&ﬁ’sat es,
refinery sindeasnbstitotelsliatgmiduids cortespondimgserivtedrhartaek and atiove flRldRg tar sands,
ecessar i | T ENEF S BRE R E . HPERBHUDIY SCEBBBHEN 5 a5 wel | as
nondi anon ceinemSNATRE RBiantaas, dndbdaffmiafest Yl SR IHY iRMACIGEI ARG 2P as
conpri si ng conponents having a boiling point both bel ow and above the
| d%est 18 Sjﬁpoysomthereoﬁ Preferably, the higher diamondoids include substitated and

unsubstituted tetramantanes, pentamantanes, hexamantanes, heptamantanes,

octamantanes, nopamantanes, decamantanes and undecamantanes. FIG. 30 is a Table

which shows representative higher diamondoids together with their molecular weights.

The term “tetramantane componenis” refer to any and/or all substituted and

15 unsubstituted diamondoids corresponding to tetramantane.

The term “pentamantane components” refer to any and/or all substituted and
unsubstituted diamondoids corresponding to pentamantane. The term “non-ionized
diamondoid components” refers to higher diamondoid components which do not cany a
charge such as a positive charge generated during mass spectral analysis wherein the

20 phrase “higher diamondoid components” is as defined herein.

The term “non-ionized teiramantane components” refers to tetramantane
components which do not carry a charge such as a positive charge generated during mass

spectral analysis.



WO 02/ 096804 PCT/ US02/ 04549 -21- boiling point tetramantane1gbilghot®il s at
about 350C at atnospheric pressure. Typical feedstocks may al so contain

i mpur it masosasekosas sedi nent, netals including nickel, veAagHewisand ot her

i norganics. They may al so contain heteronol ecul es containing sulfur,
nitrogen and the like. Al of these nondi anondoid materials are included in
5 "nondi anondoi d conponents” as that termas defined herein. The term
"nonel ected nmaterial s" refers to the collection of feedstock conponents
that are not "sel ected higher dianmongoi ds and include "nondi anondoid
conponents”, "lower dianondoids" and "nonsel ected hi gher .di anondoi d" as
these terns are defined herein. 10 The term "renove" or "renoving" refers.

;
to processes f renoval of . nondi anondoi d conponents and/ or | ower
di anondoi d conpUNElfHE BeRiOgHZed BATRADANG CORPg Qﬂdaa‘ﬂ‘?ﬂ’é}f CHRBFENt s from

the feedst@gher RHCHERIREERSERANG! JedRmaR¥nY YR nen@ 8 Rl Ber WM ¥onasiaz €
separation techniques, distillation, evaporation either under nornmal or

-reduced - presErpnents ieer-thaspintepateat whish domopedrtys chabgesnelt sgmapitlys chenical

extractiony, | {i.zation and,the lLike. For exanple, Chen, et al .4
di scl ose B‘i g%%l%%%txﬁ%%e?dﬁf% E(:,*[égsses e%c?} gna%ésrlrsﬁvi ng adamant ane, substituted

adamant ane, di anant ane, substituted di amantane, and triamantane from a

hygir ocarbonaceos, LaRUREAEKs 1B ASARR LA ERR LRI LIEkHIS maorbr ane

separations, nolecu Sl eves, permeat| on, Size exc

chr omat ograpely maadulisiaitdd deamsuberithied highendiaindhddidd that drodésired totdi sti | | i ng”
refers to .atnmospheric, reduced pressure distillation, and el evated
pressure dF%l?tfeéP]ét?IHth)‘{ JBAPEMCton t he hydrocar bonaceous feedst ock whi ch
are conducted under conditions wherein the distillation is term nated when

a portion and, preferably, at |least 50 i.ght percept of adanmantane,

di amant ane and er?’éﬁ?aﬁfé??é“@éﬂﬁg‘ﬁ%ﬁ?@ﬁgmgé%mnﬁsr%ﬁtpﬁ ?’gg’ﬂéq ock.
Unl ess ot hB6Sehet RREAIHISHs tiPard heilistib@bd ARnbAIRRSMoizeS are reported as
at nospheric equival ents. 18 July 2005

10 The term “enriched” when used fo describe the state of purity of one or more
_ higher diamondoid components refers to such materials at least partially separated from

the feedstock, and in the case of “enriched” individual higher diamondoid components,
concentrated at least 25 and preferably at least 100 times the original concentration
exhibited in the feedstock. Preferably “enriched” higher diamondoid or “enriched”

15 higher diamondoid components make up at least 25%, especially at least 50% (i.e., 50-
100%), more preferably at least 75% and yet more preferably at least 95% or even at least
99% by weight of the overall material in which they are present or in other words exhibit
a weight purity of at least 25%, 50%, 75%-95% or 99% of such material.

The term “feedstock” or “hydrocarbonaceous feedstock™ refers to hydro-

20 , carbonaceous materials comprising recoverable amounts of higher diamondoids.
Preferably, such feedstocks include oil, gas condensates, refinery streams, oils derived
from reservoir Tocks, oil shale, tar sands, and source rocks, and the like. Such

- components typically, but not necessarily, comprise one or more lower diamondoid
components as well as nondiamondoid components. The latter is typically characterized

25 ~ as comprising components having a boiling point both below and above the lowest

4




WD 02/ 096804 PCT/ US02/ 04549 -22- The terns "fractionation" #hduly 2005
"fractionating" refer to processes in which materials in a mxture of

mat er i aM¥ er69¢par at ed from each other such as by diff ecanido@bisse -
solubility, differential vapor pressure, differential chronmatographic
affinity and the like. The terns "thermal treating to pyrolysis" and the
‘like refer to either atnospheric, 5 reduced pressure or elevated pressure
heati ng of the feedstock or a feedstock fraction to pyrolyze a portion of
one or nore conponents in the feedstpck. The term "nondi anondoi d conponents
of a feedstock™ refers to conponents of the feedstock or a feedstock
fraction which are not dianondoid in character mherein the term

"di anmondoi gt i F Qi SET "ret ned refers

retention ‘g?hﬂa%%@’gég%%aﬂ%g??{%%’n bofls%ﬁa ﬁﬁt%){: G‘BPBGS?}’(’S f)\"?é s found
in the recfumtcekhmeﬁﬁlséaﬂkmwnﬁﬂnm&ﬂﬁ@ s%&n{ehenefﬁ@éhﬁklud %nﬁ:‘l&@lh di anmondoi ds
found in the origqi feedstock, In a preferred enbodi nmen | east about
10 wei-ght- ‘6‘8?‘@ g“‘gf’ﬂ’ﬁ OYgAIRS 1 léﬁya%h@éqeprﬁ@nbetﬁremowg}eewmlamed in the

recover ed duffadeidek wheIRE A RbAREYe ndiidiARbiadRAHInOf. RG0S yPer cent. of
the higher 15 di anpondoid conponents are ref % he“recoveled

f eddst ock; Taransendoid ammenerss eisdhatttiy asdefinediséreinbout 90 wei ght per cent of
t he hlgher di anondoi d conponents are retained in the recovered feedstock;
each based on the total ampunt of such dianondoids found in the feedstock
prior to treat Eéﬁtemmenqe@pwwtaﬂﬁtre@rsatphlyé cdﬂeét'emmfﬁeedamk afmppnaiaber  of

wel | kno 7} tec que y of exanple only,
col um o\rl\mé%gaeﬁ{&% {éﬁ% rlrjg"tﬁ1 glg E Y ((1 ?rHiZ’P Ing %8?“’?%((}@6 TEPYNESe) , gas
chr omat ogr ey diahiogloideTdndrneueR ctel hiihet daiNoAORY OB ARE YernR Bl dcfiged | kKe. The
term"alkyl".refers to straight and branched chain saturated aliphatic
groups t febnally having from | ‘to 20 carbon atons, nore preferably | to 6

atoms ("lower 18 July 2005 WO 02/096804 PCT/ US02/ 04549

10 The term “remove” or “removrng” refers to processes for removal of
nondiamondoid components and/or lower diamondoid components and/or nonselected
higher diamondoid components from the feedstock. Such processes include, by way of
example only, size separation techniques, distillation, evaporation either under ﬁonnal or
reduced pressure, well-head separators, sorption, chromatography, chemical extraction,

15 crystallization and the like. For example, Chen, et al.* disclose distilation processes for
removing adamantane, substituted adamantane, diamantane, substituted diamantane, and
triamantane from a hydrocarbonaceous feedstock. Size separation techniques include

-membrane separations, molecular sieves; gei permeation, size exclusion chromatography
and the like.

20 - The terms “distillation” or “distilling” refers to atmospheric, reduced pressure
distillation, and clevated pressure distillation processes on the ﬁydrocaﬂ:ronaceous
feedstock which are conducted under conditions wherein the distillation is termjneted
when a portion and, preferably, at least 50 weight percent of adamantane, diamantane and
triamantane components is removed from the feedstock. Unless otherwise specified,

25 distillation temperatures are reported as atmospheric equivalents.



having fromto 20 carbon atons and preferably from3 to 6 carbon atons

("I ower wad bapi9sdotas well). The terns "al kyl" and "I ower pairkghziosasoe
exenplified by groups such as nethyl, ethyl, propyl, butyl, isopropyl,

i sobutyl, sec-butyl, t-butyl, n-heptyl, octyl, cyclopropyl, cyclobutyl, 5
cycl opentyl, cyclohexyl and the like. Mthodology The processes of this

i nvention can be conducted with readily avail abl e feedstocks using the
fol l ow ng general nethods and procedyyes. It will be appreciated that
where typical or preferred process conditions (i.e., reaction tenperatures,
times, 10 solvents, pressures, etc.) are given, other process conditions
can al so be us unl es t herwi se stated,. (ptinumreaction conditions nmay
vary with feedgﬂﬁ%ngsﬁﬁ¥8@ﬁ§ﬂn @ghgvgv%ﬁgn%dﬁh%gnﬁgﬁﬁ?ﬁﬁﬁgﬁd%y one skilled
in the artmbyrialoul i RExORIJ Matddfal Ol RIpRGRAWoRSeach WieP RICHTS By diffRnRligher
di anondoi ds_of this invention wll tégkcall contain one or nore isoners

~or- st ereoi ¥8hkY, diffgrestilveperaregus; ¢
or nore chiral centers. Accordingly, if desired, such conpounds can be

prepared or isolated as pure isonmers or stereoisoners, e.g., as_individual
enanti omers or 1h¢ite@pe homeal tseating topyrelyey casiddlmitie tefer foctier atngapheniss. Al |

Such | SOMBedu el it SPLIBOET Srossh¥baRll dGRPRAH L £ 9deaB0& ARELYAST Wi NI N
t he scope of this i1nvention, niess ot ferw se i naicat ed. bure

st er eoi sommrelytos petion ofiext arimdre casponealg ibte feedpiacled usi ng, for 20 exanpl e,
crystallizations, optically active solvent or stereosel ective reagents
well-known in the art. Alternatively, racem c m xtures of such conpounds
can be separ at €kheutsinm igorfiGmonédoid rpinponeotsiof alfecdetockirefehyio sahpaieaghy, chiral

resol vi ng nt nd the like. Ln the processes of this invention, a

f eedst ock tﬁ‘g%@gﬁ‘é U aq:sf:pctéﬁr&m%‘fv ch g‘if.?&’é’f %Ewon‘gﬁqw’d’r"ih%’@gerr@g%%rt | e
anount s ofienedighohdyi® 8ak 8sted hbiegher di anondoi d conponents. 25
Preferably, such feedstock conprises at |east about 1 ppb of one or nore

hi gher 18 July 2005
10 The term “retained” refers to retention of at least a portion of the higher

diamondoid components found in the recovered feedstock when compared to the amount
of such diamondoids found in the original feedstock. In a preferred embodiment, at least
about 10 weight percent of the higher diamondoid components are retained in the
recovered feedstock; more preferably, at least about 50 weight percent of the higher

15 diamondoid components are retained in the recovered feedstock; and still more
preferably, at least about 90 weight percent of the higher diamondoid components are
retained in the recovered feedstock; each based on the total amount of such diamondoids

found in the feedstock prior to {reatment.

The term “chromatography” refers to any of a number of well known
20 chromatographic techniques including, by way of example only, column or gravity
chromatography (either normal or reverse phase), gas chromatography, high performance
liquid chromatography, and the like.

The term “alkyl” refers to siraight and branched chain saturated aliphatic groups

typically having from 1 to 20 carbon atoms, more preferably 1 io 6 atoms (“lower

sl elrowatagraplisi ity ietlikien one - 15 -



WO 02/ 096804 PCT/ US02/ 04549 -24- di anmondoi d conponents, nor €8 pulgPedsmbl y, at
| east about 25 ppb and still nore preferably at |east about 100 ppb. It is
under st oB® 02dP68¥éur se, that feedstocks having hi gher corcepotnausens of

hi gher di anondoi d conponents facilitate recovery of these conponents. 5
Preferred feedstocks include, for exanple, natural gas condensates and
refinery streans having high concentrations of higher dianondoids. Wth
regard to the latter, such refinery streans include hydrocarbonaceous
streanms recoverable from cracking prcesses, distillations, coking and the
i ke. Particularly preferred feedstocks include gas condensates feedstocks
recovered fromthe Norphlet Formation in the GQulf of Mexico 10 and fromthe

LeDuc For maLi.Qnx i nada.,. | n_on odi nent, the feedstocks used in the
processes Wﬂ i)’s&lrg iwg?@é'ﬁ £rgie Sa?%%c"iﬁ?fwc%%sitgﬁq HaYR HH’& @ VFpsRent s
havi ng: a baitdrhiighdyabfetablicdin e @W&Qato&?%&n&ﬁ%l@%%ﬂ}?f’fﬂé B gndP0i Nt

hi gher di aqpﬁcglfj d conponent selected for recovery as we as one or nore
~l-ower—di-anmoit

m xt ure of-'pg(glg';j-' ' ' i.ch _hi gher dianondoids are
sel ect ed, slgurre of 't r?g{s@réﬁ(?gﬂ?r‘tElﬁ.tg%ﬂ{ggg{és%%fwﬁlgérgpﬁb%cfor%%%oi nts bel ow
thé sel ecteelopémiroerdbibdkd abditeilikg. poi nt. Typically, the | owest boiling

poi nt hi gher dianondoi d conponent selected for recovery will have a
boiling point of greater than about 335C. In typical feedstocks, the
concent r at iMethedolémywer di anondoi ds to hi gher 20 di anondoids is generally
about 260:1 or higher. Mreover, as illustrated in FIGs. 20 and 21,

typi cal feedstocks conprising higher dianondoid conponents al so conprise
nondi armondoi d cdippreeesses ofl this swvehtidnomd bt catdicted sfithat iy hivgihble di anondoi d

conmponent s n effectivel ecqvered direct|ly fromthe
f eedst ock gée’{dgtﬁéiéﬁgsp %tq%%g)?lom %Bﬂélerﬁ?%%‘isi %ﬁ?r%gqrﬁsl' 4t W@_Lget fl?pfq‘f&‘t"jd
nonsel ect edhar euip@tepitsl or prfdtadipieedt cohliBiond @68 forabmbdthrdsNgaL i On may
entai | rempval of a sufficient anount of these contam hants from'the
f d@dst ock GRHYERS, pressures, etc.) are given, other process conditions can also be used uniess

otherwise stated. Optimum reaction conditions may vary with feedstocks, but such

conditions can be determined by one skilled in the art by routine optimization procedures.

Furthermore, the higher diamondoids of this invention will typically contain one

OI more isomers or stereoisorﬁcrs and substituted diamondoids will typically contain one

15 or more chiral centers. Accordingly, if desired, such compounds can be prepared or
isolated as pure isomers or stereoisomers, e.g., as individual enantiomers or
diastereomers, or as stereoisomer-enriched mixtures. All such isomers and stereoisomers
(and enriched mixtures) are included within the scope of this in\}enﬁon, wﬁless otherwise
indicated. Pure stereoisomers (or enriched mixtures) may be prepéred using, for

20 “example, crystallizations, optically active solvent or stercoselective reagents well-known
in the art. Altematively, racemic mixtures of such compounds can be separated using, for

example, chiral column chromatography, chiral resolving agents and the like:

In the processes of this invention, a feedstock is selected such that said feedstock

comprises recoverable amounts of one or more selected higher diamondoid components.

S f

25 Preferably, such feedstock comprises at least about 1 ppb of one or more higher

Aoy alYs arrprenplified bis soerssugh iy mebplathyl, pRPyb RN 8 o



18 July 2005 WO 02/096804 PCT/ US02/ 04549 -25 conditions tegpalgrooe a
treated feedstock fromwhich the sel ected higher dianiondoid conponents
can be mazoy@esd. | n one enbodi nent, the renoval of contpfW@nhssd Ncl udes
distillation of the feedstock to renobve nondi anondoi d conponents as well
as | ower dianondoid 5 conponents and in some cases ot her nonel ected higher
di anondoi ds having boiling points |less than that of the | owest boiling
‘poi nt hi gher dianondoi d conponent selected for recovery. In a particularly

preferred enbodi nent, the feedstock 4§ distilled to provide cuts above and
bel ow_about 335C, atnospheric equivdl'ent boiling point and, nore 10

preferably, above and bel ow about 345 C atnospheric equival ent boiling
point. In ej instance, the | ower cuts, which are enriched in | ower

t her .
di anondoi dSEEREAGIGPRRANERR GRE PrRerabl Bl spibass 2P Bhase sl mrorepretarahben
over head a i ne ; i Oxe bkdal Leh hespenriched in
hi gher di a%gﬁ%%?%g{ BREpefO i BRICRANC, ARk ’efrﬁgtt%%ﬁdgf"dé%%‘g?ﬁ high st the
—t-enper-at-ur-eoncemratipis of lighgodiamontiond epnptinenis fciithomedoyery dfulmse i on -of  pressure- -
and t hat tge %%ﬁq?ove tenperatures are atnospheric equivalents. A reduced
pressure wiTPP8StIt in a lower distillation tenperature to achieve the
sane cut point whereas an elevated pressure wll result in a higher

distillation t achieve the sane cyt point. The .correlation of
prjzssur el t errpe(rs%?%%& re:egsrtr(it’ Cg(f %ﬂ?@&%@fﬁ Ema‘ilpé?’i Pﬁ#ig&gcqr@eﬁ KEPd MR Yed |
pressur e oftreae Uatigdhiph eaRuitetidhssf Higlak dRindnoMe! Witk repart id 1he 18det, | | of the

art. 20 DistLI Ifation can, be operated to fractionate the feedstocks and
provi de sefHsh Efingyysdreamyinglude hysipcarpnacqoxn slecagss rpepverabla fram cx3elgps de t he

Sl ccted N Ehar o e B SR B e AR Bl AR ART ¢ one
or nore di conderdaieelfedatocks paotdralirem tit MomphtioF dmeiop anghetGuf of Mexdcest , are
Pl Bt r at R ST Farrttbt B Gt on poi nt's (at mospher o equi val ent
boiling points) that may be :
In one embodiment, the feedstocks used in the processes of this invention
typically comprise nondiamondoid components having a boiling point both below and
above the lowest boiling point higher diamondoid component selected for recovery as
well as one or more lower diamondoid components. These feedstocks will usually
15 contain a mixture of higher diamondoids. Depending upon which higher diamondoids
are selected, some of these higher diamondoids may have boiling points below the
selected diamondoid’s boiling point. Typically, the lowest boiling point higher
diamondoid component selected for recovery will have a boiling point of greater than
about 335°C. In typical feedstocks, the concentration of lower diamondoids to higher
20 diamondoids is generally about 260:1 or higher. Moreover, as illustrated in FIG’s. 20
and 21, typical feedstocks comprising higher diamondoid components also comprise

nondiamondoid components.

In such feedstocks, selected higher diamondoid components often cannot be
effectively recovered directly from the feedstock because of their low concentrations
25 relative to the nonselected components. Accordingly, the processes of this invention lmay ‘

entail removal of a sufficient amount of these contaminants from the feedstock under




used to enrich various higher dianondoids in overheads, In t8ady2ed8 it nay
be 18 July 2005 WD 02/096804 PCTI US02/ 04549 -26- advantageous to make

wi der t SMpER/#68MHe range cuts which would often contai n geowpsoafissohi gher

di anondoi ds whi ch coul d be separated in subsequent separation steps.
Fractionation Points Most Preferred Preferred Lower Cut H gher Cut Lower
Cut Higher Cut Tenperature Tenperature Tenperature Tenperature Hi gher

D amondoid (C) (© (C (O Tetranmantanes 349 382 330 400 Pentanant anes
385 427 360 450 Cycl ohexamantanes 393 466 365 500 Hexanmantanes 393 466
365 500 Heptanmantanes 432 504 395 0 Cctamant anes 454 527 420 560
Nonamant anes 463 549 425 590 Decanantanes 472 571 435 610 Undecanant anes

i gher D anBRdRra e sy R PRl v s et A ARBL 850 400

Cycl ohexanesiymness Gidbeadédvetd@xamant anes 330 550 :

In one embodiment, the removal of contaminants includes distillation of the
feedstock to remove nondiamondoid components as well as lower diamondoid
5 components and in some cases other nonselected higher diamondoids having boiling
points less than that of the lowest boiling point higher diamondoid component selected

for recovery.

In a particularly preferred embodiment, the feedstock is distilled to provide cuts

above and below about 335°C, atmospheric equivalent boiling point and, mdre

10 preferably, above and below about 345 °C atmospheric equivalent boiling point. In either
mstance, the lower cuts, which are enriched in lower diamondoids and low boiling point
nondiamondoid components are taken overhead and discarded and the higher boiling cut,
which is enriched in higher diamondoids, is retained. It is understood, of course, that the
temperature for the cut point during distillation is a function of pressure and that the -

15 above temperatures are atmospheric equivalents. A reduced pressure will result in a
lower distillation temperatime to achieve the same cut point whereas an elevated pressure
will result in a higher distillation temperature to achieve the same cut point. The
correlation of pressure/temperature from atmospheric distillation to either reduced 7

pressure or elevated pressure distillation is well within the skill of the art.

20 Distillation can be operated to fractionate the feedstocks and pi'ovide several cuts
i a temperature range of interest to provide the initial enrichment of the selected higher
diamondoids or groups of selected higher diamondoids, The cuts, which are enriched in
selected one or more diamondoids or a particular diamondb_id component of interest, are
retained and may require further purification. The foliowing Table illustrates

25 ~ representative ﬁ‘actionation points (atmospheric equivalent boiling points) that may be

used to enrich various higher diamondoids in overheads, Inpractice itmayhe - .,



Hept amant anes 350 600 Cctamantanes 375 610 Nonamant anes 380J@pR005
Decanmant anes 390 660 Undecamant anes 400 675 It shall be understood that
subst i t wigeghdoksglper di anondoi ds may accordingly shift thegapieke red
tenperatures to higher tenperatures due to the addition of substituent 5
groups. Additional tenperature refinements will allow for higher purity
cuts for the dianondoid of interest. FIG 31 provides further
illustrations of how fractionation can provide cuts enriched in individual
or multiple higher dianondoid conpohggt 18 July 2005 WD 02/096804
PCT/ US02/ 04549 -27 It will be furt under stood that fractionation can be
st opped before a selected higher dianondoid is taken overhead. In this
case the higher dianondoid can be separated fromthe fractionation
bott oms. GdNaagspue smeke Wister femperabipianEe otts Miiabrwatildeimdenidin grenpsef ect ed
hi gher 5 ogarbon anondoi d

%gﬂ@ p{ig{éﬁﬁglds wmkgé;%’copiad;%/as%@}é& Eq S Bk é%f& ﬁ%géa!ﬂeﬁmn%{égé

conmponent s aration t echn| ques

—evaporati-on-either under -nor rmal - reduced pressure, -crystallization,

chromat ogr aphy, well head separaﬁﬁkﬁo &ﬁgyﬁgq!fressure and the |iKke. For
exanpl e, |ower di anobndoi ds can be pre erentla y renoved from feedstocks
using a variety of techniques. First of all, adamantane and di amantane 10
di ssolved in deep gases, may MP?&‘"&T"FT% duri ng comweleried] gas and Iiquids
production due to a drop L&vepCRSSUHBhea@AMEr CiLakdrCuaV aiibapb@ wel | head
separators ef fectively r aampeeatirewelemgératmn doiTdmpdrita Tuahrb@edst ocks to
avoi d scal i rHigher Blainemddid n 0i {°Cland gas *Cpr oduct i offCequi pref®). O her renoval
processes cdratitiieze t he | ar gersdsi zes of 3s&zhe hi gherso di anoneei ds to ef fect
separ ati on Gkntdnowedes di anondoi ds sher ef r omizFor exanpke, size4sh5 separation
technlques ustisgarRdcanes Wi || zad | ow a fegdst ock ragai ned isoet he nenbrane

Hexamantanes 393 466 365 500

Heptamantanes 432 504 395. 540

Octamantanes 454 527 420 560

Nonamantanes 463 549 425 590

Decamantanes 472 571 . 435 610

Undecamantanes 499 588 455 625
Useful

Lower Cut Higher Cut
Temperature Temperature

Higher Diamondoid - (°C) . CO)
Tetramantanes 300 430
Pentamantanes 330 490
Cyclohexamantanes 330 550
Hexamantanes 330 556
Heptamantanes 350 600
Octamantanes 375 . 610
Nonamantanes 380 650
Decamantanes 390 660
Undecamantanes 400 675

1t shall be understood that substituted higher diamondoids may accordingly shift
these preferred temperatures to higher temperatures due to the addition of substituent
5 groups. Additional teinperature refinements will allow for higher purity cuts for the
diamondoid of interest. FIG. 31 provides further illustrations of how fractionation can

i

provide cuts enriched in individual or multiple higher diamondoid components.



to selectively pass | ower dianondoids across the nmenbrane b# gulgr0og® ovi ded
that the pore size of the nenbrane barrier is selected to differentiate
bet ween WOH3HNEES havi ng the size of higher di anondoi d mompsmesss® as
conpared to | ower di anondoi d conmponents. The pore size of nolecul ar sieves
such as zeolites and the |ike can also be used to effect 20 size
separation. In a preferred enbodi nent, the renoval process provides for a
treated feedstock having a ratio of |ower dianondoid conmponents to higher
di anondoi d conponents of no greater_ohan 9:1; nore preferably, no greater
than 2:1; and even nore preferably, the ratio is no greater than 1:1. Even
nore preferably, after renoval of the |ower dianondoid 25 conponent(s) from

t he feedstock, S 0 Q9 e preferab at l,east 50% and still
nore preferabl y%a‘ivhf%aﬁslpg%&é? %%to?/@] g‘%ﬁ%ﬁ?ﬁ?‘ﬁﬁ)ﬂl& %h%g?ﬂ’eég’%%%?ﬁ(??%r e
retained i rhigliehéiaﬁeﬁdkﬁﬂmkkeas)vemﬁfaﬁrﬁdhitseas‘efﬂ@dhiaoiwuﬁinoh@émdaﬂlﬁb the
feedst ock prior 8 thﬁ: renoval .. 18 July 2005 02/ 096804 PCT/ 0S02/ 04549

desired, the feedstock will also generally be subjected to pyrolysis to
effect renoval q@f at |east_a _ portiqn of the hydrocarbonaceous

nondi amondoi d ¢ OB REMEEses fo5 herrroyd of vk dlamphdoids; ppssleptei digher ect i vel y
concent r at @fanidioABAR ARy, Ahd/& fHoRARRBH ol Siatld ML § Yoy 5
treated feedstock ther eyby render i_Cﬁg Ot heir roeclgi\llierrl@ﬁgg@g e. h&glrd& E’Fsi S is
ef f ect ed byaheaexaeple pelyf szedspastionisdeiques cugrmigibndithéromderawomniad can i nert

at nosphere e £_0of | east about..390C an referably, from
bout 400" et RBObRbH B, MRl Ry N AT e b PR tsoc
and especi ad thedik®. Foocx4B80[E, lohwer danpadéidsicafbetprdfereittlgiémetedmbne! ysi s of at
| east a porti.on . of the 10 no?di nmondoi_d cor@onents of the feedstock. The
specific cORrPTSHSIERPHGE P! ehriquey distrf all rdmeniane pdclivemiaiee anount s of
hiigher .di agRssIMinGR Bl i : - sel ection
of such conditions i gﬁ)%ﬁ?h\?ﬁyt@%ﬁﬂtheugggféﬁg?&ﬁg&?tq%g@ﬁg&gﬁ%

pyrol ysi s e @ordpp irepresssre. Losundriiglle availobleivstl hamtiscparamrseffetfivdtent | y hi gh

remiove lower diamondqids from such fe_edstocks to avoid scaling problerns in oil and gas

~ production equipment. Other removal processes can utilize the larger sizes of the higher
diamondoids to effect separation. of lower diamondoids therefrom. For example, size
15 separation techniques using membranes will allow a feedstock retained in the membrane
to selectively pass lower diamondoids across the membrane barrier provided that the pore
si;e of the membrane barrier is selected to differentiate between compounds having the
size of higher'diamondoid components as compared to lower diamondoid components.
The pore size of molecular sieves such as zeolites and the like can also be used to effect

20 size separation.

In a preferred embodiment, the removal process provides for a treated feedstock
having a ratio of lower diamondoid components to higher diamondoid components of no
greater than 9:1; more preferably, no greater than 2:1; and even mofe preferably, the ratio
is no greater than 1:1. Even more preferably, after removal of the lower diamondoid

25 component(s) from the feedstock, at least about 10%, more preferably at least 50% and
still more preferably at least 90% of the higher diamondoid components are retained in’

the feedstock as compared to that amount found in the feedstock prior to the removal.

a%‘&ﬁ%téﬂ’ilém&ﬁﬂmhi-gher -di amondoi d -conmponents is |




tenperature to thermally degrade at |east about 1099 of thet1#ougpessondoi d
conponents 15 (nore preferably at | east about 50% and even nore preferably
at | eastwealnonsss®0% fromthe pyrolytically treated feedspogkseanesd on the
total weight of the nondi anondoid conponents in the feedstock prior to
pyrolysis. In yet another preferred enbodi nent, after pyrolysis of the
feedstock, at |east about 10% nore preferably at |east about 50% and

still nmore preferably at |east about 20 90% of the higher dianondoid _
conponents are retained in the feeds{pck after pyrolytic treatnent conpared
to that amount found in the feedstockK prior to pyrolytic treatnent. 1In a

preferred enbodi nent, renoval of |ower dianondoids and | ow boiling point

hydr ocar bonaceo nondi anondoi d conponents fromthe feedstock precedes
pyrolytic trea Htr?cowfgg granprtapesang tigher disgipndeid sompeaens Efé’rgsm t hese

procedur es AR Bfck mafs@gen%ém?%e Quk%i&"t‘éd tB%@ﬁ!Jl}‘ﬁé & et feindihl &faéiée séﬁe moval

of | ower dianpondoids fromthe feedsfock. ! ul'y 2005 02/0
~PCT/ US02/-0#850n of tg hydewcprhemsicguis soplivnedoidcomyvnkets fropr tiedeadecleBedi ment

is not al o Ly, .. Thi ¢ i ses because the cgncentration of, hi gher
di anondoi \é\%}é%rlﬁ gsee%%g f%}&?oélﬁ?rﬁu)%teg?hﬁ IjoRat 0?3'? i Qawggglﬁg&@etp%qut{cﬁgf treated
f eédst ock (mbtt@feccdesabviidreldf rehdeing dwiiredlivarpudsibld, conponents) can be used
directly in purification techniques such as chromat ography, 5
crystallization, etc. to provide higher di anondoid conponents. However,

when t he conceRyrobisisQfeficted by ihbstingfthd epdiercldindaondoing coadiienestifai n t he

feedstock is not at the level to effect such a recovery, then a pyrolytic
step shoul HHUBISPhERFH 2 tayrsratigsoh 2idgasbalpat 399°€ adppisferably; fromabeitef er r ed
to further [ ofecover ed st ock in noy e _purification
t echni ques 4@%&%‘%‘1{%‘%ﬁ#&?%&‘r’eg%ﬁby@ %%‘ 33:319 'f/tsﬂfdgl Piaz%qirhgg?ét ﬁ%(; o M% si on

t echni ques to 430RE; foeh bEridilef tiMQH EAEdE PYRIYRUNS lak ZRlHi@ o thei € separation
and the like. In a particularly preterred process, the recovered feedstock

i d0First stepduedordrogpaptsoldhs fergstacks dhasprstlptepditions gmpldyedereni trat e

T ean at egelfc?éd bR HE roch QbW G oYs STl Shel 3 AR A JoSE R bt NIRE Of
iffering selectivitieS to .

the feedstock. The selection of such conditions is well within the skill of the art.

. Preferably, pyrolysis is continued for a sufficient period and at a sufficiently high
‘ temperature to thermally degrade at least about 10% of the nondiamondoid components
15 {more preferably at least about 50% and even more preferably at least about 90%) from
the pyrolytically treated feedstock based on the total weight of the nondiamondoid

components in the feedstock prior to pyrolysis.

In yet another preferred embodiment, after pyrolysis of the feedstock, at least
_ about 10%, more preferably at least about 50%, and still more preferably at least about
20 90% of the higher diamondoid components are retained in the feedstock after pyrolytic
freatment compared to that amount found in the feedstock prior to pyrolytic treatment.

In a preferred embodiment, removal of lower diamondoids and low boiling point
hydrocarbonaceous nondiamondoid components from the feedstock precedes pyrolytic
treatment. However, it 1s understood, that the order of these procedures can be inverted

25 such that pyrolysis occurs prior to removal of lower diamondoids from the feedstock.




isolate the target dianondoids; and crystallization to provigiguigeyes al s of
pure target higher 15 di anondoi ds. \Were hi gher dianondoid concentrations
are not MOfBOsBugh for crystallization to occur, furthecTasnmesoration
by, for exanple, preparative capillary gas chromatography, nay be
necessary. Conpositions The above processes provi de novel higher

di anondoi d conpositions. For 20 exanple, in one enbodi nent, these processes
provi de a conposition conprising at |east tetramantane and pent amant ane
conponents wherein said conposition gpnprises at |east about 10 wei ght
percent tetramantane conponents and at | east about 0.5 wei ght percent

pent amant ane conponents based on the total anount of di anondoid conponents

present. Alter i ; co i.tigns of thi.s invention conprise at

| east about 10 ag%gﬁﬁhéﬁp%gg%%%t e?ﬁ%%%ﬁ?gﬂgﬁ%%ﬂﬁ%ﬂgﬂ¥gaﬁﬁﬁgﬁ? *8%st about

0.5 wei ght ThivaBedbepant drroh@niation @ hhendismbadad canbé Eiﬁ‘ﬁ&iéﬁtgr'higkﬁﬁmg ht of
-30-_In a

the conpositiaon, 18 Jul 005 2/ 096804 PCT/ US02/ 04549 ]
~wpreferred~éﬁ%%ﬁﬁﬁ%ﬂ?d$f%%ﬁP8Wﬁ: -%é%ﬁ?h&ﬂﬁﬁﬂﬂ@éKﬂéﬁﬂﬁé@ﬁﬁf@%@@%ﬁﬂ%tane~and~~~~ww

pent amant aRemeHERRN SRt WEELiRLDy § 'uﬁﬁ%&iﬂﬁ%&ﬁdg@{é ic‘ﬁ%ﬁna st about
25 wei ght pe?centytetrananpaﬁgrcghponents an a?gﬁggst mgkgkﬁ?bercent
pent anant ak&staliriine ricsto payidschigher thiamondeid iconmouents. dfiodéanmrigniie conponent

present; a -oref. L t | east .about .5 i ght rcent

t et r amant a%gmggtyrr%% ﬁg&r)lgj Eﬂtgr{%&g{lgItalegaﬁgsc{naiﬁm%?l}ﬁ’ﬁng%P’c%ﬁtfee%ﬁt\gﬁi lgﬁ‘%ﬁé e
conponent s ldyabeditoct shitea teodvaty, thieh e plyrodftickteDpdn sk eappam@ent present.  In
anot her preferred enbodi nent, the conposition conprises at |east

t etramant ane and pent amant ane conponents wherein said conposition conprises
at | east about Boen wisinglytolysiyis employed, itdsprifansl 1 duiiltotisy aokc@terdeast 1

wei ght percent. pent amant ane 10 conponents based on_ the total weight of the
conposi ti oﬁ?eﬁﬁ?fg‘, USEpe %?@reﬁlgﬁ‘é?@Blt?ﬁhnﬁi“eS suchos chIgBoBmPhei ght per cent

t efor amant apesGRERRIC HesnA QAo k& h't;ués Y&l edBEin i {) @ﬁ%ﬁ@&%&&é@%ﬂ&&

conponents based on the total weight of the co

size separation and the like. In a particularly preferred process, the recovered feedstock

is fivst subjected to gravity columm chromatography using silver nitrate impregnated

silica gel followed by HPLC using two different columns of differing selectivities to

isolate the target diamondoids; and crystallization to provide cfystals-of pure target higher
15 diamondoids. Where higher diamondoid concentrations are not high enough for

crystallization to occur, further concentration by, for example, preparative capillary gas

chromatography, may be necessary.

Compositions

The above processes provide novel higher diamondoid compositions. For
20 example, in one embodiment, these processes provide a composition comprising at Jeast
tetramantane and pentamantane -components wherein said composition comprises at least
about 10 weight percent tetramaﬁtane components and at least about 0.5 weight percent
pentamantane components based on the total amoumt of diamondoid components present.
Alternatively, the compositions of this invention comprise af least about 10 weight
25 percent tetramantane components and at least about 0.5 weight peréent pentamantane

components based on the total weight of the composition.

-1



In addition to the tetramantane and pentamant ane conponent s18 gulpdoes t hese
conpositions, the conpositions preferably further conprise hexamant ane
conponewDY2/09d804eand, even nore preferably, one or nore ofpcraptamsnt ane,

oct amant ane, nohamant ane, decamant ane, undecamant ane conponents. More
preferably, the hexamantane conponents found in any such conposition do

not include the fully condensed cycl ohexamantane of the fornula C26H30 and
havi ng a nol ecul ar wei ght of 342. Further purification of these
conpositions will lead to compositiops which 20 conprise at | east about 50%
or nore of tetramantane conponents %@ither as individual isomers or as a

m xture of tetramantane isoners), pentanantane conponents (either as

i ndi vi dual isopers qr L Xt ure of pentamantane i soners), hexanantane
conponent s (eg‘{‘sﬁg’fe(%%%s‘?ﬁa?c\%[ﬂ?g’ltﬁ?g ; gloBﬁogg’néfsrﬁt%@ﬂrt _ ARG AMBNt ane
i somer s) , F&ﬁﬁhﬁ@i&ﬁﬁ Sipore AN RARRIM Shid &iniiiefiodTolipabasialitatt abSRIBRRIMAE as a
m xture of heptamantane isoners), 25 octamantane conponents (either as

“i-ndi vi duaPeiceRteiFamantangcompansati And ableatidrwieiahit Rement PentAmANES CPIOPRINBIAt ane

conponent g, {8l WaToTVIRLe ERTeY | Xt ol Ly 2005
VO 02/ 09680 Bgi?{fé’g‘gfgl@gﬁtgdf @?Ao#gﬁfaaﬁ%@gﬁ%m. Tosdh %‘%@ég%%%%ﬁ%%é%nponent s
(€i t her ast leand pbowt 58lweighpercentaetrasaniane compomantodndde bastantégte peedter s) and
the like._The co i oni zed hi gher

osi tions descrihed ove cont.ain non-
diannndoiHml@BﬂﬁgﬁﬂﬁpgxmﬁWFgW?g°ngﬁﬁﬁgpﬁpﬂgg§ Q?“HFHIHPngWVEHFFﬁ L provi de
for conpositions enhanced in higher diarnondoids. These hi gher dianondoi ds
are useful in mcro- and no]ecul ar-el ectroni¢cs and .nanotechnol o
2ppl | oat ons. PhesSher PRAPER SRIpSEoGi B EyRPat U R S e AT EF ra
conduct i Vidd/pentahirine @npdhénicihésin shidl dTpsSfitiofBbhpies atibBRINEM Sites
shown by these nol ecul es makes possi bl e accurate construction of robust,

dur abl e, PriEkl BF6ent deivAaagngcomponeptsaf oses l weighipsiconipentamantane
10 components based on the total weight of the composition; and, even more preferably, at

least about 50 weight percent tetramantane components and at least 1 weight percent

pentamantane components based on the total weight of the composition.

In addition to the tetramantane and pentamantane components found in these
compositions, the compositions preferably further comprise hexamantane components
15 and, even more preferably, one or more of heptamantane, octamantane, nonamantane,
decamantane, undecamantane components. More preferably, the hexamantane
components found in any such composition do not include the fully condensed

cyclohexamantane of the formula Cy¢Hzp and having a molecular weight of 342.

Further purification of these compositions will lead to compositions which
20 comprise at least about 50% or more of tetramantane components (either as individual
isomers or as a mixture of tetramantane isomers), pentamantane components (either as
individual isomers or as a mixture of pentamantane isomers), hexamantane components
(either as individual isomers or as a mixture of hexamantane isomers), heptamantane
components (either as individual isomers or as a mixture of heptamantane isomers),
25 octamantane components (either as individual isomers or as a mixture of octamantane

isomers), nonamantane components (either as individual isomers or as.a mixture of



I n addi tion, these higher dianondoids can al so be used in atdhigh2opsal ity
| ubricating fluid which exhibits a high Viscosity Index and a very | ow pour
poi nt . 13WOWResssn enpl oyed, these fluids conprise a fl uirmfisobtdans cati ng
viscosity and fromabout 0.1 to 10 wei ght percent dianondoids. 15 Still
further, these higher dianondoids can be used as high density fuels in the
manner descri bed by Chung, et al. 14, incorporated herein by reference. The

foll owi ng exanples are offered to illustrate this invention and are not to
be construed in any way as limtingsihe scope of this invention. Unless
otherwi se stated, all tenperatures are in degrees Celsius. 20 18 July 2005

WD 02/ 096804 PCT/ US02/ 04549 -32 EXAMPLES As used herein and in the
Figures, t lL.owi.ng ahbrevi ati ons have the follqw . meani ngs. Any
abbr evi at i g‘ﬁ“%@%”%f‘f“ﬁ%%%?%“ﬁ&% C?%"‘E&ﬁé?lgﬂ@r 3513 g’e‘ﬁ”%&?ﬁ #[g. APl =

Aneri can Pefixkesftebffididndti®omers) ahdiiRdike= at mospheric equival ent btns =
bottons FOR Traps. end of run traps fid = flane ionization detector ¢

spectroscopy hThe bowposiitinCdeschb@inbpes EaR A6 ioni-Ad hikne igBidear aphy HYD

RDG = hydroneter reading 15 L = liter '
. componenis.
Utility
5 The processes of this invention provide for compositions enhanced in higher

dramondoids. These higher diamondoids are useful in micro- and molecular-electronics
and nanotechnology applications. In particular, the rigidity, strength, stability, thermal
conductivity, variety of structural forms and multiple attachment sites shoWn by these
molecules makes possible accurate construction of robust, durable, precision devices with

10 . nanometer dimensions.

In addition, these higher diamondoids can also be used in a high quality
lubricating fluid which exhibits a high Viscosity Index and a very low pour point."3
When so employed, these fluids co;hp_rise‘ a fluid of lubricating viscosity and from about

0.1 to 10 weight percent diamondoids.

15 Still further, these higher diamondoids can be used as high density fuels in the

manner described by Chung, et al.14, incorporated herein by reference.

Thg following examples are offered to iflustrate this invention and are not to be
construed in any way as limiting the scope of this invention. Unless otherwise stated, all

temperatures are in degrees Celsius.

20



mn=mnute nmL =mlliliters mol = mllinmls N = nornal8 2dy p#0o5= Pi co
anps ppb = parts per billion ppm= parts per mllion Rl = refractive

i ndex Shd Bbidsesoisi nul ated distillation 25 ST = start Tigermd@le@dsei ON
current TLC = thin layer chromatography VLT = vapor line tenperature VCL
PCT = volune percent 30 v/v = volune to volune w = weight W PCT =

wei ght percent 18 July 2005 WD 02/096804 PCT/ US02/ 04549 -33- Introduction
The foll owi ng hi gher di anbndoid conponents were isolated and crystallized:
all of the tetramantanes from both feedstocks A and B, all pentanantanes
(ol . wt.
wt. 396) isolated from Feedstock B; and, two heptanmantane crystals (nol.
wt. 394) isolated from Feedstock B, octanmantane crystal (nol. w 446)

i sol ated from Feedstock B. As weFE
and a decamantane crystal (nmol. wt. 456) isolated from Feedstock B. The
ot her hi gher di anondoi d conponents could also be isolated using the
~-Pr-OC edures -
meanings. Any abbreviation not defined below has its generally accepted meaning.

344) 5 isolated from Feedstock. B; two hexamantane crystals (nol.

BESonamantane crystal (nmoL wt. 498)

API = American Petroleum Institute
5 atm eqv = atmospheric equivalent

btms botioms
EOR Traps = end of run traps _
fid = flame ionization detector
g = grams

10 GC = . gas chromatography
GC/MS = gas chromatography/mass spectroscopy
h = hour
HPLC = high performance liquid chromatography
HYD RDG = hydrometer reading

15 L liter
min minute
mL = mililiters
numol = millimols

- N = normat

20 pA = pico amps.
ppb = parts per billion
ppm = parts per million
Rl ' = refractive index
SIM DIS simulated distillation

25 - ST start
TIC total ion cwrrent ‘
TLC = thin layer chromatography
VLT vapor line temperature
VOL PCT = volume percent

30 viv = volume to volume
Wt = weight
WT PCT = - weight percent

-As used herein and in the Figures, the following abbreviations have the following - oo



10 set forth in these exanples. The steps used in the vari od8Jiyaopses are
shown schematically in FIG 34. Exanple 1 describes a nost universal route
for isol¥WPi%3§%§P4gher di anondoi ds conponents whi ch can beTaekioedoto al |
feedst ocks. This process uses HPLC (Step 7, FIG 34) as its final

i solation step. 15 Exanple 2 describes a variation of the process of
Exanple 1 in which preparative gas chromatography (Step 7, FIG 34)
‘replaces HPLC as the final isolation step. Exanple 3 describes a variation
of the process of Exanple | in whichsthe pyrolysis (Step 5, FIG 34) is
omtted. As shown optionally in FIG 34, the liquid chromatographic step
(Step 6, FIG 34) is also omtted. These variations generally have 20
applicability only with selected feedstocks and general ly when

t et ramant anes, pentamantane. and cycl ohexamantane are the target higher

di anondoi ds. 18 July 2005 WD 02/096804 PCTI US02/ 04549 -34- Exanple 4
descri bes yeitodagiiymher process variation in which the final products of

purification to give further separation of higher dianondoid conponents
(Step 8, FIG 3%he folrwmglhéghtr dascrdobinmonedty sief iedlakce eastgakiliBdunti | | ate

fraction #5..5 a e descri.bes renpval _of nondi anondgi ds usi ng
pyrol ysis afjtrhﬁﬁ%af’gg{aﬁ?sﬁboﬁ" ]?%ff; h?éﬁf’ﬁ?‘?ﬁ“ﬂ? sall psptamanganys gelcyl- B4 t he

i s6l ation xblateat frRMBEIRDESE U MexiBkfane c@éﬁmghﬁﬂ.W%csariéo@ﬁéd lysis of
feedst ocks, which_are rich in higher dianondoids. 10 Exanple descri bes

the enri chieadsioghl: andeive heplamentajreny siste felnwt. G pispletdsrom EsadgiogaB,
chr omat ogr M&nt%&?gﬁg%ﬁ& SPoNS i LRB ot BOS o f ngﬂgé[ LR Qstaarrt]o%gmantane

oct amant anes and ntanes T n pyrolysis produ
crystal (mol. wt. 498) and a decamantane crystal (mol. wt. 456) isolated from Feedstock
B. The other higher diamondoid components could also be isolated using the procedures

10 set forth in these examples,

The steps used in the various Examples are shown schematically in FIG. 34.

Example 1 describes a most universal route for isolating higher -diamondoids
components which can be applied to all feedstocks. This process uses HPL.C (Step 7,
F1G. 34) as its final isolation step.

15 Example 2 describes a variation of the process of Example 1 in which preparative

gas chromatography (Step 7, FIG. 34) replaces HPLC as the final isolation step.

Example 3 describes a variation of the process of Example 1 in which the
pyrolysis (Step 5, FIG. 34) is omitted. As shown optionally in FIG. 34, the liquid
chromatographic step (Step 6, FIG. 34) is also omitted. These variations generally have

20 applicability only with selected feedstocks and generally when tetramantanes,

pentamantane and cyclohexamantane are the target higher diamondoids.



Exanpl es 11A and B and C describe the enrichnment and isol at 18Qulgf2005.5

hept anant ane conponents. Exanples 12A and B descri be the enrichment and

i sol at i WD €069t amant ane conponents. Exanpl es 13A and B@esseidirgd t he
enrichment and isolation of nonamantanes conponents. 18 July 2005 WD

02/ 096804 PCT/ US02/ 04549 35- Exanpl es 14A and B describe the enrichnent and
i sol ati on of decamantane conponents. Exanple 15 describes the enrichnent
and isolation of undecanantane conponents. 5 It will be understood that it
is possible to vary the order of theyyarious distillation, chromatography
and pyrolysis steps, although the order set forth in Exanple 1 has given
the best results. EXAMPLE | This Exanpl e has seven steps (see Flow Chart in

FIG 34). 10 ., Feedst ock sel ection St.ep 2. a St e )
Foodstobk at nodsiiples GREiRsSEl PR Eptded Al e e Bt
at nospher i Bxattipsdsill dndt3i @ subfsieiies pr@tamvé gaﬁh&@hatsg@p@j plrSaBé@d giveact i ons

15 Step 6. noval of aropmatic and ondi anpndoi d conponents Step 7.

Mkt i~ col -y @E@f?%loémg@ﬁr@ﬂmp%émlﬁl’%ﬁ(ﬁ&%§ BYG.B4)-st col um of first— -

selectivity to provide fractions enriched in specific higher dianondoi ds.

18 July 2005 ] ) )
Example 5 describes pyrolysis of Feedstock B distillate fraction #5.

5 Example 6 describes removal of nondiamondoids using pyrolysis during isolation

of tetramantanes.
Example 7 describes the isolation of tetramantanes using HPLC.

Example 8 describes analysis of feedstocks, which are rich in higher

diamondoids.

10 Example 9 describes the enrichment and isolation of pentamantane components

using gas chromatography.

Example 10 shows the presence of heptamantanes, octamantanes and

“decamantanes in pyrolysis products.

Examples 11A and B and C describe the enrichment and isolation of

15 heptamantane components.

Examples 12A and B describe the enrichment and isolation of octamantane

components.

Examples 13A and B describe the enrichment and isolation of nonamantanes

components.



WO 02/ 096804 PCT/ US02/ 04549 -36- b) Second col umm of differ&hiulg0Gctivity
to provide isolated higher dianondoids. This exanple is witten.in terns
of isol AYQAY%#Mier al hexamantanes. As will be shown in HETASP/@S495-15 it
can be easily adapted to isolate the other higher dianondoids. 5 Step 1-
Feedst ock Sel ection Suitable starting materials were obtained. These
materials included a gas condensate, Feedstock A (FIG 2), and a gas
condensat e contai ni ng petrol eum conponents, Feedstock B. Although ot her
condensat es, petroleuns, or refineryseuts and products could have been
used, these two materials were chosen due to their high 10 di anondoid
concentration, approxinmately 0.3 wei ght percent higher di anondoi ds, as

determ ned by . o} st.ocks we | ored and had API
gravities betmgg%ﬁﬁgﬂgﬁ%ygﬁiﬁﬁ%gxéfﬁg qn%f?ﬁgfﬁggg g%%ﬁ@?% © A was

anal yzed us@ngngam.chronatography/nass spectronmetry to 15 confirmthe
presence of target higher dianondoids and to provide gas chronmat ographic

track indivi duakxangle d&udesviriphethe dinduimnaninddsddiioaudhndsshsagment i sol ation
| procedures FIG 35A is a table that Irsts typi cal GO/ M5 assay information
for the hex AR Y fes (GC retention tine mass spectral nol ecular ion (M)
and base peak). This tabl e (FIG 35A aI so contains 20 simlar GJMS assay
information fory Qt. her . di anondoi, VWiile relative GC retention
ti %res are appr oxi ﬂr@g'@ gﬁ%‘i&‘ﬁ'ﬁ““%ﬁ q%f% aéhg’é’d’r&of@ﬁé’h"t‘quéﬁﬁﬂ%#ﬂ? with

time. It ¢Iﬁorﬁﬁ6§ﬁﬁ@jﬂdﬁﬂp Bis Hep VBRIt %ﬁYheV&Béi'es%t B6h PR ?é Vhd%%g/gﬁed

especially ré\:/g%? retention time dri i s detected. 18
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EXAMPLE 1

This Example has seven steps (see Flow Chart in FIG. 34).

10 Step 1. Feedstock selection
Step 2. GCMC assay
Step 3, Feedstock atmospheric distitlation
Step 4.. Vacuum fractionation of atmospheric distillation residue
| Step 5. Pyrolysis of isolated fractions
15 Step 6. Removal of aromatic and polar nondiamondoid components
Step 7. Multi-column HPLC isolation of higher diamondoids

a) First column of first selectivity to provide fractions enriched

in specific higher diamondoids.




Step 3 - Feedstock Atnospheric Distillation A sanple of Feeti3tiulgR0E was -
distilled into a nunber of fractions based on boiling points to separate .
t he | owsvo tmosmmg poi nt conponents (nondi anondoi ds and powekez/éissondoi ds)
and for further concentration and enrichment of particular higher 5

di anondoi ds in various fractions. The yields of atnospheric distillate
fractions of two separate sanples of Feedstock B are shown in Table 1,

bel ow and are contrasted to sinulated distillation yields. As seen from
Table 1, the sinulated distillation tais in agreenent with the actual

distillation data. The sinulated distillation data were used to plan
subsequent distillation processes. 10 TABLE 1: Yields of Atnospheric :
Distillation Fractions fraom_ Two, S te Runs of Feedsto Cut (F) Sim
Dis Feedstock B (Run 2) OF f%m?‘ﬁ‘ﬁé‘fafd@"rﬁtéﬂa%twéwo%o eéF‘H%te‘%W % To

349 8.0 7.6 0.4 349 to 491 idhePambioddoidd. 7 491 to' 643 31.0 30.6 0.4 643 -
and h| gher 4.0 4.1 -0.1 Cut {F) SmD s Feedstock B (Run 1) D fference
~Est*-d-Yi-el-ds t % Yields (W % -To 477 63.2 59.3:3.9 477 to 515-4.8 7.3~
-2.5 515 to 64bhipgxanpg ispvrittenm EaDs aﬂ@plmn@weveré hexqpuantapes, 46 il he -

Fracti onat ;ioR.Qh pRLARRRRES ca'n?b@%éslllk p?éa HERHHE, ?iﬁe}/ H&rﬁl dotdsation
15 The resulting Feedstoc at nmospheric resi cf rom corrprl si ng
2-4 weight percent of the origi naI f eedst ock) was disti IIed into fractions
cogt ai ni ngsfhghef.cqdias r@(}n& s as shown in FIGs. 12 and 31). The feed to
this high te eraeture I'st b | ation process was the atnospheric 650 F +
bottons. Conpl ete Feedstock B

Suitable starting materials were obtained. These materials included a gas

condensate, Feedstock A (FIG. 2), and a gas condensate containing petrolewm
components, Feedstock B. Although other condensates, petroleums, or refinery cuts and
products could have been used, these two materials were chosen due to theix bigh

10 diamondoid concentration, approximateiy 0.3 weight percent higher diamondoids, as
determined by GC and GC/MS. Both feedstocks were light colored and had API
gravities between 19 and 20° APL

Step 2 - GC/MS Assay

Feedstock A was analyzed using gas chromatography/mass spectrometry to

15 confirm the presence of target higher diamondoids and to provide gas chromatographic
retention tintes for these target materials. This information is used to track individual
target higher diamondoids through sﬁbsequent isolation procedures. FIG. 35A is a table
that lists typical GC/MS assay inforrnation for the hexamantanes {GC retention times, h
mass speciiral molecular ion (M+) and base peak). This table (FIG. 35A) also contains

20 similar GC/MS assay information for other higher diamondoids. While relative GC
retention times are approximately constant, non-referenced GC retentions vary with. time.
1t is recommended that GC/MS assay values be routinely updated especialty when GC
retention time drift is detected. - |



distillation reports are given in Tables 2A and 2B. Tabl es $AJuindo®B _
illustrate the 20. distillation reports for Feedstock B 650F + distillation
bot t oms.W?é’z’ﬂﬂ‘is&)4 2005 WO 02/096804 PCT/ US02/ 04549 -38 #AWM0MHO b O O N
p QWONNOMOC.10 ti f-, Maio?rn r NNOMNO | ,~ WO0U ai ~N7
‘o0, I ,O0., W~ NOMOO 'IR.RaZFW NMO.4 0 t OE" prq 0 Az
b Mti ONNMM WOOO01. OQWa6Gti eel -1 6 R}}44 to.bUHDO
Oti bb Nti N[~] ~OOONO-bV. O-O0"'. FI U~J ~MN=+y +1 WW
bH o b ~v OWNOMO~ M~ ". A.Q7.

Step 3 ~ Feedstock Atmospheric Distillation

A sample of Feedstock B was distilled into a number of fractions based on boiling
| points to separate the lower boiling point components (nondiamondoids and lower
diamondoids) and for further concentration and enrichment of particular higher
5 diamondoids in various fractions. | The yields of atmospheric distillate fractions of two
separate samples of Feedstock B are shown in Table 1, below and are contrasted to
simulated distillation yields. As seen from Table 1, the simulated distillation data is in
agreement with the actual distillation data. The simulated distillation data were used to

plan subsequent distillation processes.

10 - TABLE 1: Yields of Atmospheric Distillation Fractions from
Two Separate Runs of Feedstock B
Cut (°F) Sim Dis Feedstock B (Run 2) " Difference
Est.’d Yields (Wt %) Yields (Wt %) |
To 349 8.0 76 04
349 to 491 57.0 , - 57.7 0.7
491 to' 643 31.0 , 30.6 0.4
643 and higher 4.0 41 0.1
Cut (°F) Sim Dis | TFeedstock B (Run 1) Difference
Est.’d Yields (Wt %) Yields (Wt %)
To 477 63.2 593 3.9
477 to 515 4.8 ~ 13 - - 25
515 to 649 285 31.2 -2.7
649 and higher 3.5, 2.1 . 14

Step 4 — Fractionation of Atmospheric Distillation Residue by Vacuum Distillation

15 The resulting Feedstock B atmospheric residium from Step 3 {comprising 2-4
| weight percent of the original feedstock) was distilled into fractions containing higher
diamondoids as shown in FIG’s. 12 and 31). The feed to this high temperature
distillation process was the atmospheric 650 °F + bottoms. ‘Complete Feedstock B
~ distillation reports are given in Tables 2A and 2B. Tables 3A and 3B illustrate the
20 - distillation reports for Feedstock B 650°F + distillation bottoms. =~ - .- ... .
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15

20

TABLE 4: Elemental Composition of Feedstock B

Analyses on Feedstock B 650+F Resid
Measured Value
_ Nittogen ] 0991wt% |
Sulfur 0.863 wit%
Nickel 8.61 ppm
Vanadium < 0.2 ppm

Table 4 illustrates the partial elemental composition of Feedstock B atmospheric
distillation (650°F) residue including some of the identified impurities. Table 4 displays
the weight percent nitrogen, sulfur, nickel and vanadium in Feedstock B atmospheric

distillation residue. Subsequent steps remove these materials.
Step 5 — Pyrolysis of Isolated Fractions

A high-temperature reactor was used to pyrolyze and degrade a portion of the

nondiamondoid components in various distillation fractions obtained in Step 4 (FIG. 34)

thereby enriching the diamondoids in the residue_. The pyrelysis process was conducted
at 450 °C for 19.5 hours. The gas chromatogram (FID) of fraction #6 (Table 3B) is
shown in FIG. 20A. FIG. 20B is the chromatogram for the product of pyrolysis. A
comparison of these chromatograms shows that pyrolysis has removed major
nondiamondoid hydrocarbons and has signiﬁéantly increased the higher diamondoid
concentration, especially the hexamantanes. A 500 mL PARR® reactor from PARR
Instrument Company, Moline, Illinois was used in this pyrolysis step.

Step 6 — Removal of Aromatic and Polar Nondiamondoid Components
The pyrolysate produced in Step 5 was passed through a silica-gel gravity

chromatography column (using cyclohexane elution solvent) to remove polar compounds

and asphalienes (Step 6, FIG. 34). The use of a silver nitrate impregnated silica gel (10

weight percent AgNQ;) provides cleaner diamondoid-containing fractions by removing

n
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Anal yses on Feedstock B 650+F Resid Measured Val ue Nitrogeh8 duipgd0am %
Sul fur 0.863 wt% N ckel 8.61 m Vanadium< 0.2 ppm Table 4 illustrates the
partial ¥POYBMBH conposition of Feedstock B at npbspheri ceCBUSHzauidl at i on
(650F) residue including sone of the identified inpurities. Table 4

di splays the weight percent nitrogen, sulfur, nickel and vanadiumin
Feedst ock B atnospheric distillation residue. Subsequent steps renobve
these materials. Step 5 - Pyrolysis of Isolated Fractions A

hi gh-tenperature reactor was used to4pyrol yze and degrade a portion of the
10 nondi anondoi d conmponents in various distillation fractions obtained in
Step 4 (FI the e aromhie aiypotan cormprinegis.t Waild itdsmodecesatyno ufethisesi due. The
pyrol ysis cess s _conducted . at 0 for. 19.5 hours. The gas

chr omat ogrgﬁn&m%ﬁap © FTPRAYS SRR g‘?de%\sfi%‘ tafes SURSRANERL I8P G 20A. FI G

20B is the chromatogram for the product of pyrolysis. A conparison of

iy ocar hoRtrna A SRR O A B Heb iR ner di amondoid

concentration, especially the hexamantanes. A 500 nL PARR(r) reactor from
PARR I nstrunent, Cq n Lne, . LI1jnpois was used in this pyrolysis step.
Step 6 - Re moval "o Xg%f"&ﬁ%?‘?@ t?ﬁ&f%%%#‘%ﬁ&%ﬂ%‘m&gfa&n%&ﬂ% Hé‘%ﬂ’o?ﬁe

pyrsol ysat e npir@ HRL€kdhiinrStod gifferabgelRasisedintsiéeyaby.a silica-gel gravity 20

chr omat ogr aphy col um (using cycl ohexane el ution solvent) to renove pol ar
conpounds and asphaltenes (Step 6, FIG 34). The use of a silver nitrate

i npregnat ed si | Thafige HPLLQ st icaitistdIer 608 WIRGHEBM P 0yiodess ChRARE

di anondoi d- contegi_ ning fractions by renpving 18 July 2005 WD 02/ 096804

PCTI US02/ 04B#8fea yyserics using acetone as mobile phase at 5.00 mL/min. A series of HPLC
fractions were taken (see FIG. 32). Fractions 36 and 37 were combined and taken for
further purification on a second HPLC system. This combined fraction (36 and 37)

0 - contained hexamantanes #7, #11 and #13. (FIG. 32, also see FIG. 35B).

Further purification of this combined ODS HPLC fraction was achieved using a
Hypercarb stationary phase HPLC column having a different selectivity in the séparation
of various hexamantanes than the ODS column discussed above. FIG. 33 shows elution
times of the individual hexamantanes on the Hypercarb HPLC colummn (with acetone as a
15 mobile phase).

The differences in elution times and elution order of hexamantanes on ODS and
Hypercarb HPLC columns are seen by comparing these two FIG’s. 32 and 33. For
- example, Hexamantanes #11 and #13 elute together on the ODS HPLC system (FIG. 32)
but in separate fractions (fractions 32 and 27, respectively) on the Hypercarb systerﬁ
20 (FIG. 33)..

The different elution orders and times of selected higher diamondoids on these
two systems can be used to separate co-eluting higher diamondoids. It can also be used
to remove impurities. Using this method on combined ODS HPLC fractions 36 & 37,
appropriate Hypercarb HPLC fractions were taken thus providing high—purity |



the free aromati ¢ and pol ar conponents. Wiile it is not nect®ddyR00® use
this chromat ographic aromatic separation nethod, it facilitates subsequent
steps. VR &MIFBo4 Ml ti-colum HPLC Isol ation of Hi gher Dicamuswdoisds An

excel l ent nethod for isolating high-purity higher dianondoids uses two or

5 nore HPLC columms of different selectivities in succession. The first
HPLC system consi sted of two What nan M20 10/ 50 ODS colums operated in
series using acetone as nobile phase at 5.00 nL/mn. A series of HPLC
fractions were taken (see FIG 32)._fractions 36 and 37 were conbi ned and
taken for further purification on a second HPLC system This conbined -
fraction ( AR Cant a ey (FIG 32, -
al so see Fllg‘l)\i(@_iia 35B) .ﬁlléu(ri'?t 'ejf?)lj]'purl éi@catl o%egj%&?ﬁ%sﬁégﬁi@%gﬂ;%%ea%Lc fraction
was achi evpatis s beusddyip érobute the s¢mtinbgdeyarpiniaes. HAhiCisobitionsirdtepyiing a

diff I L\ | he . ian. i h h he -
o0 co urmih EHtBIE S SheohuRRe s Ao RS PRRETEPBRE i i vl

~-hexarant anesvaty. t he Hypercarb HPLC col-urm (with acetone as-a - 15 mobile

phase). The differences in elution tines and elution order of hexamantanes
on ODS and Hypercarb HPLC colums are seen by conparing these two FIG s.

aésL zca:nd 33. Folr: lTéﬁ)ng?hﬁ%H&@fm@bﬁlﬁﬁ@ cﬁ%ﬂs@wu%a%% fﬁévaﬁse_dfdégﬁ%gﬂse gnz't7 he ODS
syst em . ut_1n separ ate act | ons racti| ons an ,
respect i vef },n%_ Pwélsmﬁgwéaambeﬂgfgﬁ@i%aﬁeﬁm - (pgonatrg bexmpplapent el uti on

orders andgdntq ab Ay gggqﬂ | olnPMaT-LT R - can
be used to seggfgatesci%%cgﬁﬁf%ﬁgg‘%?%gﬂc |arr%§%:leg| s[.glelctIa canm}g},‘\@g&é%égﬂgzd to
renove i npeptiesioading igbitioy tines samienh othe msobdiviniof éut 1@BSniHR IExdmantdinenms 36 &

i - pur 1 (e PREGEAS e bEEsbA oS b ser Bk Shant ane #13

(R G 33) . w@ehemanhS, HhQily askiond famd. Hyper carb BPLC cut
EXAMPLE 2

Steps 1, 2, 3, 4, 5 and 6 of Example 1 were repeated'(FI(_:‘w. 34). The following

variation of Step 7 was then carried out.

Step 7:.

15 A two-column preparative capillary gas chrorﬁatograph was used o isolate
hexamantanes from the product of Example 1, Step 6. The cut timés for the
hexamantanes were set for the first preparative capillary the GC column, methyl silicone
DB -1 equivalent, using the retention times and patterns from GC/MS assay (Example 1,
Step 2). The results are shown in FIG. 37A, two cuts identified as “peaks cut and sent to

20 column 2”,-were taken which contains two of the hexamantane components from
Feedstock B.

The first column was used fo concentrate the higher diamondoids, such as
hexamantanes by taking cuts that were then sent to the second column (see FIG. 37B
illustrated for hexamantane #2 and #8). The second column, phenyl-rqeﬂlyl'jsiliqong, a



points could be used to isolate the renai ni ng hexamant anes. 18M#uls20050| at i on
strategy is also applicable to the other higher dianondoi ds although

el uti on"%Q)PWﬁ@Nconpom tions can vary. 5 The ODS and Hyperusweh+saol unms can
al so be used in reverse order for these isolations. By using simlar

met hodol ogy as above, i.e. fractionating hexamantane- contai ning ODS
fractions using the Hypercarb or other suitable colum and collecting at
corresponding elution times can lead to the isolation of the remaining
hexamantanes in high purity. This igsalso true of the other higher

di anondoi ds from tetramantanes to 10 undecanmant anes, i ncluding substituted

forms.  EXBBRARqdivaledd Further depatatedandpudiitl e @lfaxﬁiﬁﬁ 916? add 6] Fad BREAL €

(FIG 34). Thefollovvlng variation of Step 7 was then carried out. Step 7_

15 A t wo- c§P Weﬁ?s@éaﬁlfa&eﬁwdwamlfhmw @d@l toamst(teprsalp. V&G rasfeattion 1 i sol at e
hexamant a mes for the
~hexamant a@mv%rae ssgh? S?f a&%&mt? %%@hﬁ t?)é?o%oé%%l?ﬁ%eclrv%ﬁ%%# GC col um,

et hyl- si iezamentamEs. 1Subseguen GAMS mmlysg; df Imap @ trenitri shbiveess iR dhigrat terns-

from GT Mg a Ste e resylts are.shown in FIG 37A,
two cuts |%§fﬁ¥ﬁ é’@ @#%Bﬁséuem&ﬁ%?@éﬁsw&suﬁe@%lwiw %Iég@@ aken
whi ch contailsis ofRaP#3 HGAENAIRALADBe Eﬁﬁﬁﬁ@%&&nﬁﬁt@ﬁ@ #sﬁﬁﬁ%b@ﬁ% The

first colu vvas used to concentrate the hi gher di anond suc
hexamant and$)pothdierameniane?2 mi 851G 284 ﬁorg@dtcfﬁ@h h"ﬁnswmddre@oiﬂdrm (see

pheny! - met TP o e Sk the DS HRORARGNA JAs KB AP R R SeBRs 0 - as
DB- 17 equidigrhaydpjdsf urt her separated and purified the hexamant anes and then
was used to isolate peaks of interest and retain themin individual traps

(tlgaps 1-6). GC trap fraction 1

EXAMPLE 3

Steps 1,2, 3, and 4 (FIG. 34) of Example 1 were repeated using Feedstock A.

Feedstock A is especially low in nondiamondoids in the atmospheric residue fraction
recovered in Step 4. The pyrolysis Stei) (5) of Example 1 may be omitted especially
when the higher diamondoids being sought are teframantanes, pentamantanes and

15 ~ cyclohexamantane. In this case the fractions removed in Step 4 go directly to Steps 6 and
7 in Example 1 or directly to Step 7 in Example 2 (FIG. 34). This process variation can
be applied to lower-boiling tetramantane-containing fractions of Feedstock B as well.
Howéver, pyrolysis is highly desirable where significant nondiamondoid components are

present.

20 ' A fraction corresponding in cutpoint to fraction #1 of Step 4 (see distillation
‘Table 3, Example 1 and FIG. 12) was taken from this feedstock. This fraction was _
further fractionated by preparative capillary gas chromato graphy similar to the processmg
shown in Step 7° of Example 2 (FIG. 34).

A two-column preparative capillary gas chromatograph was then used to isolate
25 the target tetramantanes from the distillate fraction cleaned-up by column
chromatography (Step 6, FIG. 34). Using the retention times and patterns from the




contai ned crystals of hexamantane #2. GC trap fraction 3 cotfh Jin2@srystal s
of hexamant ane #8. Subsequent GC/ MS anal ysis of trap #1 material showed it
to be hwgho2/®egsuri ty hexamant ane #2 based upon the GO MBCaasay04389 St ep 2.
Simlarly, the GO M analysis of trap #3 material showed it to be
primarily hexamantane #8 (FIG s 28B and 28C). Both hexamant ane. #2 and #8
(FIG 28A) forned crystals. This procedure could be repeated to isolate

t he ot her hexamantanes. This is also true of the other higher dianondoids.
10 EXAMPLE 3 Steps 1, 2, 3, and 4 (Fidga 34) of Exanple 1 were repeated
using Feedstock A Feedstock A is especially lowin nondi anondoids in the

at nospher i GO/MSiaghae (frbacdtbPD of ERHPIET)Cthe it tBh&Forkhe ThgetAya@nisids (Step (5)
of Exanple 1 may be omitted especially - when the hi ghe di am)nd0| ds bei ng

sought ar e“"Fé‘E]Fl&ﬁ‘Eﬁi &fﬁ@ssetﬁémediﬁme&ﬁ@@%wﬂl@% gWeonq n t hi s
the f d 7
Exanpl o 1 SPLMPRMGETREE Lol oF SR AI(E 5*29#&?‘%%@1@%“@%%?‘3@%%%;” |

~vari-ation-can be applied to | ower-- b0| I ing tetramant ane-cont ai ni ng

fractions of FeadsiQrkfndSubild o cHRURME! e BYERNRIchabRs [Lgh! y desi rabl e

where significant nondi anondoi d conponents are- present A fraction
cofrespon dtel;'rgmarltalma) by)tamngtqutsfth&t cterathenysentfo 1Bt sportl ¢adwemn Gibstylhhethylon Tabl e

3, Exanpl mLhis f tqck, This f i
Fur ther 1 r e RSra PEA T SRbAER GRHIE. clp Tk Brpnt S UEIS e Sl B8 1 T ar v
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preparative capillary gas chromatograph was then used to I1solate 25 the
target tet¥aRvent apd8 conigied fie sgleale Yeﬁ%@ltﬁeééﬂ%ﬁ ¢l eaned-up by col um
chromat ography (Step 6, FIG 34). Using the retention tines and patterns
fromthe 18 July 2005 WO 02/ 096804 PCT/ USQ2/ 04549 -46- GC/MS assay (from
Step 2 of Exanpiie highlycpeceatiated digmandoigs wase ﬂtﬂ&rﬂ&@%%ﬂ&ﬁﬁ%ﬂﬁ@d@ thedrap

10 or from solution. Under the microscope at 30X magnification, crystals were visible in

preparative GC trap fractions 2, 4, and 6 (see FIG. 6). Where concentrations were not
high enough for crystallization to occur, further concentration by preparative GC was
necessary. Structures of tetramantane isomers are shown in FIG. 7, including one, {123]
using nomenclature of Balaban (Ref. #15) tetramantane as two enantiomeric forms.

15 F1G.’s 8 A, B and C illustrates photomicrographs of tetramantane crystals isolated from
Feedstock A from preparative GC trap fraction #2, fraction #4 and fraction #6

respectively.

After obtaining crystals of suitable size, material could be sent for structural

determination using X-ray diffraction,

20 GC/MS (FIG. 9) showed the possible presence of target diamondeids higher than
fetramantane (pentamantanes and hexamantanes) in distillate Fraction 38. Further
GC/MS analyses of fraction 38 (Feedstock A) showed the presence of heptamantanes
(FIG’s. 10 and 11). |




tetramant anes) were set for the first preparative capill aryl&Gilgd0eim,
methyl silicone DB-1 equivalent. The results are shown on FIG 6A '
identifi¥@Q4e0¢s 1, 2 and 3. The first colunm was useded USRSt rate the
target dianondoids (e.g., 5 tetramantanes) by taking cuts that were then
sent to the second colum (phenyl-nethyl silicone, a DB-17 equival ent)
(see FIG 6B). The second colum further separated and purified the target
di anondoi ds and then sent theminto individual traps (traps 1-6). GC traps
2, 4 and 6 contained the selected tegtamantanes (FIG 6B). The highly
concentrated di anondoi ds were then allowed to crystallize in the trap 10
or fromsolution. Under the m croscgawasr@X magni fication, crystals were
visible in preparative GCtrap fractions 2, 4, and 6 (see FIG 6). \Were
concentrations were not high @Mw@@rcggpg@ﬂé&cﬁgm on to occur, further
concentration by preparative GC was neceSsary. Structures of tetranmnantane
isoners are shown in FIG 7, including one, [123] wusing nonencl ature of

Bal aban (Ref. #1%) tletkp@BALAR ARk MRSRINMOPBER 6 AITE: JonEl R S 8 A B

and Cillustrates photomni crographs of tetramantane crystal$’i’s ed from
Feedst ock Alcfirabls iofayher faetipaaiethe HRYEC produtts obtaittdd iff Bxanirloh, Stdp an@hikr act i on

#6 5 respect, . I (WAINe ystals of suitable gize terial could
be ‘sent fordafs{tgér) g%r?éég m@\g%%k%‘aﬁ%% é%laﬂlsgaﬁﬁﬁwg)@@ﬂb’yﬁ? a%%”FB ‘o0 GO/ MB
(FIG 9) sHbweglahStgpdssi bl e presence of target di anondoi ds higher than
tetramant ane (pentanmantanes and hexamantanes) in distillate Fraction 38.
Further GC/ M5 anal yses of fraction 38 (Feedstock A) showed the presence of
hept amantanes (FIGs. 10 and 11). ERANIMLE 2005 WO 02/ 096804

PCT/ US02/ 04549 -47 EXAMPLE 4 Preparative GC of HPLC Fractions For the

hept amant anes, oct amant arg®hendf Reghverk Biramineardsioetc. ., it may be

The method of Example 1, Step 5 was used to puzify distillate fraction #5 |
10 obtained from Feedstock B - Atmospheric distillation 650°F + bottoms (Table 3AIB,
FIG, 12 and FIG. 3 1) exploiting the great thermal stability of the higher diamondoid
hydrocarbons relative to other crude oil components. FIG. 13 shows the GC profile of
the distillate fraction #5 from Feedstock B - Atmospheric distillation 650°F + bottoms
(see FIG. 12 and Table 3A&B). The GC-MS ion chromatogram in FIG. 14 shows the
15 presence of target heptamantanes in this distillate Fraction #5.

Pyrolysis of Fraction #5 was conducted at 450°C for 16.7 hrs. following the
procedure of Example 1, Step 5. FIG. 21 illustrates the result and shows a gas
chromatogram (on DB-17 equivalent GC column) of the starting material FIG. 21 (top)
and pyrolysis prqduct FIG. 21 (bottom).

20 ' FIG. 22 shows an expansion of the 28.2 to 31.5 min. GC time range having the

_ presence of hexamantanes and heptamantanes. This pyrolysis product was used in

Example A.



desirable to further fractionate the HPLC products obtai ned18gulirzesspl e 1,
Step 7. This 5 can be carried out using preparative capillary gas

chr onat wgr@imgoans described in Exanple 2, Step 7'. EXAvetraissfymol ysis of
Feedstock B Distillate Fraction #5 The nmethod of Exanple 1, Step 5 was used
to purify distillate fraction #5 10 obtai ned from Feedstock B - Atnospheric
distillation 650F + bottons (Table 3A/B, FIG 12 and FIG 31) exploiting
the great thermal stability of the higher dianondoid hydrocarbons relative
to other crude oil conponents. FIG_4k3 shows the GC profile of the
distillate fraction #5 from Feedstock B - Atnospheric distillation 650F +
bottons (see FIG 12 and Table 3%??'Mﬁ -M5 ion chromatogramin FIG
14 shows the 15 presence of target eptggaﬁtcanes inthis distillate

Fol Towing thd S eehm Bl O DR SR T of i leblend [, 0

result and shows a gas chromatogram (on DB- 17 equival ent GC col unmm) of the -

FIG 22 shove Sx e R PRiarBE SOl PO ol Pt i hy

the pres emtbodofsedmmhﬁemmasrmabmaptpmﬂmmdsiﬂgﬁﬁn qunynonlofmes product was

used in Exa 18 Jul 05 WD 02/Q96804 PCT{ USQ2/0 . 48- _EXAMPLE
6 Fermoval TSRORBIMO Samses Bierohy BrPRs dechRipi R GAeRgR JHCS 15

Tet r amant an@% Ifs@atPties thetho8 ahEHRM £ htdrathH8mS 88eld f12aisi8{e. ?tfqg psybei ng
changed. This nethod used a high- te%:g(grature reactor to pyrolyze and

degr ade a%%#ﬁf%ﬁqlt%mﬁémsmﬁ@n%(ﬁm dl@onponent s thereby enriching the
di anbndoids in the residue. FIGs. 15 and 16 illustrate this nethod and

show gas chr omato bef ore r ol SI S FIG 15
g gRR reactor, from y IS'ME?\IT COMP , Moline, Tilinois,

was used to process the distillation column hold-up obtained after atmospheric distillation
10 of a feedstock. For this example, Feedstock B 650 °F + distillation holdup was used as a
feedstock for pyrolysis. Pyrolysis was then conducted on this sample by heating the

sample under vacuum in a vessel at 450 °C for 20.4 hours.

. FIG. 15 shows the gas chromatogram of the distillation holdup and FIG. 16 shows
the chromatograph of the products of the pyrolytic process. A comparison of FIG’s. 15
15 and 16 show that the pyrolysis process has removed major nondiamondoid components

leaving a residue enrichied in diamondoids particularly tetramantanes.

EXAMPLE 7

Isolations of Tetramantane Using HPLC

In addition to the pyrolysis method described above, HPLC was also shown to
20 provide sufficient enrichments of some higher diamondoids to allow for their
crystallization without pyrolysis. In some cases, reverse-phase HPLC with acetone as
mobile phase can be used to effect this purification. A preparative HPLC run of
Feedstock A, gas condensate distillate Fraction #32 was performed and the HPLC

chromatogram recorded using a differential refractometer is shown in FIG. 17. Nine

-y



and the resulting pyrolysis products (e.g. FIG 16). A PARRI8Uda@008, from
PARR | NSTRUMENT COWVPANY, Mdline, Illinois, was used to process the

di stil | avpemewsd4urm hol d-up obt ai ned after atnospheric deciudohaisson 10 of
a feedstock. For this exanple, Feedstock B 650 F + distillation hol dup was
used as a feedstock for pyrolysis. Pyrolysis was then conducted on this
sanple by heating the sanple under vacuumin a vessel at 450 C for 20.4
hours. FIG 15 shows the gas chromatogram of the distillation holdup and
FIG 16 shows the chromatograph of_k%_e products of the pyrolytic process.
A conparison of FIGs. 15 15 and 16 show that the pyrolysis process has

i amondol de aieng VA Ay o Grf SRAPE b GRKIATY TESNENE Rillhfled 17

Tet r amant amwerelw 29 cHPL @ om ABdViyidsnoctaetyh eilpy (ODES celumat bpdated mcseiibed
above, HPL | so shown t.o, 2 vide sufficient_enrjc nts of sone
hi gher di a%@?@%%? %CBFE‘??PEWG é?ﬁg"’tﬂﬁiﬁf Sy Bw-nﬁ%%m)- By#bl ysi s.

~I'n sone- casfgolittesttiptof iiohBE Eravtib i ACAE Aey/@S, in ABbAEWRNAEQeERR, De used

to effect this purification. A preparative HPLC run of Feedstock A, gas
condensat elficelumup.aThe tolywns wareFSEPWAES petonsratd dOanidmin et wphils phaser omat ogr am
recorded using a differential refractonmeter is showmn in FIG 17. N ne 18
July 2005 WO 02/096804 PCT/ USQ2/ 04549 -49- fractions where taken during
the run as mar K- 4f ilpistates the difrentpbiRE G eliiemerders of thajeramanigsepen @RSx 10 mm
| . D. Vydacg oy [ QAR j | e ac
columms are naﬁj&?%g E]?%gacgﬁm(‘%he Scé%% 2?2? P%’Eg&@}%g%bﬂfc’?}%{ﬁ @bé% ). A 20

m crol i t ertogethgy te isplateteramentamy (add fentintantinesy 32high pbfityog/ nl. i n acet one was
injected into 5 the colums. The colums were setup using acetone at 2.00
mL/mn at nobile phase. FIG 36 illustrates the different HPLC el ution
orders of the tlEr dfeemparestho gaGiomaingakygfehcantingRla@rizb{Readssock ddi cat i ng

hqy these 5¥4%R %?acattm ﬁ?})lé%] f@i@ﬁ'gc%og %g,dfrdm FIG. 17. HPLC Fraction #0 is
significantly enriched in a tetramantane (see GC/MS FIG. 19) and is approaching a

conceniration sufficient to bring about its crystallization.

EXAMPLE 8

Comparison of Feedstocks and Isolation Procedures

15 This example illustrates isolation procedures to concentrate the higher

diamondoids for further separations using different feedstocks.

Table 5 illustrates the concentration of higher diamondoids in select gas
condensates rich in diamondoids compared to the concentration of higher diamondoids
found in typical petroleum. Gas condensates from the Jurassic sandstone reservoirs of the

20 Norphlet Formation , Gulf Coast and in the LeDuc Formation, Canada have high initial
diamondoid concentrations including higher diamondoids. Generally, a typical
petroleum crude oil contains adamantanes present in a concentfation of about 200 to 400
ppm. Of these higher diamondoids are about 0.5 weight percent of the entire amount of

diamondoids in a typical crude oil.



18 conpares the gas chromatogram of the starting material (Feedstock A 10
di stil | sto omodég@mct i on #32) and HPLC fraction #6, from Fip@r/kdzo4dsC
Fraction #6 is significantly enriched in a tetramantane (see GO M FI G
19) and is approaching a concentration sufficient to bring about its
crystallization. EXAMPLE 8 Conpari son of Feedstocks and Isol ation
Procedures 15 This exanple illustrates isolation procedures to concentrate
the higher dianpndoids for further geparations using different feedstocks.
Table 5 illustrates the concentration of higher dianondoids in select gas
condensates rich in dianondoids conpared to the concentration of higher .
di anondoids fo j | cal. pe . 0 nsates fromthe Jurassic
sandst one reser l’ig"?lf)'tﬁos}’&ﬁl af'%g f%gq‘%?bll—aﬁ%{m& BhER R0 t and in the

t s/ -ogriens& & .
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I ncl udi ng hkghe{—-dpamgndeu—ds—&neLaA—ﬁa—HLpJ—caL_p@LLeLeum-eum oi |
--contai ns-ddamant anestipg Madeiali n a copchansertiationof HighstiDizwmendeidsiop - ppm-
O these higher dianmmndoids are ahaou o&ﬁﬁt@ﬂrﬂ&&%&@gﬁﬂﬂw ire
amount of | ThipssbPeftsilelsnin a typical brude oil .- Ipprdet w2005 WO 02/ 096804
PCT/ US02/ 04kt GBOConden®bBIREclbin Conpari son of Hi 2F08rppll anondoi d-
Concent r at{ildiambmdolyypi cal Petrol eum vs. Sel ect Gas Condensates Rich{in

D anondoi ds Starting Material Concentration of H gher D anondoi ds
(tetramant anes and higher) T wical Petraoleum- 1 mor |lower Select Gas

Condensat es Ri cAtierswiBbIS fegdatocksicamslsa b dymg in refinery streams from crude ofl
processing. The concentrations of higher diamondoids in each refinery stream will

depend on the type of crude oil and refinery operations icluding the distillation cut
points, catalysts used and other pfocessing operations (e.g. coking) that can increase
10 higher diamondoid concenirations. These further processed refinery streams are

identified as potential feedstocks for higher diamondeid isolations.

Table 6 iliustrates the increases in higher diamondoid concentrations from initial
isolation procedures of the feedstock. Such isolations can be atmospheric distillation,
vacuum distillation, flash separation or other separation method known to those skilled in

15 the art. Additionally, this treated product can further be coupled with another separation

process such as pyrolytic processing.

TABLE 6: Comparison of Select Initial Isolation Procedures Used in Typical

Petroleam and Diamondoid Enriched Condensate Isolations

Initial Isolation Procedures for | Concentration of Concentration of
the Higher Diamondoids ‘Higher Diamondoids | Higher Diamondoids
Fraction (typical petroleum) (gas condensate)
Atmospheric Distillation - 1 ppm to - 100 ppm > 95 wt.
Atmospheric Distillation and > 50 wt. % > 50 wt.%
Pyrolytic Processing, and |
Isolation of Saturated
Hydrocarbons by Liquid

| Chromatography




O her suitable feedstocks can also be found in refinery str¢&day28@m crude
oil processing. The concentrations of higher dianondoids in each refinery
st r eam WPI02088@end on the type of crude oil and refinepgTaperetsions
including the distillation cut points, catalysts used and ot her processing
operations (e.g. coking) that can increase 10 hi gher di anondoid
concentrations. These further processed refinery streans are identified as
potential feedstocks for higher dianondoid isolations. Table 6 illustrates
the increases in higher dianondoid concentrations frominitial isolation
procedures of the feedstock. Such isolations can be atnospheric
distillation, vacuumdistillation, flash separation or other separation
nmet hod known to those skilled in 15 the art. Additionally, this treated
product can further be coupled with another separation process such as
pyrol ytic proced$hd erpceilyaBbiEnGasuConguin duslored of Tdhbéd €at deperdeatupbs eeat i on

Voo at 1 ons TREE Pl EBiehBhers PR PO AR GUaD B ot fon

of 5 the H ghamofphari®pdsiuey. HighetiaBoaRndad siesehl e aﬂo_@ﬁﬁﬂeﬁgﬂisﬂﬁaﬁdif action
_(typical e%épl u (gas condensate) Atnospheric Distillation - 1 ppmto
- 100 ppm 5esuie ff Cri wg%mmewmg@fmﬂreat pltmespiienc wgdyal in 9emds oil who

Pyrol yti c RBr9eRssiHddi ~38rchsiqb all a rocarbons by Liquid
Chr omat ogr aphy 18 Jul y %‘55 VO %)%%g%’élgié%%%%ﬁ?%%w _51- The
concentration nmeasurenments outlined in Table 6 are dependent upon the

wei ght percent @h1OSENE 6lifudtaik b bbb A Enﬁjcﬁ -r%?h- ter S50F
(345C) distillation 5 at 1at m%s pllélerll’ﬁc pr élsogar eg&e&ﬁcg eﬂgg?ngir%lr? o‘?l S are
present i nPipessiag.mysqlias procadbisg (themtal destruction of nondiamondoids) can be

10 performed on un-distilled feed stock or vacuum distillate fractions. If so, the

pyrolytically treated_ feedstock can then be subjected to removal of lower diamondoids.

Secondary isolation procedures could include either vacuum distillation used

alone or in combination with liquid chromatography.

Fractionation of the atmospheric residue can also be performed prior to the

15 ' pyrolytic processing.

Some overlap of higher diamondoid series occurs between distillation cuis, for
example, the most structuraily condensed hexamantane isomer distills at lower
| temperatures than other hexamantanes and is found in the pentamantane containing
distillation fractions. Likewise, the most condensed isomers of the heptamantane series
20 distills with the uncondensed hexamantanes, and so on. Furthermore, as the number of
' isomers and molecular weight series increase Wifh each successive higher diamondoid
series, boiling point distributions of series and isomers spread out with progressively
more overlap of series occurring as molecular weights increase. Additionally, substituent

groups' on the isomers will effect the distillation fraétions. |



resi due of crude oils, and the wei ght percent of atnospheri ¢8dagodsl in a

crude oil can vary fromabout -1 percent to | ess than about -80 wei ght

per cent swwd/M¥vidogsodabl e 6 il lustrates a conbi nati on of at nmygalewLG4519

distillation and pyrolytic processing, pyrolytic processing (thermnal

destruction of nondi anondoi ds) can be 10 perforned on un-distilled feed

stock or. vacuumdistillate fractions. If so, the pyrolytically treated

feedst ock can then be subjected to renoval of |ower dianondoids. Secondary

i sol ation procedures could include el,ther vacuumdistillation used alone

or in conbination with liquid chronafography. Fractionation of the

at nospheric resj due can, al so be, perfqr.ned, prd to A 1 -0l VEi C

processi ng. Son‘%%w 5 B%B? PWF%q’i‘gffca&i g&g%%ﬁa%g&ﬁg@ﬁlg 6‘?‘15118%5{% m“%{ehﬁ
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hexamant ang isqner distills at |lower tenperatures fhan other hexamantanes -
and is foumlﬂf?m@rﬁ@toaéphym&ﬁ&%wé@ﬁ%ﬁ Hpmgtic AydrpsarPensi on fracti ons.

“Likewi se, “the nost condensed i somers of ‘the heptanmantane series 20 distills

with the Uncond@gsed hexanant ane‘i, and sp on. Furiher nor e, t he nunber of
i soners and ol GEHTHPYWEIGIOP PESFHESS {HBFEESE HETR EaRNPEHEECEESi ve hi gher

di anondoi dcmﬁﬁxﬁﬂogﬁghybé’dd Hi#38 PRAbilandd Efqhid%rbﬂi&ﬁag?lrph% IOtB& sAfbld SOMer s
spread out with progressively nore overlap of series occurring as

nol ecul ar weirgste¢hmologies ere kadwnte Besg skylledsin Baa art. uBkrse tgyHuy psolagiont he
isoners will effect the distillati-on fractions. 18 July 2 2/ 096804
b Usoa) B eE Sboeatf ot foRbyuch iR bR Baedibad b soiiu PPRY Lo e
purify thealpagdidetstdiliRifértiecove®cDhdRipyest p@itatvialies pf Datdelngume can be used
in place of the secandar For exanmpl e, liquid chromatography, can be use

) |
tatization ieth aﬁuﬁlbwomr@n?wﬂda@yu% snblmasionsen Xigllur es

to renmove &V
CQyprises @s @5@(}}‘ orli&RANALd ve Gas 5 Chronat ography and High
Per f or mance E]i@%w %%lrg(g graphy. Ot her suitable separation technol ogies

are known to those skilled in the art. These tertiary isolation

TABLE 7 Purity of Individual Higher
Diamondoids Obtained from Tertiary Isolation Procedures

Tertiary Tsolation Purity of | Purity of | Purity of | Purity of | Purity of | Purity of | Purity of
Procedures of Tetra- Penta- Hexa- Hepta- Octa- Nona- Deca-
Individual mantanes | mantanes | mantanes | mantanes | mantanes | Mantanes | mantanes
Tetramantanes,
Pentamantanes,
Hexamantanes, etc.,,
Fractions
Preparative Gas >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 .>89.9
Chromatography '
High Performance >30-99.9 | >20-99.9 | >10-99.9 {>5-99.9 |>2-99.9 |(>1-999 {1>99.9
Liquid
Chromatography

15

EXAMPLE 9

Isolation of Pentamantanes by Preparative Capillary Gas Chromatogf&p@

A distillation fraction coniaining pentamantanes was processed using preparative

20, capillary gas chromatography to exemplify the isolation of pentamantane. .

-t




procedures generate m xtures from which individual conpound$s daip20@heral |y,
but not - always be crystallized for recovery. The highest purity val ues of
Tabl e 7 VMQ4u#ae804crystal | i zati on. Met hods such as zone reCirnisegossd vacuum
sublimation can yield 10 materials of nuch greater purifies. TABLE 7 Purity
of I ndividual H gher D anondoids Cbtained from Tertiary |solation
Procedures Tertiary Isolation Purity of Purity of Purity of Purity of
Purity of Purity of Purity of Procedures of Tetra- Penta- Hexa- Hepta-
Qcta- Nona- Deca- Individual nmantanes mantanes nantanes mantanes nmant anes
Mant anes mant anes Tetramant anes, Pentanmantanes, Hexanmantanes, etc.,

Fractions Prepated i@l .9
Chr omat ograp%t Hi gh Pearf?)rﬁn%%élg’gi%g})% g%gb %Q%%&Sagl?%@%%%gn%ggég 9 >2-99:9
Seaglo

>1-99.9 1>§ <k Aqandivarirasted by fguig hrome® sEANWOLI. 8ilve altetid amsitita gel)

Pent amant a ' 11 ar r tography A distillation
fraction c%ﬁ?gllgﬁ? %%gﬁgﬁ‘?%%ﬁf@esmﬁ‘g’%xsp@@es%-egﬂgEfeﬁamﬁ‘(%% rative 20,
~capi-kl-ar y- dasmetopmphic dgeiphyollt@orexanp tb Eylidch@aicsiol @booicdivith@pedmant ane.- 18

Jul.y 2005 . V. %96804 PCT/ US02/ 04549 53- The distillation fraction 38 was
pr épar ed bifF SPCPRARERE Hme by gagriaundagrarhyrmassperiroseopy i/ Mes

‘treated by (RIGA%4, Gtgmonmat ogr aphy (10% silver nitrate on silica gel)

The preparative gas chromatograph used two capillary columns to effect
separation of the pentamantane. The distillate fraction sample in cyclohexane solution
was mjected (1_ microliter) into a first gas chroinatographic column with the inlet

10 operating in splitless mode. The sample was separated utilizing the (ﬁonpolar) gas
chromatographic column and the chromatographic peak corresponding to the target
pentamahtane was shunted to a second (polar) chromatographic column to further
separate the target pentamantane, The material shunted to the second column was further

cut and the product sent to a fraction col*iector, thus trapping two isolated pentamantanes.

15 The preparative gas chromatograph is computer assisted and can be operated in an

automated mode,

When sufficient pentamantane was isolated in the collector trap, the trap was
removed from the chromatograph and the two pentamantanes were dissolved in
cyclohexane and crystallized. FIG. 23 shows a crystal approximately 250 micron in

20 diameter that was dissolved in cyclohexane and recrystallized. It consists of two
pentamantanes which co-crystallized. This procedure was also used on the pyrolysis
product of Example 5 (cleéne_d—up using Example 1, Step 5) to isolate Pentamante #1 (the
first pentamantane to elute in. our GC/MS assay). FIG.27isa photoinicrograph of
Pentamantane #1 crystals and FIG. 27B and C are GC/MS TIC chromatogram and mass

25 spectrum (showing high purity) isolated using this procedure.



to renove all but the saturated hydrocarbons (FIG 34). Thetpu@paoes i ve gas
chromat ographic fraction collector was set to collect materi al associ ated
w th a aeakobsshfdentified as a pentamantane isoner by gagcghiseimkeor aphy
mass spectroscopy (GUMS) (FIG 34, Step 2). The preparative gas

chromat ograph used two capillary colums to effect @ separation of the

pent amant ane. The distillate fraction sanple in cycl ohexane solution was
injected (1 mcroliter) into a first gas chromatographic colum with the
inlet 10 operating in splitless rmde5 The sanpl e was separated utilizing

the (nonpol ar) gas chromatographi ¢ ¢61 um and the chronat ogr aphi ¢ peak

corresponding to the target pent a&gb@ﬁﬁfas shunted to a second (polar)

chromat ographi ¢ colum to further the target pentamantane. The
mat eri al shunted to the second col um s further, cut and the product sent

to a fraction COFFECEERes Qeemmugnes ¢ Lhsigmeegray Bl vrntafididhes. 15 The .

preparative gas chromatograph is conputer assisted and can be operated in
—an - autonmated node.. Wien suf ficient pentamantane.ywas isqlated inthe - -

col lector tr ap%’t“f’?@ce}%ég‘ %?eﬁ@mgam%n%h&adﬁﬁ%‘aﬁ'ﬁ 'Bnd the two
pent anmant giyesyiep8datit SERkangsle 1 NStef B ¢4 SHdRHANADA crbd iR drhZ8tstratdd@ 23

shows a crystal approxi matell%/I 250 micron in 20 dianeter that was dissol ved

in cycl ohed@rie24ml. Peeeifjcally) H1G7 34 shaves the Hrgontdensed beplgmanienss ahraftMBes whi ch
co- cryst algy i ' gH? . t [ i product of
Exanpl e 5 Pl’(I (t:;lzggsnhé)qd;{gtﬁ%e ué?%lgg@(gﬁg@a%ﬁ ep&% %f% %&?gﬁér g{%ﬁeéﬁ%mant e #1
(the fi r sonieamdadeanhanmetad net 48 @i this aneter{EAlUIMS CALS alyia. illhdifatedd these a :
phot om cr aph of en tane #1 crystals and_FI G  27B and, C are GO/ M5
T|Cchron3§§gf‘é(ﬁﬁedﬁﬁfwaé§@§a§ XePlech SiP)! @mﬁ%ﬁhﬁ@%‘f-ated usi ng
this procedure. 18 July 2005 WO 02/096804 PCT/ UB02/04549 -54- EXAMPLE 10
Hept amant anes, QOct anmant anes and‘%ﬁrﬁﬂhﬁnﬁi' n Pyrolysis Products

Isolation of Hepmman'tane Components by Preparative Capillary Gas Chromatography

The eluent from the column chromatography (Step 6, FIG. 34) was analyzed by
GC/MS to determine the GC retention times of heptamantanes. Individual heptamantane
10 components with molecular weight 394 and 448 were assigned 2 number according to
their elution order on our GC/MS assay (see FIG. 35A. for representative assay values).
Molecular weight 448 heptamantanes, the most abundant heptamantane family, were
selected for cbnvenience_ in this Example. Similar assays could be prepared for the other

molecular weight heptamantanes,

15 A two-colunmmn preparativé capillary gas chromatograph was then used to isolate
heptamantanes from the distillate fractions cleanecl—up by column chromatography. The
cut times for the heptamantanes were set for the first preparative capillary GC column,
methyl silicone DB —1 equivalent, using the retention times-and patterns from GC/MS
assay (from Step 2 above, FIG. 34).

20 - The first column was used to concentrate the heptamantanes by taking cuts that

were then sent to the second column. The second column, phenyl-methyl silicone a DB-

i




Evi dence for the presence of these higher dianondoids in th#8duleadesd- up
pyrol ysis product of Exanple 1, Step 6 is shown in the ion chromatograns
illustrWea2ms804FI G s. 24-26. Specifically, FIG 24 shovecmisemigondensed
hept amant anes at nfz 448; FIG 25 shows the condensed octamantanes at nifz
446; FIG 26 shows the highly 5 condensed decamantane at mz 456 in this
material. GC/MS data illustrated in these FIGs. were used in GO M5 assays
(Exanmple 1, Step 2) in Exanples 11, 12 and 14. EXAWMPLE 11A Isol ation

of Hept ai nant ane Conponents by Preparative Capillary Gas Chromatography The
el uent fromthe colum chromat ography (Step 6, FIG 34) was anal yzed by

GClI M5 to det gfubdangit t '%ﬁlr{cﬁigﬁﬁ .%gggm] Vi dual
hept amant aneéqlo‘acorfpfgﬁ}é%gﬁﬁtﬁéﬂ ecul ar h\%@iagﬁt 4 aﬁ%%%gﬁdv}gérne‘b%ssi ghed
a nunber aBEdiiselgtetnsaks dfditercs] andirgnindhaie in ipdivitmnl GakKBmdsAyGCsep FI G 35A

f at i Lyes) . Mol ecul i ght 448 hept amant anes, th
most | abundantohaNCaaane ks Bty priEe e EBudlbn  oRO BB o thi o

-----Exam)l---e-.---Sra]:iﬁ'&tioﬁémaoﬂmﬂdhnh&”u@ﬁ@pﬁfc@ﬂedﬂﬁtﬁd‘&pﬂﬁﬁﬁiofﬁlﬁ&ﬁﬁﬂi&ﬁrﬂmi'g'ht' o

hept amant . 15 -cqQlym_preparative capillary gas chromat ograph was

t hen usedaﬁ@s %@Méﬁﬁ%ﬁ%&gmﬁwﬁlt(ﬁ@%@ﬁqﬂldéﬁéhwf@dﬂﬂ@ﬁs‘

- ¢l eaned- UphdpYanfaRiaHER 1 GRIARBLS He 2Ry ruld sk Sﬁ?ﬁ%elﬁ &fsM%lﬂ%%t@@HPt anes
colum,  netfy

were set for the first preparative capillary silicone DB
-1 equi val @atysis g§ a4 materiel showied it to bebeptanahtpetitZe (iiss frocedu@ChiBbe assay

(from Step, af’ela%?sg)l/a'%%géﬁoﬂ%}hm%agn;rﬁe first colum was used to concentrate

t he hept amaht anes ing c 4 OWRPE M hen sent to the second col um.
The second col um, phenyl-nethyl silicone a DB 18 July 2005 WO 02/096804

PCT/ US02/ 04549 - Y nt. further separated.and .ified the
hept amant ane cgiﬁg?r%%}?%&%ﬁ%“?%%e%ﬁm&a Se‘ﬁerf‘glpﬁnsai‘togteg?op“éggéi Pttt er est and
rétain thehwertly inrthié stbyslowfromisaluio. t Uags tHe-filkrosépetdt 3PX rhdpaffichidn, dyias

collected and f lit.her rocesGsed fgr fhe separation of heptamantane #1. GC
were visible in preparative GC trap iraction 2 (see FIG. 20A). These crystals were

perfectly clear and showed high refractive index. Crystals of heptamantane component

#1 had never existed before this isolation. Where concentrations are not high enough for
crystallization to occur, further concentration by preparative GC may be necessary.

15 Crystals of heptamantane component #2 had never existed before this isolation.

After obtaining crystals of suitable size, heptamantane materials could be sent for
structural determination using X-ray diffraction. Enantiomeric heptamantanes can

undergo further separations to resolve their two components.

EXAMPLE 11B

Purification of Siizgle Heptamantane Components by HPLC

HPLC was also shown to provide sufficient enrichments of some heptamantanes
20 to allow for their crystallization.

The HPLC columns used were the same as those given in the other examples
(ODS and Hypercarb). A 500 microliter sample of a solution of the cut 7 pyrolysis
product saturated hydrocarbon fraction (product of Step 6, FIG. 34) was injected into the



trap fraction 4 was collected and further processed for thel&é&gnReAS on of
hept amant ane #2. 5 Subsequent GO/ MS anal ysis of trap #2 material (FIGS. 29B
and C) wioommdsdot to be heptanmantane #1 based upon the mawUs$ero4s9n GC/ MS
assay of step 4. Simlarly, the GC analysis of trap #4 material showed it
to be heptamantane #2. This procedure could be repeated to isolate the

ot her heptanmant ane conponents. The highly concentrated heptamantanes were
then allowed to crystallize either 10 directly in the trap or from

sol ution. Under the mcroscope at 3QX magnification, crystals were visible
in preparative GC trap fraction 2 (See FIG 29A). These crystals were
perfectly amant ane-
conponent égg%hl‘@h%e%r@gl g:&? l[‘)sg{’(ﬁ)fgrg ?igeh?g% %ﬁ%t@éﬁzsrogﬁec%ﬁg%nt rations
are not hi@QBbSéidgfradtions 1eacl;edtﬂ:wﬂmm;anecmmwcfomdmdpalfhmptahmtawrtoent rati on by

Rad never ‘AN asot OIS AT St B¢ A et BUCRAC G A OFS of

~suit-abl e SiEEC FASRHSAFBN hefenaRiRH $nsOD9 Wrd. (DRacEen ¥ 6 Ond heptbmehtdhda
determ nation using X-ray diffraction. Enantioneric hept amant anes can

urider go f Wi0He OTE%e L@tftaéh@l# 87, ﬁwd/énthn@separﬁw ayptesns WAVPLE 11B

o provi ac a8\ Ry AR AO8S ALRABTRICE 2300 Mk Burlihh P%a 0, For

their cr ysrbaﬂﬂednatﬁeqmnty‘ﬁhewhﬁja(bmﬂudwﬂ hqﬂmdan&aree:obdpene;mte cpstalmese gi ven

intheothre S and Hypercarb). mcr er. sanple of a .
sol uti on a?’%%?%?%l?oé‘em é‘éflﬁ‘pg]%g&a?ﬁ? S‘J #on fraction
(product ofe §Irf%ﬁta§e #7| Che B ﬁer‘ﬂ?a&dnﬂdnﬁ@ine@nbﬁgIQPE@ﬁa&ﬁmﬂ bhuld BOSparaiid

02/ 096804 PCT/ US02/ 04549 - ODS colums. Pyrolysis of Cut 7 used 25.8 g.

httat ed at usBgdurter ch@mﬁtcgra@mequwwc uding pripeEiive ersichmmptoesaEeadt he
purity necg e (e.g., ODS
oL oSt APEC B AR gL

Additionally other techniques known m the crystaﬂlzatlon art could be utilized including

but not limited fo fractional sublimation, progressive recrystallization or zone refining

could be used to purify the heptamantanes.

15 By using similar methodology as above, i.e. fractionating heptamantane-
containing QDS fractions using the Hypercarb or other suitable colunms and collecting at
corréspondin'g elution times can lead to the isolation of the remaining heptamantanes.
This is also true of the heptamantanes with molecular weights of 420 and 434, that are in
much lower abundance in our feedstocks than heptamantane coxﬁponents showing

20 molecular weights of 394 and 448. A heptamantane component of molecular weight 420
shows up in ODS HPLC fraction #61 with a very strong molecular ion in the mass
spectrum for the m/z 420 compdnent running at 16.71 min.

EXAMPLE 11C

Isolation of Substituted Heptamanianes

Substituted heptamantanes including alkylheptamantanes also are present in

25 Feedstock A and B. Alkylheptamantanes can be purified by removal of nondiamondoid

o1




HPLC fraction # 41, heptamantane # 9 in ODS HPLC fracti on #18July 2005

hept amantane 5 #10 in ODS HPLC fraction # 87, required further separation
on HPLCwogse/eawsoami th different selectivities. Running pheHdsgecti ons
(FIG 35B) on a Hypercarb colum resulted in the purity necessary for’

i ndi vi dual hept anmant ane conmponents to crystallize as shown for

hept amant ane conponent # 1 in Hypercarb HPLC fraction # 55 and hept amant ane
#2. The hi gher dianmondoids in various HPLC fractions could be separated 10
usi ng further chromatographic.techni gues i ncl udi ng preparative gas

chromat ogr aphy and additional HPLC Tuns using colums of different

sel ecti Vi t ¥m@&iRY &bl - ﬁﬂgl I: r [ own_in the
crystallizat ]ﬁ%xn aﬁo%gqsgﬁ E%Xg?ﬂ i 212%9%}3%8%%% g&ﬁgﬁgp&% f‘eﬁltaﬁ %8%85 |
f racti onal s@ubye prelyseaproqssng, esde the hegamygim dompatdneprevioasnRlentifi¢di ng
could be u £ rif he hept.amant anes. 15 By usi.ng si_m]ar nethodol ogy

as above, ?ﬁlgs'tﬁu?? acﬁ%ﬁ@ﬁ?ﬁgﬁmﬁﬁ@m@% ﬁ?nzl?eﬂ@‘%@jﬁé”%#‘ﬁgi’l’%ﬁ’s usi ng
~the Hyper casilig o8ingle!HI.Sthphiafibe MOhdHBASy1AB0h GRS R RY mABFgSponding -
elution tines_can | ead to the isolation of the renaini ag hept amant anes.

[

This is al ¥6Et08iekinanmess sgstrametsicwnalerulm iacaf nx(e 40kiagA skovoh k29 and

434, that } g el J S t t amant ane
corrponents_%seﬁttgJ\)/\rll'ﬁtﬁlhg?]1 20 ﬁ%ﬁecuﬁ@?g&gﬁgﬁgxg% %ﬁgancqgﬁeﬁﬁg%‘aﬂgpﬁa Mant ane
conponent N pdi¢abiyg lofe heparginttand 2icighows up in ODS HPLC fraction #61 with a
very strong nolecular ion in the mass spectrumfor the m z 420 conponent
running at 16.71 mn. EXAMPLE 11C Isol ation of Substituted Heptanmantanes
Substi-tut ed heptamant anes i ncl udi EXAMERYLEHZA amant anes al so are present in
25 Feedstock A and B. Al kyl heptamant anes can be purified by renoval of

nondi anondoi d 18 Jul y 200%/at@o024026804 Clalpddeky2/ 04549 57 inpurities from
f eedst ocks using pyrolysis as shown above. Certain al kyl hept amant anes
survive pyrolysis processing, as do the heptanantane conponents previously
i dentifi ed. An octamantane-enriched fraction from Step 6 was subjected to reverse-phase

=D

10 HPLC. In some cases, reverse-phase HPLC with acetone as mobile phase can be used to
effect this purification. A preparative QDS HPLC run of Feedstock B distillate cut 7
pyrolysis product saturated hydrocarbon fraction was performed and the HPLC
chromatogram recorded using a differential refractom_éter. HPLC fractions were
analyzed by GC/MS to determine octamantane HPLC elution times and menitor purity

15 (see FIG. 35A for representative assay values). The HPLC columns vsed were the same
ODS (F IG. 35B) and Hypercarb systems used in previous examples. A 500 microliter
sample of an acetone solution of the cut 7 pyrolysis product saturated hydrocarbon
fraction (25 mg) was injected into the QDS columns. While using this HPLC system,
some octamantanes reached purity needed for individual octamantanes to crystallize.

20 HPLC Fraction 63 yielded octamantane #3 and #5 together, which co-crystallized from

the fraction_4

For isolation in high purity of other octamantane components, multiple columns

can be employed, e.g. Hypercarb.




Substituted hept amant anes i ncl udi-ng al kyl hept ai nant anes can1®guly 2005t ed ‘i n
high purity wusing a single HPLC separation. Mnonethyl ated hept amant anes

have a Q) @amdisay 5 wei ght of 408 (yielding a mass spect peHRishi/gusiP! ecul ar
ion of mz 408, and show a nass spectronetric |oss of the nmethyl group

giving the mz 393 nass spectronetric fragnment ion indicative of a

hept amant ane noi ety. EXAMPLE 12A |solation of Octanmantane Conponents An
oct amant ane-enriched fraction from Step 6 was subjected to reverse-phase 10
HPLC. In sone cases, - reverse-phase HPLC with acetone as nobil e phase can be
used to effect this purification. "R°reparative ODS HPLC run of Feedstock

B distillate cut 7 pyrolysis pro | u ed hydrocarbon fraction was
performed and the HPLC chromat ogﬂ:m%{& using a differential
refractoneter. HPLC }SP cti on wer e aI yzed 8?] GCI M5 to determ ne

t

oct amant ane HPLC el u HO“EP stiftegd "’t"B’rm PONEBIS(see FI G 35A for ,
representative assay values). The HPLC colums used were the sane QDS

~(FI G--35B)-and ercarb systens -used i-n pre S .ex A-500 -
mcroliter sa OWWEQ%Q%P@%‘FW%? g‘?‘%ﬁ ‘f‘&?c"ﬁs‘?ag‘?ry"é’fls pr oduct
sat ur at ed fdliesadhaitares SODS HPT@ rabth 9P ntAhELhBlhylaMiQctaiBn@RSinc 0l umms.

While using this HPLC system sone octanmant anes reached purity needed for
i ndi vi dual higle pukimnMenewethplated potaniaptapes haye alﬂm_l@tﬂmamgm nf 6@ &nf'édlu@@l

o0k AT A IR AR b SO AR RS L

col ums caahfieremyiong the ne/z845 Mapespeaidmetdid ﬁh!ghmntaeﬁﬁldldwv@aﬂ £496804
PCT/ US02/ 04549 -58- EXAMPLE 12B Isol ation qof Substituted Octanantane
Conponent s°¢ %&FaRWBE%O% Pk oRRthar PR HKHloge MRl R S FEEEdR P9 es cr i bed

for non-  or Hypercarb HPLC fraction, an additional HPLC separation of that fraction or
preparative GC procedure (as in Example 3) can yield high purity alkyloctamantanes.

EXAMPLE 13A

10 Isolation of Nonamantane Components

A preparative ODS HPLC run of Feedstock B distillate cut 7 pyrolysis product
saturated hydrocarbon fraction was performed and the HPLC ﬁactions were analyzed by
GC/MS to determine nonamantane HPLC elution times and monitor purity. A 500
microliter sample of an acetone solution of the cut 7 pyrolysis product saturated
15 * hydrocarbon fraction (25 mg) was injected into the columns. The columns were set-up

using acetone at 5.00 ml/min as 2 mobile phase carrier.

For isolation of nonamantane (FIG. 38), multiple HPLC columns can be
employed. To illusirate this methodology, HPLC columns of different selectivities '(ODS
and Hypercarb, as described in previous examples) were used in succession to isolate a
20 single nonamantane. From the ODS HPLC run, the nonamantane containjlig fractions
84-88 (FIG. 35B) were combined for further purification on a Hypercarb HPLC system.



al kyl at ed octamantanes. ODS HPLC fraction 94 contains a net fylgy 2005
octamantane in high purity. Mpnonet hyl ated oct amant anes have a nol ecul ar
wei ght  &fo ébildedpyi €l ding a 5 nmass spectronetric nol ecul arpdaike9fsid Z 460,
and show a mass spectronetric loss of the nethyl group giving the mlz 445
mass spectronetric fragnent ion indicative of an octamantane noiety. Al so,
where nore than one al kyl octamantane is present in an ODS or Hypercarb
HPLC fraction, an additional BPLC separation of that fraction or
preparative GC procedure (as in Exang(%e 3) can yield high purity

al kyl oct amant anes. EXAMPLE 13A 10 I%sofation of Nonamanta e Conponents A
preparative ODSHPLC run_of .Feedstock B.distillate cut | ysi s product
sat urated hydro 3%%%%% 5@??%&%?’????%?%Wﬁtg]yﬁrf&gﬁﬁéggm(?i ons were
anal yzed byombatddVRction (B £8) Hh HRthyna FRIbHAB BntbitkEHSbéitirB Roluli¥e 84,6880 NONI t or
purity. A 500 mcroliter sanple of an acetone solution of the cut 7

pyrol ysi s PYottmmy qperteddn perigsyaing angthane ghilpside ah1-00 Blifgin asarobilsj ect ed
--'-"-i'---n-to---t-he---c]}g]ﬂaggms. The col ums were set-up using acetone at 5.00 m/m n—-as -
a nobil e phase carrier. For isolation of nonamantane (FIG 38), nultiple
HPLC col ums can be enployed.. To illustrate this nethodol ogy, HPLC

cokums of di f heSBRLneRE 648 %Eﬂa%eﬁ%ﬁr aQ@@HP%@mE%Bﬁ% ﬁﬁrsgme%%pgﬁ%r I bed in
previ ous exanples) were used I n succession to isofate a singl e
nonamant andationargphasgeoldDs: biRvdtiraselvanheonsotingrafmethglesoctlaide/acgofe act i ons

84-85 (FI ; re conbined f urther purification on a Hypercarb HPLC
syst em 137 9-‘3”?3%%&%%%@8@@%0@8#%82/ 04549 59 W injected a 50
mcroliter sanple of approximately 1 ng of ODS HPLC conbined fraction ‘
(84-88) in met ene chl gride.onto two ercarb colums (4.6 mMm 1.D. X
200 nm), operated Slmﬁg Y. ﬂ&mﬁ@f)aodf’%?%ih%%%éﬁcﬁ?c PHREICTANEEN / i n as
nmobi | e  phestinity QDSIENT &a&idneSsing eblahiid wath dffirbitiselebiRlifes! $H0h USiBY t he
sane Hyperﬁ arb . . . .
10 ypercarb or other suitable columns, we 1solat§d a molecular weight 498 nonamantane in

high purity (FIG’s. 39 and 40). This method could be repeated to isolate the

nonamantanes with molecular weights of 552, and the nonamantanes of molecular

weights 538, 484 and 444, which respectively are in lower abundance in our feedstocks.

Note that enanfiomeric nonamantanes are not resolved in GS/MS, however these

15 enantiomers can be isolated by chiral separation methods.

EXAMPLE 13B

Isolation of Substituted Nonamantanes

Substituted nonamantanes also are present in Feedstock A and B.
Alkylnonamantanes can be purified using methodologies described for non-alkylated
nonamantanes. One type of monomethylated nonamantane has a molecular weight of

20 512 (yieldiﬁg a mass spectrometric molecular ion of myz 512, and show a‘l-n.ass
spectrometric loés of the methyl group giving the m/z 497 mass spectrometric fragment
ion indicative of a nonamantane moiety. More than one alkylnonamantane is present and
these could be isolated using ODS or Hypercarb columns, an additional HPLC
separaﬁon, or by preparative GC to yield high purity alkylmonamantanes



stationary phase colum but with a solvent consisting of netfiyhigpeos

chl ori de/ acetone (70:30 volune percent operating at 1.00 m/mn). By using
a siml jol ogy as above, i.e. fractionating nona <font ai ni ng
DS HPL%’(%‘?%J@%M using colums with different selecti \g??;iug@%%ch as the
10 Hypercarb or other suitable colums, we isolated a nol ecul ar wei ght 498
nonamantane in high purity (FIGs. 39 and 40). This nmethod could be
repeated to isolate the nonamantanes with nol ecul ar wei ghts of 552, and

t he nonamant anes of nolecular weights 53 8, 484 and 444, which
respectively are in | ower abundance 9dr our feedstocks. Note that

enanti omeri ¢ nonamant anes are not resolved in G5/ M5, however these 15
enanti omers can be isol ated by chifehMEEIHA | on met hods. EXAVPLE 13B

| sol ation of Substituted Nonamantanes Substituted nonamantanes al so are
present in Feedstock A afidlagon opDgspmesivanbaraA®Eiscan be purified using

nmet hodol ogi es descri bed for non-al kyl ated nonamantanes. One type of
~monomet hyl-at ed nonamant ane has a nol ecul ar weight of 20 512 (yielding-a -

 mass spect r onet 4 Peepawtige QDT rr ofhepdstoek B dipdllatermaiy’ RYiolist Praduett ronet ri ¢
| oss of t 'H%nﬂ?t%ﬁ'%{&dr%eﬁ’b'tﬂl AN Y al P& rihRd ﬁ%&ﬂﬁ?%aﬁ@&ﬁ%eﬁ%tah}zgd %agrrent
'y, Nore't yI Hona

ion indicative of” a nonamant ane I et an one a ntane i s
present ardC/M8¢séetemihelddsemargaedRUC ahtion tifiSamirmdbifpe padty b ThoHBRGS, an

addi tional HPLC separati-orn, or ative to yiel ' urity
21yl nonarENTEREC R PG DB AeRo3t Sosknn werrubsleAons) SiBit e e
14A | sol ajgefiledin sbie&aRFRARISARERAMERIT afad¥iR bRt 6f Bt H Wi of
Feedst ock distillate cut 7 pyrolysis product saturated hydrocarbon

fraction viedysépatwiatddydiegerbim Eadtioad? wakworiviscts atg deolypnsGEAMS t o
determ ne JRGANANLERG-dFkiipShAbAPR S0 RFmANE TRk Shaddthidey - THE HPLC

For isolation of decamantane components, multiple HPLC columns can be
10 employed. To ilustrate this methodology, HPLC columns of different selectivities were
- used in succession fo isolate a single decamantane. The first HPLC system consisted of
the same ODS columns described previously. From this HPLC run, the decamantane
containing fractions 74-83 were combined for further purification on a second HPL.C
system. Five such runs were completed'and all decamantane containing fractions from
15 the runs were combined. This comnbined fraction contained a molecular weight 456

decamantane and various impurities.

To purify the combined HPLC fractions 74-83 from the ODS HPLC separation,
we injected a 50 microliter sample of approximately 1 mig of ODS HPLC combined
fraction in acetone/methylene chloride (70:30 volume percent) onto two Hypercarb
20 columns, 4.6 mm L.D. x 200 mm, operated in series using acetone/methylene chloride
(70:30 volume percent) at 1.00 mL/min as mobile phase (@480 psi), and isolation (FIG. |
39} and crystallization (FIG. 40) of decamantane was achieved. C i

By using a similar methodology as above, i.e. fractionating decamantane-

containing ODS HPLC fractions using columns with different selectivities, such as the

-y




5 colums used were two 50cm x 20mm | . D. What man oct adecyl $8 hayneoas0DS)
colums operated in series. A 500 mcroliter sanple of an acetone solution
of the owb oZnwgeol ysis product saturated hydrocarbon frpagidie{sdd ny) was
injected into the colums. The colums were set-up using acetone at 5.00
m/mn as a nobile phase carrier. For isolation of. decamantane conponents,
mul tiple HPLC col ums can be 10 enployed. To illustrate this nethodol ogy,
HPLC colums of different selectivities were wused in succession to isolate
a single decanantane. The first HPLC_system consisted of the sane ODS
col ums descri bed previously. From fﬁ?é HPLC run, the decanmant ane
cont ai ni ng j 4- re c i for_further.purificatiqn an a
second HPL g ylbgriéét"tbceb?n%t I %/lgégil%gcﬁﬁ]ﬁ}%’rs@%\gg@teg 8 %ﬂl%:fliea‘ﬁ W }%’c‘gﬁ ae& 818%1’%% f'Bne
cont ai ni ng highgmitityof$G fsr add4 ) h&This winshodenald be tdpented to Fblas thoNbi ned fracti on
cont ai ned 3 nol ecul ar. wei ght 456 degg ntane and various inpurities. To '

purify t he “CEHEPRES Wb BOCWat VEightsp spyedls dpplecss warghes 998,084 on,  we

i nj ected aahdiRldeiRlnta8s SRIDLGIS WARR 06 TRE £li¥508, WBicP feshdeRyélFafe igOMDI ned- -

fraction in acetone/ methylene chloride (70:30 vol ume percent) onto two
Hyper car b Xover gbundance in oBr fendstocks. Noz@imt prantioperadedmpniamsaiemtusi ng

acet one/ ne I : vol r cent t .00 ngb/mn as nobile
phase (@88&;%15‘}??81%%@% glgﬁ’SY%%S?g‘?ﬁ%ﬁg‘g)cgg?F S@F‘%%?XF#%&%Q%%OFFI G 40) of
decanmant aneeitegs.achi eved. By using a sinmilar methodol ogy as above, i.e.
fractionating decamant ane- containing ODS HPLC fractions using colums with
different selectivities, such as the 18 July 2005 WO 02/096804

PCT/ US02/ 04549 -61- Hypercarb or JEXAMMLE t4ibl e col uims, we isolated a

nmol ecul ar wei ght 456  decamantane in high purity (FIGs. 39 and 40). This

met hod coul d be repeat ed t disblafibpbfSibhiautedPecimmirtaaes W th nol ecul ar
wei ghts of 496 as well as nol ecul ar weights 550 or 604, and the

decamant anes of nol ecul ar wei ghts 536, 576 and 590, which respectively are
i.n 5 | ower abunSatindatddiccathaftard alsoaicresiatieFédislocieAantiRNer i ¢ decamant anes
are not ; . . .
10 Alkyldecamantanes can be purified using methodologies described for non-alkylated
decamantanes. One type of monomethylated decamantane has a molecular weight of 470
(yielding a mass spectrometric molecular ion of m/z 470). Also, where more than one
alkyldecamantane is present in an ODS or Hypercarb HPILC fraction, an additional HPLC
separation of that fraction or an alternative preparative GC procedure can vield high

15 purity alkyldecamantanes.

EXAMPLE 15

Isolation of Undecamantane Components

For isolation of undecainantane components in high purity, multiple HPLC
columns can be employed. This methodology was demonstrated using decamantane with -
HPLC columns.of different selectivities used in succession to isolate a single
20 decamantane. An appropriate starting material, Feedstock B, distillation cut 7 pyrolysis
product. |



resol ved in GS/MS, however these enantionmers can be isol at et byly 2005 al
separation nethods. EXAMPLE 14B |sol ati on of Substituted Decanmant anes
Subst i t wicest/dggoanant anes al so are present in Feedstock pcendofiesdl

Al kyl decarmant anes can be purified using nethodol ogi es descri bed for
non- al kyl ated decamantanes. One type of nononet hyl ated decamant ane has a
nol ecul ar wei ght of 470 (yielding a mass spectronetric nol ecul ar ion of
mz 470). Al so, where nore than one al kyl decanantane is present in an ODS
or Hypercarb HPLC fraction, an add[g%gnal HPLC separation of that fraction
or an alternative preparative GC pr edure can yield high 15 purity

"sol at i on of urRsEmeRa:  SArpBAshil O TR TR oG R R
col ums cafiecien ermldi by ?ﬂi‘lﬁe'ﬂmn& I-Irjqj‘efb@ﬂﬂlmm uwriag adgsemsdimiirad thaséxdphined

decamant ane HPLC col f drfferent selectrvrtres used in
successi ornf® tl%\ﬁqt%@ﬁcé‘?’ém&“sr eated todsolats e wdecamantanss ¢ j ng

~material, Jegs k@&a&@mgﬂsafsidﬁwo&no@%w%uaxrxgiwc%aa%we@gﬁpmtez glgglul y 2005

VD 02/ 096804 PCT/ US02/ 04549 - 62- Undécamantane |s concentrated in’ ODS HPLC
fracti on 108-er 34 whichs@pectivplysre dntigipetied to boin Idwisealpmdatidednowrfeslstagser car b
HPLC using a systemsimlar to that explained to isolate decamantane. This
nmet hod coul d be repeated to isolate the undecanantanes w th nol ecul ar

wei ghts of 656 and/or 602, as well as nol ecul ar wei ghts 642,628, 588, 5 548
or 534 which respectively are anticipated to be in | ower abundance in our
feedstocks. it 18 July 2005



WD 02/ 096804 PCTI US02/ 04-549 63 WHAT IS CLAIMED IS: 1. A pi&dag2005r
recovering a conposition enriched in tetranmantane conponents and other

hi gher dwereneg®éd conponents whi ch process conprises: a.pSEUSHIdHEY a

f eedstock conprising recoverabl e anounts of tetramantane conponents and
ot her hi gher di anondoi d conponents; |i b. renoving a sufficient anount of
conponents fromthe feedstock having a boiling point |ess than the | owest
boi li ng point tetramantane conponent under conditions wherein recoverable
anounts of tetramantane conponents d ot her higher dianondoid conponents
are retained in the treated feedstock; and c. thermally treating the

f eedst ock r‘ggg SGHLM pove to pyrolyze at |east a sufficient anmount
of nondi anondoi'd conponent’s therefromto permt recovery of tetramantane

conmponents and ot her hi gher dianondoid conponents fromthe pyrolytically
treated feedstogk wherein said pyrolysis is conducted under conditions to
provide for-a t{eAPeas o8 E4FEYHHEIE 3 ¢OMNISiHion gDFiskadvia fe{rmantne gpMBOnShLS

~-{-et ramant-ane -¢og 1 . . - L hiak I Al - id cor I ent s. 2. A
process of | ai mROGR RuRetiaftohidid BBl SAER B, SRERERT oce
nondi anondoi d conponents having a boiling point both bel ow and above the

| onest boi ling pointcfat gaz{%@&s%% cg%ﬁgggﬁg%dovg‘rglglﬁga}rghgtg‘ﬁ%ggﬁg{%iaéomr

di amondoi d conponent. 3.7 A proces ecover enri ched
in tetramantane conpamngohets axcbtledrhéghchiighendsld asmpslend; conponent s whi ch
process conprises: a. selecting a feedstock conprising recoverabl e anmounts

of tetramantaneb. conponeing s saffidicat ftsund oOERhPHARTRUOME FeAABHORRRS: 18
Jully 2005 boiling point less than the lowest boiling point tetramantane component
under conditions wherein recoverable amounts of tetramantane
components and otﬁer higher diamondoid components are retained in the

treated feedstock; and

c. thermally freating the feedstoék recovered in b} above to pyrolyze at least
a sufficient amount of nondiamondoid components therefrom to permit
recovery of tetramantane components and other higher diamondoid
components from the pyrolytically {reated feedstock wherein said
pyrolysis is conducted under conditions to provide for a treated feedstock
retaining recoverable amownts of tetramantane components and other

higher diamondoid compornents.

2. A process of Claim 1 wherein the feedstock additionally comprises
nondiamondoid components having a boiling point both below and above the

lowest boiling point tetramantane component, and at least one lower diamondoid

component.

3. A process for recovering a composition enriched in tetramantane components

and other higher diamondoid components which process comprises:

a. selecting a feedstock comprising recoverable amounts of teframantane

components and other higher diamondoids components;~ -~~~




----------- WO 02/ 096804 PCTI US02/ 041-49 -64- b. thermally18 p@pakoos t he
feedstock to pyrolyze at |east a sufficient anmount of nondi anondoi d
conponeficgpoiddedogf romto permt recovery of tetramautane pcafigho9bfagy hi gher
di anondoi'd conponents fromthe pyrolytically treated feedstock wherein
said pyrolysis is conducted under conditions to provide for a treated
feedst ock retaining recoverabl e anmounts of tetramantane conponents and
ot her hi gher di anondoi d conponents; and c. renoving a sufficient anmount of
t hose conponents fromthe feedstock @gurvi ving pyrolysis which conmponents

have a boiling point |ess than the west boiling point tetramantane

conponent under, condjtions wherein,. recoverable anpunts .tetra ane
conponent s and %t her Ffeat&ﬁ%fhﬁﬁﬁgsﬁ%ﬁ(;t8mtaggﬁgé‘ SP@{C%?PW&O‘EE& he
treated feedstock, %onmﬁmﬁﬂﬁﬁ%&ﬁp&fen@'tﬁér@&&n%ﬁérﬁﬁﬂ}e&ﬂfmfyl oFi@amamamint s of

| ower di anondoid conponents are renoved fromthe feedstock to provide for -

a treated feedstock and@Hfsr highardizmengoidcospopprts Grpthe PEplytiealiredied nondoi d

process of Claim4 ereln surficle nount's o we I.anon
conponent s are renoveda fredied fdadstéokradnindpiretavembprnttemfsart teratmastated

feedstock conprising a ratio of the.amunt of .|ower di angndoid conponents
to the amount of hiBHBPRGYS b MEPEhARaRad SIBRSHE 991 or | ess. 6. The

process of Claimb5 wherejn suh_fi,ci ent arTE nts of | ower ditgen{%n(goi
conponent s ar e r enoVEHTHEMTHEPEERSE ?WPE@S?%F‘ Pelced
feedstock conpri si &grﬁvihg,t}sﬁo@éis %Hﬁh%ﬁiﬁﬂéﬁen&fhabé)%émﬂ% poRNdQiEhngRaPONENt S
to the anount of higher di'anohdoi d conmponents of abouf 1:1 or |ess. 18

July 2005 WD 02109688wast bailingpoly Gasmgniane component under conditions wherein

recoverable amounts of tetramantane components and other higher

diamondoid components are retained in the treated feedstock.

4. The process of Claim 2 wherein sufficient amounts of lower diamondoid
components are removed from the feedstock to provide for a treated feedstock
comprising a ratio of the amount of lower diamondoid components to higher

diamondoid éomponents of about 9:1 or less.

5. The process of Claim 4 wherein sufficient amounts of lower diamondoid
components are removed from the feedstoek to provide for a treated feedstock
comprising a ratio of the amount of lower diamondoid components to the amount

of higher diamondoid components of about 2:1 or less.

6. . The process of Claim 5 wherein sufficient amounts of lower diamondoid
compbnents are removed from the feedstock to provide for a treated feedstock
comprising a ratio of the amount of lower diamondoid components to the amount

of higher diamondoid components of about 1:1 or less.



-65- 7. The process according to Claim1 wherein at |east ab®umily 2005 0 of
said tetramantane conponents and ot her hi gher di anondoid conponents are
ret ai nedwon2hdos f eedstock after procedure (b) as conpanpggisg4Ra anount
of such conponents present prior to said procedure. 8. The process
according to Claim7 wherein at | east about 50% of said tetramantane
conponents and ot her higher dianondoid conponents are retained in the
feedstock after procedure (b) as conpared to that anmount of such conponents
present prior to said procedure. Ege process according to daim1l or 3
wherein at | east about 10% of sald framant ane conponents and ot her

hi gher di agpondo co onent are ck after pyrolysis
as conpared to Fﬁ‘gtp é%ﬁ{‘mBi r%atq??ﬁ{%o fos/‘?og 1d pfamytEie s o
according to CIammemMMﬁmﬁbﬂmﬁhgh&%@hmﬁh@ﬂkmé@%@@ﬁsé@&&hﬁ&ﬁﬁﬁﬂanta”e
conponent s and ther her di anpndoi d conponents are retained in the

f eedst ock after WF*BF% P%e%ﬁﬂ%iraéﬁom@f? fthas gwawnt of pechepmpenentr t o

~pyr olysi-s.- ?{:g%elgrpgﬁ,pﬁ,ssa (gggmg] 1 or 3 wherein renoval of nondi anondoid -

conponent s and | ower dla conponents fromthe feedstock conprises
distilling said feedstock. 12. The process of Caim 11l wherein at |east

about 50 wei ght m@bﬁﬁ@%la%or&iggfd @ﬁﬁﬁv“ﬁfe%ﬂm@&stdab%ﬂ{mﬁgsgﬁ%ﬁ te@%?§%n§3 the

total weight of |ower anon conmponent s presen € un
f eedst ock, is rermpetntsdnd Fher lpgb&reiwomﬂmﬂ]campmﬂenmraréaremﬁiedm fhar t her
ndoi d conmponents

conpri ses recov ol ramnt an and her di.a

fromthe produc 8‘%18031? ?&) 85003@"?1@4 a%‘fonfﬁ%%ﬁtf' th %“IEQB%H" £PBRCReRBhNi ques
sel ected from t pes@it @uipr ER—pSddethgeOf 18 July 2005 WO 02/096804

PCT/ US02/ 04549 - 66-

9. The process according to Claim 1 or 3 wherein at least about 10% of said
tetramantane components and other higher diamondoid components are retained
in the feedstock after pyrolysis as compared to that amount present prior to

pyrolysis.

10.  The process according to Claim 9 wherein at least about 50% of said tetramantane
components and other higher diamondoid components are retained in the

feedstock after pyrolysis as compared to that amount present prior to pyrolysis.

11.  The process of Claim 1 or.3 wherein removal of nondiamondoid components

and/or lower diamondoid components from the feedstock comprises distilling said
feedstock.

12. The process of Claim 11 wherein at least about 50 weight percent of the lower
diamondoid components, based on the total weight of lower diamondoid

components present in the untreated feedstock, is removed.

13. The process of Claim 1 or 3 which further comprises recovering tetramantane and
other higher diamondoid components from the product of step c) by use of one or

more separation techniqués selected from the group consisting of



chromat ogr aphi ¢ techni ques, thernmal diffusion techniques, crgaiippbdoszation,
sublimation, and size separation techniques. 14. The process of Claim13
wher ei npgadthoPar ati on technique is a chromatographic pbeaRGIAHS 15 The
process of C aim 14 wherein said chromatographic technique 1's selected from
t he group consisting of liquid chronmatography, gas chromatography and high
performance |iquid chromatography. 16. The process of Claim1l or 3 wherein
the product of step c) conprises at |east 10 weight percent of non-ionized
t et ramant ane conponents and hi gher grigam)ndoi d conponents and at |least 0.5
wei ght percent of non-ionized pent afaitane conponents and hi gher

di anondoi d conpgnents based .on the total weight. of dianopdold conponents |
present. 17. THE PR %@@%F%%T%?lwgﬁﬁchmﬂﬂ?’ﬁyﬁﬁﬁ%ﬁﬁ% step c)
conprises at | easlimditbn, Weil BReRAHGR Mchfuaon- i oni zed tetranmant ane
conponent s and hi gher di anondoid conponents and at |east 0.5 wei ght |
percent of non-ionized pentanmantane conponents and hi gher di anondoi d
---eo-rmo-n-e-n-t--smbasqdle%cfemfmﬁﬁd13Wﬂiegémsm-séﬁaﬁaﬁ-oh&mg{ueqh-iaﬁd@mg&pm&8. A
process for recovering a conposition enriched in tetramantane and :

pent anant ane cd®Y¥BiBAL s whi ch process conprises: a. selecting a feedstock
conprising recoverabl e anounts of tetranmantane and pentanant ane
conponents; b. renoving a sufficient amount of components fromthe

f eedst ock Ravi rigea@roases afiGiimddiwherqinsxd elramatqgsanhésdeshniges is pelgctediomnant ane
conponent under, - 4): . -
conditions to &%%P‘éég%lﬁ]?{rlﬁlega(t?fg% ee g%%%%?@#%@%ﬁé@ﬁﬁ?% and

performance liguid chromatography.

16.  The process of Claim 1 or 3 wherein the product of step ¢) comprises at least 10
weight percent of non-ionized tetramantane components and higher diamondoid
components and at least 0.5 weight percent of non-ionized pentamaniane
components and higher diamondoid components based on the total weight of

diamondoid components present.

17.  The process of Claim 1 or 3 wherein the product of step ¢) comprises at least 10
weight percent of non-ionized tetramantane components and higher diamondoid
components‘and at least 0.5 weight percent of non-ionized pentamantane

" components and higher diamondoid components based on the total weight of the

recovered feedstock.

18. A process for recovering a composition enriched in tetramantane and

pentamantane components which process comprises:

a. selecting a feedstock comprising recoverable amounts of teframantane and |

pentamantane components;

b. removing a sufficient amount of components from the feedstock havinga .

boiling point less than the lowest boiling tetramantane component under



pent amant ane conponents can be recovered; and c. recovering14 gily aoosnt ane
and pent amant ane conponents fromsaid treated feedstock by separation

t echni qwas os@sqrt ed fromthe group consisting of chrompleRkfILS
techni ques, thermal diffusion techniques, zone refining, progressive

recrystalization and size separation techniques. 19. A conposition
conprising at |east tetramantane and pent amantane conponents wherein said
conposition conprises at.|east about 10 wei ght percent tetranantane
conponents and at |east 0.5 weight percent pentanantane conponents based on
the total weight of dianondoid conﬁéﬂénts present. 20. A conposition of

Claim 19 conprising at least about 25 i ght percent. tetramantane
conmponents and at Ié’&g‘ﬁ?ﬂs@m" @W?@ng?ﬂ%%@ﬁga%‘ﬁ]ﬁl&lh@m@@ﬁﬁ&?@ﬁts based
on the total meightp@ﬁﬂﬂﬁﬁm&&ﬁmﬁm&ﬁg&ml%;mmamgapgﬁps whi ch conpri ses: a.
selecting a feedstock conprising recoverabl e anmounts of a higher

di amondoi d componentreQetRBRRRHDe 361 BSlRfhr Al &REBNENYsomARTAEpNol d
~conponent s and-di anondoi d-conponent's ‘h
| owest boi | ing poi ntfeddsigtleby stpamtendsrhigueypdasat fromehegtoep cdmsistineebvery; b.

boi 11 ng poi ni | oss. CRARPRes Pt Mo it Sh S RER Anbrtiore © -

conponent sel ect ed fpoogressioowerystalirdidn 260 bide tdpansioni@higies ecover abl e
anounts of the higher dianondoi d conponent or conponents sel ected for
recovery are retained in the treated feedstock; and 18 July 2008 WO
02/ 096804 PLCT/ USo@hpebli cofmBrising attlbat ahinynthicenidi prgtabaatahe gi¢s r ecover ed

in b) above to @}” al z(i at | east a _suf fi' ci ent anount, of nondi anondoi d
conponents t her GF%gall ccgg?q%txpn comprises at least about 10 weight percent tetramantane
components and at feast 0.5 weight percent pentamantane components based on

the total weight of diamondoid components present.

20. A composition of Claim 19 comprising at least about 25 weight percent
tetramantane components and at least 0.5 weight percent pentamantane

components based on the total weight of the composition.
21. A process which comprises:

a. selecting a feedstock comprising recoverable amounts of a higher
diamondoid component or components selected for recovery,
nondiamondoid components and diamondoid components having a boiling
point less than the lowest boiling point higher diamondoid component

selected for recoVery;

b.  removing from the feedstock a sufficient amount of components having a
boiling point less than the lowest boiling point higher diamondoid
component selected for recovery under conditions wherein recoverable
amounts of the higher diamondoeid component or components sefected for

recovery are retained in the treated feedstock; and



recovery of the selected higher dianondoid conponent or conp®pgppeos from
the thermally treated feedstock wherein the pyrolysis is conducted under

condi ti Qisorin9sgay Ovi de a treated feedstock retaining rec @% < @gmount s of
t he sel ected hi gher dianondoi d conponent or conponents.qgg? !gbﬁﬁocess of

Claim 21 wherein the feedstock additionally conprises nondi anondoid
conponents having a boiling point both bel ow and above the |owest boiling
poi nt sel ected hi gher di anondoi d conponent, and at |east one | ower

di anondoi d conponent. 23. A process of Claim21 additionally conprising the
step d) recovering a conposition erffithed in one or nore sel ected higher
di anondoi d conponents fromsaid treated feedstock formed in b) above with,

one or nore addr ti orfBfrmall¥iFanting Bhiceetarkirepnrereddn BLakone fa BiplyFeat ifegfup
consi sting of chrongtoesanh 'a&ouﬁt%?ﬂﬁ#ﬁ?ﬁﬁ&doim%e@s Meﬁi‘oﬁfltoip.%ﬁﬂf' I ques,

zone refining, progressive recryst I zation a Sl ze separation
t echni ques. 24. A prewwsyy didhe sebocted dighngdiamondpd sompawnemconheatnisn one or

sel ecting a feedst o&o%glﬁpqﬁ?@&%@%%%gﬁéﬁé%@m ﬁ&@%‘ﬁyﬁiﬁ’é cg‘?c{“ﬁége
sel ected hi gher di anmdelGioddtionpLneatide AnchtdbRe@RE relintli8dovatable | ncl udi ng
nondi anondoi d conponents; fractionating the_ feedstock to formone or

b. !
more cuts enriched PHONEPOLhE sslected biche Hanendedd prappangntos cPRROTEAlige of from
just below the boiling point of the |owest boiling selected higher
di anondoi % co %gent to tj usf above the 18 July 2005 WO 02/096804
PCT/ US02/ 04549 118 8Toas58 ¢fi(riainpa} whers thsednionkeadditivnrlly srynmsisrect ed hi gher
di amondoi d - CORBANGHRbqdid cbiBETal iviHE IHATHE Boft BoflbeltR faGHbF dig! d O

pyrolyze at least a sufficrie
lowest boiling point selected higher diamondoid component, and at least one

lower diamondoid component.

23.  Aprocess of Claim 21 additionally comprising the step d) recovering a
comnposition enriched in one or more selected higher diamondoid components
from said treated feedstock formed in b) above with one or more additional
separation techniques selected from the group consisting of chromatographic
techniques, thermal diffusion techniques, zone refining, progressive

recrystallization and size separation technigues.

24. A process for recovering a composition enriched in one or mare selected higher

diamondoid components which process comprises:

a. selecting a feedstock comprising recoverable amounts of one or more
selected higher diamondoid components and nonselected inaterials

~ including nondiamondoid components;

b. fractionating the feedstock to form one or more cuts enriched in materials .
having boiling points in the range of from just below the boiling point of

the lowest boiling selected higher diamondoid component to just above the



anmount  of nondfanDndoid conponents therefrom under conditi ongJiig2069m one

or nore thermally treated cuts retaining recoverable anmounts of selected
hi gher dweramdesod; d. recovering a conposition conpri Si G TARR2M55480r €

sel ected hi gher dianondoid conponents fromone or nore said thermally
treated cuts forned in c) above with one or nore additional separation
techni ques selected fromthe group consisting of chromatographic

techni ques, thermal diffusion techniques, zone refining, progressive
recrystal lization and size separat[ﬁgdtechniques. 25. A process for
recovering at |east one sel ected higher dianondoid conprising selecting a
feedst ock containin : I at - Of ast .one sel ected

hi gher di anondoi d ag%ﬁ?ﬁ ogéﬁﬁﬁglﬁﬂgga#m%légk&%ﬁg%%g%g%?O ° i gher

di anondoi d from t hecdmgedsitpck by chromat ography. 26. The process of ‘Claim
25 wherein the chromatography is gas chromatography. 27. The process of

C ai m 25 whereia t hethemmtiyatagdiagbie d:smbreghts pi8 36 pyrblybd AWagt a sufficient

Fﬂ*’g‘%’%@r aphy

chr omat ogr aphy conpri&@g: o aopdtid serraisns Wereirar pefles
colums in sequence Mirhlnd BEmbNRhert @M FBSI @Y ﬂaﬁnﬂﬁé lfe&fvielglgie%ﬁ:lo%ﬁgsio\figti es.

29. The process of C aim 25 having an additional step and conprisin

sel ecting a feedstc¢leciedhighrndipgordoidcover abl e ambunt of the at | east one
sel ected higher 18 July 2005 WO 02/096804 PCTI US02/ 04549 -70- di anondoi d,
treating the fekdst detovenng crtupsitmnicomatiguy bestshare keldvsodibighean i ncr eased

concentration of they. t one selected higher.di anopndoid,. and
recovering the at |é%%%m%§§ﬁ§@%@8?§%hﬂF§ﬂ8Pf E FERY BRI 1 eat ed
feedstock by chrondbegidankyabove with one or more additional separation techniques
selected from the group cobsisting of chromatographic techniques, thermal
diffusion techniques, zone refining, progressive recrystallization and size

separation techniques.

25, A process for recovering at least one selected higher diamondoid comprising
selecting a feedstock containing a recoverable amount of the at least one selected
higher diamondoid and recovering the at least one selected higher diamondoid

from the feedstock by chromatography.
26, The process of Claim 25 wherein the chromatography is gas chromatography.

27.  The process of Claim 25 wherein the chromatography is high pressure liquid
chromatography.

28.  Theprocess of Claim 27 wherein the liquid chromatography comprises
chromatography on two liquid chromatography columns in sequence with the two

colummns having differing selectivities.

29.  The process of Claim 25 having an additional step and comprising selecting a

feedstock containing a recoverable amount of the at least one selected higher



30. The process of Caim29 wherein the treating conprises 18 adyR@ogati ng

the feedstock and wherein the treated feedstock conprises a feedstock
fracti owo ®&Ilpsssble process of C aim 30 wherein the feedstpoghyshi/agid on is a
distillation residue. 32. The process of C aim 30 wherein the feedstock
fraction is an overhead fraction. 33. The process of Caim 29 wherein the
treating conprises pyrolyzing and wherein the treated feedstock is a

pyrol yzed feedstock. 34. The process of Claim29 wherein the treating
conprises fractionating the feedst_gﬁlg to yield a feedstock fraction
containing the at | east one selected higher dianondoid and pyrolyzing the
f eedst ock fractj: er ei at f t LS, the rolyzed )
f eedst ock fractqlgﬁ? g?wg‘:lnél%g?eo%%%tsotc%& @Sgllwne] %gﬁqce}%ééﬁis Oc%(ﬁémflgé%stock
fraction is a dhataskd adricertratios oflie at 1e86 ond bdecpyddigins dafmdadaidnadd wher ei n
the feedstock fraction_ is an overhead fraction. ' 37. The process of Claim -
29 wherein t he Pr¥SHRHe UWP%?P%E?HBH}“H H%O1$ é@&%&w@%ﬂw& a
~pyrolyzed f-e-edq;yogﬂﬁ-oﬁgq@g{amﬁti onating the pyrolyzed feedstock to yield-a -
treated feedstock which'is ‘a pyrolyzed feedstock fraction containing the at
| east one sel ected higher dianondoid. 18 July 2005 WO 02/096804

PCT/ US02/ 0%549 Thékrocd& of AmPIReRSSn Be tfafthftd8p s Bl fodalify fkeating
conprises renoving aromatic and pol-ar conEonen_s by | ow 1Eres_sure l'iquid
chr omat ogr aphy .fe@Stoclnayt whereis thiegreated dengstork gomprijes adecdstoek ettivmt ed hi gher
di anondoi d conprising selecting a feedstock containing a recoverable
anount of the at |east one selected higher dianondoid in adm xture with -
nondi anonddi d rfdeerecgsssof Glaipni whesein the fegdstask fiaoinyois erdisiilladomstesidii. ng t he
feedstock to yield an overhead and a bottons, the bottons containing the
at | east one sel ected hi gher dianondoid, fractionating the bottons to
yield an oder hdde prm&:stqf%iai@b%&\@hwin@wtfn@ismk@@s@ﬁ igtan|cvesbeaddfimstipi.gher

di anondoid in adm xture w th nondi anondoid materials, aromatics and pol ar

33.  The process of Claim 29 wherein the treating comprises pyrolyzing and wherein
the treated feedstock is a pyrolyzed feedstock.

34.  The process of Claim 29 wherein the treating comprises fractionating the
feedstock to yield a feedstock fraction containing the at least one selected higher
diamondoid and pyrolyzing the feedstock fraction and wherein the treated
feedstock is the pyrolyzed feedstock fraction.

35.  The process of Claim 34 wherein the feedstock fraction is a distillation residue.
36.  The process of Claim 34 wherein the feedstock fraction is an overhead fraction.

37. ° The process of Claim 29 wherein the treating comprises pyrolyzing the feedstock
to yield a pyrolyzed feedstock and fractionating the pyrolyzed feedstock to yield a
treated feedstock which is a pyrolyzed feedstock fraction containing the af least
one selected higher diamondoid.




cohponents, pyrolyzing the overhead fraction to reduce the ¢®mnggpoosati on of
nondi anondoi d materials and to yield a pyrolyzed overhead fraction,

treati ngyd oo’ ol yzed overhead fraction by | ow pressuperhictiidio
chromat ography to renove aromatics and pol ar conponents ana yléfd a | ow

pressure chromat ographed pyrolyzed overhead fraction, and recovering the
at | east one selected higher dianondoid fromthe |ow pressure

chr omat ogr aphed pyrol yzed overhead fraction by final chronmatography. 40.
The process of Caim39 wherein the final chromatography is gas

chromat ography. 41. The process of “Glai m 39 wherein the final

Ot m 41wt o et SRl Cuetidure6ten Fomar s by womp s
chr omet ogr aphy frtospbichi 10 FRAREOBAPDtoRAkFMAy! N Sequence with the
two colums having differing selectivities. _
39 A process for recovering at least one selected higher diamondoid comprising
selecting a feedstock containing a recoverable amount of the at least one selected
“higher diamondoid in admixtire with nondiamondoid materials, aromatics and
polar components, distilling the feedstock to yield an overhead and a bottoms, the
bottoms containing the at least one selected higher diamondoid, fractionating the
- bottoms to yield an overhead fraction containing the selected at least one higher
diamondoid in admixture with nondiamondoid materials, aromatics and polar
components, pyrolyzing the overhead fraction to reduce the concentration of
nondiamondoid materials and to yield a pyrolyzed overhead fraction, treating the
pyrolyzed overhead fraction by low pressure liquid chromatography to remove
aromatics and polar components and yield a low pressure chromatographed
pyrolyzed overhead fraétion, and recovering the at least one selected higher
diamondoid from the low pressure chromatographed pyrolyzed overhead fraction

by final chromatography.

40.  The process of Claim 39 wherein the final chromatography is gas
chromatography.

41.  The process of Claim 39 wherein the final chromatography is high pressure liquid
chromatography.

42.  Theprocess of Claim 41 wherein the high pressure liquid chromatography
comprises chromatography on two liquid chromatography colurins in sequence

- with the two columns having differing selectivities.



