PROCESSES FOR THE PURI FI CATI ON OF H GHER DI AMONDO DS AND COMPgY J008NS
COVWPRI SI NG SUCH DI AMONDO DS Abstract Discl osed are processes for the
recover YWQPRH%M| fi cati on of hi gher di anondoi ds from a hgcrosiasnimanaceous
feed- stock. Specifically disclosed is a nulti-step recovery process for
obt ai ni ng di anondoi d conpositions enhanced in tetramantane conponents and
ot her hi gher di anondoi d conponents. Al so.disclosed are conpositions
conprising at |east about 10 wei ght per- cent of non-ionized tetramantane
conponent s and ot her- hi gher di anondoi d conponents and at |east about 0.5
wei ght percent of non-ionized pentanmantane conponents and ot her hi gher

di anondoi d conponents based on the total weight of dianondoid conpo- nents
present 18 July 2005 2/ 096804 PCT/ US02/ 04549 PROCESSES FOR THE
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DI AMVONDO DS BACKGROUND OFIGHER RIafOBROIMSANRBvention is directed to
novel processes EOMPQSTTHNG &QMRRISEYG SEEH DIAMONDOMS i fi cati on of

~hi-gher-di-anpndoi d -conponent s -from hydr ocarbonaceous  feedst ocks.

Specifically, this invention is directed to recovery processes for
obt ai ni ng conpositions enhanced in one or nore higher danondoid
conponents. 5 This inv d to conpositions conprising
enriched | evel s of one%‘%tf{gi#@[}ﬁ%ﬁgdf@ KX The fol | ow ng
publications and patents are cited in this application as superscri pt
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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

1

isomeric tetramantanes; four different shapes containing four diamond subunits that can
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di anond crystal lattice' (see FIG 1). Adanantane, a ten-carbon nol ecul e,
is the small est nenber of the dianondoid series, 25 consisting of one

di anond crystal subunit. D amantane Contains two face-fused di anond
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range of higher di anondoi ds. ‘%he parent di anondoi ds nay be substituted with

al kyl's at various sites, and a nyriad of nethyl, ethyl, dinethyl,
trimethyl, propPhe pét diansuB&ti hisd BIsubRBGIE HifaAyROF Yhib & sitdD aRA@Y OcCCur
natural Iy in petrol eum feedstocks along with the parent di anondoids.
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crude oils_fromthe central ”VﬁBl ey of California, are on.the order 15 of a
few parts per mI1T10 ?’ﬁlﬁﬁf W%ﬁ?{ﬁopf?‘uﬁ?‘?"é’% 1951 et Henm
Jur assi c- ageies by orders of magnitude. For instance, methyldiamantane concentrations 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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di amant ane, trianmantane and_substituted_anal ogs thereof as

oyl That ppmgpedgivngia visAdereip-gEhe vgrdnawndeid sARPeRREY i t ut ed

angl 0gs  ar @okGloG5dnids AhirigA8E aredeATBYRIESzed, AlBhoNATBNHeAl #5R | S used

herein. The
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tLon, tetramant alfeﬁangtmot her
S 5iren

extremely low chemical reactivity, electrical resistivity greater than aluminum trioxide

{(ALOs) and excellent thermal conductivity.

In addition, tetramantane and other higher diamondoids have sizes in the

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

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

‘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

25

diamondoids would have similar attractive properties. Furthermore, some of the many

isomers of the higher diamondoids possess chirality, offering opportunities for making

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.

( A1203)
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report thespmanwcqbymmg{sr ence of tetramantane, pent amant ane and hexamant ane
in deep petrol eumreservoirs. However, they were only 5 able to
tentatively identify such conpounds in ionized formas part of a nass

spect r OSCOpy arloikysiss, whilekhoh, %@ al. WiiclogesGh&@Rodsabr i@blaﬂoﬁjbﬁﬁhﬁ’ﬁ@c&y wRdpods for
i sol ation %cg}g rity I ower dianondoid fractions and corrponent s, the
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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 in 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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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.
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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
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conponent as a)wel E@l@(&in@@%édsﬂic@ﬁ&i}ﬂ%% EIVRABR Mo uh Pt BR g @sHepCk under
conditions to provide a 10 treated feedstock wherein the sel ected higher

di amonddlignensiepbisamener og errppseRs.qoadismondaid pererpnenis havg 2dedling) t hernal | y
treatin it : [ at least a
Ssuffici ﬁ?ﬁgggﬂﬁgﬁ%ggﬁ%ﬁgggﬁgn gf@ﬁ@%ﬁ%%ﬁgh@g@% ?gfféﬁb%gﬁ%ernit recovery
of t he ®elpendngdintiiagleast ook nendeindndddiengntst; f rom t he
pyrolytically-treated feedstock. The order of the procedures for renoval of
the | ower boiling point conponents and 15 the pyrolysis of the feedstock
ar e i nt er chahyeabkenovierondiicightymotdterf @ondiymbelopt axnptednt hapingaess f or

recovering.a conpasitjon enriched in el ect ed. hi gher, di anondoi d conponent
or co n&gﬂg}&p@u&ﬁ?ﬂew the @bvggtsboglwpé éegc'zc%ecf hgher glamo%gmd coniponert as
well as lower diamondoid components from the feedstock under conditions to provide a
10 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.

15 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

20 - 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



:

a) selecting a feedstock conprising recoverable anounts of 8 as zudsed

hi gher 20 di anondoi d conponent or conponents; b) thernmally treating the

f eedst"WER2R%98¢yr ol yze at | east a sufficient anount of papediagesdoid
conponents therefromto permt recovery of the selected higher dianondoid
conponent or conponents fromthe pyrolytically-treated feedstock wherein 18
July 2005 WD 02/096804 PCT/ CJS02/ 04549 -9 said pyrolysis is conducted
under conditions to provide for a treated feedstock retaining recoverable
anounts of the sel ected higher diagnndoid conponent or conponents; and c)
renovi ng a sufficient anount of thdse conponents fromthe feedstock
surviving pyrolysis which conponents have a boiling point |ess than the

| onest boi({inglr 5ﬁ£oint sel ect ed hi gher di anondoi d conponent under
condi t i oft& RARWES & cuducted wsdoecondibight © nsevidhfor adreated derdhfogheataitingnondoi d

conponenfec@ferdbORANEIM Sf tBE &léc%ﬁ%iig{ﬁ@fjdiaﬁl?%&(ﬁ@ C?&léc'?%B?% c{o;ﬁ/{f)gﬁ(%]n?s% Kpglt 1S

under st ood, however, that due to their erna e’conponent s

~-surviving pyrolysis which have a boiling point |ess than the |owest boiling

sel ected 10 hj)gheryegh 3R ALEIH:i R OIRRREN th¥lel dondpdG r‘;Lgfr tfhé%@&ﬁ\oci portion of
the | ower dianondoids originally present in the teedstock. Accordingly,

t her e nefPrBENErRvPIFed vdighreonpssenisdiave » baitiug phingless hempedowesdhoitingi ched in a

sel ect ed,Jal [ ' gnent .or . co ents, which process
conpri s gbs 3 tg)pﬁétg ﬁ e gl | Ilnﬁ'l%%lgg?(feégdc}g}{n ORCE SR %BO‘P&X‘&%P&%O@ Q%WB unts of a
sel ect eceniugtserf thel elatedrmigigodidmoaimibdasiionett & QERPBMSare RINABRRRIOI d
conpone | east one | ower dianondoid conponent; b) thermally

ts nd, at
treatingn?gﬁ'&?ﬁgﬁgtock to pyrolyze at |east a portion of the
nondi anondoi d conponents under conditions wherein recoverabl e anounts of

the selected, higher dianondoi d conponent or conponents are retained in
sai d pyrol yt ?%‘éwﬂgﬁfs%d’ gﬁYeé{fg?téié‘gg“‘t Heik thegnal $ability he comgpenestsf i ci ent

amount  atrvidi@py:dhannaden thve @ BBBRE Bbidt {50 IR lowest boiling selected

—~=

10 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

15 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

20 _ 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.
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pyrolytically treated feedstock under conditions to provi det&Jily 2ei5ed *
feedstock from which the sel ected hi gher dianondoi d conponent or
conpeeei®sgman be recovered. 18 July 2005 WO 02/ 096883r/H6ak/eWsS@2/ 03549 - 10-
It will be appreciated that it is possible, and often likely, that the

hi gher di anondoi d-contai ning feedstocks will contain several higher

di anondoi d conponents sone of which are to be selected and sone of which
are not to be selected. Dependi ng upon which of these higher dianondoid
conponents are 5 present and which of these are selected, it is possible
that there will be nonel ected higH%T di anondoi ds havi ng a- boiling point
bel ow the | owest boiling point of the |owest boiling point selected higher
di anondoi ds. These | ower boiling nonsel ected hi gher dianondoids my be
removed, at [lealtbe ppprtdiadd that inis pdssible ot her | ower boiling conponents, such

th I A] ' 1 . | friciently f
o nondaaEn TR e B B ke ot
t hei . Wien. t heynmal | ysis is, .not . |.oyed, aft | of
the | oVl (elsstich (EOIRHEREST Pk ol et IR AR IS FORENEE AR

pent angitRRACatIGPRONEMNhSseGREsdMIddC R WV FE8M1 S thatthéB il beabldlcieelphack 15 by
separation techni ques di scl osed herein. Accordingly, there may be provided

a pr ocedamensioidsering artioripearodBhplosi hr doweshboiling Bontrfithe loalhodE and
pe”taW?ﬂ&ﬁ@gkaggﬁggﬁﬂﬁin&QhﬁggI%%&ﬁ%&%r&ﬁﬁ?%%@%%%g@&B@ﬁ&ﬁﬁ&hﬂﬁmﬁkfGEdStOCk

conpri sing recove | 'e anoun tetram nt amant ane conponent s
and at msald repnecd, anknst Ghatiindoitit the @itipe hentr teilthg cafhpbentse somihian ghea

sufficient anount of the | ower di anondoird conponents from the feedstock
under COWE; 3R c’E‘%provide a treated feedstock from which tetranmantane

and pent amant ane conponents can be recovered; and c) recovering

o e SR ATILENS, S ORODSOL. LGOI 8% G L ARl 20t ok
recovery of teframantane components and pentamantane components do not always
require thermal pyrolysis to effect their recovery. When thermal pyrolysis is not
employed, after removal of the lower diamondoid components, the teframantanc
components and pentamaniane components can be recovered from the treated feedstock
- by separation techniques disclosed herein. Accordingly, there may be provided a process 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




18 July 2005 -11 chromatographic techniques, thermal diffuts uly25hni ques,
zone refining, progressive recrystalization and size separation
techniques. In a first aspect, thelpresent invention provides a process for
recovering a conposition enriched in tetramantane conponents and ot her

hi gher di anondoi d conponents which process conprises: a. selecting a

f eedst ock eoematpEinh teehpiguesy thiymel diffovien techniquesetana reiintnarsogrestiyenent s and
ot her hi ghgl dh@aRaAah di,e aﬂﬁqgﬁhig%_rennving a sufficient amount of
conponents fromthe feeést C aving a boiling point less than the | owest
boi i ng poi nt tetramantane conponent under conditions wherein recoverable
amounts of t et r AIBHARCATBRIGMn B pRUIE 2 PbQRSH: HLABRMIN FhobQRONeNt S
are retained in the treated feedstock; and c. thernally treating the

f eedst ock frEichaddn etramantasy coppppents endpfheshighes digmondodds corppongts Weicknt  anpunt
of nondi anpadel dnfppigRonents therefromto permit recovery of tetramantane
conponents and ot her higher di anondoid conponents fromthe pyrolytically

treated feedstBRIAGCPESRCIeIMPrignE Bregusrable anogwnel e TaoHnisAEIRImROBHES (i ons to

provi de f ofnqditef Righd? diambfRiBlRplndnt i Ni ng recoverabl e amounts of
tetramant ane conponents and ot her higher dianpbndoid conponents. In a

second asplct, ¥emevipe asehicient auet phewmppespfsdeom the fepdstask bavinga hatlingyer i ng a

CoNnposi ti Opbidsk BALfhe 1dlveb@ol AP B ARRarAIRO B HoRer® iilicPi BT iohY kRdin di anondoi d
conponents which process conprises: a. selecting a_feedstock conprising
r ecover abl ¥c¥rBblseaowts efdetrapvparcaempersiis gadethe highergliamandpidigpypraents

di anondoi dge £RHRAREAL Seatdd feddiBtiBAd Y treating the feedstock to pyrolyze at
| east a sufficient amount of nondi anondoi d conponents therefromto permt

recovery of t ettheimaly Beatingithe fesfviesk refoymed in bypbome eyl ze shipsheftEcient om t he

pyrol yti Ca&nlldﬁniJﬁ@ﬁ&ﬂn&n@@i@%&Rﬁdﬁen‘ﬁ@ﬁ;@ﬁh&ni@{séﬂmﬁ%c%dﬁ&ﬁe&a?nanﬁﬁ@dUCt ed under
conditions to provide for a treated feedstock retaining recoverabl e anounts

of t et r aneiPRAREEGHD sherighendismendaidicompeyients frigmapranadytisaboiestdent s; and

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:



c. renoving a sufficient anmount of those conponents from th#8 8wedédSock
surviving pyrolysis which conponents have a boiling point |ess than the

| owest boiling point tetramantanellegonponent under conditions wherein
recoverabl e ambunts of tetramantane conponents and ot her hi gher di anondoid

conponents_are r tal ne he treated feedstock. In a third aspect, the
present infrenti %‘ﬁdﬁ‘{ig’c °?5?R§’65‘§§6°Pwa%feé’él9\'}’étf Phigtramantage@ssi ti on enri ched

in tetranapﬁmm&mamdxﬂ@ﬂmﬁmantane conponents which process conprises: 18
July- 2005 ,-11a a. sele ‘fC-FIQ a feedstock corrprl Si ngﬁi %over | e anpbunts of
t et ranant afe antfmepBAE ﬁg‘o'é‘ﬁ EAgPRRSnts fppm the fog t‘?fg aviegd piligent anount

of conponepdist léss dm tHaﬂaoWe@ﬁdﬁtr@Qéﬂahﬂﬂthﬁgzoﬂlp@ﬁhﬂ undgr cofddiiisik td ®eEdd han t he
conditions to provide a

| owest boilin nta e co onent nder

treat ed feé%?%‘t%(f‘t& Stf’ '(‘Ehtefrg% étaglﬁ’&fa'ﬁecr?f*’&ﬂ%?ﬁfséﬁ'é&%‘f?ﬁﬂﬁ%nt s can
be recoveradi and c. recoverl ng tetramant ane and pent amant ane conponents
fromsaid treated feedstock b aratlon t echni ues elec#fgd fromthe

~group-constst i nG OF EHFEIRAEGY AR C -,ents H’Ers freafec feerisiosh -

t echni quesby sapsrrﬁldneécimqmg ,selﬁli‘t@ltﬁcﬁ:sfﬁb geup &ﬁl&iyt&tﬁajf chré@bio@apladi@ctiniques, g
separation, te n a four aspect, the present nventiaon provides
a Br ocess R cﬁd@%ﬂ%w@é‘%@es PneLgngg ?fﬁgeﬁ“’? éeéH@’Ff?‘hW’O(? VTP HBcover abl e
anount s of teehnijugher di anondoid conponents or conponents sel ected for
recovery, nondi anondoi d conmponents and di anondoi d conponents having a
boiling point |less than the | owest boiling point higher dianondoid
conponent sel ecmaedodrthraspfeecdmeprqcelbinvm&rasﬁwdvgeg‘deshehféleaﬁkg:trmk a sufficient
anount of conpon nt s vi ng a bai ess t he | t boi l'i ng
poi nt hi gh®r ﬁ%ntgc?gta stQ Wélmggg?‘g@k’g&m%‘?ts ?%’DBQE’F 9‘”%‘518 condi ti ons
wherein r emmmpeneaisloecmmmeﬁt§sele@fed fdireechivegy) @bnditingsimasid ebipamentpaddent  or
conponent s selq%cte or _recovery.are r i treated, feedstock;

and c. thet {id cpmpgnents g?"ﬁ%g ¥ l}é’g%tp@@ﬁlte%gg%gléelr 1582[35{@ ﬁmB}}g %ﬂ')‘ggégh? pyrol yze
at | east adisudrkbidicemnponent 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 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;



amount of nondi anondoi d conponents therefromto permt recotgduyly 260 he
sel ected higher dianondoid conponent or conponents fromthe thermally
treated feedstock wherein the pyrolysis is conducted under conditions to
provi de a treated feedstock retaildibrg recoverable anounts of the selected
hi gher di anondoi d conponent or conponents. In a fifth aspect, the present

i nvention pxovi dlaerm&llypdegm&mg oriem’rnfomts&ﬁidn@pﬁolymﬁhtsilfﬁé’ielﬁtlaﬁioﬁtliteﬂ in one
or nore sel ec% her %n% id c orglbtnts ﬁgl ch procesi Spnprises: a.
sel ecting 4 %’H%"tS 130'5'8?%? i O‘Pé‘B 5 EPISHHORS BRBThETS ObFos kTSR ym)re

sel ected hnghedmnﬂwwmmgknmkmMmmmmamksm&ﬁ&dﬁ@ﬁﬁ&ﬁﬁ&ﬂddﬁater|als i ncl udi ng
nondi am)ndod d co n;ponen i onati ngﬁthe L g"’%i‘[ ck to f.ar,m one or
nore cuts éenriché 8"?%%&9‘8??55105"?{%3%‘)“% PR P Rdotange of from
j ust bel ow coimgorents fiomgnp of mére efid ﬂnlamtatlpméddiﬂfbnmg it5® lab®/c @dth ohe gher

di doi d b f h hi ghe boi |'i
el ooted IANRREALsbbS e BRpET el e BBt oSG0t ety ihle [y

-degradi-ng: dﬂ:hnlques;tbdsrmabdlffsmmedﬂmqmespa;mefeymmgﬁirogr&aﬁé rearysipifization emt siznount--of-- -+

nondi armnd% ara% mponent s t herefrom under conditions to formone or nore
thermal |y R e s r et ai ni ng recoverabl e anmbunts of sel ected higher

di anondoi d; d. recovering a conposition conprising one or nore sel ected
treated cuts

hi gher di anondoi ne

Forned in oy by iRampeas b Breteh it oy B Sprd@ichol i el iRt s

sel ect ed f sdeatedisghgr dmpombm:bmpmmg selectiriyradfoaisoght @ptaining atreheraisie emount her mal
di ffusion L hnj rogressive.re tal Li i.on _and size
separation F fne l!'lgaléﬁceﬂse el &ed i @ %gdﬁ gr‘ctcﬂvenﬁg glg 'tctlf%f?t\?&}?‘fzt%({thl% bvi des a
process foﬂlamudnléﬁomgledbedbmddiyobmatcgﬁipbﬁt ed hi gher di anondoid conpri sing
selecting a feedstock containing a recoverable anount of the at |east one
sel ected hi gher dianondoid and recovering the at | east one sel ected higher

di anondoi d fromht mﬂvérelemtacm,dke lbgsenthm@nﬁctrqgmaﬂﬂm prdcéssa)rsmmg aglepect, the
[ 0C rec

R gher i aamab A Bife B nf QLR b€ el Yol vy B cover abl o
amount of the at least one selected higher diamondoid in admixture 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 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 enﬂ)odiment 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.



anount of the at |east one sel ected higher dianondoid in ads xilypEsw th
nondi anondoid naterials, aromatics and pol ar conponents, distilling the
feedstock to yield -an overhead and a ggt_toms., t he bottoms containing the
at | east one sel ected higher dianondoid, fractionating the bottons to
yield an overhead fraction containing the selected at | east one higher

di anondoid in adm xture with nondi anondoid materials, aromatics and pol ar

conponent s,, pyrol yzi the qverhead fractiqn to reduce the concentration
of nondi an&ﬁ&é?‘giﬁlﬁgpg%%eg\bg 'cﬁm’t“é? ieé‘flﬂoafé‘t:‘e BPYFEFHIRRERd fracti on,
treat i digounto My &l H&@OnNEERBEchehisaes FeffbvEY bR IR0 boHitsG

chromat Qgraphy to renove aromatics and pol ar conponents and yield a | ow

~ pr essURHS otlrsHalgyndpideampyreity dagmaiarrenporert aiddawen) fohigkeover i ng t he

o at le e ' ' ' ' 8.
chr oma%%ggg%higdﬁ%n%ﬂvg{ee oé%?ﬁ%gﬁg%gég |%%%E$§Eg€geg{ﬁ$%§n§{)ggr aphy. In a
pr ef ermnent pegfob]yre nitid dinceredicahant 2ré; ablowen proocpskesly, ahatid efadst ock
—enpl-oyed t&qﬁgnegz -conprises at-|-east about 1 ppb (m).r e preferably at-least- -
about 25 pp ind still nore preferably at | east about 100 ppb of sel ected
hi gher di anondoid conponents. 18 July 2005 -11c In another preferred
enbodi nment for.,each of the.above processes,. sufficient amunts of | ower
di anondoi d I%Sﬁ%gﬁ%tﬁ?rsprgege? 8’??@9‘2’8%1$%ﬁ16?cﬁe°ffléee@§’f’%8’i?c’fsﬁﬁsp Mide a ratio of
| ower mdinavaod diedowen@igmenddd chinp bRt BdiL HedBRRRRRL £ landbbaver), to higher 1
0 di armndoi%ﬁtcorrponents tetramant ane_ conponents and hi gher) of no greater

t han g0are Proferablyt dsagh 205p ynd shll morepreferably 3 deast 9% ohaaid Bigher’ and even nore |
pr ef erdlhdndofis'cBhipSadts A8 retg{l)l@é‘ﬁx?ﬁwtf%ﬁogk ds coﬁ_a?éd' th Itha?%}vik}ﬁ?‘oﬁﬁef erred
enbodi ment for eath of  the above processes, after Trenoval of the |ower

di anmonddiedeetstosbpent © the omashd f eedst ock, at | east about 10% 5 nore
preferably at |east 50% and still nore preferably at |east 90% of said

hi gher di anondoi ds conponents are retained in the feedstock as conpared to
t hat anpuntn yeiandther prefdnedieagusinaglt, gifet pyrotyoistdi ¢her feadstogk, at leastyet  anot her

-~ pref erali)g& 1%%), Cr)r(ljc;rg%?etféraglgrta?{eagty alrbg 11ty 5%"/?, a%]?d.sttllT glofree gr%fér%iﬁ at lgf}stel:b%%? t

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 treatment.

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



about 10% nore preferably at |east about 50% and. still nt8 dulpe@dser ably
at |l east about 0 90% of said higher dianondoid conponents are retained in
t he feedpbeskoisd er pyrolytic treatnment conpared to thatpafBsnidound in
the feedstock prior to pyrolytic treatnment. Preferably, the recovered

f eedst ock produced by the above processes is further purified by ‘
chromat ogr aphy, nenbrane size separation, crystallization, sublimtion and
the like. 18 July 2005 WD 021096804 PCTI US02104549 12 In an eighth
aspect, this invention provides for 2 conposition conprising at |east
tetramant ane and pent amant ane conpon At's wherein said conposition conprises
at | east aboutl0 weight percent.tetramntane-conponents and at | east about
0.5 wei ght percent pentanantane conponents based on the total weight of

t he di anondoi ds ilnat ¢ights espeasthisiiioentiontprévidey &t a amsjidsizion psmyjraingedieestbodi ment ,
thi's | nvent i@l Bi! P Senl onnE QIRORIN Ml S QIRL LSO A AL b EQS L (iG] T aMaNt ane
and pent amant ane conponents er el Sai COPoSI PO COMBI 885Kt | east

~—about 25 we k¥ 1 perig percend tatrameiigrevomparpis aehdt fastabout 0.5 waighepgesf er abl-y at

| east about ' rcent tetranantane  c nent and at le 10
about 0.5 wg?gﬁt %gg%:oé'ﬁ)t% n%lgsmaﬁer‘rié’ﬁlt aentg{ag:‘gﬁl%cgﬁg{rﬁgglaglop\%%y SOn-TRE™ 05’? %f‘ wei ght
ofsthe dianondoids in the conposition. Preferably, this conposition

further conprises hexamantane and hi gher. conponents. Mre preferably, the

hexamant ane conponents found in any such conposition do not include the

fully condensedinGye hiigerprastiralanbidithBe, &ﬁ%&%@ﬁ%&é@a%ﬁpm&ng a

nmol ecul ar wei ght of 342. "I n an enbodi nent, there y be provided a
preferred EURPBHIZtdrstolpninginepndpehiomsntanctasmpanenty whaeasaidpent amant ane

conponent s [£ i.d_conmposi ti onpr.i ses .at | east about 10 _wei ght
percont t cr ol cBAb S ATRAR ks Bl kB Bon B ihe el S orlon:
pent anant amerRéfeabbnitdedoedadt Shweight paddenl tett@hgine@bnhbent) BAD&I1EdsON.  More

r ef er abl 20 such _conpositions conprise at_ | east about 25 wej ght percent
F 19 amant gz#@ut 0.5 weight ng}c):ent pentamantanengomponents based on the fotal weight of ﬂ?e P

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.



conponents, and still nore preferably at |east about 50 wei muwpeom&nt
tetramant ane conponents, and at | east about 0.5 wei ght percent

 pent amarV@RE0¥HHponent s based on the total weight of tRETOSIPESIi on.
Preferably, this conmposition further conprises hexamantane and ot her higher
25 di anondoi d conponents. 18 July 2005 WO 02/096804 PCT/ US02/ 04549 -13-
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates the cage-shaped
structure of dianondoids and their correlation to dianonds. Specifically,
illustrated is the correlation of thg structures of dianondoids to
subunits of the dianond crystal lattice. 5 FIG 2 illustrates the gas
chromat ogram of a gas condensate feedstock; one of the original feedstocks

used in the Exanples (Fg (ﬁ%p rﬁ&ﬁ si mul at ed
distillation profile of gﬁ%iggﬁiés on ensaﬁoﬁ [#:spgi& c?gai ni ng petrol eum

byproducts used in the Exanpl es (Feedstock B). Boiling points depicted are

at mospher i ¢ eauiiphSsrah S othold IHShEALCS, R ooh L STRELALML RS il ated

~gdi-sti--l-ati-on: pro at-nosphert resi
condensat e#n diFipeaist (Spkciﬂicﬂlrydﬂlﬁﬂﬁn'BRmmK cBreldiinsof Mhegiifeturé of dlakxiohtisfﬁﬁ ates the

n-paraffin,carba nber ri.c equivalent boiling point. FIG 5
i1lustrate¥® %‘&%ﬂlgﬁgglﬁa‘ﬁ %@QE%% | es of distillate fractions containing
t et ramant anes and ot her hi gher di anondoids from a gas condensate, Feedstock
A 15 FIG 6 il arative ¢ plllar gas chromatogr hi ¢ data
fof tetramant ﬁ??éﬁ'ﬁiﬁeﬁiﬁ?& °‘F1?ft°§rtamc?§a e tacko ﬂg)

di stillat eoﬁg@ﬂtfwa@tosl%useEﬁﬁmEseﬁhplé%(FIaﬁto@@A@ face number s refers to peaks
of the tetramantanes. The second colum shows peaks isolated and sent to

the traps. The circled nunbered peaks (2, 4, and 6) are the tetramantanes.

I't is noted thalIQotiusRRRe hishIRIS @ktilahsy E@;ﬂlcc@l s 86ldetiSuelRedsiidamant ane
are contained within one of these peaks. illustrates the structures

of the fouf¥faRipgRetrlams byrrefdisusedi (bg Exdmnles (Heedstock B). Boiling points
depicted are atmospheric equivalents.

10 - FIG. 4 illustrates a high temperature simulated distillation profile of atmospheric
residue of diamqndoid 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 écﬁve

20 teframantane are contained within one of these peaks,

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

enantiomers.



enantioners. 18 July 2005 WO 02/096804 PCT/ US02/ 04549 -14-1&Udly 2605 A, B,
C) illustrates photom crographs of tetramantane crystals isolated from
Feedst oB0 r/deggopr epar at i ve gas chromat ography (FI G 6). pET@seBéussas
isolated fromtrap fraction 2, FIG 8B was isolated fromtrap fraction 4,
and FIG 8C was isolated fromtrap fraction 6. Because the two
enantionmeric tetramantanes have identical GC 5 retentions tinmes in FIG 6,
one of the crystals contains both enantioners. FIG's 9-11 illustrate the
GC retention time for a dianondoid ggndensate distilled and purified from
Feedstock A, distillate fraction 38."In FIG 9, the G M total ion
current ‘chromat ogram illustrates the presence of higher dianondoi ds at

ory 1 st r ot 236, REAT S st bsod et e Bies SO ATRUSRRD e 1 1
FIG 11, tmn@ézdy@ckm@ rbmtﬁegmeﬂa@g@apﬁﬂﬁb 3 o). | gl RALRS i8dIRedr €SENCE -

of hept arrant anes at | eveI S | om ng isolation. 12 illustrates a h| gh

-t enper at-urom frap fragtion 25 FKI- |8F3I vaasiignlaied om iéapoﬁ'aqt@gdsmsbﬁkl(isgcu@s Agplatete

at nospheri i £ 0 £ al so
illustrat eig ﬂtihelg thjg‘lftgogltﬁgga “’?:331@ glg tﬁ}ta%h% W wt?d dn‘%%gha&leg?r%lr?ah%dc
i sbl at i onsretefifbork ti@es ZIBFIQ. b usiterod tteescrydias gaﬁamhbomaernmgtfoﬁmf distill at e
Fraction #5 of Feedstock B atnospheric distillation 650 F + bottons
illustrated in FIG 12 and exenplified in Exanple 1. FIG 14 illustrates .
t he GC/ M5 sel edli@ds P4 tlbstrandicd§t acefiinziBo for ashanmigid dvaderpatesiéstided of t he

at nospher (EOARERF O GS556 A Set e GaHEon 15, dn 18- DPECEIMSER I KB gas.
chr omat og r@ffeﬁxfchﬁme@@grﬂﬁ lnhﬁuakmg PREAE o‘i“hﬁéﬁef hﬁ{:ﬂoaﬂmdmllafewpdufo&aggt ion,

exenplified in Exa whi ch was used feedstock in pyrolytic

pr ocessi ngsolatiea. %EE} dg- t’hﬁ 6 MSron Shlph@tqml?e (indd 394 dbwieatesthe peasench ef

g L tF | | 'lgt 4 gﬁ%ﬁmgﬁ%ﬁ@%ﬁw@% P69, BRIGENLS (6B i3 cRRREBK R el Y

(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.



WD 02/ 096804 PCT/ US02/ 04549 15 FIG 16 illustrates the gastghipaeasogr am of

the pyrolytic product fromthe starting material in FIG 15, i.e. the
hol dup fwaéePwodof Feedstock B atnospheric distillati onp®hOsifsszgbottons,

showi ng t he degradati onof nondi anondoi d conponents. FIG 17 illustrates the

preparative ODS HPLC trace of Feedstock A gas 5 condensate distillation
fraction #32 show ng fractions taken (1-9). FIG 18 illustrates gas

chromat ograns showi ng Feedstock A, distillate fraction #32, as conpared to
its HPLC fraction #6 indicated as shown in FIG 17. HPLC fraction #6 shows
significant enrichnment in one of the tetramantane conponents. FIG 19
illustrates GO MS total ion current chronmatogramof HPLC fraction #6 10

(FIG 17), show [.or._co nent and sg| ected ion chromat ogram of
fraction #6 (ﬁé@%ﬁ%ﬁ%ﬁ@ﬁ#ﬁ@%ﬂﬁ%{b ¢ PEShbis mEsttuct Bomdke of t he

t et r amant aserting amRKisL G 1208, ik hoRihp Bla8forforIRSdF B RLAYHRMR. (FI D) of the
distillate fraction #6 (Table 3B) of Feedstock B 650 OF + distillation

bot t ors, - aAiiEAien 65O B & hetrms.shoviag tha dagtpdaioroefinondiemopgeidicympenepsocessi ng

this feedstock, show ng the nondi anondoi d conponents 15 have been degraded
and pentamant anes, hexamant anes and hi hlﬁ condensed hept amant anes
conponent s thatFﬁ%%ﬂb‘é@%ﬁﬁ%ﬂ@@EﬁPﬁ@bV@C}%ﬁ PkGirats ofifecfigt@®k 2%ai | | ustrates a

gas” Chr oMt o0t AT kPl ) bt BSLARD.ERa(Tap) e 35)  of Feedstock B

650 IF + distillation bottons, e resulting product of pyrolytic
processi ng showi ng nondi anondoi d conponents have been destroyed and

hopt amant ance. (hot " haa kecancron SR AR AP BiBIER 5005 vo

hept amant anes that have becdone ava
02/ 096804 FETAUSOR:GA5HA s BELCHr@tioR 26 indicmsdd atshewain B, A7 geWLsgpram of the

gas chro r f.-Fl 21, from approximately 22 to 35 minutes, and the
resul ting é;%gﬁ[gﬁ%%lﬁggn%gﬂrdgﬁw% Wo@dﬁglé‘?]@gﬁnarﬁ QRERPEHES avail abl e for
i sol ati on.
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.




~hexamant-a

FIG 23 illustrates a photom crograph two co-crystallized pehidyacdsane from
5 Feedstock A. FIG 24 illustrates a nass spectra of the distillate
fracti owgi/oobsmadst ock B 650F+ distillation bottons, pwcalussi/esspr oduct
showi ng the presence of nol. w. 448 heptamantanes purified therefrom

FIG 25 illustrates a nmass spectra of the distillate fraction #6, Feedstock
B 650F+ 10 distillation bottons, pyrolysis product show ng the presence of
nol. wt. 446 octamantanes purified therefrom FIG 26 illustrates a nmass

spectra of the distillate fraction #gg_ Feedstock B 650F+ distillation
bottons, pyrolysis product show ng the presence of the nost nol. w. 456
decamant ane purified therefrom 15 FIG 27A is a photom crograph of

crystals of pe B by
preparative ca:}f ragl/ﬁ\%grsa%%ﬁé %ﬁ@f&@%ﬁﬁﬁ%ﬁé&&f@??m al”"ion
current ckupq»rmﬂmgremmmﬂﬂﬁﬁutes aﬁabalmsﬁnngslmmmmanes aodvhighlytchlepsedi ty of ¢
this isol ?‘léeed ent amant ane. 28A is a photom crograph of crystals of
iagiantanes aygila 3%5150 3Pl sol-at ed- f r om Feedst ock -B by pr eparative -
capillary gas chronatogr aphy FI G 28Bis a GCOM tot al ion current

chr omat ogram a s t he ) ectrum ShOWI u of this

i sol at ed hexan&'&éﬁg 1‘?@‘3‘5’&?‘ g /995‘8321)& AP 17- FIG
2%A i s a phebigsiiesogr aph of crystal S of a fuI |y condensed hept amant ane
(mol. wt. 394) isolated from Feedstock B by preparative capillary gas
chromat ography FIG 29B is a GO/ MS total ion current chromatogram and 29C
is the mass  spged YRR Rehald\Gebied biithe &Eulmé fadipalkal rdaioripempkane. 5
FIG 30 is a table depicting the nunber of different nolecular wei ghts in
each hi ghistillefianbadens pymtysispradiust shrvingthe erestncelobswlvgl #8ul ar wei ght s.
FIG 31 i eﬁtaﬁjdaﬁ{a'nlaéﬁﬂﬁ?éﬁtﬁggﬂé .| | lustrating distillation cuts on a higher

di anondoi

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



contai ning feedstock selected to favor the enrichnent of sefi@gdllgdodsmri ous
hi gher dianondoids. 10 FIG's 32 and 33 are charts illustrating elution
sequenc&sohpnIeaoavari ety of individual higher di anondoi geT®Roiy¥esdi fferent
chromat ogr aphy colums: ODS and Hypercarb. FIG 34 gives a flow chart
representing the various steps used in the isolation of higher

di anondoi d-cont ai ning fracti ons and i ndi vi dual hi gher dianondoi d
conponents. - 15 Note that the steps can in sone cases be used in a

di fferent sequence and possibly skipped as discussed in the Exanpl es.
FIGs. 35A and 35B are conpilations of the GO M and HPLC properties of
various hi gher dianondoids included in this application. FIG 36 shows the
t wo- HPLC col um rat.e sed.to isolate ual . 20, t et ramant anes and
pent amant anes. %22}&1%;}&14%{8@1% quﬁ?tstraiétg \é‘ﬂg’cﬁpgﬁﬁ'é‘?da]ﬁpwml lary gas
chr omat ogr &pbii mdau}aisom@aﬁ!aﬁem@mok@b a@éﬂv@%ﬁ 111&8%15 S fnad gﬁ the first
columm cuts containing two of-the 18 200& %K) /096804 JS02/ 04549

18- Rexamant anes-from Feedstock B.-Fl G 37B shows t he second col-um-peaksg

i sol ated and sEH 20B it h&INISPRGal ik aﬁ‘}eilmtxsmﬁit@g@ﬁ%hﬁw@&@thgﬁi&@ém”t anes were
i sol at ed, hexamantane #2, the second hexamantane to elute in our GO M5

assay, whi FRECHER shawpg e pigity of thisssolstedheplamaniatast e, 5 FIG 38A i s
phot om crograph of a nonamantane crystal. FIG 38B is a mass spectrum of a

di ssol ved nonazgﬁigne cr stal . FIG 39A is the GO M of isolated, fully
cohdensed deca R& Hif W%P%heEWPMWHEW@CWtW£IE$MW in FIG

398. FIG Hlferl darforDRIALEAAUBANLY s bbb Hlight| | Y condensed

decamantanes. 10 FIG 40B is a nass spectrum of I'ssol ved decamant ane
crystal of FIG 40A DETAI LED DESCRI PTI ON OF THE | NVENTI ON

FIG. 31 is a distillation chart illustrating 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



This invention is directed to processes for the recovery ands pulybdscati on
of higher dianondoid conponents from hydrocar bonaceous feedstocks as wel |l
as conpeeo bi/@ess conpri sing such higher di anondoi ds. Howewefisoz@iss®r to
describing this invention in 15 further detail, the following terns wll
first be defined. As used herein, the following terns have the follow ng
meani ngs. The term "di anondoi d" refers to substituted and unsubstituted
caged conpounds of the adamantane series including adamant ane, di anant ane,’
triamantane, tetramantane, pentamangane, hexamantane, heptamant ane,

oct amant ane, nonanmant ane, decamantane, 20 undecanmantane, and the |like and
al so including all isonmers and stereoisoners thereof. 18 July 2005 WO

02/ 096804 [ Q45 -19- Lyt ed di.anondoj d referab onpri se
Do at e oyl Mom ecad i P RRY. s, S0y S IR SRl GBS

"l ower di asmntdahdra}ﬁnﬁﬂmemisqj'mdéﬂur'é hipBetan«divd¥B Mo, ABthmathiiah@fBnt ane
conponents” refers to any and/or all unsubstituted and substituted 5

~deri vativel scordibsrameniaes toglummun e MSRshay, whilnherrenantans #Baythe " hi gher

di amondoi dejspfRpagRt s” refers to any and/or all substituted and

unsubsti tuted di anondoi ds correspondi ng to tetranmantanes and above

i ncluding tetramantanes, pentanmantanes, hexamant anes, heptamant anes,

oct amant anes, MENMRRLAIRSH g]?{rgﬁt@d;ﬁﬁl gglé,gﬂtgﬁnt anes, and the like
including all isomers arﬁld 1ocr§§re eol sorrergnetzlﬁer of . Preferably, the higher
di anondoi ds i nclude substituted and wunsubstituted tetranmantanes,

pent amant anes, HEXMMRLARRS spheRh SFBALGNFS noRiLANRBLARRS, NOnamant anes,
decanmant anes and undeceéllnant ﬁapr&lees. FI G %% iédsnoa Taaﬁrlgl %%Zh shows
representative higher dianondoids together with their nolecular weights.
The term "t et I IBNIA0G; GOTRINSHr Foldid, Glly! ndbhbef A Blanblnb wiiRThist ut ed and
15 unsubstituted di anondoi ds corresponding to tetramantane. The term

" pent amant adrepeiblsemteial shefvarin FEG.aM3. and/ or al | substituted and

unsubsti tuted di anondoi ds correspondi ng to pentanmantane. The term
“non-ioni zed '

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 |




di anondoi d conponents” refers to higher dianmondoid conponentsJupgds do not
carry a charge such as a positive charge generated during nass spectra
anal ysi sVologowsaa t he 20 phrase "hi gher di anondoi d conponefigozisssts defined
herein. The term "non-ionized tetranmantane conponents” refers to
tetramant ane conponents which do not carry a charge such as a positive
charge generated during mass spectral analysis. 18 July 2005 WO 02/096804
PCT/ US02/ 04549 -20- The term "non-ioni zed pent anant ane conponents and

di anondoi d conponents hi gher than pgntamantane” refers to pentamant ane
conponent s and hi gher di anondoi d cgﬁgonents | ar ger than pentamant ane which
do not carry a charge such as a positive charge generated during nass
spectral apalysis...5 The.ter "sel ect ed. hi gher di anondoi d conponents” and
the like r gﬁbes?l‘@“*‘t%‘odl%fﬂ%{{a‘e’ldtﬁ BEFL PO GPEPETHEAT b 46 B3 TEFSHBETPRL ©d hi gher

di anondoi dslkjlabstipiegtsdesi red to be isolated or "enriched" in a product.
The ternms "nonsel ected hi gher di anondoi d conponents” and the like refer to

............ those hl gher . dl an‘DndOI dst hat are- not n Selected hlgher dlanondOI ds"- 10 The

term "enri ched"Thshem UsRer digmseRed éo@xﬁ)oh&ﬁs’s&ata@arﬁémlﬁ)&éf jifta%laﬂfaneoﬁl‘a or nore

hi gher di anpndoi d conponents refers to such materials at least partially
separ at ed FiEEAM2RGROMROBES Jefers tarmdy prd/ertrdl wsvbstitited amd substibated i ndi vi dual

hi gher di agnRgdRid of QIRRAEAL S | east 25 and preferably at

| east 100 tinesetﬁe orlgﬁﬁdﬁh%%ﬁggﬁgﬁgﬁg%%gﬂ%%hibited in the feedstock.
Preferably "enriched" higher dianondoid or "enriched" 15 hi gher di anondoid

conmponent s nmakerpdRefd <4 VASL /P ' y al_l.east % {1 .-€... 50- 1009,
nmore preferably at eﬁys&gg%gﬁ%oﬁggﬁ%%g&pF%%resrtg%? ané?orlaggg SUBRH, or even
at | east ®Z9wWBPpsiwieghtianaindbide cavespaldingatietiraintings wht 4Bové heladaige present

or in othe rds exhibit a weight purity of at |east 25% 50% 75% 95% or
99% of suc eu#a%ngaﬁe%llpfmﬁ? nt?%eﬁxaxg‘é‘@?}g‘}eérﬁ%‘ﬂammﬁr%@&%@%e eous feedstock”
refers to duneinsnandd, deRsRARARSWEcdiBlfhh@] SndBEMKL Ml LH0VEH4PLE amount s

of hi gher di anondoi ds. .
10 stereoisomers thereof. Preferably, the higher diamondoids include substituted 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.



Preferably, such feedstocks include oil, gas condensates, re&umyage&treans
oils derived fromreservoir rocks, oil shale, tar sands, and source rocks,
and t hewo émeos®uch conponents typically, but not necessermndsoHe9Pri se one
or nore | ower dianondoid conponents as well as nondi anondoi d conponents.
The latter is typically characterized 25 as conprising conponents having a
boi li ng point both below and above the | owest 18 July 2005 WD 02/096804
PCT/ US02/ 04549 -21- boiling point tetramantane which boils at about 350C at
at nospheri c pressure. Typical feedsﬂ?cks may al so contain inpurities such
as sedinment, netals including nickel,” vanadium and other .inorganics. They
may al so contai n heteronol ecul es cont aining sulfur, nitrogen and the |ike.
Al of these n i anondoi d materials are included in 5 di anondoi d
conponent s” Qf}igu T o POR-1081298 PIRRRARATEAIe SPARPORGIES qudy %ﬂlﬂ%ﬂﬁ%@ae%t erials”
refers to EIEEGI GRAr kR RE” IREIRIRAHKIERMRO B&Abchentk AR nidh& dﬂﬁﬁo a&@l ected

hi gher di anondoi ds and i ncl ude "nondi anondoi d conponent S*, I ower

~di-anondoi o@mm@lwhﬁﬁgéh@tm@mfgh@wh@hmmﬁwad:@rgersgdeasta@omvar e -defined

her ein. %cﬁt gg rCEInB%?naSS Sﬁ&‘;traf}arl‘a\{l nsg refers to processes for renoval
S

nondla conmpone o(&Y di anondoi d conmponent s and/ or
nonelected hi gher di anmondoi d conponents fromthe feedstock. Such processes

gl ude. by weynalonfaRl & A G ShERORFRRLARERD: LaSbAeR,: dhof || o Ton

evaporation eit under nor duced Ipresiute e parators,
sor ption, mierommmregml&phyed @hﬁﬁdb@t&hte&)hig‘lﬁcﬂiaﬂfc\ndd;as ihaysé ddsiredzmtbcon and t he

| i ke. For et al,.4 disclose distillation processes for
renovi ng éﬁé%raf’én g%slfllatpﬁqdé‘ﬁf adamant ane, di amant ane, substituted

di amant ane, and tr| amant ane from a hydrocar bonaceous feedstock. Size
Separation tec ues i ncl de nbr ane arations, nplecul ar sieves, gel
permeation, si le]gl ’EF%éﬁOBT’P bﬁ‘?%?ﬁﬂio B&%P?Wétsl F’-‘P&Ethegberl?ff’é Q erms

"di stil | atthedd higer deinsdnlabids B arb 8he%Sledied Efgﬁ&scﬁﬁﬁéﬁdbzldsf’ educed pressure
distillation, and el evated pressure distillation processes on the

hydrocarbonaceous
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




f eedst ock which are conducted under conditions wherein the t8 sulypbestion is
termnated when a portion and, preferably, at |east 50 wei ght percent of
adamant 3e0z/@s8mant ane and triamantane conponents i s r egaed2b{sem t he
feedst ock. Unl ess otherw se specified, 25 distillation tenperatures are
reported as atnospheric equivalents. 18 July 2005 WD 02/096804

-PCT/ USO02/ 04549 -22- The terns "fractionation"” and "fractionating"” refer to
processes in which naterials in a mxture of materials are separated from
each. other such as by differential _golubility, differential vapor
pressure, differential chromatographic affinity and the like. The terns
"thermal treating to pyrolysis” and the like refer to either atnospheric,

5 reduced Ry d ressure atj.ng of the feedstogk.or a

f eedst ock }?{lagil E)lﬁ f 3“3%55%{%@%%%&%%%{;‘%08&?% b&ﬁ%mBFpWF@I%%%O ©5 in the
f eedst ock. feddseckemnay dlsoaditannnseitts caANeMkEen fnetid iﬁ@ﬂéﬁnﬁ%&e}[ efers to
conponents _of .. the.feedstock or a feedstock fraction which are not

- di-amondoi-d"3PH R 2pd ether ngyeaniss. (L heyanay dsgcontain hetaenioleiles coptaigiogi ned -
herein. 1Guff(€ nfu® A liReds . i -] .a portion of |
t he hi gher_ di_am%g%?%&%%hn%%nﬁ? g{h? %‘ﬁ‘h gf%ﬁéﬁgﬁrng%%@gsr%%lﬁcgggé%ck when

cotpar ed t @ordanendsifheompohientsicds thidtderonatodedised bersil. i n t he ori gi nal
feedstock. In a preferred enbodi nent, at |east about 10 wei ght percent of
t he hi gher di anondoi d conPonents are retained in the recovered feedstock;
mor e pr ef er abl yhe &rm “sguseleatsd matGhilaleifpht tofiiy adiattionfof fieasibtighteipohnts

di anondoi e re.retained.in the recovered feedstock; and still
nore pr e19 g@gﬁ@ﬁ@? ga}@e%fegas‘gtheh%‘g n‘g%d%%l}%ﬂfmg“e r@@ﬁ@lﬂﬁfl&l&gor}w%gqs »di anondoi d
conponent sleree dianwhdsidethndrfnbiteleted dudeLdiaimdaaS I0GKhes8 #G s RRsREnan t he
t ot al armtﬁgt.of such di anondoids found in the feedstock prior to
treat ment "fHk term "chromat ography" refers to any of a nunber of well
known 20 chronat ographi ¢ techni ques including, by way of exanple only,
ﬁ)lurm or graviﬂl% ch‘ronatggé‘gphy (either normal or reverse phase), gas
r omat ogr aphy )} MhiSgR  FEIFSr AR TEBOVINE giRters énpropessadprismpyalafd the | i ke.

nondiamondoid components and/or lower diamondoid components and/or nonselected

c
c

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, gel 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 ﬁydrocaﬂionaceous
feedstock which are conducted under conditions wherein the distillation is termjnéted
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.




groups typically having froml to 20 carbon atons, nore preferably | to 6
atonms (Woemmedo8 July 2005 WD 02/ 096804 PCT/ US02/ 04549 pcTABomdakysl "), as
wel | as cyclic saturated aliphatic groups i 3 typically having fromto 20
carbon atons and preferably from3 to 6 carbon atons ("l ower al kyls" as -
well). The terns "alkyl" and "lower alkyl" are exenplified by groups such
as nmethyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-butyl, t-butyl,
n- heptyl, octyl, cyclopropyl, cyclobsgyl, 5 cyclopentyl, cyclohexyl and the
i ke. Methodol ogy The processes of this invention can be conducted wth
readily avail abl e feedstocks using the foll owi ng general nethods and

procedures. It wll be, reciated ..that where.typical or eferred procesé
condi tions (i .eme?gﬁ%tf?%ﬁoqag%e daguonatg refer IQ@FWEH‘Q&C ressures,

etc.) are @hnAfls 0k ALY FeR5Siak0R6 dphARY fFoADeth DtheP ficH 388y SiRlRHSal _
ot herwi se st at.ed. timumreaction conditions nay vary with feedstocks, but

- such-condiolybehiy, @ffereptialyaparmresaes, dfferspial skiomatsgraphictafienitiand e teut ine -

optim zation procedures. Furthernore, the higher dianondoids of this

invention wll typical Iz contain one or nore isomers or stereoisoners and
substituted dia dheympl treafing tppyrotysis andithe Wreaefel ® eitherpinespbptie, al

centers. %ﬁﬁcreqigp&!s%e ok bletifad r@gureﬁiégﬂrirhegfég qyé;ﬁg&?ocggp a ?%dﬁf; 86

i sol ated as pure i1soners or ereol so I'vi dual” enanti omers
or di ast greolyes sportinn af ot @mewe sanpenerinin thadebdotoxit.ur es. Al |l such i soners
and stereoisoners (and enriched m xtures) are included within the scope of
this invention, unless otherwi se indicated. Pure stereoisoners (or

enri ched m xt urds)temm{fndndiaproefad edmpenenty,of & deed@0cleXatep te compysh@aloli zat i ons,

optically acti ol vent . or, st ereosgl ective. reagents || -known in the
art. Al tertﬁ%%eieésg? ,OIraa‘%gqf?Oc?k 'aﬁtﬂ?ﬂgﬁ‘c}gf“e?ﬁﬁ‘ﬂfa%gcgﬁiﬂd‘gg@&tﬁr‘ﬁ TR thg at ed
usi ng, forieme%drmbedoi@hishaliefGRiueRichr omat ogr aphy, chiral resol ving agents
and the like. In the processes of this invention, a feedstock is selected

such that said feedstock
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



conpri ses recoverabl e amounts of one or nore sel ected hi ghet8 dilpgod&loi d
conmponents. 25 Preferably, such feedstock conprises at |east about 1 ppb
of one oWOn0e6ditgher 18 July 2005 WD 02/ 096804 PCT/ USOR¢N¢S»A1334-

di anondoi d conponents, nore preferably, at |east about 25 ppb and stil
nore preferably at-|east about 100 ppb. It is understood, of course, that
f eedst ocks havi ng hi gher concentrations of higher dianondoid 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 streans recoverable from

cracking p ses, distillati . coking and .the like. Particularly
preferred f@gggﬁﬁ%@?HﬁﬁSrﬂﬁéaéﬁggﬁ@ﬁﬁﬂgﬁggﬁﬁ§W¥@@§§988ﬁ@DFS%%V¥%%%P¥Won1the
Nor phl et Faneras ugiprefrablyefréai Bito 6 barybix kb mis {owadhiify1 oM L) Lefugmizor mation in

Canada. | n jope _enbodi nent, the feedstocks used in the processes of this

~invention- e R Pves AT s eiemmliEad i srospcwh enaettsl, vl ppal, bobling o

poi nt bot h ; ' [ . S i1 int_hi r. di anondoi d
conponent S%ﬁ%@%%gagﬁPéggﬁg?%?gbggﬂ%a%?ﬁaé§5@%¥a§Pmﬁﬂr%gp%ﬁ%% di anondoi d
corfponent s.cyflepguylf exstidendlend wielllkeusual | y 15 contain a m xture of higher

di anondoi ds. Dependi ng upon whi ch hi gher di anondoids are selected, sone of
t hese hi gher di anondoi ds may have boiling points belowthe selected

di amondoi d'Metheddlémyg poi nt. Typically, the | owest boiling point higher

di anondoi d conponent selected for recovery wll have a boiling point of
greater than about 335C. In typical feedstocks, the concentration of |ower
di anondoi ds to Mibghcesdes of thisdmneoiiciscan de gemdicet nyithakaiiy 2260b%k or hi gher .

Mor eover, I rated.i.n FIGs. 20 ~and 21, typical feedstocks
conpri si ng %%dé‘{?é%%} fngntﬁf;%@g P ERPIh ?tgo%l "@é p(":%’ﬁ%'&?ss gt Wﬂﬁbfoqp&mﬁm d
conponent s that whetethpit € edpichaied précetsaohitiond @B feattiiBRAGL rezOfRANENt s Of ten
cannot be g&fectlvely recovered directly fromthe feedstock because of
tH&ir 1 ow SONEERHPEsFEEHEic.) are given, other procéss conditions can also be used unless

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



25 relative to the nonsel ected conponents. Accordingly, the1puggeesss of
this invention may entail renpval of a sufficient anount of these

cont am mambBoskge@m t he feedstock under 18 July 2005 WO QxA898604&49

PCT/ US02/ 04549 -25 conditions to provide a treated feedstock from which
t he sel ected higher dianiondoid conponents can be recovered. |In one
enbodi nent, the renoval of contam nants includes distillation of the
‘feedstock to renpve nondi anondoi d conponents as well as |ower dianondoid 5
conponents and in sone cases other nel ect ed hi gher di anondoi ds havi ng
boiling points less than that of t 1T owest boiling point higher

di anondoi d conponent selected for recovery. In a particularly preferred
enbodi ment , . t he tgedstock is distilled to provide cuts above and bel ow

about 335cHiaBPeAEd FrERRReRtE aRQra PERT2N B 3t 15350 3berintS RRYEnd A anoropisfeastdy abl v,

above and S1iGs A dERSREEEF GuRdUi Ll ngepelnt. I n either
i nst ance, Eﬂﬁlg@}"%ﬁffﬁgﬁg It\?\}]ia%:h are éfn(ﬁ chéuglgﬁﬁgﬁgofggh%\hg%%g%i ds and | ow

---------- boi i ng - potencentrationi of iighdodidmonivpberemaents éadlithenemveryhdaitsand di scarded -
and t he hi %ronlgrﬁgl ing cut, which is enriched in higher dianondoids, is
ret ai ned. S urider st ood, of course, that the tenperature for the cut

point during distillation is a function of pressure and that the 15 above

t epperat ures ar Fc.equivalents., A reduced pressure . will result in
a FFomer di sti llﬁg}?ﬁ%@fﬁ%@sﬁ% élicﬂlr%g’ Oﬁe}éaﬁﬁl%\}%&fﬂga%% CRREeS 3BT HO e eas an
el evat ed psteasihevingthibh céRsnttdtiohdofchigled ARimotsidk.! Aaih repartiedbetadetlr € to

achi eve the gar_[e cut point. The correlation of pressure/tenperature from
at mospher i ¥chrdiney) stepmninclydehydiecarhongerons strgpmpg eepveralle igma gReldBg pr essur e

distillati i bt N i1 - | St ' n be
oper at ed t%@g%s%g%@%tﬂ?&ﬁ%‘h@gﬂ%& ?tﬁoicdk% qu rrlltl d&%‘rr?\ﬁ’ gfgﬁg%vﬁg ?%Féﬂcs %%dgﬂﬂi gﬁx éla

t enper at ur endensgfes peddtovke reegteredfrpmdivd Nerphlve Fommationlin gerGuifefdviexiof t he

scﬁi ected hj I?Orm %i aeggongoi d el ‘groggs of sel ected higher dianondoids. The
clts, whi cHEArE™ BRLCEREHOTRUOR M G one or nore di anondoi ds or a
particul ar di anondoi d conponent of interest, are retained and may require

further purifigatio thbc;r ee&t,o t!h!a %’e\:ﬁdsqgck-ls_%ts)éf in' tilfli grsogés%ésecﬁ‘.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




25 representative fractionation points (atnospheric equival &hdulp2els ng
points) that nmay be wused to enrich various higher dianondoids in

over head¥0Q 0tppepiHactice it may be 18 July 2005 WO 02/ 096&80¢uRMl34502/ 04549
-26- advantageous to nake w der tenperature range cuts which woul d often
contain groups of " higher dianondoids which could be separated in
subsequent separation steps. Fractionation Points Mdst Preferred Preferred
Lower Cut Hi gher Cut Lower Cut Higher Cut Tenperature Tenperature
Tenperature Tenperature Hi gher D amopdoid (C) (C) (O (C Tetranmantanes
349 382 330 400 Pentamantanes 385 4 360 450 Cycl ohexamant anes 393 466
365 500 Hexanmant anes 393 466 365 500 Fbptanantanes 432 504 395 540

Cct amant an 27 4 ane 425 590. De nt anes
472 571 43805 %"Am %r?&%‘@é%ﬁ?%??e’go%g% se ?%f‘éﬁﬂ % Girarondaid 1y gher
Cut Tenperaipohentd eaprradoveed. H gher Di anDnd0|d (G CC) Tetranmantanes 300
430 Pentamantanes 330 490 Cycl ohexamantanes 330 550 ‘Hexamantanes 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
t echni ques usésgrammmbd-anes Wil | 3gd | ow a fegdst ock ragai ned isoet he nenbrane
to sel ecti veleyampagass | ower di anongpi ds acrggs the nenpy ane baggi er provi ded

that the pOIRptamantanes iR 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.



size of the nenbrane barrier is selected to differentiate bes yagpo@onmpounds
havi ng the size of higher dianondoid conponents as conpared to | ower

di anondoV@ @#Agehent s. The pore size of nol ecul ar si evesrsusihoaswzeol ites
and the like can also be used to effect 20 size separation. In a preferred
enbodi nment, the renoval process provides for a treated feedstock having a
rati o of | ower dianondoid conponents to higher dianondoid conponents of no
greater than 9:1; nore preferably, no greater than 2:1; and even nore
preferably, the ratio is no greater_ohan 1:1. Even nore preferably, after
removal of the | ower dianondoid 25 conponent(s) fromthe feedstock, at

| east about 10% nore preferably at | east 50% and still nore preferably at

| east 90% of th ' ' Qid.c nents are retai,ned in th

f eedst ock as co?rtp‘g{rlg%%gér%ﬁn?&gtﬁ%%%‘[a%)gg%ﬁaar}foﬂ 'cfﬂﬁge ?t%?fgtb@%ﬁe 5394 o t he:
removal . 13ighet ia2@0doid WG/ VM Ik 0SR UOMB4D diandBddhesm secovery of
hexamant ane_and cP-Er heg gi anondoi d conponents is desired, the feedstock
oL —al s o ég??é?tg gmﬁ ¢

a portion of the hydrocarbonaceous nondi anondoi d conponents fromthe

f eedst ock. The 1grol Si s Fffectively concentrates the_ampunt of higher
di anondoi ds in EIMCGFSS?? o He rgmowaliof lyyes diamopdits spseles e digher ender i ng

their recovRinibnBeRs)iPhisy, alYsUyadcartofablsSfoh@dmbiddie el fach BB USRS OCK

under vacuum conditions or in-an inert atnosphere, at ‘a tenperature of at
| east about¥23®fexamilc oply efizersebargtiorf techmiquse evapot@Dntegheivader 16064, or mor e

preferably 4 0 45 and.especi al 4 0 430C, for
a period of édth?érgs&?%ﬂ}eef Ig/gttaﬁ]g?/t?og'f %Prsna%%mg{ly’lweeg eg(gseﬁgﬁﬁw% ﬁe]agfe‘{ﬁ?{gssﬁ?

nondi anondendithe dikp.oFentample, lover ﬂﬁﬁﬁﬁﬂﬁiﬂkcmﬂ&?tﬁ‘&%ﬁﬁdﬁy@eﬁ&%@iﬂdn@nS enpl oyed
are selec eg SLicCh t hat I‘.ECO¥6I‘]6111%| e anpunts_of hi gher di anondoid conponents
are ret ai nEFFROSHIBEARHEY §¢ kechriruess divstafialnadgmanigepandshanantass i s wel |
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from

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.

BBCBMBPAE™Iy r ot ysi-s to eff ect removal of -at-least— -




the pyrolytically treated feedstock based on the total wei ghs Jaf 200%

nondi anondoi d conponents in the feedstock prior to pyrolysis. In yet

anot her woebtmesssed enbodi nent, after pyrolysis of the feepst@sknigly | east
about 10% nore preferably at |east about 50% and still nore preferably at
| east about 20 90% of the higher dianondoid conponents are retained in the
feedstock after pyrolytic treatnent conpared to that anmount found in the
feedstock prior to pyrolytic treatnent. In a preferred enbodi nent, renova
of | ower di anondoi ds- and Iovvbmlmg2 0|nt hydr ocar bonaceous nondi anondoi d
conponents fromthe feedstock precedés pyrolytic treatnment. However, it is
understood, that the order of these procedures can be inverted 25 such that.

pyrol ysis occur rior to rg@q}val of Iovver gl anondoi ds fromthe feedstock.
18 Juiy 2005 FeroEgs 2F ppopAeidpmaepeRis isgicgesddur e,

while a pr e&e&e&%&@q@%@géﬁmme @@Jec@émxam SGERIR Yt reu-rm/'aﬁ o104 1@&% because

the concentration of higher dianondoid can”be sufficient certain

-f-eedst-ocks PPHgN of e hb’ﬂ@&ﬂb@h@@@d&@nﬂﬂm@ﬁbt@mﬂalﬁom theifeedmmbr’l"he e

di anondoi d ed dire ri.ficatjon gues
such as chpgﬁ)rrgg}% ograpny éely%) 8?“3%?69 6|alzné)%n|1to§lh1%*leﬁ& RS?I(SIW%I@GWP@E’@}C%

di anmondoi d treainpfadsbck. thétebyaneaderinghiiy redveeryqaiasibRt rati on or purity of higher
di anondoi d conponents in the feedstock is not at the |evel to effect such
a recovery, then a pyrolytic step should be enployed. Even when pyrolysis

i s enpl oyed, itPyshpisa effdced byheftinptthefcedtrdivndbhectea@sadiEons éraﬁ:ﬁqst ock
using one Qr nore purification techniques such as chromat ography,

crystal | i z tFGHIOPREnH P tamperaisiesh ak leehiogt 880° Gadepredarpblyngom sh reSS| ve

recrystali Ze separ i.ke art cul ar
preferred g?%lf:es(smt 'ﬂq érné%rg léer?eéadbq? ﬂgﬁr‘d%hgr}tkd'd& Q aP?L}tgtsa 3’& ?W%lr avity

col um ChrW@@H@E’H‘féeﬁtﬁidi’@mfeltb\éﬂ‘éct@yﬂo[ﬁis%ﬂamyaﬁgﬂﬁfrﬁ&oﬁhla' ca gel followed
by HPLC using two different colums feri %sel ectivities to isolate

tHé tar get endmandsidrompanenizofile fipdsiorki Thp spesilyy eondtions epwloarpd aist pur e
target hi 9%%&%155#%1#3@@9:%& 1e YAGLEs BV 1EARYS g arlﬁ;a%[éngnp%%@ﬁt?%‘}er%tn%‘ﬁx are

not high e stall1zation to~occur concentratron by, -
for ex arrpl the fpﬁd&lpek a'ﬂlalﬁlecaqm ofl saclycagditions 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.




chromat ography, may be necessary. Conpositions The above pn®geaggess provi de
novel hi gher di anondoid conpositions. For 20 exanple, in one enbodi nent,

t hese pr¥WEB89880Hr ovi de a conposition conprising at | easpcriasizroas®@nt ane and
pent amant ane conmponents wherein said conposition conprises at |east about
10 wei ght percent tetranmantane conponents and at |east about 0.5 wei ght
percent pentamantane conponents based on the total anount of dianondoid
conponents present. Alternatively, the conmpositions of this invention
conprise at |east about 10 weight 25,gercent tetranmantane conponents and at
| east about 0.5 wei ght percent pentanmantane conponents based on the total
wei ght of the conposition. 18 July 2005 WD 02/096804 PCT/ US02/ 04549 - 30-

In a preferred i i e maositi on, conpr.i ses.at | east tetranant ane
and pent anant ag‘gpgggr?%ﬁéﬁq%&“ gv%érﬁlgﬁ%%faﬁe%%'ﬁ%éﬂefﬁzﬁ AT SUE R east
about 25 welhifdr iseqdmcmmetceﬁaeaummmmgheﬂmmeﬂmdamﬂbaaufﬁaaﬁlfv t#m ght

I anmondoi d

percent pentanantane.c nents. based on the taotal anount o
omponent - §FRuR fedstadks thabthe feed frodenkphen rgmoraliat thelewer dieRdoBd wei ght -

percent t elbAPBRLANCanCRTRE kL Sy ﬁfﬁﬁﬁkaﬁ&%&n}zﬁi’&iﬁﬂéﬁ as%%&ﬁx?a‘fﬁgra[;}g ntamant ane

conponents based on the total anount of dianmondoid conponent “present. In
anot her pr épsiaHEgdtiehBsdiomsovide higher diemooditicomponets. | Hesewat, wheadte

tetramant a nent,s _wherein. sai onposi t i conpri ses
at | east aggﬁc‘t’é gg ﬁ\%?gﬁﬁ t"gﬁeﬁ%‘%ﬁ%@’?"e P &gﬁ?gﬂ@%ﬂ}ﬁ%g%%eﬁftgagﬁ{}%ﬁ? %ast 1
wei ght per dent topéhtianent Roerel) ten APORRyHSstiagRdldst dhsloysl al wei ght of the
conposition; and, even nore preferably, at |east about 50 wei ght percent

t etramant ane conponents and at |east | weight percent pentamantane
conponent s baseBvarwhdneytaysi is weplghed, 0 is pheeresing daithdr parifyl the REGHdON to the
tetramantaged q%ﬁgentanantane conponents. found in these conpositions, the
conposi ti ons %P PSS OF TP LA OB Aschaiones shishis shomei®alent s 15 and,

even nore pryehrEaRY theRRE dHusBRt@hRudle PLATRAARR pro Rt APBREIN  izar
nonamant ane, decamant ane, undecarra‘nElane conpone %iegs ) glIc\\c}br e p-r%?%?zgg??/, t he
hexamant anéze 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



conponents found in any such conposition do not include thetd sy gogmndensed
cycl ohexamant ane of the fornula C26H30 and having a nol ecul ar wei ght of

342. FUWODRles9q8us i fication of these conpositions will | e@driuseremosi ti ons
whi ch 20 conprise at |east about 50% or nore of tetranmantane conponents
(either as individual 1isomers or as a m xture of tetramantane isoners),

pent amant ane conponents (either as individual isonmers or as a m xture of

pent amant ane i soners), hexamant ane conponents (either as individual

i somers or as a mixture of hexamantape isoners), heptamantane conponents

(either as individual isoners or as a m xture of heptamantane isoners), 25
oct amant ane conponents (either as individual isonmers or as a m xture of

oct amant ane i soners), nonanmant conponents (either as individu | sonmers
or e a mxt ur B Bprbrof it e S oBRas s peHe GG u R ghlisg
nonanant apenthHORLSIorARFBME MR SATRRR1RN (BhipHsds atfattRBbi R YRIght SOMEr s

or as a mxture of decamantane isoners) and the |ike. The conpositions

~descri bedPaiseRideEIRAIANG cRpwOneN anda! InagHeveightnmnrstpentansotpo pempaentat i | ity

5 The pro | Sal VN QI I 11.0n n in
i gher " dParaonda; gl el b BBl R r SOIRAT WA BIARREE
mol ecul ar ablesst ebaniisOsveign gperanattemembine gymapmpdnitcaidiaoleast 1lweigtdpeicentl ar, t he
rigidity, strength, stabili ?ﬁd thgiema{q conduct,i vi tg,_ variety of structural
forms andPHITFTFPFY SHROURHE AEE OF £ ORLFROWY o ALgondold campensat preieak

possi bl e accurate construction of robust, durable, precision devices with
t o nanoneter dj men%]!lons | n, addi tion,  these higher di am)?doi ds can al so be

used in a hi gh TRt Prefped sTROAdIRENLIthe, FODRFERIT CORBBF 2L leastiptEnagiase osi t v

I ndex anda@ yeititnidrdeRPHpoREH I hddin sHIIQBHOsiBoR toNSithes biteHLatdutip4ls conpri se
a fluid of lubricating viscosity and fromabout 0.1 to 10 wei ght percent

di anondoi ¥§ight Berget tetranipntane compenents and ghlsastdi weigigsicsr! poatmgetansed as hi gh
dgnsity fuShSodeRtstaBed 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



manner described by Chung, et al. 14, incorporated herein bysd&feossnce. The

follow ng exanples are offered to illustrate this invention and are not to
be conswWp@edoeset any way as limting the scope of this ipvaHobes4e Unl ess
otherwi se stated, all tenperatures are in degrees Celsius. 20 18 July 2005

WO 02/ 096804 PCT/ US02/ 04549 -32 EXAMPLES As used herein and in the
Figures, the follow ng abbreviations have the follow ng neanings. Any
abbrevi ati on not defined below has its generally accepted neani ng. APl =
Anerican PetroleumiInstitute 5 at m_ﬁg\g at nospheric equivalent btns =
bottons FOR Traps end of run traps fid flame ionization detector g
grans 10 GC = gas chromat ography GO M5 = gas chronmat ogr aphy/ mass .

= = hj i qui t hy HYD
RDG = hydr StBPlrTar deenes® peoqmudtff eBRbonR (lr snile el oot o or s ol
= m | i nol snixfdreofMiReaBintid ifbhers) Bh€Meall s ppb = parts per billion _
) |

The compositions described above contain non-tonized higher diamondoid

_ components.
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



ppm = parts per mllion R = refractive index SIMD S = si tldy 2abd5:
distillation 25 ST = start TIC = total ion current TLC = thin |ayer

chr omat opn apégsosVLT = vapor line tenperature VOL PCT = peaddpBroascent 30
v/iv = volune to volune w = weight W PCT = weight percent 18 July 2005
WO 02/ 096804 PCT/ US02/ 04549 -33- Introduction The follow ng higher

di anondoi d conponents were isolated and crystallized: all of the
tetramant anes from both Feedstocks A and B, all pentamantanes (nol. wt.
344) 5 isolated from Feedstock. B; t hexamant ane crystals (nol. w. 396)
i solated from Feedstock B; and, twoeptanmantane crystals (nol. w. 394)

i sol ated from Feedstock B, octamantane crystal (nol. w 446) isolated from
Feedstock B. As well as a nonamantane crystal (noL wt. 498) and a
decamantane crystal (nol. w. 45EXAMBLESed from Feedstock B. The ot her

hi gher di anondoi d conponents could al so be isolated using the procedures
10 set forth in these exanples. The steps used in the various Exanples are

“shown-schemat i c&f P§edihsrem ad inthe Figuresihie doliowiag ebhrpeistiensiaye therdfpllewingl - route -

for isol at jjaghihghely ALARRAGOS ' _ ‘ B"i dto all
f eedst ocks. This prggggs uggghﬁﬁfﬁﬁﬁgggb ,§m£$%§ggg%ﬂggﬁggg I Aal

i solation step. 15 Exanple 2 describes a variation of the process of
Exanple 1 in whiph preparative gas5,.60L YRR St ep 7. FIG 34)
replaces HPLC q&mQﬁg f'”al=’S°|athﬁﬂqﬁgﬁpayﬁwﬂau

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 = wvapor line temperature
VOL PCT = volume percent

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



Exanpl e 3 describes a variation of the process of Exanple | 18duwizooh the
pyrolysis (Step 5, FIG 34) is onitted. As shown optionally in FIG 34, the
liquid WR3RseYr aphic step (Step 6, FIG 34) is al so amuwusadossihese
variations generally have 20 applicability only with sel ected feedstocks
and general ly when tetramantanes, pentamantane. and cycl ohexanmant ane are
the target higher dianondoids. 18 July 2005 WD 02/096804 PCTI US02/ 04549
-34- Exanple 4 describes yet another process variation in which the final
products of Exanples 1 and 3 are sufjected to preparative gas

chromat ography purification to give further separation of higher

di anondoi d conponents (Step 8, FIG 34). Exanple 5 describes pyrolysis of
Feedstock B distillate fraction #5. 5 Exanple 6 describes renoval of

nondi anondoi ds using pyrolysis during isolation of tetramantanes. Exanple
7 describes the isolation of tetramantanes using HPLC. Exanple 8 describes
anal ysi s oflntfaslackinocks, which are rich in higher dianondoids. 10 Exanple 9
-descri-bes-t-he enri chnent -and-i sol ati on of pentanmantane -conponents - using: -«
gas chromat ography. Exanple 10 shows the presence of heptanantanes,

oct amant anes andhe thdloamgrighaediarmdpid @nynentpiverticslsted ExdeRbigitizdd Atand B

and C descrihbe.the enrichnent and isol ati 15 hept anant ane conponents.
Exanpl es 15;@3 rtl%mglaa%g%?ﬁ?%g%g‘“’%?ff’?‘_@%‘éﬁ’ffﬁaﬁgpﬁné%’[‘%n&ﬁ (IB?I: Hef4hant ane
cosponent sisolxMineBecidbcleBawd heemhine c%ﬁlse(ﬂfdl.%@%g iéMed ﬁ&gat i on of
nonanmant anlgs conmponents. 18 July 2005 02/ 096804 PCT/ US02/ 04549
eedstock B; and, two heptamantane crystals (mol. wt. 394) isolated from Feedstock B,

octamantane crystal (mol. wt 446) isolated from Feedstock B. As well as a nonamantane

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.



35- Exanpl es 14A and B describe the enrichnent and isol ati onggfily@esmnmant ane
conponents. Exanple 15 describes the enrichnent and isolation of '
undecand &8680¢onponents. 5 It will be understood that RAT/U2048%i bl e to
vary the order of the various 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 Step 1. Feedstock selection Step 2. GCMC assay Step 3. Feedstock
atmospheric distillation Step 4. Vacyum fractionation of atnospheric
distillation residue Step 5. Pyrolysis of isolated fractions 15 Step 6.
Renoval of aromatic.and pol ar nondi anondoi d conponents Step 7.

Mul ti-col unm HR i.s0) ation of . hi gher di amondoi ds _a). ,Fl.r ol f first
ol ect i byt o DRk Bkt B b RIRRR b bR GRo MR B hator s
18 July 20®&ampi® 1020068 0b e /P24 Bas Bbomitd gropppetifatisid pdfe ‘
di fferent nﬁ(ﬁheecti vity to provide isqlated high di anondoi ds. Thi s exanpl e
g -t e e Sgasgtiog of | %@J@Jﬁ)@n%@@?x&poqﬁ:gggé _

Exanples 5-15 it can be easily adapted to isolate the other higher

di anondoi ds. %?‘ﬁt ep 1- Feedst oaik .Selection Suitable starting materials
ver e obt ai ned. BFABBE hetsehes pyrolys eifegdstod R distillsa 8388 Feedst ock A

(FIG 2), and a gas condensate contai ni ng petrol eum

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.

er
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conponent s, Feedstock B. Although other condensates, petrol t¢2iday 2@05
refinery cuts and products could have been used, these two materials were
chosen YR0¥68%ei r hi gh 10 di anpndoi d concentration, apormsizeses y 0.3

wei ght percent higher dianondoids, as determ ned by GC and GO/ MS. Both

f eedst ocks were light colored and had APl gravities between 19 and 20 API.
Step 2 - GO/ M5 Assay Feedstock A was anal yzed usi ng gas chromat ography/ mass
spectronmetry to 15 confirmthe presence of target higher dianondoids and to
provide gas chromatographic retentiga_tines for these target materials.
This information is used to track individual target higher di anondoids

t hrough subsequent isolation procedures. FIG 35A is atable that lists

typical GO MS agsay.i Lop for .t -hexanmant a retention tines,
nmass spectral no ecﬁkgi%agﬁé Pl\ﬁ%cr%ﬁgl e%ﬁ?(émnﬁ%%%?&m%ﬁﬁ%‘%%ﬁf@af&% 35A) al so
cont ai ns 2Ccmpavehiar GC/ M5 assay information for other higher dianondoids.
Wiile relative GC retention tinmes are approxi mately constant,

assay val ues beExamuple A8 dgscribekathe dmirdpeat adlisoiamarnf GedeciRimbi on time drift
~is detect eg. 18 Jtul y 2005 WD 02/096804 PCT/ US02/ 04549 -37- Step 3 -
Feedst ock ATHOEEMEric Distillation A sanple of Feedstock B was distilled
into a nunber of fractions based on boiling points to separate the |ower
boiLl i ng point ent s (\nondi anondoi.ds and | ower i anondoi ds) and for
fu?ther concentcl?g}t%ﬁgﬁuﬁaﬂgt%‘?gh@%r?f’ssbﬁe&Ymgﬁloé@efﬁgﬁ'ﬁé’?ﬂ%‘séﬁﬁ Boi ds in
various frégbiangrapiliend/ is Qlep@LRSuRh eld drddlis3i 4 ' f two
separate sgngl esgro¥) %eedg?ggﬁ B l<331re shown idr%d%asgﬁfghliﬁ%ieﬁfdﬁ%%g%ﬁg
cont r ast ed'f §estEssHliF-at ed distillation yields. As seen fromTable 1, the
sinmulated distillation data is in agreenment with the actual distillation
data. The sinulated distillation data were used to plan subsequent
distillation processes. 10 TABLE 1: YR¥AMPBE 1At npspheric Distillation
Fractions from . _

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

10 Step 1. Feedstock selection
St@p 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.




Two Separate Runs of Feedstock B Cut (F) Sim Di s Feedstock B (¢Rva0@
Difference Est.'d Yields (W % Yields (W % To 349 8.0 7.6 0.4 349 to
491 57. wdbi2/00680d. 7 491 to' 643 31.0 30.6 0.4 643 and hpghekodedsd. 1 -0.1
Cut (F) SSmDis Feedstock B (Run 1) Difference Est.'d Yields t % Yields
(W 9% To 477 63.2 59.3 3.9 477 to 515 4.8 7.3 -2.5 515 to 649 28.5 31.2
-2.7 649 and higher 3.5 2.1 1.4 Step 4 - Fractionation of Atnospheric
Distillation Residue by VacuumDi stillation 15 The resulting Feedstock B
at nospheric residiumfrom Step 3 (cogprising 2-4 weight percent of the
original feedstock) was distilled into fractions containing higher

di anondoi ds as shown in FIGs. 12 and 31). The feed to this high

tenperature distillation process s the atnospheric 650, F + bottons.
Conpl et e Feedstock B di ;lt?)il eé?qddﬁ‘?\(\‘ﬁ'@b?g]rd@er%‘?‘tédﬁ?tVéWt?ﬁw’l"é{glléfgat?‘i and 2B.
Tabl es 3A and 3B il lustrate gher d@mofcsdsd | | ation reports for Feedstock B
650F + distillation bottons. 18 July 2005 WD 02/096804 PCT/US02/ 04549 - 38
O | ,~ WOU ai Thigpxarggje is written in terms of isolating several hexamantanes. As will be

shown in Examples 5-15 it can be easily adapted to isolate the other higher diamondoids.
5 Step 1— Feedstock Selection

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. - |
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Step 3 ~ Feedstock Atmospheric Distillation

A sample of Feedstock B was distilled into a number of fractions based on boﬂmg

l points to separate the lower boihing 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 - TABLE1: Yields of Atmeospheric Distiliation Fractions from
Two Separate Runs of Feedstock B

Cut (°F) Sim Dis Feedstock B (Run 2) " Difference
Est.’d Yields (Wt %) Yields (Wt %)y | -

To 349 8.0 7.6 04

349 to 491 57.0 , 577 0.7
491 to' 643 31.0 , 30.6 0.4
643 and higher 4.0 4.1 -0.1

Cut (°F) Sim Dis | TFeedstock B (Run 1) Difference
Est.’d Yields (Wt %) Yields (Wt %)
To 477 63.2 59.3 3.9
477 to 515 4.8 13 - - 25
515 to 649 28.5 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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Conmposition of Feedstock B Analyses on Feedstock B 650+F Resid Measured
Value N trogen 0.991 wt% Sulfur 0.863 W% Nickel 8. 61 m Vanadium< 0.2
ppm Table 4 illustrates the partial elenental conposition of Feedstock B

at nospheric 5 distillation (650F) residue including some of the identified
inpurities. Table 4 displays the wejght percent nitrogen, sulfur, nickel
and vanadi umin Feedstock B atnospheric distillation residue. Subsequent
steps renove these ANBIE dl Elerhbrapl Compdsitionl of Hesdsvbécld Bol at ed Fractions A

hi gh-tenperature reactor was used to pyrolyze and degrade a portion of the
10 nondi anondoi d components in various distillation fractions obtained in
Step 4 (FIG 34) ther ebangdes 6hiFe@istdir BIGENER1 in the residue. The
pyrolysis process was dondpgigreq@t F50 CGyhfife 19. 5] hours. The gas

O
D

- chromat ogram (FHD) of flractigp,#p ( rabt q)qylw/rs —phown in FIG - 20A: FI-G -

20B is the chromatograrrlor .ﬂaﬁr p1—U TR tysis. A conparison of

t hese chromat ograns shagws I'ch A ot yarag Ta “erpved maj or

Vanadium < 0.2 ppm

Table 4 illustrates the partial elemental composition of Feedstock B atmospheric
5 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 waé used to pyrolyze and degrade a portion of the

10 nondiamondoid components in variousr 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

15 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
20 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 AgNQO;) provides cleaner diamondoid-containing fractions by removing



15 nondi anondoi d hydrocarbons and has significantly increas#3J¢ingdo®i gher

di anondoi d concentration, especially the hexamantanes. A 500 nlL PARR(r)
react or WPOMPARR | nstrument Conpany, Mline, |Ilinois ReBUSE®dsHN this
pyrolysis step. Step 6 - Renoval of Aromatic and Pol ar Nondi anondoi d
Conmponents The pyrol ysate produced in Step 5 was passed through a
silica-gel gravity 20 chromat ography columm (using cycl ohexane el ution
solvent) ‘'to renove pol ar conpounds and asphaltenes (Step 6, FIG 34). The
use of a silver nitrate inpregnated-43lica gel (10 weight percent AgNO3)
provi des cl eaner di anondoi d-containing fractions by renoving 18 July 2005
WO 02/ 09680k PETareisaiy 8o céBpdnbnts.f While ario noit riccesams 1P akedirisconponent s.
VWiile it i Rl les ssar%‘ to use.this %dfhtrfonﬁt oegr hic aromati c separation
met hod, it ‘Facil XA asenpicipaaiondpehed, it fapiigter subsgapeni stepy. yrm HPLC

I sol ation of H gher Dianondoids An excellent nethod for isolating

hi gh- purity, high I amondgj ses t r .5 nmore HPLC col ums of
different SiPety Iﬁ)\fﬁl&c é‘“ﬁ“?fﬁi}gi}ééﬁéﬁ%?f%ﬁ%%%ﬁ%ﬁc system consi st edof-

two What man M20 10/50 ODS colunms operated in series using acetone as
nobi | e phase at ,5. 00 m n. seri.es.of HPLC. fractions. were taken (see
FIG 32). Fract r%hegcglg%‘é‘ﬁl&tﬂ%diﬁ\ﬁéﬁ%%%f*&@ﬂ%’%ﬁheﬁ %@W“ﬁ@%ﬂs UPGIVASF

pursi fi cat i amreHPACSRMam JiRlEray sdevitidhinsueRshbned fraction (36 and 37)
10 contai ned hexamant anes #7, #11 and #13. (FIG 32, also see FIG 35B).

Further purification of this conmbined ODS HPLC fraction was achi eved using

a Hypercarb st @hé frgHPLphgsen dilsGiaiaf whid Wiahaonaodiof fornBsoRiingct i vity in
the separation _of variqus hexamantanes than the ODS col um di scussed

above. FI GoP%ated HbSIcE FitRg wstone asrmebilsiphesset PGk ind ArrskanefilHes on the
Hypercarb KRbfeong %&mk&wtséerf‘ 1ac ?ﬁgo %C?é?]sa_’rﬁ aha 37RPLL ‘30189%%@1:1(1 %Qe%'_@r fferences
u ef of hexamant anes on an

in elution times and elution or percarb
HPLC col unfigthgr purifésationyn & ssvpist HPAGC sysése Thie céinbined fidetiands 38d 3Hor

CXRT! ) MESRARAY ABERiles 311 ha R4/ Fid W9 hiS Lo WGl By S LG svstem
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 |



but in separate fractions (fractions 32 and 27, respectivel §§Jan200fe
Hypercarb system 20 (FIG 33).. The different elution orders and tines of
sel ect eWi6804 di anondoi ds on these two systens can berameshigisepar at e
co-el uting higher dianondoids. It can also be used to renove inpurities.
Using this nmethod on conbined ODS HPLC fractions 36 & 37, appropriate
Hypercarb HPLC fractions were taken thus providing high-purity 18 July
2005 WD 02/ 096804 PCT/'US02/ 04549 -44- hexamantane #13 (FIG 33). O her
ODS HPLC fractions and Hypercarb BPLg cut  points could be used to isolate
t he remai ni ng hexamant anes. This isolation strategy is also applicable to
the other hixghe i ewshgpt et Jas can
vary. 5 The C]Dstglﬁr%'ld#31 g?c% b céli]urms c%g:ﬁ gg&%l'eﬁgg@ ?n rev(térse order for
t hese i sob%nts eedd bBySstto meglaté thie remainsg hoxohadpnea sTlzb obation steategy is

ot nor  sur SR PRSP BRGReGRAMT PP ab R ol sBiie RO B coPor ¥ PRee can

--|-ead-t-0 themivagl ati on -of -the remai ni ng hexamantanes-in high purity. This :

is also true of the other higher dianondoids fromtetramantanes to 10
undecamant anes, including substituted forns. EXAMPLE 2 Steps 1, 2, 3, 4, 5

ansl 6 of Exarrpl’&elOMEﬁdH@p@éﬁrB@o(uﬁin@caﬁﬂDsoba'ﬁ@dﬁlﬂfdveﬁ&éﬂﬂierﬂﬁltﬂe@éi on of
Step 7 was. then carried out. Step 15 t wp- col unm preparative capillary
gas chr ona‘F‘bl@ Uph M ﬁxé‘lqﬂé‘(ﬁo 18y 2l &%ﬁtfﬁiﬁ%%nafméhﬁaﬁﬁﬂﬁﬁ%duct of

Exanpl e 1, coRliinPoDeacihs isiPthe i8S orAENPIBALRAEANPLR Lot e

first preparatlve capillary the ol um, net |1 cone
equi val ent corgggiondinglebitioe tins icamleail ethe dvothtivatof é:tensnﬁmmg k@ﬁm@ta)ssmy

ont 1 11 ed guPrRR Fhis S e UL ofBha o dE‘dgﬁw%}? (b cr

comt-ai ns tmﬂminahtmemmmagﬁmemﬁmwts from
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



Feedstock B. The first columm was used to concentrate the hiGddy 2005

di anondoi ds, such as hexamantanes by taking cuts that were then sent to
the secdWR0H6EHM (see FIG 37B illustrated for hexamareGumesoz@ssand #8).
The second col umm, phenyl-nmethyl silicone, a 18 July 2005 WO 02/096804
PCTNSO2/ 04549 -45 DB-17 equivalent, further separated and purified the
hexamant anes and then was used to 1isolate peaks of interest and retain
themin individual traps (traps 1-6). GC trap fraction 1 contained
crystals of hexamantane #2. GC trap_fgaction 3 contained crystals of
hexamant ane #8. Subsequent GC/ M5 anal ysis of trap #1 material showed it to

be hi gh  5DBUIi dgyivaRKA TRlieR B&patide DAVGRHBOMe LS VRs 255@%: Pis é%f—ﬂ 2.

Simlarly,. the GG M, analysi's of trap #3 material showed It
primarily ﬁ%‘%‘é&&%&syﬁwﬁwﬂ(z}m@t@m&@n mdlvm&amcﬁtmpsﬂe&)ar%trmcﬁ@n and #8

(FIG. 28A) e to isolate

~the other %Otg)%aﬁl{ngg%{}gs%%%gﬂl%ﬁg I's (?gfué éfipo éjco gﬂisedf di anondoi ds. |
10~ EXAI\/PLElezalsetépse #B. &gbs@;uemr@CM$ Eia@smaﬁ)txapﬁﬂ Exxmmall @hawmﬁmuee@@at ed S
using Feedst E Feeg F} 5 Al iall i n_nondi anondoi ds in the
at rmspher |%ur?3é PEIETERS f “P%rb%\‘?m a?;y (gﬁtqp%r%!gn Jrdhg/SEMSt ep (5)

of Exanpl &nﬁly@i&bfﬁ@p aF it gfomghﬁbwpnﬁ{eﬁr} HehSmbars @@ nRe 9l (fs be' ng

sought are Stramant anes, pentamantanes and 15 cycl ohexa nt ane.

case the 4350t Boiicheramantane ¥hamiiSyFIC. g8 Ad formediopystads. Ttepprosedarecould | n
Exanpl e 1 gQr I rocess
variation Hc%arﬁﬁya{egq%ppfaﬁé;%@o%r %‘\?\%lﬂl-aom r;Igu Stzltsa% irggr%!ﬁtog%r?g Ogb {?léf)"ﬁ i ng
fracti ons ddmdrgledist ock B as wel | . However pyrolysis is highly desirable
where significant nondi anondoi d conponents are present. 20 A fraction
corresponding in cutpoint to fraction #1 of Step 4 (see distillation Table
310 Exanple 1 and FIG 12) was taken fEXAMBLE 3f eedst ock. This fraction was
further fractionated by preparative capillary gas chromat ography simlar to
t-he processing .

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




shown in Step 7' of Exanple 2 (FIG 34). A two-colum prepat&duly20@apillary

gas chromat ograph was then used to isolate 25 the target tetramantanes

fromt h&v@lixwesdtat e fracti on cl eaned-up by colum chroratagoapisy (Step 6,

FIG 34). Using the retention tinmes and patterns fromthe 18 July 2005 WO

02/ 096804 PCT/ US02/ 04549 -46- GC/ MS assay (from Step 2 of Exanple 1), the

cut tinmes for the target dianondoids (e.g., tetramantanes) were set for

the first preparative capillary GC columm, nethyl silicone DB-1

equi val ent. The results are shown ong¢rl G 6A identified as cuts 1, 2 and 3.

The first colum was used to concentrate the target dianondoids (e.g., 5

t et r amant aGEsIShysaly drbAGStes 5f ERRIplD! Behiefineefot tht ki iSemands (.M

(phenyl -nmethyl siljcone, a DB-17 equivalent) (see FIG 6B). The second

col umm f ur {oHemasays) werrehiva thedirtipreraaityheapiliay 6C columb merdid slispRe t hen sent |

theminto ppd| VigHgdnet ~6) . . ont ai ned the- |
Didi t\rﬁa . ﬁ?ﬁ?e&lflﬁ&%@?&o%{ﬁ% FIgﬁ?Atﬂeﬁﬂﬁec?as s gﬁd g |

sel ected tetramant anes e hi y concentrat ed di anondoi ds were

~then-al l-owed to crystallize in the trap 10 or fromsolution. Under the -

m oroscone. At K RGNk 8k 1 Eokelat ME LA BN Boif(e Br epar at i ve OO

trap fractions 2, 4, an ee re“concentrations were not
hi §h enougieithmantarepy b takingauisdhat weratbensent foutht sreondcarhosn (phatyloncthyl

preparative,: cessarw.. Structur of tetram ne iso s are shown
PRG 7 S PR ERE e T o et e ar e e s #15)
t et r amant ap@ifkd tlhenargp didbionasind dftednent tAém Mt&indsviSuaftraf @aﬂs Ce).lGastrates
phot om crographs of tetranmantane créstal s isolated from Feedstock A from

prepar at i vVE2RSE: ¢ ph 6 conlated Fregpolected hameanes (BKH 6B)-acti on #6 respectivel y.
After obtaining crystals of suitable size, material could be sent for

structural determ nation using X-ray diffractign. 20 GO M (FIG 9) showed
t he possible pr@?é%&lg}féﬂnqe&ﬁf@‘ég d«‘éiﬂaﬂ%h*@d’i"% thep gHewed t9crystalligerp therftame

(0 ST SO ARGy L 1 L BBy Qs e o0
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). |




(FIGs. 10 and 11). 18 July 2005 WD 02/096804 PCT/ US02/ 04548 July 200SEXAMPLE
4 Preparative GC of HPLC Fractions For the heptanantanes, octanantanes and
hi gher dWAhBAES0Hs, etc., it may be desirable to furthercfuseiseate the
HPLC products obtained in Exanple 1, Step 7. This 5 can be carried out

usi ng preparative capillary gas chromatography as described in Exanple 2,
Step 7. EXAMPLE 5 Pyrolysis of Feedstock B Distillate Fraction #5 The

nmet hod of Exanple 1, Step 5 was used to purify distillate fraction #5 10
obt ai ned from Feedstock B - Atnosphegtc distillation 650F + bottons (Table
3A/B, FIG 12 and FIG 31) exploiting the great thermal stability of the
hi gher di anondoi d hydrocarbons relgkikkepri®40t her crude oil conponents.
FIG 13 shows the GC profile of the distillate fraction #5 from Feedst ock
B - Atnospheric distillation 6 12 and Tabl e 3A&B).
The GC-MS ion chromatogramin g?%ahﬁ@sho&\%g{%?p}eajbﬁ esence of target
hept amantanes in this distillate Fraction #5. Pyrolysis of Fraction #5 was

~conducted at 450r iehedmndies oolablah @M NG tlifier BEABRMIE il 1@%%{'?4 e 1, Step-

5. FIG 21 |IIustrates the result and shows a gas rofat dgram (on DB- 17
equi val ent degirabls 1grithes fragtipaats the R 1A producss olahmﬁdﬁE)&inp(m b,[ﬁtep an@hipyr ol ysi s
profduct Fl Gu,3 shows |on of 28.-2 to 31.5
mn. GCtine r%ﬁérggig@%mg?’%@ﬂa%&e‘%@ma@l %afs @dﬁ‘iﬂ ‘ﬁﬁ‘ﬁ’t anant anes.

Thi s pyr ol \Bsiagpprh$tept7' was used in Exanpl e A. 18 JuI y 2005 WO 02/ 096804
PCT/ US02/ 0 1549 -48-

EXAMPLE 5

Pyrolysis of Feedstock B Distillate Fraction #5

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.



EXAMPLE 6 Renoval of Nondi anmondoi ds Using Pyrol ysis During figgllgRogs of -
Tetramant anes Exanple 1 was repeated with the conditions of Step 5 being
changedwOThiogss04ret hod used a hi gh-tenperature reactor teqyossbyssas and
degrade a portion of the 5 nondi anondoi d conponents thereby enriching the
di anondoids in the residue. FIGs. 15 and 16 illustrate this nethod and
show gas chromat ograns before pyrolysis (e.g. FIG 15) and the resulting
pyrolysis products (e.g. FIG 16). A PARR reactor, from PARR | NSTRUMVENT
COVWPANY, Mdline, Illinois, was use_qlgt_o process the distillation colum -
hol d-up obtai ned after atnospheric distillation 10 of a feedstock. For
this exanpl e, Feedstock B 650 F + glikStyrpiptson hol dup was used as a
feedstock for pyrolysis. Pyrolysis was then conducted on this sanple by
heati ng the NBge ) P . rs. FIG
15 shows the }%glgp A(g%r omat %gér!’g%y%}?] '{I%P{# g‘?ﬁl lgﬁgolgég%cﬁdgﬂ egngméi%gyw shows -
t he chronmat ograph of the products of the pyrolytic process. A conparison of
nondi anondoi d ?g%]?ﬁzﬁ?%r%%{g\%ﬁglgﬁfgé%{ﬁ%% %r%?ébﬁ%% 1.‘1‘ n é‘gé@rmn i ds

parti cul arthsihadetsedarhigh dereperatEdeAomiter ® pysdjyzat dndrisgrafle T pontianwiittene Usi ng HPLC

In.addition t.o the.pyrolysis . nmethod described above, HPLC.was also.shown to
20 provi dé' OE%I?IP P%Cﬁ)écﬁ%/o U ﬁ?ﬁ%bé’ BFe gréhehq%tﬂ‘é? OH%EAWJB? 4°- tlﬁeaﬁ' Ilf)w f or
their crysfdabiliu@de s Wethb@uhd Wg%mmt@grm%e@ﬁﬁgﬁalyﬁe(@g.ﬁ@pms e HPLC
W th acetone as npbile phase can be used to effect this purification. A

pr epar at i &d theresulting pyrolysaradecefe- A Figak®)condensat e distillate Fraction
#32 was performed and the HPLC chromatogram recorded using a differential
refractoneter is sho in FIG _17. Nine 18 July 2005 WO 02/096804

PCT/ US02/ 04549A-ABRY Feaeipr. drpsn SHEIAMENT AgMBANY (Mokige.Hlinked on FI G
17, The HRIC,. Gl HARS 380 MRS Lo RS bRl et iRA ARKALEEY
silane (ODS) colufms operated 1 n series

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



(Wdac col utms are manufactured by The Separatations G oup, 18 daly 20@A, USA).
A 20 mcroliter sanple of a solution of Fraction #32 at 55 ng/nL in

acet one wag2/apgcted into 5 the columms. The col ums werecBedpidsi Nng
acetone at 2.00 nL/mn at nobile phase. FIG 36 illustrates the different
HPLC el ution orders of the tetramantanes on ODS and Hypercarb HPLC col ums
i ndi cati ng how these two types of colums can be used . together to

i sol ate tetramant anes (and pentamantanes) in high purity. FIG 18 conpares
the gas chromat ogram of the starti ng,4at erial (Feedstock A, 10
distillation Fraction #32) and HPLC fraction #6, fromFI G 17. HPLC
Fraction #@.j e To I ; i ' tetia FI G
19y and 1 & acmas SAR ta A el e o pIE 7 AR EC St ¢

cryst al | i zaetedwo 2BxXaNPLENSn ChnWadicswindety] Eied {ODSK solanths bpahtad inasries

Pr ocedur es Thi.s_exanmple i.llus s.isolatio rocedur e concentrate
t he hi ;her |(éﬁ%lﬁlﬁ'g’%(@WW*%#}%%E%%%%@%%&@%%&%i i?stéﬁt %%kdst ocks.

~Tabl e 5 i | niksblitat REpldef LHNEBAL Bfdcbh £12 4158 AeymiliiA IBAGR Wik thiBets®ingst gas -

condensateg rich in_di anondoi ds conpared to the concentration of higher
di dnondoi d¥€ cPlgiwE The eqlpBaersaeuplusingroatary & 8\9ems/mia ot mplilephhts. Jur assi ¢
sandstone reservoirs of the 20 Norphlet Formation , Qulf Coast and in the

LeDuc Formati 02#: Cagada have high initial dianmondoid concentrations

i ncl udi ng hi ghelHPa b8t ee e daé%ﬁtéiﬂ%ﬁ elytien pyders of thsdetramaniarecen@BSoi |
cont ai ns agﬂ@ﬂ;e | t [ 0 400 ppm
O these higher g(?gﬁ%[gggi Isﬁmziirstra}n %%%%gﬁggéﬁﬁé?gﬁ%%%%%ﬁm%fc%hgé)u%eﬁt i're
anount of togetherdn drolatisteiramantaygsi(aal pentancietaoed) in High putity. 2005 WO 02/ 096804
PCT/ US02/ 04549 -50- i TABLE 5: Conparison of Hi gher D anondoid
Concentration in Typical Petroleumvs. Select Gas Condensates Rich in

Di anondoi ds  StEf: i $ gomvbares tha igaGiwemabgiatn aithadtarting heicril Geadscok ds

(1)t " amant 406530 #radiG0F52) and HPLC fraction #6, from FIG. 17. HPLC Fraction #6 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.



T wical Petroleum- 1 mor lower Select Gas Condensates RlﬁthWZJHDO ppm
D anondoids 5 O her suitable feedstocks can also be found in refinery

st r eans W@ omessgaide oil  processing. The concentrations @UThiSgheis4o

di anondoi ds in each refinery streamw || depend on the type of crude oi
and refinery operations including the distillation cut points, catalysts
used and ot her processing operations (e.g. coking) that can increase 10

hi gher di anondoi d concentrations. These further processed refinery streans
are identified as potenti al feedst9§ﬁ§ for higher dianondoid isolations.
Table 6 illustrates the increases in higher dianondoid concentrations from
initial isolation procedures of the feedstock Such isol ations can be

at mospheric di St’l'“di%ﬁﬁso%o k? Eg alg (ta aration or other .
t ppf ¢ ARG i t Iy, th
f?gg{gdlgpogﬁ yggﬁp?a?wﬁ@pvggg% Pﬁa éL ?¥ilongroZess .

such as py# ol \11'__|_r\ nrocessing TABI l: . f‘nnmarl son-of - Se le nif lnit.i

Tam =4 =5 =

~}sol-ation |Pr oceduﬁ@é‘“@gwtﬂ’hﬂﬁypl cal @F?W’@Eﬁ?ﬂ&ﬁg‘@eﬁ%i‘i&eﬂ@lﬁrl ched
Condensat € Lsalations Initial |solat]on Priéefsamanignespnddrigheshtratj on of
Concent r ati Tpiest Petrdleund gher  Di anondbi ds _Hi gher ! Pimapoiodei ds Hi gher
Di anondoi dsSeldet Giet ComienatosHidain petrpl eun) (gas 2#0densate) At nospheric
Distillati{diasoddqiggm to - 100 ppm > P5 wL At nospheric Distillationfand > 50
ws %> 50 wL% Pyrolyti'c Processing, and Isolation of Saturated

Hydr ocarbons by Liquid Chromat ogra h% 18 July 2005 WD 02/096804
PCT/ US02/ 04549 Qther suitable feedstocks can e found in refmery streamns from crude oil

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




The concentration nmeasurenments outlined in Table 6 are depem@duly 20Gfon t he
wei ght percent atnospheric distillation residue (residue after a 650F
(345C) OWOtRN68¢44 on 5 at at nospheric pressure). Higher dicarmsoageisds are
present in the atnospheric distillation residue of crude oils, and the

wei ght percent of atnospheric residual in a crude oil can vary from about
-1 percent to |l ess than about -80 weight percent. Wile Table 6 illustrates
a conbi nation of atnospheric distillation and pyrolytic processing,

pyrol ytic processing (thermal destrugfion of nondi anondoi ds) can be 10
performed on un-distilled feed stock or vacuumdistillate fractions. If so,
the pyrolytically treated feedstock can then be subjected to renoval of

| ower di anondoi ds. Secondary isol ation procedures could include either
vacuum di stillation used alone or in conbination with Iiquid

chr omat ogr aphy . Thr emicérativi owapienhdngs atlined phBablecs fre deplidestapontino be

B arontor o e ut ol Moo BaP Y Bh Se PARIERRH R S TERePe rost

st suct ur al layateospiens pdsdues) ARBEHeARRmbSRIB arhhdich] ihShdmlo8MRFic dsBIRGHAL Ur es
t han ot her he(ﬁlanﬁnt anes and is found in the pentamantane containing
distillati &¥9F geerrdmels, prddbgivsight poreenheiatmespheriaresidudl soaemde ofl ceine

hept amant aRgvS&id Sou L1 Feshid | -~ hexamant anes, and so
on. Furtherﬁrrgre, asut he%ﬁ% téﬁé%%%‘%@gr%ﬁgﬂ%@%m ar wei ght series

increase with each successive higher dianondoid series, boiling point:

distributions ofynaeThEiS 63MskiaRe TRESHARRAT il i PAGBGERR N e TOT €
overlap of series occurring as nolecul ar werghts i1 ncrease. ddi onal |y,
subst i t uenProcgsiogRyrelptic brocdssingtthermal dstredtionof nrtitandirglbids) @niten fracti ons.

18, July 20 2/ 096804 | USO2/ 04549 .- 52- tertigry isolation
p?%cedure g%ﬁo V\é%(g%e '%{Sgﬁ?chl}z%%tfw ?vaﬁ?wwéﬂﬁé%@m%& fl?é‘?\;wﬂiehe secondary

| sol ati on pyrolyechlifyereated devdstock tmaHen B sibjesied Bfrehbal SLLANE AlavhonfSis.exanpl e,
| i qui d chromat ography can be use to renove aromati c hydrocarbons. The

tertiary isolation procedures conprises as exanples, preparative Gas
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. |



5 Chromat ography and Hi gh Performance Liquid Chromat ography18 @ipeo0suit abl e
separation technol ogies are known to those skilled in the art. These
tertiar ywo ®abedk on procedures generate m xtures from wrcaludeselisye dual
conpounds can generally, but not always be crystallized for recovery. The
hi ghest purity values of Table 7 assunme crystallization. Methods such as
zone refining and vacuum sublimation can yield 10 materials of nuch greater
purifies. TABLE 7 Purity of Individual H gher D anondoi ds Cbtained from
Tertiary |solation Procedures Terti %?y | sol ation Purity of Purity of Purity
of Purity of Purity of Purity of Purfty of Procedures of Tetra- Penta-

Hexa- Hepta- Ocfa-..Nonar .Deca- ] ndivi.dual tanes naptan t apes
mant anes. mant arte EARREARIET RrriReh MRk M AR T TR P IRk e
Hexanant angsondetydsolatidnpaédetian or Birciarsad invidadeast thO&cindRP. Borel8mPle>99. 9

>99.9 >99.9 >99.9 Chromatography H gh Perforpmance >30- 99.9 >20-99.9 ‘
>10-99. 9 %‘@g?hgo@@@g@ﬂy @2%995 o reyovepromatc hyfdresrboRst ogr aphy 15 EXAMPLE

~9-tsol ati-on of Pentamantanes by Preparati-ve Capillary Gas Chromat ography- A

distillation fractiqn containi ng, pent amant anes vvai%%pr ocessed. using
preparative 20-0elerBry a0 REOCEHE BB EHI L RBPERPRSPERYYFS | sol ati on of
pent amant akromiBerhthy aki9reh PURREOSORAM Clrdhidfibedd tRber 3nitable
distillation fr a%%?oyn 38 %as pr epar edﬂby t he di st iplgﬁat I on of gas condensate

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

procedures generate mixtures from which individual compounds can generally, but not

always be crystallized for recovery. The highest purity values of Table 7 assume

crystallization. Methods such as zone refining and vacuom sublimation can yield

10 materials of much greater purities.

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




Feedstock A, and was treated by |iquid chromatography (10% $8 Usep008 trate
on silica gel) to renove all but the saturated hydrocarbons (FIG 34). The
pr epar atWQ 82644804 chr onat ogr aphi ¢ fraction col | ect or waspegmUsenose | ect
material associated with a peak 5 identified as a pentanantane isoner by
gas chromat ography mass spectroscopy (GUM5) (FIG 34, Step 2). The
preparative gas chromatograph used two capillary colums to effect
separation of the pentamantane. The distillate fraction sanple in

cycl ohexane solution was injected (¢ mcroliter) into a first gas

chromat ographic colum with the inlet 10 operating in splitless node. The
sanpl e was separrd ekilhioh FAbdY 3%%%&2&@@%9% &&ﬁlaﬁ&x%@%&é%ﬂ&&%&c col um
and the chronmat ographi c peak corres ding to the pent anant ane was
shunted to %F@@éléﬁdaqqo‘@aﬁrgatedm bmﬂo@qom@mgcapbm(m%sﬂmmmm silicegrdy at e t he
target penianp secon col um was further
cut and th?a pr(@g%%?bu{m?esapﬂ rac @‘E? ﬁ%‘t gﬁepfeﬁﬁ? Y?%?)Spi ng two

| soI -at-ed- pelmbmnaimptaphie Sracildn cEBﬂiectqnfmaéiﬂb eviecp@atetial QRRINGT RN aipsalconput er

i sted awcgj%ﬁé&be operated in an automated node. \Wen sufficient
pe t amant a 35 dReapaniaRe HorRer Oy BrschEpatpgtaphy Mrgs peadfesorny (GlSYed from
‘the chrona{mgr apist _the two pentanant anes were di ssolved in cycl ohexane
and crystallized. FI 23 shows a crystal approximately 250 micron in 20
di aneter that was dissolved in cycl ohexane and recrystallized. It consists

of two pent ameThe3iEsaryiVe Ghs GRorkdt; B skd e s al so used
on the pyrolysis roéuct%?)sf Exanp ﬁH c%%a%ggla%u%eﬁsl ngwE%éggl e 1, Step 5)

to isol at eSepati @Pﬂ@%ﬂﬁ@e fﬂw @lﬁfﬂb@ﬁ@#&msmﬂemcﬂmanerﬂobWanwB

assay). FlI Pent mant ane # [ taI s and FIG
27B and C g?se]%‘ég %?#%Bﬁ% ogrgm(%ﬁo aﬁ%%%p GOIB%]@W‘%’H‘\E @wi ng hi gh
pugi ty) i soieadting msplmlgsahhodb mh@eaﬁb]é @as seBardte YitiBORD theBoRRARP 6804

PCT/ U802/ 0 549t 54- EXAMPLE &81 I—Ertamant nes, COctanmantanes. and Decanant anes
in Pyrol ys? w&g%@pg column and the chromatograp cpeak corresponding to the target

pentamantane 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.




Evidence for the presence of these higher dianondoids in thesghigamesd-up -
pyrol ysis product of Exanple 1, Step 6 is shown in the ion chromatograns

i Ilust radoadobdses FI G s. 24-26. Specifically, FIG 24 shopgrifigesReondensed
hept amant anes at nmfz 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
(Exanple 1, Step 2) in Exanples 11, 12 and 14. EXAWMPLE 11A Isolation

of Hept ai nant ane Conponents by Preparative Capillary Gas Chronmat ography The
eluent fromthe colum chronmatography (Step 6, FIG 34) was anal yzed by
GCIM5 to determne the GC retenti I @E%@ hept amant anes. | ndi vi dual

hept amant ane 10 conponents with i ght 394 and 448 were assi gned

a nunber accordj to their elution order on our, ass see FIG 35A
for represent at*‘rn “ﬁg’gﬁﬁﬁsvgistﬁ@’é‘)’tf’”eﬂ\ﬂdr ‘iﬂ“ﬁ‘l‘m(ﬁéfsg’ﬁ%jﬁ%g”ﬁéﬁ%é?ént anes, the.
nost abundant heptamantane famly, were selected for convenience in this
-~ Exanpl-e.-Si-m-l ar.assays  coul d be..prepared f.or the ather - nol-ecular wei-ght--
hept amant anes. EHY eﬂcet%’b!hféﬁ?ﬁﬂw&f%ﬂfﬁggﬁ%%&@&ﬁ?‘r ‘%%ea‘ge@ﬁ‘iiﬂ?rat ogr aph was
then used gyeoliSOpraliR:t obEﬂini’;ﬂ@@,t@tBlﬁS id grk%%tiﬂ'%éibﬁhmbhﬁ&%r&ﬁﬁﬂﬁéﬂ%m
a e

cl eaned-up_b umm chr omat o%’tr y. cut tines for the heptamant anes

were set flgﬁyst- %%‘251' pBeciffnalpdion 24 shayeghe negopdased binimantanes phpfz 481 i cone DB

(iromston D Sameit dRabRhe B AR Rl U R AR ot it e

t he hept amandeassisdcosymirmiriernt noz#56 inlthis materiab, GBS slentillbgratdddn gesond col um.:

The secon ol umm, enyl-nethyl silicone_a . Jul 0 02/ 096804
PCT/ US02/ %JQ@WP?SESECQ?’ %’%ﬁsq%m ) Xwﬁﬂé@?ﬁ&%w%@ﬁ P?C}A?%d t he

hept amant ane conponents and then was wused to isolate peaks of interest and
retain themin individual VialSA(g%%ﬁﬁgﬁ-G .. GCtrap fraction 2 was

coll ected and further processed f ation of heptanmantane #1. CGC

trap fraction 4 coll ected and further processed for the separation of
hepf amant aﬁvgﬂrggr_z \c,)?&epmmantane omponents by Prepae-ative éapil9azy Gas Chromargg'apky

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




5 Subsequent GO/ MS anal ysis of trap #2 material (FIGS. 29B &&dulCP0Ghowed it
to be heptamantane #1 based upon the earlier run GO M5 assay of step 4.
Sim | ar WO0ee808C anal ysis of trap #4 material showed igCT/Us6hes4o

hept amant ane #2. This procedure could be repeated to isolate the other
hept amant 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 30X magnification, crystals were visible in
preparative GC trap fraction 2 (see_ 4G 29A). These crystals were
perfectly clear and showed high refractive index. Crystals of heptanantane
component  1%3quatent B hor bt BSaREhRfRa Y rRplBh@ht Pflnpdfllfk SudiRAGRIN Fat i ons
are not high _enough for <crystallization to occur, fur Rer- Eohcent tat i on by
pr epar at | visedto igplpteinsakeeafdutcmstand 18aiGrtyst & isdividehbyinla fEapsdrid. G6impnent #2

had Iy f hi.s. iL.sol at | Af bt.ai ni
cui tabl o srauoh A Eoied D AP RIcb SR b oo QIR PLRBGRYGHAR 4

~det er m nat frgqnfractiomg wWesicalleotsd duddaithed procERad for Bijebirah@Pé ARpEMANSR Ran -~

undergo fugther separations to resolve their two _conponents. EXAMPLE 11B
Pu?i ficati %‘h’sﬁwﬁoﬁ(ﬁ@@ rBYsihebiraR e resenyd (EHES 29 a9\ shpwed ifdadeal so shown

- to provi depepifrfabhent b@é&ﬁiuﬁ&ﬁ'ﬁﬁteﬁﬂféf n&%@m@&%@gﬁﬁﬂﬁe@%ﬁ&%@ &hdow for

their crystallization. The HPLC col ums used same a hose gi ven
in the ot halye afpeEd maEDal sheweiyide be heridmanterBGiY. Fhiymbédder ceddbt e of a

sol ution af ral vsi roduct saturated hydrocarbon fraction
(product ofep%%gggg%ﬂalz—?%%0%3%@5%?555’@80?%?50 the 18 July 2005 WO

02/ 096804 PCT/ US02/ 04549 -56- ODS columms. Pyrolysis of Cut 7 used 25.8 g.
heat ed at 450C+fqf - S of the ODS HPLC.fractions . eached the
purity necessarllgl%f111 E(;l v Eéﬁahel?fﬁ) _agr%gcﬁ%‘ggg?an&ﬂogﬁe%c{ W%?%etg‘?rg. , ODS
HRLC f r actdieolyindbg trajbieers solutioh E6ddn @t miRRRtepat #0L rhdgnf8ofionHitldalE r act i on

# 41, heptamantane # 9 in ODS HPLC fraction # 61, and hept amant ane 5 #10 in
ODS HPLC f"}’%%l”is@ in pgepargtivg (G Bap HastioRer(sesdPGr 24 bn There KIS ens wi t h

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



different selectivities. Running the ODS fractions (FI G 358 Jun2e05
Hypercarb colum resulted in the purity necessary for individual

hept amawioeg@oesoponents to crystallize as shown for hegtrEusnias® conponent
# 1 in Hypercarb HPLC fraction # 55 and hept anant ane #2. The hi gher

di anondoi ds in various HPLC fractions could be separated 10 using further
chromat ogr aphi ¢ techni ques including preparative gas chromatography and
addi ti onal HPLC runs using colums of different selectivity as outlined

bel ow. Additionally other techniqueggknown in the crystallization art could
be utilized including but not Iimted to fractional sublimation,

pr ogr essi t i I refi.ni ) urify the
hept amant aﬁ%g %S{i%ﬁﬁ?)hgl?%% bgdls%oﬁuég%@ﬂn%? ﬁ(;eﬁdé 3%384%@83%%\9 tei],? s :S%glge éf?]é%t i onating
hept amant abBS HRGIE &aaiongre@isd flicguirityonsessaiyrior intividdyidepamattanss tot her

he | sol atPURABRE Erfo GORERLEHEUOHE AR BHEauch ApeEarenaih B ODS0! h

~hept-amant sBSC Watiio P4 £ Heptafmai@icdd ;1 ObS #29.(oistiids 4 61! hdtheptb@antine MuCh

| ower abundance in our feedstocks than heptamantane conponents  show ng 20
nol ecul ar #iiigRS BPLEdmctons &4 scquiet &psthanssntratien PR eyitenaf wish| ecul ar

wei ght 420y4; CIRE e 1 L [ nol ecul ar
ion in thgdlﬁgﬂsg]gy&!éégg‘gp Esum or gtt%eé%?%}ahg@s on%ﬁ%%ﬂ?@?ﬁﬁ#%%ﬂ g@ﬁ%g 71 mn.
EXAMPLE 1 hesulted imtheporiyfneSeskesy fdrundicidiid ptptamaitaresmPolosts i otysthllize as

hept amant anes i.ncl udi ng. al kyl hept nes al r.e pr nt .in 25 Feedstock
A ond B ADRYR SRR G SRRt DR O FOVER ot #ndi anondor d. 16
Jul'y 2005 nelfanfdafa@d @@%h&%éé%ﬁ%l&é&ﬂ&in fiohd WRT.C tagifonk AR be egatagks using
pyrol ysis as shown above. rtai n_ al kyl heptamant anes survive pyrolysis
pHocessi ngisingsudlertdheonriqaraphinteeiniquesinplydws peepgralive gasshipmatnesentiyiaad.

Substi t ut 1 [ ﬂ[:fg I be isolated in
hi gh puri ?‘1 %dﬂﬁglglﬁ%ﬁfé% g‘%%fﬁe@lg@ﬁ%hggfpar a’%#%%&%ﬁ%ﬁéﬁ%?%&gﬁwhept amant anes
have a nolAdditiarally ofer glhnigies 468w in thé diysiglliaatioasst c_zapkddienﬂiﬁmdrihdudingecul ar
ton of %ultlggt’]jn%?gd t?;@r%‘éﬁc%aﬂ&%?unaﬁon, 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




spectronetric loss of the nmethyl group giving the mlz 393 me&3uly 2005
spectronetric fragnent ion indicative of a heptamantane noiety. EXAVMPLE
12A | sovew/onsef Oct anant ane Conmponents An oct anant anep@rrms@i)@gﬁractl on
fromStep 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. A preparative ODS HPLC run of Feedstock B distillate cut 7
pyrol ysis product saturated hydrocarbon fraction was performed and the HPLC
chromat ogram recorded using a. differgntial refractometer. HPLC fractions
were analyzed by GCI M5 to determ ne octamantane HPLC el ution tinmes and

Col urms s e wi s ToRERe Rl iR MR RLES Ry SR Mol B S 17
previ ous efEMYEpyrolysiG0camsing, @b dd e he;sanmitmawbn@m@tsqireﬂeuﬁjaidamm of the

cut 7 BT bty pduch Pt AL ichocatbon actian (2ol es

i OCt anmant anesing esiaflRHIC idpyraii6e Adendneihylaed Mép%ﬁ?dntaﬁ% I?s%%ﬁél@c’iﬂéro o
stallize.. 20 HPLC Fraction 63 yielded octamantane #3 and #5 toget her,

\m ch co- cFyiebel 408 dyieldingn massapciameins mnolecylar i@cﬂfamfﬁéﬂ&landlﬁiugmamﬁﬂ ty of

ot her octa

yper car b iy 3000 e uaranT sk Bl e HEDS P i PR e 0

| sol ati on wm@hmtmtoaaé@pt@umﬁtmmncam Conponents Al kyl oct amant anes can be
purified using nethodol ogi es described for non- al kyl ated oct anant anes. ODS
HPLC fraction 94 contains a nethylated octamantane in high purity. '
Mononet hyl at ed oct anant anes have EXAMELH A wei ght of 460 (yielding a 5
mass spectronetric nol ecular ion of mz 460, and show a nmass spectronetric
| oss of the nethyl groupofitier nfOtiveanttize Cdbpdrems spectronetric fragnment
ion indicative of an :

An octamantane-enriched fraction from Step 6 was subjected to reverse-phase

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 used were the same
ODS (FIG. 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 punty needed for md1v1dual octamantanes to crystallize.

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

For isolation in high purity of other octamantane components multiple coluruns

can be employed e.g. Hypercarb.




oct amant ane noiety. Al so, where more than one al Kyl oct amant a@guly 2008 esent
in an ODS or Hypercarb HPLC fraction, an additional BPLC separation of

that fragéRoesef Preparative GC procedure (as in ExanppgrikosdRsyi el d high
purity al kyl oct amant anes. EXAMPLE 13A 10 |sol ati on of Nonanmanta e Conponents

A preparative ODS HPLC run of Feedstock B distillate cut 7 pyrolysis
product saturated hydrocarbon fraction was perfornmed and.the HPLC
fractions were anal yzed by GC/ M5 to determ ne nonamant ane HPLC el ution
times and nonitor purity. A 500 m (r:5r§?| iter sanple of an acetone sol ution
of the cut 7 pyrolysis product saturé&ted 15 hydrocarbon fraction (25 ny)

was injected into the col ums. S re set-up wusing acetone at
5.00 M/mn as a nobi I e phase car%ﬁ’éﬁ\&g‘g}m\ﬁol ation of nonamantane (FI G

38), multiple HPLC ¢ E}ﬁrms@gﬁg | oyed.. To illustrate this

met hodol ogy, HPLC cot*Giffg" F‘I"P‘(ézfi “’%‘@}‘%’&%CWFB‘?”@?S( ODS and Hypercarb,

as described in previous exanples) were used in succession to isolate a 20

~gi-ngt-e- nonanant From -t he HP. run, on cont ai ni'ng -
fractions 8635}(1?? C%) %H#ﬁ%@&mﬂgﬂﬁ?&lﬁg&ﬁﬁwﬁf PR on on a

Hyper car b Qe@éf@t&rﬁﬁtmfb@ éB'sH%Q@ Bractif M&Wm@&}fa&éﬁ%{aﬁﬂﬁéﬁe o Ve

injected a 50 mcroliter sanple of approximately mg of CDS HPLC conbi ned

i ract i on (l98h B8ty Moﬁemﬁilﬂéﬁé oglatmgntages fowe e m&loculgrp’@gmloﬁﬁiwmﬁmgu 6 mm
. D x 200 Eg?s%ecagg erﬁiol a% cgnl cﬁsm}%sdrfiﬂgant eshh%l e]:ﬁgsts%{:\]cl,c b %ss of 31% m./m n

as rmbl |l e naman ane was isola run using the

sane Hypermathjﬂ graipaglvmgdfeyn/ﬂhasma@mpwﬂﬂmhe&m\ﬂatgﬁeﬁt isf indggativeofsi sting of
met hyl ene chl oride/acetone (70:30 volu rre percent operatin

m /mon). ERFIARARIRGe Jokty, Alse, Whearn BT aslkpegemantage lswr%%gqt.%ﬁ%PPﬁg
nonamant ang Hﬁ%ﬁ&'mmﬁ%n%dﬁﬁcﬁﬁf}ﬁﬂ@s | RASorC S citdd & di fferent

selectivities, such as the 10 Hypercarb or other suitable colums, we
i sol-ated aprARArasiveIGE prveddytet (e B reomderditaaryeeld 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.



high purity (FIGs. 39 and 40). This nethod coul d be repeat ¢8lJiip20@! at e
the nonamantanes wi th nol ecul ar wei ghts of 552, and t he nonamant anes of
mol ecul sro o2wbg@lpgt s 53 8, 484 and 444, which respectivel Ypah&shiushipwer
abundance in our feedstocks. Note that enantiomeric nonamantanes are not
resol ved in GS/MS, however these 15 enantioners can be isolated by chiral
separation nethods. EXAMPLE 13B Isol ati on of Substituted Nonamant anes
Substituted nonanantanes al so are present in Feedstock A and B. '

Al kyl nonamant anes can be purified usé&g met hodol ogi es descri bed for

non- al kyl ated nonamant anes. One type’ of rmnorret hyl at ed nonamant ane has a

nol ecul ar wei g 0,5 ect r.onet ul ar ion of
nmz 512, and sh Wugecﬁ%%%g&gé%@%%??gﬂ)} ?P(«E’E ?telyﬂemﬁﬁfhwr%! p gi VI ng the
n z 497 massntdpddtacaoR{d4gs)fin agisTEne chidfidk Bt ¢@b ENYBereibloRiha (BH had

noiety. M than one al kyl nonamantane is present and these could be

i sol ated us¥ny 209 38my opFipirsl e apies ssing ety laie didrtideisbhaf mipni ssepadilat i on, or

“py- prepar-agjjye GC to yield high purity alkylnonamantanes 18 July 2005 WO
02/ 096804 CT/ US02/ 04549 -60- EXAMPLE 14A Isolation of Decanmant ane
Components A preparative ODS HPLC run of Feedstock B distillate cut 7

Yoot T ons wer o napoalt el R0 RN e \ORe M PETLORERE Mt on

fracti ons were anal yzed by amant an el ution
ti mes and Stsionaphpsgraotupn HktevitiRl ©lent cdnsistisg ofmethylenechloidefOcimec 20mm | .

mer ol 1t ort/2ags b el e SELITRIARRET The cut 7 pyroiysis. product
saturated hydrocarbon fraction (25 ng) was injected into the colums. The
colums ver ¢ <7 4 BB S e T PP B b
enpl oyed. cbataiding ODBIRLC fastione kiag eblgis wilRldaraelt 4mstiafiestiuch e @Bt

S ?l ectivi tl!l ercV\Eb or other suitable columns, we isolated a molecular weight 498 nonamantane in
high punty (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 respéctively are in lower abundance in our feedstocks.
Note that enantiomeric 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



used in succession to isolate a single decamantane. The fir sg JiiPResyst em
consisted of the sane ODS col ums described previously. Fromthis HPLC
run, thg¢esaRAt ane containing fractions 74-83 were cophjaet gy further
purification on a second HPLC system Five such runs were conpléeted and
al | decamant ane containing fractions from 15 the runs were conbi ned. This
conbi ned fraction contained a nol ecul ar wei ght 456 decamantane and vari ous
inmpurities. To purify the conmbined HPLC fractions 74-83 fromthe ODS HPLC .
separation, we injected a 50 mcroliter sanple of approximately 1 ng of
ODS HPLC conbined fraction in acetdoifes nethyl ene chloride (70:30 vol ume
percent) onto two Hypercarb 20 colums, 4.6 mm1.D. x 200 nm operated in . |
series using acetone/ met hyl ene chFEctAMELE A 30 vol une percent) at 1.00
m./mn as nobile phase (@80 psi), and isolation (FIG 39) and
crystallization (FI G 40¥olgfionecheasmeaivae wempaiiseved. By using a simlar . |
nmet hodol ogy as above, i.e. fractionating decamantane- containing ODS HPLC |
—fractions using colums with different selectivities, such-as the 18 July -

2005 WO 02/ 0963 0zereety ¢ QD2 I om e Feedsinsk B diptBlatsycup ¥ waolysisiredce col umms,

we i sol at i i - hj i IGs. 39
and 40). _?%Ingat%b ﬁ%ﬁ&z@%ﬁfﬁ&lcﬁéﬁ Wé%ggt e @{I'gﬁt?gg gt ec?@g%criﬁg%%h’%%% @Ees wth
mol ecul ar GEN8tsdatmitbtdasmawthne HBL Crolutou times svel myditior patty oTh6HRL.C and t he |
decamant anes_of nolecul ar ights 5 76 and 590 i Lespectively are
5 ower O LBUHIRAL B v o SRR s WHRBEE Toeel et ORS) Pt anant anes
are not r@eahdEs sbiesCH B@mﬁm&%ﬁm;fn%?an BELAGHe | sOINES:S o SRR IR yBslyaé ed by
chiral separation nethods. EXAMPLE 14B |sol ati on of Substituted

Decanant arRé@ducseaigrated hydgcabemfiagiioadsmg) wos mjestepinie dhorcolumnredbst ock A and
B. 10 Al kyly bk L%ﬂlgaQ%ﬁé%t'sfd Mﬁf&%&@%@ﬁﬂ%ﬁ%‘%ﬁ descri bed for
. et net hyfate e

non- al kyl ate decanantane ype of nono camant ane has a
nol ecul ar wei ght of 470

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



(yielding a mass spectronetric nolecular ion of mz 470). Al&ayly 2605r e nore
than one al kyl decamantane is present in an ODS or Hypercarb HPLC fraction,
an addi twonahoskLC separation of that fraction or an alplcayusabiisse
preparative GC procedure can yield high 15 purity al kyl decamant anes.
EXAMPLE 15 Isol ation of Undecamant ane Conponents For isolation of
undecamant ane conponents in high purity, nmultiple HPLC colums can be

enpl oyed. This net hodol ogy was denonstrated usi ng decamantane with HPLC
columms, of different selectivities ggﬁg in succession to isolate a single
20 decamantane. An appropriate starting material, Feedstock B, distillation

cut 7 pyrohysi . Jul vy 200 024096804. 02/ 04549 -62-
Undecanmant a b]i%%rbcl?) %ﬁg;gﬁ%ur;%i%lge Oﬁﬁ%@ %ﬂft\é@fi ?%%?clu%ﬁw @ggéﬁe@m ﬁ}e.mThi S
fraction caighcpubey @G isf 3Pahd40)a ThigpestiedrdouldBE Cepaated @ Bolagshem sinilar to
that explaijned to |solat§ decamanpt ane. Thi s nethod, coul d be repeated to

i sol ate t h&GHHTBEAATLmaleculy Wﬂg%loég?ﬁ Brveless gpleculy werdts g 00602, as
~wel | as moleeitAecaRh@htSofide 828 wadfs 53%,"§mf59§,3ﬁmﬁ\ﬁ'£é§9ecﬁ%§19%@i§ve' y are-

anticipated to be in | ower abundance in our feedstocks. 1t 18 July 2005
W05 02/ 096 8éuvepetnndsnz/in auniredst@ss.\ o thase@nfipme: deamintagksgrondss f or

recovering r&o@gfﬁrgpég/ﬂso Iﬁo%@%r\?\ﬁ:e%g 1'1&91&51%%1% %‘zgl&rg]f;[ Iaé‘o gteﬁ%)rm%?ﬁ% Sarat%gd ot her
hi gher di anondoi d conpdnents iR process conprises? a. SHEEW ng a
f eedst ock omithpds.si ng recoverabl e anbunts of tetramantane conponents and
ot her hi gher di anondoi d conponents; |i b. renoving a sufficient anount of
conponents fromthe feedstock having a

EXAMPLE 14B

Isolation of Substituted Decamantanes

Substituted decamantanes also are present in Feedstock A and B.
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. |



boiling point |less than the | owest boiling point tetramantat@Jupap@hent -
under conditions wherein recoverabl e anobunts of tetramantane conponents
and ot hwo d2r0gé3e4 di anondoi d conponents are retai ned i n pheushiasied
feedstock; and c. thermally treating the freedstock recovered in b) above to
pyrol yze at |l east a sufficient amount of nondi anondoi d conponents
therefromto permt recovery of tetramantane conponents and ot her hi gher

di anondoi d conponents fromthe pyrolytically treated feedstock wherein
said pyrolysis is conducted underﬁ&quitions to provide for a treated
feedstock retaining recoverable anvlints of tetranantane components and

ot her hi gher coponen S egin the .

f eedst ock addi ﬁ?rgfré:g f/llta%(% AR %eab%‘é%ﬁ%ﬁa@%% @%Ih%%(g ﬂ#@ %Sa}%yn &J“a boi li ng

poi nt bot hErdmbmwmﬂai] He pdrified oﬁlhdiyﬂeﬁmﬂﬁlﬂP]t@ uking@ s@@ﬂeﬂltsnhﬂarrtatrﬁﬂ&@mm

conmponent, g@ﬁ%ﬁleast o r dl?nnnd0|d conponent. 3. A process for
o250

recoverin SARIERE. 9l b reprated ‘é’n‘é‘ﬂéﬁﬁ%%m%aé“an 8 ot her
~hi-gher - di apRRBIcuIRORNRERNS efésmﬂﬁs?a@z QSRR A6 LB dDE Sreidhts @49' @@tsgsg a

f eedst ock conprising réecoverabl e amounts of tetranantane conponents and
othher hi gh¥8 cdis¥hwhibirespesivriyarmamtisipated tog in IpeeHabundance-in our-feedyockR/ 096804
PCTI US02/041-49 -64- b. thermally treating the feedstock to pyrolyze at

| east a sufficient anobunt of nondi anondoi d conponents therefromto permt
recovery of tetramautane and other higher dianondoid conponents fromthe
pyrolytically treated feedstock wherein said pyrolysis is conducted under
conditions to provide for a treated feedstock retaining recoverable
anounts of tetramantane conponents and ot her higher di anondoi d conponents;
and '



c. renoving a sufficient anmount of those conponents from thgs fiwedsdsock

surviving pyrolysis which conponents have a boiling point |ess than the

| owest bebDlozogs@oi nt tetramant ane conponent under condi tp@REsHGESBI N

recoverabl e ambunts of tetramantane conmponents and ot her higher di anondoid

conponents are retained in the treated feedstock, 4. The process of Caim?2

wherein sufficient amounts of | ower dianondoid conponents are renoved from

the feedstock to provide for a treated feedstock conprising a ratio of the

anount of | ower dianondoid conponentg to hi gher dianondoid conponents of

about 9:1 or less. 5. The process of T aim 4 wherein sufficient amounts of

| oner dia hqﬁ;éﬂﬁﬁﬁggﬁkﬁ are renoved fromthe feedstock to provide for

a treated feedstoc conprising a ratio of the anmount of | ower dianondoid

conponents to the anmobunt of higher dianmondoid conponents of about 2:1 or

| ess. 6. TQe process of Claimb5 wherein sufficient amounts of | ower

di anondoi d *- co 8PS 108 FECOYR G AcepnOsIon sETicked dB tetarmanting compeisfsor a

~treated-feedstogky S a,ratio y t-of -| ower dianondoi-d
component & 1o ¢ e SR THeter Lthofa il th o Serk BN B YombB¥E Zbout 101 or

| ess. 18 July 2005 WO 021096804 PCT/ US02/ 04549 -65- 7. The process

according to daim | Redliods about 10" of sai et r amant ane
conponents and ot herlsemeg%‘idr |go%ﬁg%§)gglggﬁ%cg Eé'rﬁi)lge aglrogmﬁggga}rﬁ@ Tz’%tlf’“h‘c’the

f eedst ock after procedyporentdyndashar highar ddmbaddibabmpsemunt of such conponents
present prior to said procedure. 8. The process according to Claim?7

wherein at | easlt. abastmobidfseiffisRhtarh®int afedigiients GRS EHdSodNBavAghEr
hi gher di anondoid ¢ onents are retained_ in the feedstock after procedure

(b) as conpared to tAREAEY s Ben dyrdawed hodnemoint teiramgaizne pemnpavenlo sai d

procedure. 9. The Pre@BSndRGR Whdbnkorbabl andhisdr iBhahAngt | ast about
b _

components and other higher diamondoid corponents 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;~ -~~~




t et ramant ane conponents and ot her higher di anondoi d conponeng sulppeos et ai ned
in the feedstock after pyrolysis as conpared to that anmount present prior
to pyrela/éeesed0. The process according to Caim9 whenghisaindspast about
50% of said tetramantane conponents and ot her hi gher di anondoid conponents
are retained in the feedstock after pyrolysis as conpared to that anount
present prior to pyrolysis. 11. The process of CQaim1l or 3 wherein renoval
of nondi anondoi d conponents and/or | ower di anondoid conmponents fromthe
feedst ock conprises distilling said @Leedstock. 12. The process of Claim1ll

wherein at | east about 50 wei ght percent of the | ower dianondoid

conponents, based on, the. total i ght of |ower di doi d. . conponent s

present in the%untr ?@lf%é‘?ﬁ@%@%%ﬁ?%ﬂﬁ@%@ﬁ%@ SB&’S@@%%B%W% aim1l

or 3 which further gRmRfah®A80iHR6EMAYEhRGhdrEksRIRPrANGecRery Fid@mahtheher

di anondoi d conponents fromthe (izroduct of step ¢c) by use of one or nore -
1

separ ati on t echni quesdoEiesbisbar dipmeadorbeogrneupnts GaBi 8¢ pyrglygeallydreataly 2005

VD 02/ 096804 PCT/ USGRLAAM Quirhf s S AURLOW ARRlicd GRINLANESns bFIVR)

di ffusion techni ques, crys I zatl I'mation, and.size rsbepar ation
techni ques. 14. The fpr atrestsd fikdGhckirataibhgnherveiablccamansefdetatianand echni que

is a chromatographic technique., 15. .Th rocess of C aim,14 wherein said
chr omat ogr aphi ¢ tecﬁﬁf‘ﬂ’ﬁge’}%g%dg‘fﬂé%gﬁ}w? &Bﬁ]on‘lg%icﬂf‘%%ntéoﬂ’gi sting of liquid
e ot 0 . 92° e SR o A SRS bebcr o
chromat ogr aphy.” 16. _ ' WHeET ct of step
c) conprises at | eashrdfingWialis PRI 8BkpSienftave RBLEARE pbiRl leRTBRAIRN S :
conponents and hi ghir di %np_ndm_d conponents and atdl ea%_o. 5 wei ght
percent of non-ioni Zewess mlmg’mntn_at@@amémmmv@mogeﬁnm ¢ricghditioniveheprmoi d
component s based on r%&%e{a%ieaa!mc%{s%qtteﬁ%&antane 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.



di anondoi d conmponents present. 17. The process of Caim 1 o18 Julybgrsin the
product of step c) conprises at |least 10 weight percent of non-ionized

t et r anarwangos®nponent s and hi gher di anondoi d conponentegraighddssd €ast 0.5
h

wei ght percent of non-ionized pentanmantane conponents and hi gher

di anondoi d conponents based on the total weight of the recovered

feedstock. 18. A process for recovering a conposition enriched in
tetramant ane and pentanantane conponents whi ch process conprises: a.

sel ecting a feedstock conprising recgéerable anounts of tetranmantane and
pent amant ane conponents; b. renoving~a sufficient anount of conponents from

t he feedsteck having a boilin int less than the t.poilin
t et r amant acr?g CO%SREWSW%?“I%% e%gnjm}ﬁ?r%ﬁg%\?@t‘@%’ %g‘ﬂ“g@f‘? 04549
-67- condi ti ons coppiedw e ofhet higRérethniRASRLBRKoAh A BRI digiHeaMaNt ane and

pent amant ane conponents can be recovered; and c. recovering tetramantane
and pent amant ané&*dsiepe AlkaPeocpduse{ty aF eompased tedhat preews b stchisympesatsat i on

-t-echni ques-sel e'f,{;@%g-ﬁ?}gmotsgﬁ S QHR.consisting of - chronatographic
techni ques, thermal diffusion techniques, zone refining, progressive
recrystalization and size separation techniques. 19. A conposition

compri singsat | 988 brdc el AMAARCAR 7 DA AMRRLABLOMO BN Aen gL Sl d

conposition conpriSes at. ‘about wel ght percent ranant ane
conponent s and a¢mperzuts add Gthaehightr dperoadaitl cpepdmnBrraraindipthaent s based on

the total weigh f. di ndoid c onents present. 20. A conposition of
Claim19 conpri gﬁeﬁ.ato%i %ggg e@ﬁ%@%?@?@fﬁ'ﬁ?%ﬁg%@?ﬂt of fuch COmBIACHIse
conponents and piestit dsibr .shidWed@hireper cent pent amant ane conponents based
on the total weight of the conposition. : ' -

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

vy

more separation techniqués selected from the group consisting of



21. A process which conprises: a. selecting a feedstock conts Jgy PED5
recover abl e anounts of a higher dianondoid conponent or conponents

sel ect egiof @looksgeovery, nondi anondoi d conponents and di gpRRARlshsePNPONENt S
having a boiling point Iess than the |owest boiling point higher

di anondoi d conponent selected for recovery; b. renoving fromthe feedstock

a sufficient a
| owest boiling
under conditio

conponent or conponents selected f0o

8 Jul 008 . WO 02/ 09
treating the fé& 86%%3‘?%&{8?}@03854%}? §

f eedst ock; and

sufficient ano

mount of conponents having a boiling point |ess than the

poi nt hi gher di anondoid conponent selected for recovery

ns wherein recoverablg6 anounts of the higher dianondoid
“recovery are retained.in the treated

8 PCT/ US02/ 04549 -68- c. thermally,

TN fecsﬁw%*r el ast  a

B
l‘éﬁﬁli@ﬁﬁdﬁ?ﬁh&ig@ﬁ@@?ﬁmn%ﬁﬁqﬂ@jt s therefromto permt recovery
0 :

of the sel ected higher dianondoid conmponent or conponents fromthe
thermally treated feedstock wherein the pyrolysis is conducted under

—condi ti-onsi4 0 PrHR\GrétRsolT18AL 1B GyHASH 54i@ Sépaffionl tBdhAtuE @S HYIRbRAloGrapROUNT S ~Of -

t he selected h
Cl aim 21 where
conponent s hav

i ghér di anondoi d conponent or conponents. 22. The process of
itpehpigpef eedst ock additional |y conprises nondi amondoi d
ing a boiling point both bel ow and above the |owest boiling

poi nt sel ect ed hi gher di anondoid conmponent, and at | east one | ower

di anondoi d3 onpPds@rcessad Claimdd sehsrain sfid chrgmstozraphirdiecimpang is yeledebiomi ng t he

step d) recove

di anondoi d con%%ﬂ%ﬁ?%C&gggﬁfgéﬁﬁﬁ%?gé%gggggggggﬁ?ﬂﬁégg%%%iﬁﬁ%g%iadocggaf:h

one or nore ad

consi sting of

zone refining,
16.

17.

ghetifommate liqaparanhatograplgchni ques sel ected fromthe group

chromat ogr aphi ¢ techni ques, thermal diffusion techniques,
progressive

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.

The process of Claim 1 or 3 wherein the prodnct 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

18.

recovered feedstock.

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 having a

boiling point less than the lowest boiling tetramantane component under



'recrystallization and size separation techniques 24 A proqgmgyﬁmm
recovering a conposition enriched in one or nore sel ected higher

di anondev@ogegganent s whi ch process conprises: a. sel ecg,bﬁmﬂ] @2,54§_®dstock
conprising recoverabl e anmounts of one or nore selected hlgﬁer di anondoi d

conponents and nonsel ected materials including nondi anondoi d conponents;
b. fractionating the feedstock to formone or nore cuts enriched in
materials having boiling points in the range of from just bel ow the
boiling point of the |owest boiling_selected higher dianondoid conponent
to just above the 18 July 2005 WO~ F096804 PCT/ US02/ 04549 -69- boiling

poi nt of the highest baqili sel ect ed di.anondoi d conponent; c.
thermal |y degradi ng CBH‘gh?ﬂsq%B‘i"é’ldgﬁtt?a?gfﬁe tﬁdf)’;‘P’é’l‘Vli‘éh Siramanfane ads yf f j ci ent

amount of nondi amongRiEmERMRAVIEPbEedELYereBvEidegconditions to foni one
or nore thermally treated cuts retaining recoverabl e ambunts of sel ected

hi gher di anondog. d; Qecoﬁr@xﬁf@’t@t’fdn%ta%e%H@B?ﬁéﬁlét@dh@%%%%h&ﬁ@ﬁﬁﬁﬁdWeat@@r €

—~sel ected higher ~di arondoi d conponent's - fromone or “nore sald thermally-
treated cuts for nededdatoed binsspemetion tebhmmseﬂem ﬁomctbkv gnoupnanbnssﬁmoﬁtl on

Lechni ques, ¢ her ma P sEPEE EaHREO BRehL AR on bR 08

recrystallization am@bmsmeeresgpanaetﬂoaranﬁeabﬁupqmsn tebhnighespr OCeSS for
recovering at |east one sel ected higher dianondoid conprising selecting a
f eedstock containing a recoverable anbunt of the at | east one sel ected

hi gher di ahbndoh dompaiitioncomprisingattlést Rtralneasde Mdpeshaaiatdodbimnetts

di anondoi d fro t he f(iedstock b chr omat %graph 26. The process of Claim

25 wherein the ¥ @qrgmwmpg ggseéﬁ fcl%p‘. éBnght 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



27. The process of Caim25 wherein the chronatography is higbuppessure

| iquid chronmatography. 28. The process of Caim27 wherein the liquid

chr omat Q@y @RbysesONPri ses chromat ography on two |iquid %m%,@gg@phy
colums in sequence with the two columms having differing selectivities.
29. The process of Caim25 having an additional step and conprising
selecting a feedstock containing a recoverable anount of the at |east one
sel ected higher 18 July 2005 WO 02/096804 PCTI US02/ 04549 -70- di anondoi d,
treating the feedstock to produce a treated feedstock having an increased
concentration of the at |east one seffected hi gher di amondoid, and
recovering the at |east gne sel ected higher di anondoid fromthe treated .

feedstock by ¢hr ondb@gRHpMFatiuzche ferdsigskaecoysregfin b) Bhove boryipletectt irathe
treating conprises fars@l?ﬁdiém%ﬁiogﬂfdf H&diéﬁ&iﬁ%g@é—&' gnt!"ﬂﬁféﬂoﬂ}ﬁn rrif €at ed

feedst ock conprises a feedstoc raction. [He process o al m 30
wherei n the feedst ockecdvenotiithnscleted hifihst dikinatdaid coraparstueor co@fonefitse pr ocess

The process of G ai AOSAGERBED FrusCRRk g elip e 505G ana

wherein the treat ednii@edattioks opravidyd edyereledsbristatlng Bdbverhbie process of
Claim?29 wherein the treating conprises fractionating the feedstock to
yield a feedstock frREOPETEselerisd Righenfiapendoaheempnments cempEynti gher

di anondoi d and pyrolyzing the feedstock fraction and wherein the treated
feedstock j.s the pyrolyzed feedstock fraction. 35. The process of Caim 34
wher ei n t e f ed@&PERAEST 9ifclpinp Al whergindhefepdgienk additioaliermprisss. The process

of O ai m 34 wheplifubi,il SUBBRAA thiAgh bOMnkSolR bANYRSA ORI hON. 37

The process of Caim?29 wherein the treating conprises pyrolyzing the

f eedst ock to yilevet hoihing pbint sddectedldugteo dimandoifl camponmatandet ledseonyr ol yzed
feedstock to yiloevlveqa‘} trctea& eod feeqstock which is a pyrol yzed feedstock
fraction containing TRERQLE yRYgpent '

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



one sel ect ed hi'gher di anondoid. 18 July 2005 WO 02/096804 REH/2088 04549

-71- 38. The process of Caim?29 wherein the treating conprises renoving

ar omat i cwenrid/eo¢sok ar conponents by | ow pressure |iquid chicgmipegiaphy. 39. A
process for recovering at | east one sel ected higher dianondoid conprising
selecting a feedstock containing a recoverable anount of the at | east one
sel ected higher dianondoid in adm xture with nondi anondoid materi al s,
aromatics and polar conponents, distilling the feedstock to yield an
overhead and a bottoms, the bottons,gcontaining the at |east one selected
hi gher di anondoid, fractionating the bottons to yield an overhead fraction
containing the sel ec . i i oi.d in .adm xture with
nondi anondoi d nateri% sfﬁ%?%ﬁgﬁ%ggagﬁgk%b é?mggﬁg%@%é%¥@?ﬂggrolyzing t he
overhead fraction tocongaoed; t he concentrati on of nondi anondoid naterials
and to yield a pyrolyzed overhead fraction, treating the pyrolyzed
overhead fraction byhtmvillpregading ohéd 6iLinére @01 QAIBEOGYARHY at 1 sil LIMPNGent

pyrol yzed overhead % ongizopdoid Gatapefigis feerefromn uadsr copdisionaicect ed
hi gher  di anondoi d fHaR0hde: hOW GRS &@at%ﬂ%%aﬂﬁﬁfr%&%émﬂ%ra%ﬁmﬁ%fover head
0

fraction by final chromatography. 40. The process alm erein the
final chromat ogr aphyselesteg ectipwprdoidyr aphy. 41. The process of O aim 39
wherein the final chromatography is high pressure liquid chromatography.
42. The processd-of Gredvaridga odrapasitionichmptisigd opr @ssars eeldckaghiighec hr omat ogr aphy

conpri ses chronmat ogr %pl two |iquld chromat ogsira@gﬂ col umms, i n sequence
with the two colu rmsdgll a%//]}dﬁgi (i 8?%(%%50‘?&“8 R} : rmafly treated cuts
formed in c) above 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
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34.

35.

36.

37.
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diamondoid, treating the feedstock to produce a treated feedstock having an
mcreased concentration of the at least one selected higher diamondoid, and

recovering the at least one selected higher diamondoid from the treated feedstock

by chromatography.

The process of Claim 29 wherein the treating comprises fractionating the

feedstock and wherein the treated feedstock comprises a feedstock fraction.
The process of Claim 30 wherein the feedstock fraction is a distillation residue.
The process of Claim 30 wherein the feedstock fraction is an overhead fraction.

The process of Claim 29 wherein the treating comprises pyrolyzing and wherein

the treated feedstock is a pyrolyzed feedstock.

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.

The process of Claim 34 wherein the feedstock fraction is a distiflation residue.

The process of Claim 34 wherein the feedstock fraction is an overhead fraction.

" 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.
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40.

41.

42,

<71 -

The process of Claim 29 wherein the treating comprises removing aromatic and

polar components by low pressure liquid chromatography.

A process for recovering at least one sélécted 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
dianiondoid from the low pressure chromatographed pyrolyzed overhead fraction

by final chromatography.

The process of Claim 39 wherein the final chromatography is gas

chromatography.

The process of Claim 39 wherein the final chromatography is high pressure liquid
chromatography.

The process of Claim 41 wherein the high pressure liquid chromatography

comprises chromatography on two liquid chromatography colurins in sequence

" with the two colurmns having differing selectivities.





