; bcdefge3e))L 6T| WD 02/ 057203 PCT/ US02/ 00508 COMPCSI TI ONS COVPRI SI NG SRR
CYCLOHEXAMANTANE BACKGROUND OF THE | NVENTION Field of the Invention [000]/\];&_45;
FF Enmbodivteos7mB t he present invention are directed t owaP@I/H862410508
conpositions conprising the C26H30 hexamantane herein referred to as

"cyl cohexamant ane. " Ref er ence 002 I 1 i i ons and

patents are ci t%QMBOSHf@&gﬁfQ r'&kNgs]e}(MﬁWéﬁ%rscri pt

nunbers: [0003] ~ Lin, et al., Natural QOccurrence of Tetramantane
(C22H28) , Pent amant ane (C26H32) and Hexamant ane (C30H36) in a m\\\mjm
Reservoir, Fuel, 74(10):1512-1521 (1995) [0004] 2 Al exander, - m“\m“\m
Purification of Hydrocarbonaceous Fractions, U S. Patent No. 4,952 748,

. i ssued August 28, 1990 }AOKGROUWIXOKFHE BYVENGION Appr oaches to Large

D anondoi d Hydrocarbons, Tetrahedron, 36:971-992 (1980). [0006] 4 Wi, et
al., Hgh Viscosity Index Lubricant Fluid, U S. Patent No. jmm

*issued Apri ; 6dft é‘llentEOQpO?] 5 Chung et al., Recent Develo lllﬂmmmm“““

Hi gh- Energyé-ém—]#g&:rqurd' Fuel s, Energy and Fuels, 13, 641-649 ,(.]1929).
(0008] 6 Sandi a National Laboratories (2000), Wrld s First D anond

M cromachi nes Created at Sandi a). Press Rel ease, 122/ 2000 . Sandi a. gov.
[0009] ' Bai088HN efFaEr Po‘ﬂf&ef‘@rﬁ’eftﬂi‘ecpr@e&%g\v]e%b%arrgﬁ“ %ﬁg%o%%%lure of
D anondoi d : I . r hedéif Pef3R6®td4&978) . [ 00010] 8
Chen, et al C.owpf%ssoﬁglﬁP%ﬁﬁ%?lh%h-ggﬁézﬁ’%g?{t%%%%ndoi d Fractions and Conponents,
U. S.5 Pat ent “dicohéxafrishtdn®@d’, i ssued May 9, 1995 [00011] All of the above
publications and patents are herein incorporated by reference in their
entirety to the same extent as if each individual publication or patent

WO 02/ 057208 Rk 44502/ 0008 was specifically and individually indicated to
be incorporate y reference inits entirety. State of the Art 5 [00012]
Hexamant anes are bridged-ring cycl oal kanes. They are the hexaners of

adamantine (tricyclo[3, 3 13" cane I CoHi L Whic B LM Ss
adamant i ne &WP#E are EQEE"?[*O%%}."%%‘%%%S %3245'#2?/%1&%1 |l§m%ﬁrqg%lhd"

t opgj ogy, m@ﬂﬁégcﬂgﬁnﬁnﬁégi r carbon atom arrangenent is superinposable on a
fragment of the dianond lattice 10 (FIG 1 ). Hexamantanes possess six of

the "di anond crystal units" and therefore, is postulated that there are

Pl Dliey REXAIRALANG) SELBELLE SFTerARBIeIEPH D RA Sl of
|

It
thirty-nine : ot
the thirty- ag
396 Dal t ons{CaHew 6F

Te
hav stol’c C : ul ar wei ght
d é‘é’%""%’i’& 4 sﬂ?’n‘%@f%@%@eﬁ% negv%gtﬂeu%gnti ONers.
of the thir H}‘h@%%nﬁ ﬁ? nes have the stoichiometric formula C29H34

Ten
(mojecul ar {fpouki 9t ARSAnE&! &1QNS Purili @043 HYdrocuebomateany Freotaws il Sne (FI GS.
2 and 3) is t‘ém: o CRBELARE thuiPRuNIe28119b0N omet ric fornul a C26H30
(ol ecul ar wei ght 342 Dal fons), and conpositions conpr

i Si, t.his
hexamant ane [@005] t he’ MdKesvay, Snthetic Mpmﬁ@’eéfﬂ)MGﬁé?if’@"%‘?o"?%”g" 058" 8% Sent i on.
[ 00014] Ver Tetrblicdian, Ba97HS9B (bWS)i shed pertaining to the hexamant anes in

general, anf, qycl ohe ufﬁgegg%%@ 844 fbALup EHAPRRL NS BAERNCS have not

S, ese conmpoun ave been recently
t hod@ht to Iéa?\pé’g\étlﬁ %S APERol B Y cal existence.''' Academic chenists have

primrily f?mzd r eTHAKE Bt 411N Rebon: Develophent ib EligieEnengpensipl Lignid Fiebwi cal
Eﬁ/i}

properties i EndFHRls, 1 ¥Moi(dwoguch as adamantine, di amantane and
tri amant ane. mangi ne’and di amant ane, for {nst ?‘gg%

. ) . have been studied to
el uci dat e st0Q08] ur e> SendipiNajiona | Labprataries 2000y Kope s L8t (™ Ad r adi cal s. 3
Process engiMieemsadhines Citeated toSundid Bress Reloasgs 62/ ?@%Qﬁ)w&;g-f—f&‘a V.
di angpndoi ds hydlr, I g I ; j ' n cause
pr obPens dur[_¢1 tgqe. %é?ﬂggpegﬁ%%fséﬁlgﬁ@gjsgl 12%1‘23 g?%%t%ﬁ pi pes and
ot her pi eced§fopeqidilpdracabenssyl, JeE st ot rt 2/%’57203
-PCT/ US02/ 0050601009003 Gihehiét al.| Isshatibn bE HighnPiaritp Dikmondoid Frdoionwenrdn r egar di ng
the practi cah,ARMeh&atiso atdh Noe3 aTmNBaiesed Muy®,f1885 is probably due to
extreme difficulties encountered in their isolation and due to failed
synthesis attenpts. Lin and WIk, for exanple, discuss the possible
presence of mant, I 2 grgp@att herdid ficbfyorfp@shw! at e t hat
hex ﬁant aneslaﬁgliﬁal g‘cl)ﬁggﬁ%?%s}gﬁtq.gqca%@ggr esea%éﬁie‘?s _post ul S{_e t he>uexi stence
of the conpakfegenchas edirenticctyrasthe spae extontes if each individhal publieationtor 8atgNt They
did not, however, report the isolation of a single pentanantane or
hexamant ane. Nor were they able to separate non-ionized conponents during
their spectral analysis. MKervey et al. discuss an extrenely |owyielding
synthesis of anti-tetramantane.3 10 The procedure involves conplex starting
mat erial s and enpl oys drastic reaction conditions (e.g., gas phase on
pl ati num at 360C). Although one isoner of tetramantane, i.e., anti-, has
been synt hesi zed t hrough a doubl e honol ogation route, these syntheses are

o, . —_—



stationary phase of ODS HPLC fractions #23-26 (FIG 12). Cycl ohexamant ane
is found in Hypercarb HPLC fractions #5-11. [00038J FIG 15 (A, B)

i1l ustrawesozidseo®C/ MS total ion chromatogram and nmass speRE€T/URG2010508

cycl ohexamant ane i sol ated by HPLC using ODS foll owed by Hypercarb
stationary phase .col ums. [.00039]. Fl 6(A.B) ill [ t:qm cr ogr aphs
of cycl ohek’&"ﬁeﬁﬁ?‘aﬁ%al r*’g}‘é‘t‘%&‘g‘di‘?sl?%}nélb‘i%ﬁdt]tggjgHl‘%ofpé)ﬁ?tgé{ﬁ%?%gfégp{@f% fractions
#6-9 charaq%gkg-ed in FIG 1 S. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 00040] Enbodi nents of the present invention are directed toward C26H30
hexamant ane conpositions. However, prior to describing this invention in
further detii |, t!he followng terms wll first be defined. 20 Definitions

- [ 00041 t in, the following ternms have the foll ow ng nmeani ngs.
25 30 [00042] The term "di anondoi d* refers to substituted and unsubstituted
caged conpounds of the adamantane_ series incl udi ng];hagdarrant ne, di apant ane,
* tri amant anel00082]r alkenemantangsare badaedaing cysloalkanes athey areibe Mrame &l

oct amant ane, , honamant.an : C - : ekihitsand

al so incl ucﬁ%ﬂ‘ E@H%cﬁo dfg?jtﬁ@%:r ré 05@%‘3’?&%%&%%? gdélﬂéc}}t%e:ﬁﬁ,g i somers
and st er eoi §eFReSusid. e $6mbotids. hae b $tiatnohdaidd tapotnpyoivtiichpnesie thel y

conprise from1l to 10 and nore preferably 1 fo 4 suhstituents. independently
sel ect ed fr@mmon@ra@r@pgmﬂ%mpﬁ@mawglw%hﬁﬁE?fHd’?ﬁbe ‘b?‘f“g’i’ ktihai n

al kyl , branched,al | {sO ard® hdrefore, it is
Pcﬁy)i 1502/ O@J§§8l)[ %%Jmaghggs\;&n&ég%gEbésogﬁgtagﬁ%gde%ry%nlggcycI oal kanes. They
are the hexgssaiatedthabdreat disyfind mssiblp(@xamantad-stiugbemneAmong degk-6 i n
whi ch various adanantane units are face-fused.. The Lﬁ??&&ngélo?e%%ﬁra

"di amondoi dtwengpeighigf theirkymme g¥e thysiqichiamptls famyie £oetos SIS
super i nposap| R h§x dieasyRipRktliddlf hathgthd érlatiorhens. Ten of
Thirty-ni ng&pe)l gg%@glﬁl(ggamnotgﬁ%ge’sﬁg{:t ares thg%/e beegnSl post ul ated by the

i nventors. heuhigtyttirahexamantagesdiayh thaostoichiemetria foymnla{éstm(molasalafp| ecul ar
formul a C30H36 g/rmlscul a51 wei ght 396 Dal tons) and of these, six are
syrPet ri cal weigh ?’% APNShanti oners. Ten of the thi rty-ni ne hexamant anes
have the nol ecul ar formul a CZgH34 (nol ecul ar wei ght 382), and the renaining

hexamantane (FIG 2 & 3) is the fully 10 condensed hexamant aﬂe hﬁl/i ng the
mol ecul ar f {000UB (IBHELaining kexamantape(FIGE. 2409 3) Idvidyaqndepsed; Rasthe

"cycl ohexamant ane" refers.t ul sad I0Qfioas Mol ecul ar
formul a of @2535’&’6“?’? E’E‘P%‘?&?,ﬁ%@ﬂ'%ﬁ?@gg* Igag@ggﬁﬂgﬂgn Tg o?glr?iﬁszed form
[00045] The ¢@piRing BiERexdinaifané edhe aubpanantisr ofthe ntladiamentsred thidi amant ane
and triamant ane conponents” refers to any and/or all unsubstituted and
sul20 i t ut edindenfiomat i ves of adanmant ane, di amantane and tri amant ane. These

| ower di anondoid 20 conponents show no isoners and are readily synthesized,
di stinguishing themfromthe "higher dianondoid conponents."” (00046] The

t er m " hi gheqogii1aponderydittohgsdrenpablished pertainiog snthe deydroantanes i gensral ut ed

and unsubstituted tetranantane conponents; to any and/pr. al pstituted 25

and unsubst@@?WW%&WW“&%O%?@?MWF% oé‘Hg?gveaqol}bgihosti t ut ed

and unsubsti H‘Lc‘i’ﬁ HIBOLAUR] HROPANRIuRs havetkn ARehNY thdlghtzobatd sniyed and
epta

unsubstitute ntane conponents to any and/or_all substituted and
unsgpst i t ut adherétivabetistaeed Snpeadenis chermistshave primerilyafosusedpeseatchiondhe ng

unsubsti tuted nongnant ane conponents: o any. a L. E nd 30
unsubst it ut é%teﬂ’éﬁi’g?ﬁ‘ﬂ? yg@%ﬂé:ﬁf@?ca[ %rogﬂif}e%{bglﬁgﬁo a J?I%%@H({stﬁl@gaind
unsubsti t ut %ﬁaﬁ‘lm%ﬁﬁﬁﬂ{ﬁ%e GRIBOMEMtSe. adahian@anddiviantane, dor insanadhove as
wel | as isomers and stereoi soners of tetramantane, pentanantane,

hexamant ane hahehtearsardied o, elusidatmstricire-actiyuelatoastaps ’&é%%ﬁ?ﬂ%ﬁ gnd
undecamant ane,. ang WO 02/ . ' : (00047] The
term"f eedstrﬁ%‘&ﬁs'o ORI PER© Sg'%%géghgg? éfefél‘s?% tggg';'rd r ei er"géq?g'%r

hyd F@C ar bonagaastiondfRsm Y Grocabpr s sngamel dveverldiznendoidstcan oduse

cycl ohexamant ane. 5 Preferabl such feeds i.ncl ude. oi

- y,. ock I as.
condensat es,prokipmp duging the sodyiction ebnapwral 835 hyisoNdify g 4, BiPES ana(% eSS
source rocks J: feedst ocks typically, but not necessarily,
conpri se onéﬁgggﬁg%gﬁfgﬁﬁfmﬁﬁ%ﬁgﬁdoid conponents as well as nondi anondoi d
conponents. The feedstock is typically characterized as conprising
conponent s having a boiling point both bel ow and above tetranantane which
boils at 10 about 350C at atnospheric Ppressure and nore preferably, having
a boiling point bel ow and above cycl ohexamant ane. Typi cal feedstocks may
al so contain inpurities such as sedinent, netals including nickel,
vanadi um and ot her inorganics. They may al so contai n heteronol ecul es
containing sulfur, nitrogen and the |ike. Such feedstocks nay be
subsequently treated or subjected to various unit operations to alter 15

L
s
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[00062] An alternative process is to use |liquid chromatography including

hi gh performance |iquid chromatography to isol ate cycl ohexamant ane. As
above, nwigepise2030 colums with different selectivity canP@BUSERAES08FUrt her
processi ng using these nethods allow for nore refined separations which can

| ead to su [ .pure cycl oh t . 7203 5 10
Conposi ti oﬁéé(ﬁg'l %&5%)‘@% ¢ B'@H’ég?t e&%@o&% %ﬁﬂ%%%arqdr{]g)%h%é! r%én%(%lgi ment of the
present in\ﬁgﬁﬁéa%ns b xaRARARds! I BONPbidbablyaduelte astrerabdifficdtiger cent by
wei ght cycl ohexamant ane based upon the total weight of the c&gﬁgss(l tion.

[ 00064J | n eacmintered amtheidiisolation and due tonfatied synshesisatismpée L1878 fant ane

rangi ng from abput. 50 to 100, perc I e 70 to 100
percent by %’?’Bﬁt ‘Thsﬁ'ﬁﬁ @Woéflgtéé)ﬁfs;%g%eb%}y Y}%ﬁa{ﬁ})&nﬁ%[y :{)ge{rsgchh%ierggl@ viq/Ie}(iight, and
eveR nore pyRh&TRbateRatkexdmah@ndfapaise baprdssnileTightesdacteds pysoriatehe t ot al
wei ght of the conposition. [00065J | n anot her enbodlcgg%tr,g?the conposition

IUANRAPy m about
90 to 100 percent. by, wei ght : r .0 100
per cont by Ty g mOU hiPH A et B iyt S bR ar TR ARRMharme D

wei ght of tig wérb thes abycloabsataemohdozeioupmonetts duGNY BB spheiral aualysis.

conpositions are sufficiently enriched in_ cycl ohexa tane, the coymposition
may form a Mekewvay ef ¢lediseyssap G%“Ee.m?ilf(l:‘BY'éﬂ%@%?,s ﬁ‘f‘fﬁﬁ r""é'ﬁ‘SHa'i“ﬂ‘ﬁﬁ?e-zo of the

present invgnt ]| use 1l i hid &Rpl69sakid Rbction

cy ohexamatﬁ}e r{g&idh?eclg%l?gﬁ[%ﬂnrfg%?ﬂ%nguwfﬁ?i%%%ogm] The conpositions
of the pres@nbitioRy @é.] gat phasaur sletimye bi3GORENBAtthowgh cHeesang®fposi tions are
useful in mcro- and nol ecu] ar-el ectyroni¢s, an n%n%eﬁhnolqug% afopti cati ons.
I'n parti cultairamaniane; i.g; anti-yhassheen sygithesized dhropgh ¢ double pemolqgrtial GG r a
forms and Ltipl t j ; LR HBkES

possi bl e agtglmeas{\)/g%gge;ssa r%%@ééﬁéﬁﬁgwé%?%%%ﬁ@% i on Qe\_/lﬁces W th
nanonet er 3ghagé amlisdvenst ledhe e supassfal sysithesistodiothier tetrarmaotased. SSiMEldr set t hese
conpounds apart from acyclic, nol ecul es, fraom condensed r'hnﬂ S%ﬁéﬁ% and
eveld from battempusingpre rmeFiartag mﬁaaﬁﬁ%a?wéj agp Withythe Hom e si ze,
vari abl e ye i gl 3-di: e’ SRR rq hianéef1iiRewise) sdfempaes for

pl aces of a‘{°%‘gecﬁ%r‘e%nlﬁ‘eg,ﬁ%eﬁ§%ﬁ%§iﬁ%r 14 ks d\%g_ %t%si_?zos PCT/ US02/ 00508

br i dgeheadsudigachrbaratibe rearrangament feues empdoyisg dewisasidipatalypisiuse@biposi ti ons

conprising cycl ohexamant ane usef ul in nanot.egchn i jiQpns. I n recent
years ther esmélgeswk%fﬂam?‘a‘ﬁ%?@m ﬂ'@lﬁoﬁg%lfi%g’[qvgﬁgesnyn %c%?%ﬁg | ar ge

assenbl i es Qf IO EiriRhREEs @8 pbhtaharitgl! Aengl © syathesivy beoamantats ol di ng
structures I'n efsf orts to construct S nol ecul ar objects of nanoneter sized
di ransi ons. hdealsodalledyi di ty and special geonetries of cycl ohexamantane it
is expected that nol ecul ar aggregates and nol ecul ar buil di ng bl ocks based
upon such conpositions will enable the construction and synthesis of an
unpr ecedent gRO6} aYARbnglemer sbpértied dimadeids have byfar thewostppl i cations in
nol ecul ar el ectroni c and conputi ng devices, mniaturized nachi n%%rr 10 such

as ol ecul atherroodmantcally$tabls structies of #1lagssiblg bwdracarbopgy thal Resses si mply
as novel mat %Eéc‘g‘{gg {%Eass@?ﬁ% e 15161 GRmorRBlds $abe telstfmkihtelal and t her nal

properties 16 ayering, and other applications taki_ng
advat age ofcriftallicle tamierct-strubtarepasaliemandss Itas weblestablished shatdiamends exhib0068]

I n addition, cyclohexamantane cont ai ni conposi tions. . be used in a
hi gh qual i t §Xtremsly bgh tﬁ’bs‘lFISHF'EBtWﬁxgﬁmé&af’Bi“ggmécaifeﬁﬁé‘(}ﬁg%(l)egl %‘ | ndex and a

very | ow poul.: L0j At ahfn BRI Si&dalinhias orfAlLDgsexeengtitisemal f | ui d of
| ubri cati ngp‘%/sllsgggg%{ey ean from about&f)j(. 1 to 10 wei ght percent

cycl ohexamanomivetivity) a[lo@@eefficBnt bf friction.ipag highvesay EpsMpEEmant ane
cont ai ni ng conpositions can be used as high density fuels in the nmanner

.described by Chung, et al. s, incorporated herein by reference. [00070] The

fol kewi ng exggoalrps B RAAR{GhebREd bA thdotetishll cdhsiderations, byclolidxamantade hasa not 25
to be construed In any way as |limting the scope of this invention. Unless
ot herwi se stsizednithegnometeprange and én siew qf thejproperties pated abrve, i INVeRgrs

021 057203 PCT/ US02/ 0 : By L LEkLr es, the

f ol | owi ng at?B?t(SWg {5 %ﬁg cégggﬁgh?ﬁpgﬁ\?ﬁﬁégrﬁr%glh/iqrﬁggemA?y& g%ll)éraé%?ati on not
defined bel euchasics hsd gmdesichhdlygRatioatéchs mBmpantigulat AR rigiditprsireagthPet r ol eum
I nstituteATM EQV - at nospheri c equi val gnt EOR Traps -end of run trapsFID

-flame ionization detector10G -grans -gas chromat ogr aphyGC/ M5 - gas
chr omat ogr aphy/ mass spectroscopyHPLC - hi gh performance liquid
chr omat ogr aphyHYD RDG - hydroneter readi nglSMN -mnuteM. -mllilitersQODS

-oct adecyl si | anepA -pico anpsppb -parts per billion20Rl -refractive
i ndexSFC -super critical fluid chromatographySIMDI'S -simul at ed
distillationST -startTIC -total ion current25VLT -vapor |ine tenperatureVO
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~0,a ovvC sh%;%%?s%.rl\g/tu%% E&m 15 Oggg%lb%d %(@QQZ%?BZ?EQM Rifrdur Mbes’ > E0O

10

15

20

25

30

asa
The two enantiomers of [12131] have left and right handed screw like structures.

Cyclohexamantane ([12312] hexamantane) is disc- or wheel-shaped.

[00018] 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.6 Again, the inventors contemplate that cyclohexamantane
would have similar attractive properties. Applications of cyclohexamaﬁtane include
molecular electronics, photonics, nanomechanical devices, and nanostructured

polymers and other materials.

[00019] Notwithstanding these advantages of hexamantanes in general and
cyclohexamantane in particular, the art, as noted above, fails to provide compositions
comprising cyclohexamantane, or processes that would lead to these compositions. In
view of the above, there is an ongoing need in the art to provide compositions

comprising the C,¢H3o hexamantane herein referred to as cyclohexamantane.
SUMMARY OF THE INVENTION

[00020] Embodiments of the present invention are directed toward novel
compositions comprising the C¢H30 hexamantane herein referred to as either peri-

condensed hexamantane, fully-condensed hexamantane, or cyclohexamantane.

[00021}  Accordingly, embodiments of the present invention are directed toward a
composition comprising at least about 5 percent by weight cyclohexamantane based
on the total weight of the composition.
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~~~AU22 WO 02/ 057203 TABLE 4: El enent al Corrposi tion of Feedstock B
PCT/ 0S02/ 00508 Anal yses_on_Fee tillation 650+F
Resi dMeasur edVal ueNi tBRUEHD E@@M%hﬁp@tmﬁﬁ‘g’ el 8. 61 mVanadi unk 0. 2
ppm 5 [00077] Table 4 illustrates the elenental conposition of Feedstock B

atmospheric distillation (650F+) residue including sone of the identified
i mpurities. [00ed)e 4 dFKRIlayiastrdtes thecmshp}wtwhm: of digmendeids prd theisi ckel

and vanadi um present within this_.feed k. mat er,i al s removed in
subkequent %Qfﬁfé%“onif;Pé&n?ndﬁe%‘B%ﬁcaglﬁ' ﬁl([gﬁé i H’g%set}]% CORZFIA! onp%/ﬁégysi s 10 15
20 [00078] Jy Plcﬁms,# §PiiaRbidRNOR s0SkniRVFARSEAMOAPEryblaklakiReovery of

cycl ohexamantane fromsome starting nmaterials such as feedstock A is

ei ther necessary or greatly facilitates cycl ohexamant ane recovery from

ot her feedsipcbﬁéglr affé% 25‘@95??%&%&'??%%“‘1 Y dchs @ bort¥ ¥R reactor to

pyrolyze an nondr anon conponents while

enri ching t ho, demanoidirdscloRedaifintagsi due. Such reactors can operate at a
vari ety of tenperatures and pressures. FIGS. 10(A, B) illustrate this
met2dd and show a gas chromat ogram of the Feedstock B 650F+ distillation
fraction 5 i Prior to
pyrol ysis, r(ﬁ@%rﬁx%nb ﬁl‘éﬁ%lgeg%%et%ﬁle&% g'lclzthr @Jﬂﬁgﬁpfaé@gﬁgieéﬁ{g? d

nondi armndob s@PRR®MRs oPyycidhexmmantame. be used to degrade the

nondi anondoi d conponents to easily renovabl e gas and coke |ike solids As
shown i'n FIG 10A, the hexamant ane peaks are clearly visible after

pyrol ysis. 701 8?&1' gagEhdenshtd aliockytone ne, 25
[11inois, wis usﬁd @ﬁé@%@??ﬁ% agl st Id?a i ond\ﬂf%ré;&ctl ons obt ai ned%urnom
vacpsim di st iof thetdriginabfeedstbeledsed futine Exemples (Beedstanip A, Crelohexamantane g50F+

distitlation 23 02/ 057203 PCT/ 5 d as a
f eedst ock fBFGSW%Y&?@WW‘?%%CId%g%Iﬁ&Q(‘:Sbsn %1h§ﬂ81ﬁxr§@§tlg%gm of this

sanpl e by h%%ji(;}g(pf@ 75)_arrpl e under vacuumin a vessel at 450C for

[00028] FIG. 5 illustrates a simulated distillation profile of a gas condensate
30 feedstock containing petroleum byproducts used in the Examples (Feedstock B).
Boiling points depicted are atmospheric equivalents. Cyclohexamantane was found in

the atmospheric residue (650°F+) of Feedstock B.




16.7 hours. 5 Step 4: [00080] The higher dianondoi d conponents enriched
followng the distillation of Step 2 and the pyrolysis of Step 3 (if
needed) , waeg20sF208t her i solated to a cycl ohexamant ane fracPCDESI2D0508e
following way. In one case the distillation fraction 10 of Feedstock A

cont ai ni ng | ghe tane (i.e.. the ' I .

distillati o[ﬁ}‘&rgjct ﬁq‘_{?@gﬁ;sgw&a B%Bf“f’f’%er?‘?}gén{{#’?‘;lﬁteﬁ‘fg&?@?ést‘e“’ﬁ’rpggttﬁ?g? is shown
in FIG 6) Madspasie fkiddd’ cTWilinenddid rictag ebndsmaated: FeedutoskaA @agd aphy col umm to
remove pol ar conmpounds and asphal tenes. The use of a silver nitrat.e

i npr egnat edFesiditodaBgdhigFiguieddss iluseatasithein-RATEER FaTbeR AERPE #RHOFRNSEE| ons by
renoving the free aromatic a QURE. ; ' L distbsk WBlch
necessary t ?9“&‘?26"{ ﬁpiimg kP Blrllsa?]gagbrj'egﬁﬁ ?Jclzdig rsg nat | éc-:lﬁdsﬁelggsr cg]élagﬁ ﬁ#\g%thod M

facisl i t at escontdis eytleitxamanate. [ 00081 ] Alternatively, a pyrolysis product
of a distillate fraction of Feedstock B coul d be passed through a

*silica-gel gravity chromatography colum to renove polar 20 conpounds and

asphal teneswgﬁgkgi 3%‘? pf( il?ustcticn!eﬁlgr(gg C%}ﬁ&&%{%g&dﬁﬁfc%&ﬁfe%@v%!':ﬁdn‘?ﬁisﬁﬂ&tepr ovi des

cl eaner dia - cont al ni ng Ions by removing the free aromatic and
pol ar conpoRresids codtiainRigtdyelohexstawmme and highdi dinmohdeids froaca gasrcopdenshte,

pyrol ysis products could be purified using this step prior to subsequent

i sol ati on pFesdelael 8s. 25 Step 5: [00082] HPLC was used to provide

suflfoi cient enrichnment of cycl ohexamantane to allow for its crystallization.
Suitable colums for use are well known to those skilled in the art. In
sone cases, [0003Hr s FEhaskushible€ahightempentme siamlateddisiliponsprotlerfbe 30 used

to effect this purification, A preparati.ve PLC run d ck B
distillate E%ﬁdste%?r‘&r%‘:he 315?%988?}1& @3‘?‘&3"8?8%??%‘6’3?%&%4@??1 g‘hgwas
performed a I &r(ded) s Higher déinhdrRioRNikblations.
refract onet gg?&gﬁg'{iﬁ%%aﬁ%%riﬁg%dﬁbéﬁV\p(O_Zl' 57203 PCT/ US02/ 00508 f or

cycl ohexana@yelobexamantine wncantaimd@rimarily Tmdistillate fractiensiddhrough #pon (#23) -
whi ch contains the highest concentration of cycl ohexamantane. [00083] The
HPLC col umms used were two 50cm x 20mm LD. WHATMAN 5 oct adecyl silane {QODS)
col ums Ope[@m% | IFI&ei(AsB( WD) TRBtraes therpas slirematprdasbivaedurh\disthiateran
Inc., USA). A 500 mcroliter sanple of a solutiaon of the cut rol ysis

n of th or0 1P
product sat Graatiens #3y é# ot andHo pf Beadstopk Bsmagpheis distitatien 6o FﬁthYt?‘Fn‘é
colums. The, col umms r el - Up;:Hsi e at 5.00 M/mn as a nobile
phase carri ﬁl’“sgﬁﬁﬁ% F]\rlz‘gcgteﬁnzine e%g]-@%d i;ﬁg%%ﬁ@gg?he purity (FIG 12 A B)

necessary for 10 cycl ohexamantane to crystallize. FIG 13A B illustrates

phot om crographs of representative cycl ohexamantane crystals precipitated
Froi ODS HPIQ908skctFIGhg 04AaB) dlustraies (st ChrpmAEA RS FEnEBimianstt s i n

this fracti i 1 pi&l o8 fiWstBRS e GOBBOYY apfvdedtechni ques
i ncl udi ng pg%@%&%@%ﬁﬁgﬁg@%ﬁgg gphy grr nor e prgfberab[&yeéad%i tional HPLC
1

runs using eolummysf Béeddiock & amospherie distiliatign factipd #3uexemplifiedan ow,

Addi ti |1 th t i K inth tallizati . b
Qi1 zod | nExamplRd BINCHSE Foerher atdstocl bRSrTSHE bRcksfTE A1, FOA ifidiafts OF,
recrystal | i gl GO R FBBGt o8 {HayReytiShopess20 [ 00084] After obtai ning

crystals of surtable 'size, cyclohexanmantane could be sent for structural
det2fm nation using X-ray diffraction. EXAMPLE 2: I|sol ation of

| oh 2 i.ng,, Two, HPLC, Co :
[00085] As SHEAI | PR STt G RE S ER L EHPLC EhAAlioRe! Feasitey O
pulr it %/ U_Sit NQigekfe cﬁggﬁ@g&is prodidh b8uraredriyimcattioh Gractibn siwaving HRLAT er ent

sel ectivitl es were

used in succession to isolate cycl ohex ntane. FIG
12 shows r edtactiensgaken ysingrataderylsilang, H0R8T splupps 3‘9‘@?#@9&‘?@?@ 5% rom
distillationR.,cut.6-pyr ' 10 t f ki gisi ng
an’ oct adecy 61 1 HEPRRt o e S e e s
firgp HPLC system consisted of two Whatman M20 25 WD 02/ 057203
PCT/ US02/ 00508 10/50 ODS coluyms ope in.serjies ysin tope as nobile
phase at 5. 800351 ni RIG.TiREA R E&ttaresé@@fﬁ&éﬂé%?‘f%?g’m’gﬁf@ﬁ%&%m er.
From this HehGuhitflor ODRATPOOSyEiRedfablahGeoddiingbictionoppined and taken for
further puritrcation. on a sedond HPLC system is combined fraction
cont ai ned cycl ohexamantane. 5 [00086] Further purification of conbined ODS
HPLC fractions #23-26 was achi eved using a HYPERCARB stationary phase HPLC
colum which has a different selectivity in the separation of
cycl ohexamant ane than the ODS col unmm di scussed above. FIG 14 shows a
preparative Hypercarb HPLC run indicating elution tine of 10
cycl ohexamant ane. [00087] Using this nmethod, a 50 microliter sanple of
approximately 1 ng of ODS HPLC conbined fraction #23-26 in acetone was
injected into the Hypercarb colum, 10 mmLD. x 250 mm operated using

. o, ~ NN o a 7~ L NN
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hydrocarbonaceous feedstock which are conducted to concentrate cyclohexamantane

by removal of other components from the feedstock. Unless otherwise specified,
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15
[00053] The term "alkyl" refers to straight and branched chain alkyl groups
typically having from 1 to 20 carbon atoms, more preferably 1 to 6 atoms, as well as
cyclic alkyl groups typically having from 3 to 20 carbon atoms and preferably from 3
to 6 carbon atoms. This term also includes the intramolecular alkyl ring closures
20 between two attachment sites on a higher diamondoid component. The term “alkyl”
is exemplified by groups such as methyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-
butyl, t-butyl, n-heptyl, octyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
the like.
25 Methodology
[00054] The compositions of this invention can be obtained from readily available
starting materials using the following general methods and procedures. It will be
appreciated that where typical or preferred process conditions (i.e., reaction
30 temperatures, times, solvents, pressures, etc.) are given, other process 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. Detailed methods for processing feedstocks to obtain higher
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15 [00056] Preferred feedstocks include, for example, natural gas condensates and
refinery streams having high concentrations of higher diamondoids. With regard to
the latter, such refinery streams include hydrocarbonaceous streams recoverable from
cracking processes, distillations, coking and the like. Particularly preferred
feedstocks include gas condensates feedstocks recovered from the Norphlet formation
20 in the Gulf of Mexico and from the LeDuc formation in Canada.
[00057] The feedstocks used to obtain the compositions of this invention typically
comprise nondiamondoid components having a boiling point both below and above
cyclohexamantane as well as one or more lower diamondoid components and in such
25 feedstocks, cyclohexamantane cannot be effectively recovered. Accordingly, a
sufficient amount of these contaminants is removed from the feedstock under
conditions to provide a treated feedstock from which cyclohexamantane can be
recovered.
30 [00058] The removal of contaminants including lower diamondoids, and in many

cases some noncyclohexamantane higher diamondoids and/or hydrocarbonaceous
nondiamondoid material include, by way of example only, size separation techniques
such as membranes, molecular sieves, etc., evaporation and thermal separators either
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15 diamondoid of interest, are retained and may require further purification. For
recovery of cyclohexamantane, the preferred distillation cuts are taken at atmospheric
equivalent boiling point temperatures of from about 330 to 550°C, preferably from
about 390 to 470°C. Additional temperature refinements will allow for higher purity
cuts for concentration of cyclohexamantane. Other methods for the removal of
20 contaminants and further purification of an enriched cyclohexamantane fraction can
additionally include the following non-limiting examples: size separation techniques,
evaporation either under normal or reduced pressure, sublimation, crystallization,
chromatography, well head separators, flash distillation, fixed and fluid bed reactors,
reduced pressure, and the like.
25
[00059] The contaminant removal may also include a pyrolysis step either prior or
subsequent to distillation. Pyrolysis is an effective method to remove
hydrocarbonaceous, nondiamondoid components from the feedstock. It is effected by
heating the feedstock under vacuum conditions or in an inert atmosphere, at a:
30 temperature of at least about 390°C or 400 °C (preferably about 410°C to about

475°C, most preferably about 410°C to about 450°C for from 5 to 30 hours. The

specific conditions employed are selected such that recoverable amounts of
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liquid chromatography, crystallization, and fractional sublimation may be used to

15 isolate cyclohexamantane.

[00061] Even after distillation or pyrolysis/distillation, further purification of
cyclohexamantane may be desired to provide the compositions of this invention. One
may use purification techniques such as chromatography, crystallization, thermal

20 diffusion techniques, zone refining, progressive recrystalization, size separation and
the like. For instance, in one process, the recovered feedstock is subjected to the
following additional procedures: 1) gravity column chromatography using silver
nitrate impregnated silica gel; 2) two-column preparative capillary gas
chromatography to isolate cyclohexamantane; or alternatively, one or multiple column

25 high performance liquid chromatography; 3) crystallization to provide crystals of

highly concentrated cyclohexamantane.

[00062] An alternative process is to use liquid chromatography including high

performance liquid chromatography to isolate cyclohexamantane. As above, multiple
30 columns with different selectivity can be used. Further processing using these'

methods allow for more refined separations which can lead to substantially pure

cyclohexamantane.
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percent by weight, more preferably from about 90 to 100 percent by weight, even

15 more preferably from about 95 to 100 percent by weight, and most preferably from

about 99 to 100 percent by weight of the single cyclohexamantane component.

[00066] When such compositions are sufficiently enriched in cyclohexamantane,
the composition may form a crystalline structure. Accordingly, another embodiment
20 of the present invention is directed toward a composition comprising

cyclohexamantane in crystalline form.

Utility

25 [00067] The compositions of the present invention comprise cyclohexamantane.
These compositions are useful in micro- and molecular-electronics and
nanotechnology applications. In particular, the rigidity, strength, stability, variety of
structural forms and multiple attachment sites shown by cyclohexamantane makes
possible accurate construction of robust, durable, precision devices with nanometer

30 dimensions. These special structural characteristics set these compounds apart from
acyclic molecules, from condensed ring systems and even from bridged ring
counterparts. The great stability, nanometer size, variable yet rigid 3-dimensional
geometries, well defined distances for places of attachment and nonplanar
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gigoT/é 27(1 2) E%;rrllgsbeféf?de&d(t? z@ﬁ*y‘@%@ﬁff%“ﬁ é%‘fhséi"b“ﬁsé“ e%ﬁ“@%@ﬁ g‘ 8 - grLOT
S710% & () - §$’J§Q7¥%%y§lz’z’)&f%’kﬁw“ﬁ Qr“"‘?,‘%%? 'S 15%%6%%1]—%% S7 1dt(yéh&l'$%[%%ﬂ #& 08T
S710% & () -thérE hay hesn tapidiyiisisg irvesedt ip symireszing iage sperphlicsof 098] ) - $gK+T

{

ST S710% & ()-$T S710% & () -$T.S710% & ()= ST 04 & (). 0 :
- ST10% & () - 9438‘?1&%&?&‘“(%%-‘ %é t%?@i%%}f%%i'tﬁ%é‘%@%)eﬁhﬁi (T) ST
S71Q%8 & ():@glegﬁp%j&té b homéidd W28 ime&ntioRd. 1 D & fi}idRlyiehd siEEiaB710% & () - $T

S7109 & ()-$T S/10% & ()-$T S7T10% & ()-$T S71098 & ()-$T S710% & () - $T
- S710% & () - oS Pf 8ydlobgxanmantagy itay expreigd thatgnol %%&re(gjit%ﬁrmg?(lz)%% ()-$T

S710% & ()-$T, S710%.8. () ST S7T1094 & () - 0% & 04 & ()-
SR () SheSEh B A Sl A Ry S B S O 5T
S7109% & () - hgvéyfhthes of in ufpryddded abidyl OfidSitablntit¢al$thaSmaphng. () - $T

S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S71QW & ()-$ pT4T
S710T S710%pflicaticys ismplemiler electiqnicany %fepl{t)nsﬁvwfi’éw&t‘(szﬁgﬁ‘%‘?%% & ()-$T

S710% & ()-$T, S710% & () -$.. ? T S7A00AL () - o3 &

S710% & () -Si‘f'hé% Tb’ﬁ%}la% %‘0%“%‘{"0%@%)‘&@ 'é%t@?% §§§ﬁﬁ§&ﬁ? o§rsTS7 10T
giggﬁ g ()- %&gﬁ%&: With $pEcRY danisal( optikdl, SIEEGdak and tpTimalgnopsmies oy - $T
S710% &' 8 :@ptigggdwgaée}{ng;ér{dtggggyﬁﬁéa?{gnss t7al1(9no§ é%vglztégg ofstgc:eL g%}n%ln@lfk%-r

properties of these compositions.

15 [00068] In addition, cyclohexamantane containing compositions can also be used
in a high quality lubricating fluid which exhibits a high Viscosity Index and a very
low pour point.4 When so employed, these fluids comprise a fluid of lubricating

viscosity and from about 0.1 to 10 weight percent cyclohexamantane.

20 [00069]  Still further, these cyclohexamantane containing compositions can be used
as high density fuels in the manner described by Chung, et al.’, incorporated herein by

reference,

[00070] The following examples are offered to illustrate this invention and are not
25 to be construed in any way as limiting the scope of this invention. Unless otherwise

stated, all temperatures are in degrees Celsius.
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S7109% & ()-$T S710% & ()-$/ 01@+pPT S710% & ()-$kw, C P Tj.

{,y/ (12345678t X<T S710% & (T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & Wo &s%030% & ()-$T S7109% & ()-$T S710% & () - $89: PREESI200308
S7109% & (T S710% & ()-$T S7109% & ()-$T S710% & ()-$T S710% & () - $T

S710% & ()-$T_S710% & ()- % 8 () - % &
S710% & 8 Qﬂ'ﬂﬁgﬁsisé‘; h%‘Tr‘i"%; &2@%&“%%@%5@?&5@7% Bk e gt

S710% & () -BllowteQXeaidgs: FEFAdihMiSH hotdchi¥l Selow Kelifigeterally Sckepted
S710% & ()-’?T ‘2%'%0% & (%s ST S7T10% & () - $T s710%b&' ()_$1»_§e 371%%4 & ?)-$T
S71096 & () -rieadiiM Xkw, C P Tj. {,y/(T S710% & () - SOPQRSTUMt X<kw; C PT
S710% & ()-$T S710% & ()-$T S7109% & ()-$T S710% & ()-$T S710% & ()-$T
-+ S7109% & ()-$T S710% & () - $VWKYZ[\]t X<kw; C PT S7109% & ()-$T S710% & () - $T
gi ;ﬁg 8ng s710%;?&' (%(-$T S710% & ()-$T S710% & ()-$T

'()-9]"_a PAkw, T S71Q%eRc4n Pbfolennt hdtihute () - $&T S710% & () - $&T
' S71098 & ()-ST S o) - ST S7T1Q0 & ST S4RALA & () - $f ghi j Kkl mX<k\(N?T ST
S710% & ()-$T S aé%-$'=l' S71 ST S7109% & ()-$T S710% & ()-$T
S710% & ()-$T S7 - $mopt X<k .5.557;7(%% '()-$T S710% & ()-$T
g;iggﬁ g 8_$T 87@ >?ir&ls()_$-‘r sngr?‘ﬁ%"(“)‘%aﬁ?“g 6‘%&&' ()-$T

' () - $pgr @8t 71098 & () 'C P Tj. {,y/(rstuvw{tT4T S7109%
S710% & ()-$T S766% & ()-$T s718ﬁ%0&rw4t$éfas§mog/d é' E)-$T g{w% & ()-$T
S710% & ()-$T STGOME () - $£} _?48asShui@matogragdyy/ magssSPEFUaseory7 1094 & () - $T
S710% & ()-$T STHPULE () - $F S71high pexfpmemesligaidschrqmatggiaphy S710T
S710% & ()-$T S7THYY BRDG - $F S71R9dré&meter FRAREL10% & () - $T S710% & () - $T

STHRW & () -$T STARe & () - $pT8T @ikl S7T S7109% & ()-$T S710% & () - $T

g;ig"T/é <§7(T ) S $10$mﬁ9/6 fz ‘(& ) ( ;$Z£O$7miﬁi§rg ) - $T$S710% & ()-$T S710% & ()-$_C8T
()= Hine ST S710% &' () -$T S710% & () -$T

S7T10% & () - $T 57}? &'()-$@_CT§%%%§'£§$%€)-$MC AR ()-8

ppb = parts per billion
20 RI = refractive index
SFC = super critical fluid chromatography
SIM DIS = simulated distillation
ST = start
TIC = total ion current
25 VLT = vapor line temperature
VOL PCT = volume percent
WT PCT = weight percent

30
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Tj. {,y/ (pPOT S710T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$os(7)T S710T s710%§3&' ()-$T -9
S710% & Wo-BHsR0310% & () - $$T S710% & () - $$T S710% & () - $CH0IQI0RS( ) - $T
S710% & () - $pPOT S710T S710% & ()-$T S710% & ()-$T S710% & () - $T

S7109 & ()-$T S710% & ()- ST S7109& ()5 &I S7T109 & ()-$I L, T ST S710% & () - $T
S710% & ()-$T S710% & () - $T S710 =5 S710% & ()-$T S710% & ()-$T
S710% & ()-$I L, T ST S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% T
S7109% & ()-$T S710% & ()-$T S710% & ()-$@I| LT S710% & ()-$kw,C P Tj.
{,y/ (1 PAT S7109F S710RXAMBLET: dyalatiomof Cygvhexammntane ) - $T S710% & () - $T
S710% & ()-$T S7109% & ()-$T S710% & () - $t X<T S710% ST S710% & ()-$T

- S710% & () -$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $T

S71@% & () -Bb#72] SThSpuRUELOL thisTkamiplisiotddmoriiatd pi6Sdiaies YorShie S710% & () -
S710% & () -[$T_ S710% &?‘%@- $T s7r10%a&?( ) - $t Tﬁ"%" STaS;){O% &'ﬁ(s)ﬁ3 $Te S710% g‘ 8 - g
- S710% & () -ep¥iclBnemoangd isolation cfryoloheramantane sFhessypgoqeru C&QPM%*&' ()-$t TAT ST

S710%8 & ()-$T1.,S71098 &. () - . 4.& (). ST 0@ &' - L T
S71008 & () PRl RNl 0 Byl praFs PR colud el udile 7
S710% & (T spirQfAt&ridl} atd wiRR%h&pyrphSib sEEpl 0oftaR rémhoBil oSTidydbal ling-pHint
S710% & ()-$T S710% & ()-$T S7109% & () -$t X<T S710%W & (T S7109 & () -$T
glogﬁ g 8 -@mrfngm;d@clgl}imvowﬂe%r&hP}‘%#‘é?‘ifﬁ%‘&ntﬁfﬁgﬁ“ é? %?ﬁ%‘&c‘% Y$T
- 0, ! - 0, ! . T
57188 & () S AERRaRI AR g SR oty B REIASS loon ar
S7109 & () - BiktiSaticdPréfetabl paarthiel aperated o [BaviST spui e quis, $ussemovng besh $T
S710%8 & () -$T S710%&'()-.$'(3$'thW,C P 'I")l é /ST s :
S710% & () - lg)veq_gmd_ l;lgbgggg}\l,}r@ oint components, leaving rﬂ}/ components within a desired
boiling point range. Such fractionation can provide an increased concentration for a
desired product within the temperature range.

15
Step 1:

[00073]  Suitable starting materials were obtained. These materials included a gas
condensate oil, Feedstock A (a gas chromatogram of this material is depicted in FIG.
20 4), and a gas condensate oil containing petroleum byproducts Feedstock B (a high
temperature simulated distillation profile of this type of material is depicted in FIG.
5). Although other condensates, petroleums, or refinery cuts and product could have
been used, these two materials were chosen due to their high diamondoid
concentration, approximately 65 percent diamondoids, as determined from GC/MS.

25 Both feedstocks were light colored and had API gravities between 19 and 20° APL

Step 2:

[00074] Samples from Feedstocks A and B were distilled into a number of

30 fractions based on boiling point to separate the lower boiling point components
(nondiamondoids and lower diamondoids) and for further concentration and
enrichment of particular diamondoids in various fractions. The yields of atmospheric

distillate fractions of two separate samples of Feedstock B are shown in Table 1,
17



PT S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $T
S7109% & ()-$T S710% & () - $01235679pT4kw, T S710% & ()-$T S710% & ()-§52I'

S710% & W @BsB0310% & ()-$T S710% & ()-$T S710% & () - $T
S710% & () - $9: <=@\DEI LOKT S710% & ()-$T S710% & (

()-

$T S710% & (

PCT/US02/00508
()-9$T

S710% & ()-$T S71Q% & 710% & 71
S7T10% & () bglow,47d g1 @ ff‘S‘%dr%é%ié%‘% t%"} §§ &atggﬁ%éjadg ?‘% E'%# ) ggf{ikl() $T
S710% & () iR Siala s Kok SRRSO () - ST S710% & ()- $T
S710% & () -7 Sr10%8 & ()-ST 571008 & ()-$T S710% & ()- $T
g;iggﬁ g (g gw\sfz pT8kT S7T S710% &' ()-$T S7109% & ()-$T S710% & ()-$T

' OyShS T

- ST10% & () - $kw, é]‘ﬁﬁ‘%? Y Pg %"‘)r’kcgﬁgg%m @i‘%’gﬁw&@'f -$; T

S716% & ()-$T S710% & () e& ()-$T S710% & ()-$T
S710% & () -$fghijklnt X<T S7100d0 S7T_S71004 & (1 q:-r S71094-& (VST
- S710% & () - $TUSIEN% & (O 8im Biy 1 00| & epds Me () - $1”‘“"’“°‘*
S710% & ()-$rmogruwyl | Fiely(Weiopoale: (\NiQds (B8 Voloq o1 S T Sze004#() - $T
S710% & ()-STISP9004 &l () $18 S 71098 ST e 109G Syt 34 BT-ST
S7T10% & (o0 teAhey ol 11 3780y sadle 40T T och ey ot T oy
ST10% & (-2l Etado, ol 13 $%‘;§T SF sﬁéc/;éfﬁ) s T-STOvs & Iu) $TS71T %/J ?[T()-SBT
giggﬁ g ) 6;57(‘—'1“—%"’0710% &J —$T-S7T10% & %— $T ST10% & ()-;@k_O'I_

R TE: P RV DIt X< | HebM{hek B Rum1) L iffértn & ()-$T
S7T10% & () - $¥“§¢Eb%&g , (‘,smq% (yiids (A28 & ) - $T S710% & ()|- $t X<T
S?lOOA &. %-1‘-87;@%7& OFST SEPWB & () -FT SHAHQW & () -FT S7109B& () - $T
S710% & (J=$Fred@78 & () -S S/ 10%|& ()- ST PAT _S7TI00 S/100%& () - S&l
S710% & (J=$§5 webU% K (]- 363 S7I0N & () -B&T S7109 & () - $LIS710% & () - $T
S710% & () -ciKemamisnédOVd STTA & (- S5T S7A0% & () -BST S7109 & () - $$T

S710% & ()-33T STI0WB & ()-ST S710% & () - ST S710% & () - $koeT S7109

S7109 & ()-$$T S710% & () - $$T S710% &
Table 1 shows the yields for atmospheric distillatio

S710% & (
10

15

20

25

) - [90075]

) - ST 87:1.00 &

Il( %I‘ actions isrom two

separate runs of Feedstock B and as a comparison the calculated yields for a simulated

distillation. As seen from the table, there is a good correlation. FIG. 6 compares a

high-temperature simulated distillation profile of the atmospheric residue of the gas

condensates, Feedstock A and Feedstock B. Additionally outlined is the identified

location and size of the cyclohexamantane-containing fractions. In terms of

atmospheric equivalent boiling points the cyclohexamantane components are

anticipated to be predominately within the range of about 330 to 550°F with a large

portion within the range of about 395 to 460°F. The nondiamondoid material can be

removed by subsequent processes such as pyrolysis.

[00076]

A sample of gas condensate, Feedstock A was distilled into 38 fractions to

remove lower diamondoids and concentrate diamondoids of interest as verified by GC

(see FIG. 7) wherein residue left after the distillation of 38 fractions was recovered,

predominately boiling in the range of from about 750°F+ (atmospheric equivalent).

The temperature range for these fractions are atmospheric equivalent temperatures,

wherein the actual distillation can occur under various conditions including reduced
pressure. Additionally, Feedstock B was distilled into fractions containing higher

diamondoids guided by high temperature simulated distillation curve (FIG. 8).
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S710% & ()-$T S710% & ()-$@kKOT S710% & ()-$kw, C P Tj. {,y/ (tX<T
S710% & (T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $T
S710% & Wo ®hsBN30% & ()-$T S710% & () - $t X<T S710% & (T SHADUBR/O5085T
S710% & ()-$T S710% & ()-$T S7T10% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$pT8T S710% &T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $kO3T S710%T
S7109% & ()-$(T S7T10% & ()-$(T S710% & ()-$(T S710% & ()-$(T S710% & ()-$T
S710% & ()-$T S710% & ()-$kO3T S710% S710% & ()-$(T S710% & ()-$(T
S710% & ()-$(T S710% & ()-$(T S7T S710% & ()-$T S710% & ()-$T
S710% & () - $@KOT S710% & ()-$kw; C. P Tj. {,y/ (t X<T S710% & (T

- S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$t X<T S710% & (T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $t X<T

' S710% & (T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$t X<T S710% & (T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$$tXkw, C P Tj. {,y/(T 5710%& ()- $pT8kWCT S710% & ()-$T
S710% & ()-$T 8710% & () ~$T-S710%4-& - S71094-&' S710% & ()-$T
S710% & () - $t X<&w, CT S71p% - °é>71 %&()1$1;,s 209 & ()-$T
S710% & ()-$T 910%&()-$3&*5 1892 2| 8) - 18T @1@0(@‘2(5 t X<kw; CT
S710% & ()-$T @10%&()-@?’5718’ &|P) - 1ST 4R YUT-§T |S710% & () - $T
S710% & ()-$T &10% & () i t X<K oQ'RS?lO%&()-O_‘E>$10%&'()-$T
S710% & ()-$T S710% & ()-%g S71BGR|B) - B 5710%:% §$T S710% & ()-$ t X<kw
CT S710% & ()-$ S710% &1 & 84 - 7 7100418 T) -|$T S710% & () - $T
S710% & ()-$T @10%&'()-§@tx1* S0 & () ISk @I B Tj | {, v/ (tX<T
S710% & (T s71c3«¢&'()-$T5 q b KA =R A R = R
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S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()- $t X<T S7109% & (T S710% & ()-$T S710% & ()-$T S710% & () - $T
S710% & Wo @H53030% & ()-$T S710% & ()-$T S710% & ()-$ | "PERUNeMOSBL0% & (T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$U%& ()*+, t X<T S710% & (T S7109% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710%4 & ()-$,-.$, tXkw, C P Tj. {,y/(T S710% & ()-$. 01234560S7kw; CT
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
S7109% & ()-$T S710% & () - $6789: ; <=t X<kw, CT S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $T
+ S710% & () - $=>?@\BCDt X<kw;, CT S710% & ()-$T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $DEFGHI JKt X<kw; CT
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T
57109 & ()-$T S7109 & () - SKLMKt X<kw; CT S710% & ()-$T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - SM\P@
KtT S7109% & ()-$kw, C P Tj. {,y/ (PQORSTUM X<T S7109 & (T S710% & ()-$T
S710% & ()-$T S710% & ()-$T S710% & () -$T S710% & ()-$T S710% & ()-$T

S7109% & () - SWKYZ[\] Mt X<T [9710%8 & [J] $LLad& () {$T $710dal&[(Jw[$T
S7109 & () - $T,S710% &|() -\ @l S7IL0%RK (31 4T |S71a%e & () {$S[3| |2
S710% & () - $" ' abcdet XAT [SFH0%-&H-SALOB&H=$T FFIOVERTCT=15
S710% & ()-$T 5710% &|£) - BISSLL0AS (b1 HT [S7LM6 & () 43T _|<| o
S710% & () - $Sefdij kI npTBT [SERA T FL0% & () - §2|S710%| &R |$18I15110% & () - $T
S710% & () - $T $710% & |€) - FI-SHoA&—D STHO9 & (% kKW, C P Tj.
{,yl (T S710% & () - $opq&st ?é RE|Z7109% (&'1() - $T |STIQE &()|- $T
S710% & () - $T &710% & )-g (48T [S7al0% & () {$T8|=| |8
S7109% & () - $vwxyz{| } t XSkWC m{r@()- 7109 & OFJTI710% & () - $T
S710% & ()-$T S710% &|k) - $T S7 () 1307 |s ™% & (|L\$] -t X<kw ¢ PT
S710% & () - $T &710% &|€) - BT S7 (=T ﬁgo. S _lelels
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S7109% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $pT8kw; CT

S7109% & ()-$T S7109% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $T
S710% & Wo &RsW10% & () - SpT8kw, CT S710% & () - $T S710% & PET/FF02/00508
S7109% & ()-$T S710% & ()-$T S7109% & (T S710% & ()-$(T S710% & () - $@pTT
S710% & ()-$kw. C P Tj. {,y/(tX<T S710% & (T S710% & ()-$T S710% & ()-$T
S710% & ()-$T S7109% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $t X<T
S710% & (T S710% & ()-$T S710% & ()-$T S710% & ()-$T S710% & () - $T

S710% & ()-$T S710% & ()-$T S710% & () - $hLOT S710T S710% & () - $T
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Step 3:

Removal of nondiamondoids using pyrolysis

10 [0067 8] This step, although not necessary for the recovery of cyclohexamantane
from some starting materials such as feedstock A, is either necessary or greatly
facilitates cyclohexamantane recovery from other feedstocks, e.g. Feedstock B. We
used a sealed, evacuated reactor to pyrolyze and degrade a portion of the
nondiamondoid components while enriching the diamondoids in the residue. Such

15 reactors can operate at a variety of temperatures and pressures. FIGS. 10(A, B)
illustrate this method and show a gas chromatogram of the Feedstock B 650°F+
distillation fraction 5 before pyrolysis and the resulting pyrolysis product. Prior to
pyrolysis, the hexamantane peaks are obscured by the presence of nondiamondoid
components. Pyrolysis can be used to degrade the nondiamondoid components to

20 easily removable gas and coke like solids. As shown in FIG. 10A, the hexamantane

peaks are clearly visible after pyrolysis.

[00079] A PARR® reactor, from PARR INSTRUMENT COMPANY, Moline,
Illinois, was used to process the distillation fractions obtained from vacuum
25 distillation of a feedstream. For this example, Feedstock B 650°F+ distillation
23
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provides cleaner diamondoid-containing fractions by removing the free aromatic and

15 polar components. While it is not necessary to use this chromatographic aromatic

separation method, it facilitates subsequent steps.

[00081]  Alternatively, a pyrolysis product of a distillate fraction of Feedstock B
could be passed through a silica-gel gravity chromatography column to remove polar
20 compounds and asphaltenes. The use of a silver nitrate impregnated silica gel
provides cleaner diamondoid-containing fractions by removing the free aromatic and
polar components. In either instance, the distillate fraction or the pyrolysis products

could be purified using this step prior to subsequent isolation procedures.

25 Step 3:

[00082] HPLC was used to provide sufficient enrichment of cyclohexamantane to
allow for its crystallization. Suitable columns for use are well known to those skilled
in the art. In some cases, reverse-phase HPLC with acetone as mobile phase can be
30 used to effect this purification. A preparative ODS HPLC run of Feedstock B
distillate cut 6 pyrolysis product saturated hydrocarbon fraction was performed and

the HPLC chromatogram recorded using a differential refractometer: elution fractions
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or more preferably additional HPLC runs using columns of different selectivity as
15 outlined below. Additionally other techniques known in the crystallization art could
be utilized including but not limited to fractional sublimation, progressive
recrystallization or zone refining.
Step 6:
20
[00084] After obtaihing crystals of suitable size, cyclohexamantane could be sent
for structural determination using X-ray diffraction.
EXAMPLE 2: Isolation of Cyclohexamantane
25
Using Two HPLC Columns with Different Selectivities
[00085] As shown in Example 1, cyclohexamantane can be isolated in high purity
using HPLC methods. In this example, HPLC columns of different selectivities were
30 used in succession to isolate cyclohexamantane. FIG. 12 shows results of a

preparative separation of cyclohexamantane from distillation cut 6-pyrolysis product

saturated hydrocarbon fraction using an octadecyl silane (ODS) HPLC column with

acetone as a mobile phase. This first HPLC system consisted of two Whatman M20
25
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15 (@480 psi), and using a differential refractometer detector. While ODS HPLC
combined fraction #23-26 was being prepared for injection in the HPERCARB HPLC
system, some of the cyclohexamantane in the fraction spontaneously precipitated as a
fine white powder which would dissolve only slightly in cyclohexane solvent. GCMS
analysis showed this precipitate to be cyclohexamantane. Photomicrographs of the

20 fine crystalline particles in the precipitate are shown in FIG. 13.

[00088] Hypercarb HPLC fractions were taken resulting in the isolation and
subsequent crystallization of cyclohexamantane (FIG. 15A,B). Photomicrographs of
representative crystals of cyclohexamantane obtained by this method are shown in

25 FIG. 16A,B. After obtaining crystals of suitable size, cyclohexamantane could be

sent for structural determination using X-ray diffraction.
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