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[00044] Al 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
was specifically and individually indicated to be incorporated by reference in its

entirety.

[00045] Diamondoids are cage-shaped hydrocarbon molecules possessing
amazingly rigid structures that are superimposable fragments of the diamond crystal
lattice. Adamantane, a ten-carbon molecule, is the smallest member of the
diamondoid series, consisting of one diamond crystal subunit. Diamantane contains
two face-fused diamond subunits and triamantane three. Adamantane and diamantane
and to a lesser extent, triamantane, are well studied. They have been isolated from
petroleum feedstocks and synthesized heretofore. The art has come to refer to
adamantane, diamantane, triamantane and substituted analogs thereof as “lower

diamondoids”. Tetramantane and larger diamondoids and substituted analogs, which
3



and to a | esser extent, triamantane, are well studied.
They have been isolated from petrol eum feedstocks and
wagmthesszed heretofore. The art has come to reEEDS1003/022527

adanmant an di anant an t ane and.suybstitut ed
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characterizations.



WO 2004/ 009737 PCT/ US2003/ 022527 [00049] More

recently, present co-inventors Dahl and Carlson filed
w@:2@eniws7 of United States patent appli cati onBCT/HS2003/022527

of LHRY: ABSSEY oL DR o ol | o

[and gharac?er%@gépggﬂﬁpgéhﬁg%gétﬁﬁl gﬁﬁgﬁo?gggb?%hgfof

Uhiitghl Statel gat@ dpplitatiomnigiwiget theyndestibed Midrisddaison, kleatification

t et ramant anes through undecanmant ane. See for exanpl e:
ARt g&%@“ﬁ@ﬂ%i%&%@?ﬂ%@f Tsigidval dagher digmondpigs panggre from

: : : 0/ 012, 545: 48
al%g? 0 f?%ﬁlgﬁ%%m%%e%%%ﬁg%nﬁ 12,704: 51

10/ 012, 709; 52 10/017,821; and 53 10/046, 486; al

j cenber 12, 2001 and USSN 54 10/ 052, 636
S%?Fggxgﬁpggnuary 17, 2002 and all incorporated herein
by reference. These patent applications describe how
t he hi@E »di anpn b 3yere i solated from petrol eum
f eedst ocks such as deep t€servoired oils and gas
condensat es. Thé® codo&EnB34ti ons of hi gher di anondoi ds

in these feedstagk eported to be quite | ow,
generally in the pf}?@@:gﬁa t housand to parts per

billion range. I*h agdizsss, the relative
concentrations Qf the various higher dianondoids were
found to decrease }%(Bl%lﬁmas the size of the

di anondoi ds i ncreagggi2 s41e ot her conponents of the

f eedst ocks i ncl yged nondi anmondoi ds i ncl udi ng

nondi anondoi d hydr B¥8F5hd#s, sul fur-cont ai ni ng

materi als and ne¢ a jning materials and | owner

di anondoi ds. [OOOSHygggégLiety of nmethods to
concentrate ands?shyat£7®he hi gher di anondoi ds were

taught in the Danhl | son patent filings.
Fractionation pr oc%@@&e@’bot h

2 10/017,821; and

> 10/046,486;

all filed on December 12, 2001 and USSN > 10/052,636 filed on January 17, 2002
and all incorporated herein by reference. These patent applications describe how the
higher diamondoids were isolated from petroleum feedstocks such as deep reservoired
oils and gas condensates. The concentrations of higher diamondoids in these
feedstocks were reported to be quite low, generally in the parts per thousand to parts
per billion range. In addition, the relative concentrations of the various higher
diamondoids were found to decrease rapidly as the size of the diamondoids increased.
The other components of the feedstocks included nondiamondoids including
nondiamondoid hydrocarbons, sulfur-containing materials and metal-containing

materials and lower diamondoids.

[00050] A variety of methods to concentrate and isolate the higher diamondoids
were taught in the Dahl and Carlson patent filings. Fractionation procedures, both

atmospheric and vacuum, were disclosed and isolated fractions enriched in one or
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fractions enriched in one or 5 WD 2004/ 009737
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bel ow, the present invention enploys processi ng
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%ﬁllw_' us.to f C|dI|tate t he separation of higher
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catpgries @€ bydrppiopssaingdnelyde Hydraspeting oaamdé‘uhwdmrackmg
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and metals, which can be in the form of organometallic compounds,

(“hydrodemetallation”). Hydrotreating also can include hydrogenation of olefinic and

aromatic unsaturation.

[00053] In “hydrocracking”, petroleum feedstock is contacted with a catalyst at
elevated temperatures in the presence of hydrogen to crack or otherwise convert
undesired components to more desirable species or to preferentially break down
undesired species. The first modern hydrocracking operation was placed on stream in
the 1950’s by the Standard Oil Company of California. Since the 1960°s,
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are altered, the relative i npact of the various

reacti ons can change. SUMVARY OF THE | NVENTI ON [ 00055]
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conmpositions enriched in higher dianondoids from

pet rol eum f eedst ocks or fractions thereof which

[060557 NWEERY bR b EnRIRMBY & I%Bcésgk%sf@r Plo9hBhg compositions

d| anbndoi ds in adm xture wt nondi anondoi ds. T 00056]
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ef Lcientl reacts a flcant
cBrlsbieEPlt SRRk BhfhesrlhaRE R B o R AR
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a product significantl’y enriched in the desired

ugcagm ép?jvmaasamﬂ@nn@ QrOPDﬁlqyarftthecmrdtammlﬁmd@ e a@é@@ﬂm@hlgb Are
eﬁglbs}rj%gjgﬁa% g h(f ondg}/(ﬁ %rﬁie 0 Orerrngrnsj UI?C{TQIIQ(P !
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red selt SIDBtHgLons, §reyiddiags U@t:,mgmﬁﬁ@rﬁbt f‘rnélcb‘éﬁﬂn the desired
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hydrogenate nondiamondoid hydrocarbons and desulfurize higher diamondoids

containing sulfur functional groups.

[00057] In one general aspect, the invention provides a process for concentrating
higher diamondoids from petroleum mixtures containing higher diamondoids in
admixture with nondiamondoid materials. This process involves treating the
petroleum mixture under hydroprocessing conditions to hydrocrack or otherwise break
down or convert at least a portion of the nondiamondoid materials to more easily
separated materials. This produces a hydrocracked product containing higher

diamondoids and modified nondiamondoid materials. The hydrocracked product is
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adm xture wi th nondi anondoid materials. This process
i nvol ves treating the petroleum m xture under
whyanomreressi ng conditions to hydrocrack or opdIEUS2088022527
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TRgYSiednondoi d material's. The hydrocracked product is 7
WD 2004/ 009737 PCT/ US2003/ 022527 then separated into
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fractionation, or other refining processes. The
hydr ocracki ng and hydrotreating can be carried out
[60089] t aOtethyrocarbortipmicessthg precedetek thdt PERSE] brok&iedown

ocarbon processing procedures that provide broken
afefgq\% s cap 350 e smpleyed 12 plage obprin sRiEnetipnoy il Bydprigeessing.

SR pRiGEhl-pDnehitE, Oy CKARERRTLAGy o ARl FTE LGS
ccakalgyplagma craakikpand thé AkereEavhad kiesg prdee@hrbshs wélKienown in the
ach of these procedures is well known in the art.

0060] In this aspect, the invention provides
processes for concentrating higher dianondoids from

IBUSHE n lorth b VRARS RIETAFoNErSar it el tngdhisher
(R ADR s 16 A RF Y BB PGSBS i B A,

di anondoi d s I des and sul ITanondo
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SRR Pt B M AraFebs 5 s
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formdistillation fractions contalning desired
Pmcgﬁeif, thejpeiraderdo Hustumwmahb@/ su’tgecnmltteromalos moné pictrgataisol/steps

R TP S B ifiot e RomenBIRPE SR ishet
dttingiBide afd having materials boiling above and/or below the desired higher

diamondoids. This pretreatment product contains the desired higher diamondoids in

admixture with nondiamondoids and is subjected to hydroprocessing including
hydrocracking. The hydroprocessed product contains the desired higher diamondoids
and hydrocracked nondiamondoid materials. The product is separated into fractions.
At least one fraction is enriched in the desired higher diamondoids. This latter fraction
(or fractions) is recovered. This use of hydroprocessing can, in some cases, lead to a
simplification or even elimination of some subsequent higher diamondoid isolation

and recovery steps.



adm xture wi th nondi anondoi ds and is subjected to
hydr opr ocessi ng i ncludi ng hydrocracking. The
whyanomreressed product contains the desired hp@ineg2003/022527

(0BT dethet by EoemaB e SRn ARaER 0y o R BE B e
c%ﬁ@t‘f Bﬁtgﬂld ?o,%ﬂﬁﬁl@ﬂﬂ%gué; With Beafie $hd BRirbdrdd@hg. These other
[ 0|és. This

anon atter fraction™ (or fractions) is
proeessingrseaps afthgeneradly selecley droophytrelseiting stean and parsiplsde

oS SaBEa RESH Tron v Braaar AT Gt R e ang
h?cgg%égﬁrfuﬁﬁu%a% bl @08 Q40D ARINIRETOMPSARR/iIAALSAZ sulfur-

>1] Qther hydroprocessing reactions in addition to
lihyedrbamenddid (pscapeciadly higher disenandeidycpateinieg dimers; and

i mul i th fter.t '
g AR e Shg S Bl O B R eg BIRSE,
dhwdnasdideat i ng steps and can incl ude
hydrodenetal | i zati on to renove or convert

met al - cont ai ni ng conmpounds,  hydrodesul furization to
[V0BZK oM hi Skt fdikm GRIBE BE it AABing FABAGIRASs UGS fEinEe

sul fur- linked di anondoid (as especially higher
hpdraponersing)and snbseiaent gemirationgnaysbrifurhguprosessedspches By

ﬁ%ﬁg{gﬁl\f%@al k]%r'&g}sagoggsr%h%g?gggf p rcggyﬁ?{gq%!rﬁhgy&%%ﬁ&gteeﬂld isolate

16 lagR dRinsbr@etds ahdyi dd@tdis.act i ons resulting fromthe

hydr opr ocessi ng and subsequent separation may be

further processed such as by further distillation,
(66 TR OGaIP Pibcedsed inkBIvM ISR DY @fort Bydiehidtessing steps in
concentrate and isolate  the higher dianondoids they |
cewbination witb tlosBirtheyrpagssing corstisie gdqitiontl\pprgtsdhis invention.
nor e hydroprocessing steps in conbination with the
further processing constitute additional aspects of

[00064] | MmembihenaspeftpBRaaddstonk araytchetaimkigbetdiamendoid-based

f eed k i n.hi gher. .di doi.d- d ..
B et A ik gPeiATfias G PSR udraRAsHs riked ggether
b AIONEANA Br bariag a ot fisdtionhherowe NThis Sndy Béra Qiturally-

carrying a sul fur functional group. This nmay be a )

oparinsfaegstoeicen s Hnthstic seaghenmprodget. dn diip @W@P&f Byqrepocsssie
roduct .. | ' ta ' { sed

g R e e T S

dbin@hdbids thenmgei@dei ds t hensel ves. [00065] It will also

be understood by those skilled in the processing and

refining of

[00065] It will also be understood by those skilled in the processing and refining of

petroleum feedstocks that some variation of the order of the hydrocracking and some
pretreating steps may be desirable. Such variation is within the scope of the present

invention.



petrol eum f eedst ocks that some variation of the order
of the hydrocracking and sone pretreating steps naybe
walemuedsBe. Such variation is within the scopePCf/Us1963/022527

present inv ' / 3/ 022527
BRI EF DESCRI gﬁﬁ%@ﬁ@%ﬁ?ﬁm
invention will be further described with reference

ej e.to the .draw ngs.in whjch; 0067] FIG .1
(DB s RBianvestion ril br rhen detribed ‘éfg}‘lééfgl?f’élﬁ? bejag Thade o the
dpa[vgﬁgsc,ﬁnﬁ,}ugﬂg diagram for a single stage hydroprocess
of this invention. [00068] FIG 2 is a schematic
illustration of the process flowin a representative

st ; i : _

R 3PS I OGRSy RbR oF G Rhla e pio O Iy figgram
fora gingle ptags ayt@process ofdlty ddventigndr ot r eat i ng and
hydr ocracki ng process of this invention. [00070] FIG
4 is a schematic illustration of an overall higher
[00E8PNABIGL 2 Bad¢Rsaticillatesisn s thsipigedsi flowria arrgeeshiatine two
of the hydroprocessing of this invention. [00071] FIG
stagp pydogEasesy pfdBis Y ERNt at | ve gas
chr omat ogr aphi c-nass spectronetric (GCMS) total ion

chromatograns (TIC) of (A) a higher dianondoid- .
L2 Y an@ ¥ s acchapatisrillustisiion of BgarecsssiBowdR apareseatative

e R T D S
hydr oprocessing of the fraction at two different
i o enperat ures... T [ onmat how
Yoo AR IS0 SRR B @ ecover
pescRskedwangtHeiadorp @htidn@MhangdroproeessingeEhia i@ fention.
hexamant anes and hept amant anes have becone
concentrated and available for isolation. [00072]
[60031] 6 FRG.3 Rovidgs AR Shevndivw Rk eerogfatomiphid fmass
distillate fractions determned by sinulated )
spigcsiomeattig ((GMSDsetal ign ehromsingrams (TB@ of {Aka higher diamondoid-
v, [ t .
BB BEERT A el BRUH BEb bl e KRB ABH R RO HERth Bltions
fivopig hydhefadiirg dndgBY and @)ehe peidlicts of tHiskydromscdisiag ofithe

about by the hydroprocessing reactions. 10
fraction at two different reaction temperatures. These chromatograms show that

nondiamondoid components have been preferentially cracked and that tetramantanes,
pentamantanes, hexamantanes and heptamantanes have become concentrated and

available for isolation.

[00072] FIG. 6 is a bar graph showing yields of various distillate fractions
determined by simulated distillation. Data are shown for both the hydroprocessing
feedstock and the product produced at 850°F reaction temperature. The graph shows
the shift from higher boiling to lower boiling fractions brought about by the

hydroprocessing reactions.
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WD 2004/ 009737 PCT/ US2003/ 022527 [00073] Fig. 7 is a
graph show ng how t he degree of conversion of non-
W(dh(mmmmm ds can be varied but how t he change PEI/US2003/022527

h f th tent of
(BOEST Lo FRo A SSF el e g s e Rkt SLodi bR duen)
ddrBonddidy @Y ibd 8arithE 1R 186 bR g N cEtVe AT QBINRAYS aR bfféct on the
t et ramant anes- containing fracti on of a petrol eum

ektoatiof deskrugtion ofdfighee diayndndpidscrsywilhg under condi ti ons
| eadi ng to hydrocracking in conbination with other
hydr opr ocesses and (B) after such hydroprocessing.
[0 5] Fiz. § prévides @CMSas@lccwddommhmmamm offa tereniantanes-

BRI GR0UR 1% netoleltl Bhd i () Rt Br RaBP iRt

cbﬁ&usﬁﬂéadm t&ﬁg&bm@l@hgfmmmﬂamahw&heﬁ hydli§F8édsSes and (B)
compounds. [00076] Fig. 10 provides GCMS sel ected ion

agtier eiehthygrapiecesding pent anant anes- contai ning fraction
of a petrol eum feedstock (A) before hydroprocessing

and (B) after hydroprocessing under conditions
[0@QH] ngFig Shy albbick awkwhije pieio of firsd ahg Qmﬂ@ptﬁm@@sllustratmg

B St T LR e e

1M EHpPPESI6RASINA R 28 RNET Rdhtic échisbuaapeci al |y
hydrocracklng) to processes for the recovery and

purification of higher dianondoids from petroleum

[D6®Ft OfksS 10 b%@&&]GJMS%eQ@fe@ '1&1?6111@1%%@ 4d & Rdntdlitanes-

i nvention is organi zed 00079] Feedst ocks

contagpng feeticat dfaepetrolegat f@gtﬂ@o <ﬂ<drA) tbhé)rfp hydreprocessing and (B) after

Ot Tiee bR P aao e A RS B ISR G R BT ¥ focosses

schenmes are described together with conditions -

vari ous. R RSB By VERRIONT T

suitabl e catal ysts are descri bed. [00082] Overal |

[Eﬁ‘ﬁ@i;sT %Bﬁ@%@é%cf ! ge%lﬁg t&%gp\{)gp ml E)E)IQO%eSSHIg generally

(hﬁkp E&ﬁﬂ%hﬂ?& Bﬁéglﬁﬁ tQ BSRLdRd M tRe ARSGS #Qﬁ&ipmlﬁca% of higher
200 009737 PCT/ USZ 022527 [00083] This'is

dighbdmleads ﬂogmqoe‘seleumsfeedstd@mnpl es Feedst ocks
[00078] This detailed description of the invention is organized as follows.
[00079] Feedstocks — representative feedstocks for the process are described.

[00080] Hydroprocessing Flow Schemes and Conditions — three hydroprocessing
process flow schemes are described together with conditions — representative

conditions favoring hydrocracking and various hydrotreating reactions.
[00081] Catalysts — suitable catalysts are described.

[00082] Overall Process Schemes — representative overall process schemes for

recovering higher diamondoids incorporating hydroprocessing are described.
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[ 00084] The ternms "feedstock"”, "hydrocarbonaceous
feedst ock” and "petrol eum feedstock” all refer to
whyanoeasbonaceous materials conpri si ng recoverP@Ug2003/022527

ts .. of. higher dianondoids. Preferably, such
@@E@t ociiLs ]isgelgthﬁarsfe“ﬁégf@%%%ﬁ%at es, refinery
streans, oils derived fromreservoir rocks, oil shale,

éar sinds, and source rocks, and the |ike. Feedstocks
C¥ontain significant quantities of sulfur nost

commonly as organi c sul fur conpounds. Sul fur-1inked

[ﬁi ners and even trimers of di anmondoi ds including
POsH,  dihgismsoicsdstasks’, Siidserahameeraus feedstedldsandcipstroleum

7] [ include ope. or nore. | ower
Rl Setol Y b e B0 s o g G ablopaounts
dfdtigter daneonidyids c Hréfgrabhabadt Redstdits aflRWRL k& *idensates,
nondi apondoi d- st ruct ure organi ¢ _conpounds havi ng
TEHRTY SEeHBY: 118 dGlivedifFpmp rseyvarigeclss oil Bedleitargands, and sofce

| it di | LCS: Eanificant
O PR P KT LEREAR i O i o
ceamnondy haotgpniacduldnt cogeousds. Tipfug-dinked gieted aaks e mers of

| Olegn e | ks ’ |

AR R R BBt (5o Riidly 0B PBSAELn fasdnigal. cs.

FEB@YodRB Yyt AR ihAGaLsIR &%@e%@ﬂ%é{gé &E&SQJSW gcules
I t he Iill e.

contai ning sul fur, nitrogen an of these

nRadigmandeid sothponets r Thel latiarage typidallgeharhdterized as comprising
"nendi doi d conponents"” a hat termis. used. .

RO AR AR BB B Pauiits bR e bl sai v wRbindpe page of

bbtiagtionabethe higRBdiahbohdsds, AL Eiesk si g?éi{t

desul furized such as by hydrotreating; an
ngpdiamppdeid maserialgwhese semoval isen hgpartiyelady rdiciotgeous. Typical

| r ed. [00085]..Sui.tabl e .feeqdstocks
R ey Ik LORLRIEDRter 0 e P ot n e Helr anc,
veeginue mad bthepimorgahis 0They 612§ hlsdiddd@indfamoddoRx anpl e
of a %Cgﬁess raoviding such a rec?/_cl e-contai ni ng
h?@”é’d%‘ﬁ es confanipg s EE g trp germang, the likg-ed H of theke nemdiamondoid
mafg] ; i: ake i i | gher,, di ndoid a .
o R EnO R B & R0 e orein
Agivgﬁéle f?‘gﬂ”d :belows atfe:eldémbmrfametﬂaaﬁahdte@ delib@ieked, denitrified
anmn S. t he tter, case, conpositions

o v PiPayeBos hing apalarodherwise treated prior o being
hi 06 biedtiadr AR ivR8 yfh%P_roc%é%_%&P' e, thiol, amno, nitro

and simlar functionalization of dianondoids, may be
desirably used as feedstocks wherein the subsequent
JuodsPPrQLE ' f.unctional ity
B e A o R S e
resoediabls abwuits wf higher di2mondoids. An example of a process providing such

a recycle-containing feedstock is illustrated in FIG. 3. Feedstocks can include
materials containing higher diamondoid and obtained from incomplete or undesired
reactions of higher diamondoids to form functionalized higher diamondoids. In the
latter case, compositions containing materials having undesired functionalizaﬁon, for
example, thiol, amino, nitro and similar functionalization of diamondoids, may be
desirably used as feedstocks wherein the subsequent hydroprocesses conveniently
remove such functionality thereby regenerating the higher diamondoid free of such

substitution.
12



WO 2004/ 009737 PCT/ US2003/ 022527 [00086] The term
"di anondoi d" refers to substituted and unsubstituted
w@e a@edo97apnpounds of the adamant ane seri es incP@ﬂU&g)os/ozzsn

(R o iR eS8 sy TR o RlR bt

chRPbATRYS Qlﬂkﬁadaﬁﬁhﬁﬁ@ 8- @n 1B NA Bt A& mﬂﬁﬁﬁﬁ@dﬁ‘tﬁ@&
undecamant ane, and the like and also including

adampiees, dtﬂn@@tﬁnarmm:gﬂane fleframgangenet m@n@mh@m@nm
| t he Subst
PSR st SRR, i ARG CR MRl o4 Ehane, apg e e

apd efsé ﬁlﬂﬂ’llld»inévérfbué nﬂilb’dﬂlaﬁv@igﬁtlfbﬁh@lﬁf&hese RompbAeas sal including
i nclude "l ower dianondoi ds™ and "hi gher di anondoi ds”

lqommsqu thyyeformey. rfubistinied dipmprinids misicrably compmanireme, to 10
: |
o HTRCD ARG 1o AETEN FEns SORBodBIAT AN Yon

daﬂmnalardsaaﬁd“lﬂglmmmrmﬁoal@d tr| amant ane. The
unsubstituted | ower di anondoids show no isoners and
are readily synthesized, distinguishing themfromthe

[6008ger ThélieAR ek d&imorldoRII8 81 “aliamah@hieNdidth&iate and
di anondoi ds" refers_to any and/or all substituted and

tRigaAmane weferdo ey prtrermmlhwsybstiteted ayd aihgliBiteddqrivatives of

e
oG4 el NS BRI ARG o Ags v
nb dscmmeys amhaté ocadidly lsyisthésizddt distngvadhing ihsmlfedrn the ‘@d gher
hept J,anes to any and/or all substituted and
d 1%°t-ut ed octamant anes; to any and/or all

substitut ed and unsubstituted nonamant anes; to any
for all substituted and unsubstituted decamant anes;

[QQ98§hy Thegrm  higher digpendaids aafersia any snd/er aH sabstituted and

oA RS S BT ER ey P
ppmtamestsnes of artyrend/or all @nbstiouted and wesdbdtivated hsxaﬁmin?;aﬁeedo any
ai ns, recover.abl e amounts of one or

@ pall @Sﬂwddﬁna%ﬂwdﬁ%eptwwwwp LY SRYAT rall substituted

ah @ RS 1A PRIfBReR o MBAM/GRAU LI BRA 288 uRADsGHuted
more hi gher di anondoi’ds, nore preferably, at |east

nahwant@es pplengacd/st all $uhmmeed|cm1dﬁmsld:tsti§ut€d ddcemsntands t any

7007 BE Sitehius g e RErT S Ate = i amairae ol e

ab&vid dsivill £ IERRAQY 8LV stfeolsB@SR. conponents. [ 00090]
Preferred feedstocks include, for exanple, natural gas

condensates and refinery streans havi ng high

[CUDBOE Nt raht BRdseREs dY iBRGAvABARNECAR K iV id18ctE R ART Sbrftfins

recoverable amounts of one or more selected higher diamondoids. Preferably, such

(@]

oF—

feedstock comprises at least about 1 ppb of one or more higher diamondoids, more
preferably, at least about 25 ppb and still more preferably at least about 100 ppb. It is
understood, of course, that feedstocks having higher concentrations of higher

diamondoids facilitate recovery of these components.

[00090] 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

13



the latter, such refinery streans include
hydr ocar bonaceous streans recoverable from 13 WO
WQO®4009737 PCT/ US2003/ 022527 cracki ng pr oceBGEES2003/022527

TR i
in{:]ﬁgg %%ﬁo{nlﬁﬁ% sﬁ%gf\é&[s?&kg fé&?}/&@@ ORI BB NetpHI FBRiafbn idthe Gulf

Xl co and om the LeDuc Formation in
ofCdBxida and H6M3h¢ LePuofermeativndn feneda. t he f eedst ocks used
in the processes of this invention typically conprise
nondi anondoi d conponents and di anondoi d dinmers, such
[08691]0Wdh onélerabaditieht] tith feedssodia ubaign shespriotésses dfithis aggeention

all having boilin oj nt ithin e ran .of the
typicghe pgléplgmgiaggonggidé@?rggnpglﬁ a?‘L%BWQPQ&EQQ}@Sf sugh as lower
di?@ggcgig ?E{Sl&\%l !h??/ﬁ% a(slhﬁﬁg 'Tﬁiﬂ%h%, G0 ARARE BbFing -ﬁBfﬁﬁ@within the range

sually contain a nixture of higher
ofttha hizhendidsond@a09ctddifos nwhvéryad stel @k one hi wieeg lower

di ampndoi d conpongnt s .of.t en cannot .be f.fect.ivel .
OBV SBoRatT | Sheet Gr it e ar e Beastin AR Priigper
dibfWngoReent rations.  Accordingly, the processes of
this invention may entail pretreatnment steps to renove

a sufficient amount of nondi anondoi ds and | ower

jpgaPndq) iEREIRGH0iHER I oneRB iffeh @REnok B
“%pggfdgﬁgg§¥%§%g%§ gg st ock fr8h1whiéﬁ'the selectede _
effiéagively recivarsdniteictly Gonpibnderdstoclahedauser efgbeie tayd concentrations.

[000Q93] I.n one enbqdi.nent, .the rempyal .of th
ARSI 58 HErsHBP 4L Peboniray SRR Prfregpot fops to remove a
sﬁfﬁeﬁﬁf Sfikurk 8f hEARMBoRRAGH AN HaBORRAMEHES the festitbok

as | ower dianondoi d conponents as over head and | eave

uaddnicghditiont tapuerdds dtreried &edstoek frem wieh therpslecieddagher A
dseco d. distil Irgti on. can Vb?ed)per ated to fractionate the
famonloid SPMBORCU, A0 D ISIY T % everal cuts in a

tenperature range of interest enriched in the sel ected

i gher _ di anondoi ds rou sel ect ed. hi r
Qo33 oo “pnamisiedhe R tRT o be S FERES RS R g,
HRSHAE RS RLIRbONR refloPEROKIRIASNRId Eorpedrieh Bk avell as lower
hi gher dianondoid of interest, are retained and,

dtayrindaid opmpenents es pvarhendrang lqave iadighen flampmpoidsensighed, first
bh dr oprocesses of the present invention. The foll ow ng
YP% 1 illustrates representative fractionation
poi nts (atnospheric equival ent boiling points) that

[@’éﬁﬁ : a%gggq%ﬂtdgﬁlgféﬁng gan?/ ¢ é}%gastgcg JoHR S of48 FRNERE HSitdntl and

provide several cuts in a temperature range of interest enriched in the selected higher

diamondoids or groups of selected higher diamondoids. The cuts, which are enriched
in one or more selected higher diamondoids or a particular higher diamondoid of
interest, are retained and typically require further purification such as by the
hydroprocesses of the present invention. The following Table 1 illustrates
representative fractionation points (atmospheric equivalent boiling points) that may be
used to enrich various higher diamondoids in overheads. In practice it may be
advantageous to make wider temperature range cuts which would often contain groups

of higher diamondoids which could be separated in subsequent separation steps.
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advant ageous to nake wider tenperature range cuts
whi ch woul d often contain groups of higher
walc@aoodsi ds whi ch coul d be separated in subsepgBNf2003/022527

separation steps. 14 WO 210139% Q9737 PCT/ US2003/ 022527
. tlI:referred Preferred

TABLE 1 Fractionatio Pgﬁn%? L
Lower Cut Hi gher Cut Taiaenadet I—(ﬁlg er Cut Tenperature

Tenper ature Tenperature Tenperature H gher D anpndoi d
(O (O ((1C (C) MpustPrefexrednes 349 382 Prefsrimdy
Pent amant anes 385wéut 360ufRd cufycl ohewritant angher3AB
466 365 500 Hep@ag&at@aes*e Pedathe6 3Gbmpddikure Temperature
Heighica DRRioadas 432 (594 395 5@0) COct anant’@hes 454(6R7
4PR2Bfnes NOonanmant aaes 463 54@ 425 590 3Pecanant dbles
ApfRabohnét35 610 UWsslecamant arres 499 5886055 625 450
Usefobtarhioids Cut Hogher Cut d66Tenper at uses Tenper &blur e
Highemntabdsanondoi d 30€) (C) 7Tet r amant andss 300 43600
Reptammatanes 330 490 Cycl eiuexanmant ané%s 330 55640
Hexapmmdeanes 330 539 Hept agent anes 35@2600 560

Qedampbanes 375 69 Nonamagt anes 3804560 590

Decamantanes 472 571 435 610

Undecamantanes 499 588 455 625
Useful

Lower Cut Higher Cut
Temperature Temperature

Higher Diamondoid (°C) ‘0
Tetramantanes 300 430
Pentamantanes 330 490
Cyclohexamantanes 330 550
Hexamantanes 330 550
Heptamantanes 350 600
Qctamantanes 375 610
Nonamantanes 380 650
Decamantanes 390 660
Undecamantanes 400 675

[00095]  Other pretreatment processes for the removal of lower diamondoids, and/or
hydrocarbonaceous nondiamondoid components include, by way of example only, size
separation techniques, evaporation either under normal or reduced pressure,
crystallization, chromatography, well head separators, reduced pressure and the like.
For example, lower diamondoids can be preferentially removed from feedstocks using
a variety of techniques such as are described in commonly-owned copending patent
application USSN 10/017,821°2 . Adamantane and diamantane dissolved in deep
gases may crystallize during commercial gas and petroleum liquid production due to a
drop in pressure. Commercially-available well head separators effectively remove
lower diamondoids from such feedstocks to avoid scaling problems in oil and gas
production equipment. Other removal processes can utilize the larger sizes of the
higher diamondoids to effect separation of lower diamondoids therefrom. For
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Decamant anes 390 660 Undecanantanes 400 675 [ 000951
O her pretreatnent processes for the renoval of |ower
wele@oonst ds, and/ or hydrocarbonaceous nondi aPCHUS1003/022527

t f I
SRRRasiS SereBin et Sromerp eres i Alo adedSiosk rripined
iQfhe REAHERHe BS §I&HHVEly pasd M%ﬁﬁlﬁiﬂ%ﬁ&él@@ acr6 &y tﬁgﬁ{e%gﬁﬁﬁle

wel | head separators,” reduced pressure and the Ilike.
rEovidakihabihe poteosies ofithaumemitttind baen ieelqstast te dfifiereatiaty between

RGBSR G b et BBl e S ah A B e
Aah&idoid edRpdiedtsl Ahe ysmlﬁewmeﬁﬂ&%veag@mtzea@teaﬂm the

di amant ane di ssol ved in deep gases may crystallize

likgroam glse brsedioa{fegbsizesetargéensel eum | i qui d product i on

due to a drop in pressure. Commercially-avail able

vel | head separators effectlvely renove | ower
fydaopmacksbins prrchemes dinddoba ks to avoi d scaling
problens in ol and gas productlon equi pnent. Q her
renoval processes can utilize the larger sizes of the
[A0Qfiedr Ih lanboloceisinga feéd’strca;m Tﬁamataatddomﬁtlohydrogmr at an elevated

di anondoi ds, t heref.ro For 2 [ 009737

ERR BRI PPPEBRLY rf‘éenfge. & S&@%ﬁ? gaeaﬂe%%fm?bkﬁfa%tal

déﬁtaﬁﬂn@@ﬂﬂ&ﬁﬂ@ %rmg bbow |h'y@1‘6!c@cl§1ﬁ§ @ﬁ&/@? Kydrﬁfr@alt inclfdling
he menbrane to selectively passS | ower” di anondoi ds

lafdmgssatme)fnmajmanen,bbydtro@arnetqjhmnonehbfdrh@ﬁsutfmezq@i@n@nd/or
' b t
RF PP R TR Ehese il sl Rl PR b vepn accgraed

SBp A6 hathed TORHPbSlaiReRRBEHaS daSendBNRoadhd MatePidRipresent in the
di anondoi d conponents. The pore size of nol ecul ar

fegdsipek and, 81¢ rgactipasondifiensimposech a singletreaimen i ¢ siglqrsagiion

f [
A S B PR S MRl Bl o
seqegtaliyyam is contacted with hydrogen at an el evated
tenperature nost commonly in the presence of a
sui tabl e base netal or noble netal containing

[oed9a} Y SThé .@avbfltefkﬂ’ tﬁ@ﬁ}ﬂroﬁ%dﬁfs@fﬁg @6KdiflenPRALfkted depending on
hydrotreatin |nclud hydr ogenati on of

thp fesdstioda qnéirf e HW?@CRJP 1% Inyganerh, more strenuous conditions
;@%ﬂﬁé’ﬁgﬁ ée% 3k LQRkid Qfﬂéndld}ﬁﬁ{é& lilafido ngéﬁfea&){U some
ese en

arious co version s ave
taeakiredtindvn sjeaired Bighamdismondoidst hd wblda Hyiroecickingdeduras the

dep dlng upon, terials esent n.the feedstock
Pt crd&efr %ﬂ&#‘?molﬁﬁﬂ fiends Agfiogpanied by same
Hyﬁfo%%ﬁ@f&l dfdi&intd A &oﬁlﬁﬂ&ﬁﬂsgﬁratlon. Desulfunzatlon and

denitrification of the feedstock will also usually occur to some extent. The

(

hydroprocessed product is then separated into various boiling range fractions. The
separation is typically conducted by fractional distillation preceded by one or more

vapor-liquid separators to remove hydrogen and/or other gases.

[00098] Generally, in hydrotreating operations, cracking of the hydrocarbon
molecules is less pronounced and the unsaturated hydrocarbons are either fully or

partially hydrogenated. This generally calls for conditions somewhat less severe than
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zone can result in conbinations of these reactions
taki ng place sinultaneously or sequentially. [00097]
wab@4meraerity of the hydroprocessing conditi onBCT/ES2003/022527

tRGHe YSE LR BRI 19 20 'alaseg, B weGad flQok s %%sstell%%%g With

obj ectives. Tn-general, ’nore sfrenuous coO
cpndératgorhfog lbptimitdng thesecwleyrandkield o6 e thighep daaioddoids.
but also nay lead to sonme breaking down of desired
hi gher di anondoi ds, as well. Hydrocracking reduces the
[60099] of Hyywprswesvigesdditidnd usitaiciakio inveaties ilchfleddtfiperatures
.often i s acconpani ed by sane hydrogenation of
i SRR COTFRIM APOHADD o Hhesd WL Hhio TOSG) ik pratirabiind00 to

(g dobh Cat i . 1l a
Rl ek DT B Rl AR G U oot i e
conteiug catalysth gaveseparcatlsdt ientperatares duthe baidel ITG00-BT§F and
fract.i . eparation is typically conducted by
erneR iy SHaresONEpnd HIRe Bl ot Hbvsyeshesie fhimaperatites n the

rMRR QT 625 905G SRNAPALATS0bMseove hydrogen and/ or
%ﬁer gases. [00088] gne%al fe{/m in hydrotreating

operations, cracking of the hydrocarbon nolecules is

r r
B0 PSS o A A S RO TIR g o
2¢@ tre4 0 psi erad prefdrably SO0t 350061 achepbailly 8650300 L.

than 16 WD 2004/009737 PCT/ US2003/ 022527 those used
for cracking. In all cases, however, the conditions

[60020E)e! Iéycﬂregarh@)m Feed @ﬂeﬁé@_ﬁafs&gd zﬁrl‘ef]ﬂér sg:!abé ﬂélg&i_ﬁé& (ohBquid
recover nd, yi of desire i gher di.anondoi ds. )
b GGOTSFE Ko SasTlshotana 0 oMb dprefaelp94 to 5 hrs
' H [ -t es in the range of from
aﬁ@a@e&hgg 0l03Gh Udks ggg@@%% g

about 300 to about to 510C) and preferably
400 to 925F (204 to 495C). In the experinents shown

' e . d N t st ave
QU103 ST FORGE e RS B i RTHRoD] 8 sEPPB HE of
framchboet Peistandayd 6athe BB0(scRper eekl € ﬁiﬁuﬁ 20,060 st il f511d

ve be r S tenperatures in the range o
P%%‘é@e@lﬁéﬁbé%ﬁaﬁbﬁé 1y 700-925F. [000100] Tot al
pressure (added hydrogen plus feedstock pressure) is

i e range of 200 to 4000 psi and preferably 500 to
[%@b@ﬂps“gs g’ﬁ’d"ne‘élﬁé%i lahygropogessing3ooagphydrocrpejond paisually

cdEd BEHs2Ud ﬁﬁ&ﬂlsgﬁ&%& iﬁmﬁﬁ?é fi h@?di%ﬁl%ﬁa&?ec‘?)ﬁ%ﬁ&ng
velocities (or I qul ourly space velocCitles -
feedst®k is'ppssefl tiabogh lifle DRtotreackd) 12rwhith cpiitaing badsy 140004
tp 5 hrs. 1 a(?d es]ge tally 0,05 to 4 hrs 1 are
h r8§7‘%981_ng (hydrocrac né) catalyst. Gaseous hydrogen is fed under pressure to
reactor 12 via line 16. Such hydrogen streams originate from, for example, a
hydrogen plant or, a reforming reactor, or as hydrogen recycled from hydrocracker
effluent. Purity of the gaseous stream will depend on a number of factors, but will
generally be greater than 50% hydrogen, and often greater than about 90% hydrogen
or higher. The reactor temperature, pressure and space velocity are all controlled to
provide conditions under which nondiamondoid components of the feedstock are
broken down or modified. The hydrocrackate is removed from reactor 12 via line 18
typically to a liquid/gas separator 20 where a gas stream containing unreacted

hydrogen and gaseous breakdown products such as hydrogen sulfide and gaseous
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[ 000102] Hydrogen circulation rates (H2/liquid ratios)
are generally in the range of from about 200 standard
waeebioodeet (scf) per barrel to about 20,000 sedT/b81003/022527

nd referably 400 o 10,000 scf/pb]. [000103] As N
B i e ol et B asos R 20eNherdo gt b scabs i lme
Zu%rlﬂ@bﬁi:lybhé vi& Bhdsl Bhn@/k 28S PRAGAPE BHRYS 28R ﬁﬁ:%nhﬂued for a
whi ch a hlgher di anondoi d- contai ni ng feeds

S]éﬁ'mxﬂ pehed arethatla suélicintlydiigleeotperaturg tevorack, hydrct@nats or

R obtv Lt LRI PG el TiaRt Sribhes rgre

ptéfaﬁbl'y at1&asY hisoult 50% ah8 evéﬂlﬁhrd'bi’@fe@ﬂﬂﬁ aSleist abdut 75%) from the
or| ginate from for exanple, a hydrogen plant or, a

raekeigfepdsieakdrasedom the tcﬁg]dw@gbtrpfrtb@mdeqncmcbrd components in

bt e i e
dmitﬁfdaidsyanﬁmqgfcbahc&ed hbﬂdiaﬁ@ﬁﬁdi&ﬁﬁma[\as @hélk PAtbAAls is taken

%reater t han about 90% hydrogen _or higher, The

Teasc Rattomsiyia ag 89 b0 a %Msoslaﬁoa, S& e tsespllélnébe%/OYaﬂ@re
n ol
e nanfop G R arichh B8RP Aok 808, HORA Bliieer hoiting
figotinscucireslidprasented by fibytivm el adkatemoved viartinee 84 tidB6) and
to.a |iqujd/gas

reac 2 via lLine 18 cal.l

S%ﬁ&%&ﬁ*&# ét}%onglag%ld@fdr%%%mog}lﬁﬁ KeypigaitEa gesliaction
é%%eg%gn%y?gﬁ i de gﬁ‘ge‘gﬁﬁ’? eoguscm%% BrV\iD 20%%)%%&3{%@’%’ lines 40, 42
apC#A)UIRecBIRRR 32 1s masticanesordy dne tiembiekdistilativa kelnnmbf Tt

LSS e o rtso T e 50t oD G5y grdect! fops coua
alSo ke il ¥ batbly #ode ki khietmédate Sitragaued for a

sufficient period and at a sufficiently high
tenperature to crack, hydrogenate or otherw se

[60V194] LH ?Hro%ﬁﬁ%&sn?gb(ﬁyﬁroéﬁ&lﬁé Eﬁ%lmm lifltwo or more

conponents (nore referably | east about 50% an
stiegem EtgribSlmmeambglltaiwelmdgtst@@dwdrozmeﬁ e ﬁrlsltestage is

acker, feedst.p the, t ot al ht
SR SE IR bR e aen. e Plobersihetin flg 2 e
bborhy daeedras i Tehctifhadrep2) il t4RBASEF A4 AYISE an®dt @leéﬂlfbdod‘portlon of
hi gher di anondoi ds and |iquid cracked nondi anondoi ds

1tef§n\]% remavedotipdipe At g wmpinder phtberhighst fiamondoidaidhdimsioms
frﬁ&t?orl fts Ea ?bosekgncf‘h}td%c?c‘fglétk? e%tms 26 Wﬂle%ec \A#agﬁ%gﬁg %

rac

hydrobnag]mﬁg ceiaprowilich (ih?ay(lieythd: §aﬁi1é Nr different thae ltheb&tdlysﬁl @sed in
r ctions such as repr esented by fractions 4 and
\siessy i e pdhareaghon engylitiong mayhedhe samgascas Van@d from

tHo'sQ Bréséhtql‘? Rl AIPRAR Gyt Ak i S GhS 56 InPd &by stige

gas fraction
hydrocrackate is removed via line 52 to separator 54 where a second gas phase made

up of hydrogen and gaseous craclging products is taken off via line 56 and recycled to
hydrocracker 46 via lines 58 and/or 60. The liquid phase fraction of the hydrocrackate
is removed via line 62. A portion of this stream is removed as product, line 64, and
the remainder is recycled to fractionator 32 via line 66 so that light products can be
removed and the higher diamondoids can be concentrated in high boiling fractions
such as fractions 4 or 5. The product from line 64 is also concentrated in higher

diamondoids.
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represented by line 38 and | ower boiling liquid
fractions represented by |lines 40, 42 and 44).
wo-e@aniwosmt or 32 is nost commonly one or nore PCT/US2003/022527

I woul d al so be der st
POF0RN , B AR TS nyopralPetptaits peatd ptatied Sandilans to
fawstlrgultiplesPadkengd dhd ticAtiRe RAbGEShsTRALHNSED té RERTIE ‘ﬁie@’éé’overy of
h;é or age [000104] dr oprocessi ng (hydrocracki ng) can

he disanandpids de aesgrd Wih this inyentiern: eFigs? depdets a pragessing scheme

ve ta rocr.acke The
if W6 By SRbFash ?*r#ﬁr Mtods Bvaiie EPGIRE AR
}ljrdmpm@dsmgl whdeg corditidnd fb{?(ﬁnigl’ 18@estackipie batribl Gut sequentially
ttons fraction fromfractionator 32 is taken

v%ﬁ? liwg reavele- 38 addition andmssiatetabevpsitherdiydrslarbor Peansssiis
pr&IERY RS ﬂYdé ﬁrd\hﬁ%’c}?g ﬁs%u? ; a D6 e %In#)'(gcgf%fl 2111 g@géo of or in

di anpndol ric ctiontls

chyjunoigorawith hgdmoeacltiog. 8ﬁﬂwhbcmhmmnhdum§ﬁh&ﬁéﬁ%kﬂSﬂﬁﬁg
or

rocracki ng cat al be the sane
Caﬁyaf 16CE %gﬂ Cf‘ %%&%W iRg, @ggrd' Gagplyticecragking, and thedike.
Slmlarly the reaction conditions nay be the sane as
esent in_the first stage.

on1 those r
[%‘Hﬁ’gbe ff cificallyci g & hisher Bemandoid-copisiies @@%Sefed via line 10
t@Mg&gﬁéﬁgg%%n 6F6§ QQm%thyhﬂﬁegﬁgcﬂﬁﬁﬁP?é g&%b en is fed

where a gas phase nade r’ogen
gialstm)lﬁstoa'eaxtcbm 689 ’Jﬂlewdtatstss amd‘,rehétkﬂrboﬁﬂftloms i debdter G5ar@RHosen

K 46 | 58 d/ 60.
&G et S SRSV OB 5 e 4R G gRPh as gl
(lﬁﬁﬁ@d/e%‘?etéllhﬁatldn')‘ Quiide hﬁd&%stu'lﬁﬁz%fon:) I'Hﬁut?&r% Q:glé{raﬁ}u%g materials

removed as duct , |ne he re
(hs@mgdﬂn@ufm@tlmﬂaawdmhaatod pBRluvi ia réoned66a hme Thand ¢Hapdued as

[ cts ca t he, hi her ndQi ds .
B0 HSbideRRRing Feacleh T2, The Bt T eedt Sreocrtisd in Kig: 1
whthafié fSbsvidg Blianges. T@&e@aﬂ%&ﬁ@ hydio880 deky e by | hg @El%el{m

concentrated i n higher nmondords. 18 WO 2 04/0097

rqactpr U329y pied @erast [u@gm @51]60Y¢16 gassirom@eparaipt 2Qvie line 28.
t.ed at d di.t
KRB 0R L FE0E SRS eyl B WA D e

theshedtohs fmaoﬁ tdkat efftoffi EratBERYETIL, wmchtgeﬁaﬁny £l RO G s
ln accord with this_invention depicts a

W@@é@@?ﬁg%%wve‘# A Diertaet vrwa%%@ bietaserc sgminemdy is in part
récQ0El b AR ofr@MR ggug¥gggikﬁgyéng and hydroprocessi ng

uhder condition avoring hydrocracking are carri ed
out sequentially wth liquid recycle. In addition and

t .
IR0, RO b lbert il 2R R Bl e F e g oo
pmnﬁseglpldwldmg)htae‘aat Ollegree d)ifhydrocrackmg have proven very helpful, one

could employ hydrotreating alone. Also, one could separate the hydrocracking and
hydrotreating stage in the overall process scheme. The number of reactors and

fractionators and their locations in the process scheme can also be varied.
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conjunction wth hydrocracki ng. Such procedures

i nclude, for exanple, coking, catalytic cracking,
w0 baismowwat al yti ¢ cracking, slurry catal ytic crecrisg)3/022527
aprd the |ike. 000106] Specifically, in Fig. 3,
Hy e -containing feed is fed via line 10

to hydrotreating reactor 68 which contains

B
initfle £E38LOHor BRnTIE UL GRRAE No. 39235118 Aoa0¥nd 8520074,

r react one or nore contam nants such as netal's ,
andhggnpde st fat béneed deseyiptiond dilhydaisedtiegl dydrocracking: arshiypical
or nitr enlh%?nt aining materials
Ca(ﬂijﬂ?%ﬁfgﬁﬁlf HREEIBN) . Hydrotreated product is

removed via line 72 and charged as feed to
e il R B DR B,
o8 B?{)ﬁiajdllhfﬁ BE AN ¥RLRELH: JiRCHALS Ridtrf:Or ARtEEQS6@E &I d¥hlidls have

Feacto I's provided at least in part as recycle gas
GfouprVBegsrGioop VB npinaohlp nebag met@acsyel as gigkelcetbeli ni ng

hydrogen can al so be recycled t.0 reac ha |l
m?ﬁ/%d | an ttWSWBtOP_&H?? 102 OF § cef*oatﬁgrha.ttxg ' l@go]xé’ .{h%n ohBBase
mbfaffial BRALET. B exihiplelc@eBiBAtRInk VT hivkéliablybdertting ékel-

di anohdoi ds, may be renpved as product via |ine 36 gu{)at

tumgsten, ©o wolpaitpolybdenynp ean be wsedy Midks!-tip cay s be 8srd ¢
e 8.via line 76..
Nﬁy%%%? eg%slcﬂ%esfﬁ ow g%lﬁ%%eogajsgrﬁee ta;[ p?lg[so E%tgtfylsb e[.J'S' Pat.
Nﬁ! Jé,ls 961,11‘61:‘( pregﬁﬁﬁg g 8oble aivdtali dﬁ@l}&% e;O&?S suimbtbagtapstodre
ydrocr acki ng have proven ver P ne__cqu
desepbesly foryarampleett U«% Pl Sife 5945 235" aa%’%%ﬂﬁaa N §a43§t8é035 as
t he ' ) le@hfoegdd 5t h AP8.t 59.
o5 DX Lo Bt egiang st i omg o™
0b42267°p0e4200%" and004x128%| Exatlienhsesilts mhgbpadiesd with the
schenme can al so, he varied. 19 WO 2004/ 009737
AlseTINoBo Bte 231 e ’rcemx%ee@ggmn@% aﬁ*ﬁﬁvf@ [ Dsohasgostals
(suh 3 ¥k M b é\?eﬂ]rﬁ Afd YeuRly pikerdt VS THRIMAL 888 &G omposition as

operations a known “1n the art. See for exanple
okld&s, oPat suifiddNos. 5, 925, 23538, 5, 439, 86035,

3,852,20714, and 4, 347,12115, for general

descriptions of hydrotreating, hydrocracking, and
[0001 62l Prefoied hys heblesedal qatadyst borppesiteas sontaronEKoess of about

Suit abl e catalysts jnclude.noble metals fro
SVISight Detich BTy SRS P " DA Fe B o oga i andor
nﬁlgtéﬂ%}q NAdoh %e%gtl AbEROYS, dﬁat%’ehérauﬁammrto @b&U4N 5afeight percent of
catalysts p Vi

ave Gou | and G oup VIB nonnoble or
nivkseandédraibobalt daterming as th edrrespoinding oxides. The noble metal (such

as platinum, gold or palladium) catalysts contain in excess of 0.01 percent noble

metal, preferably between 0.1 and 1.0 percent metal. Combinations of noble metals
may also be used, such as mixtures of platinum, gold and palladium. Combinations of

noble and base metals may also be in the catalysts.
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nol ybdenum and tungsten on an alumna or siliceous
matri x. More than one base netal may be used. For
we2@apbe37 conbi nati ons of nickel - mol ybdenum nP€k©52003/022527

bgn sten, or cobalt-npl ybdenum can be used. Nickel-tin
L I sdhemetal pmpenegts at:ompmds Bhense) @Zﬁ@ﬁlndworatdﬁesto the

R KRS, T8l B SR i s

miulhieg, ispirdgablien, oaidal ehangar@d odes echiigdes fhoilifX8 MYsE versed
U S Pat. No. 5,925,23538 and U. S. Pat. No.
1’6%?3991 86035 as well as USP 6, 534,437 55 and WO s
004181056; 004181157; 004212458: 0042125x9:;
04212660; 004212761 and 004212862 . Excellent results
[ 21 adhs wakik sumnenepiccan kg o6 mapl éypes Brcdrding sorde that have

rret a?’etteﬂyt é %glﬁﬁgg b?tlle% ﬁﬁ a};’é}aaﬁ@’lél 111%31%?1}&13 B%t}-g)gg Is@lca—alumma or

atzreehtemd)r ndm—ztebhtté cmtaumtmttmnaxmo Fixbin@los dF suiblé@Sirix
? sul fldefyg 000110] Preferred non-nobl e net al
?%’d %fﬁevé%ﬁ’ﬁ P EPRIHE Yo SARlHF K 34 thg seealledultsmssable zeolite Y

sﬁﬂ@t’hf-‘a@ Etgrca RR&i65 oyzeeﬁt%? l?chtag tﬁt%gg%:sq%%gﬁ'e B par.

percent nD enum and
Natsot#0D 559" ,alm&ilOgtﬂiégr auid fyo.m;w@ JSIhail alystl siddzatik@¥] such as

ﬂ[ggr & eE’%B‘ﬁHﬁ 'ﬂ& g b@ag %/ %3&9 baalgtalllsgigﬁlrs%& ﬁgngggltmc molecular
sieved WhidRcaiBd Gse@lind1add, 36k éi%pf@%lﬁk?ﬁﬁlﬁ}t%?ﬂ&%ﬁteh (SAPO),

excess of 0.01 percent nob et a p
feyeqalwainophosphatel tmamamalmnnmphmphate aﬁ(‘bﬂhlmbu@EEA@D molecular

A L R

dtBn(GEY ﬁt;&qtd@lezebntetlﬁa &
2004/ 0097 chl US2003/ 022527 [ 00811%‘?@?‘%5%%%39@% nUS.

Pabhondt 363 oﬁSAé’&Dpét?ﬂa 4999 nanédfe)vacians teferemes cited it U8, Pat.
20 ON £ a; t
Nr? B%r’gr1 %Zgg : ?oc S@Jr“é‘g ?rﬁ% tﬁﬁél:l%geo %%Il ﬁllatgpﬁ Héeda?‘% e%nalenpi)e the

M4T[Srfegm11§ttotfn’raierIaIS( mbmng@c anﬁmmerosus onp eMCM—41
ose yersed he art,, [000 12

ﬂ&&%&%&%é@@ﬁ@% 185203 Bk S 65D, @@me etal,

NaRal 35y R 19? j)c catalytic activity. Ones that have
activity |gwc ud armrphous silica-alumna, or a

zeolitic or non-zeolitic crystall|ne nol ecul ar si eve.

| . oL ' Bl ec eves
[@gmt ;ﬁlv%le%tﬁ?ma% dﬁl%.ﬁ also ngnci elsglathe#l? t\)/ra aggrggetg)stances
azwell b modganiwndathiigih sedlr asallay; silics kdd/Gamatallokités fudh a®alumina,

eolite Y such as those described in U S, Pat.
silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, s1hca-bery11a silica-

titania as well as ternary compositions, such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia. The latter may be
either naturally occurring or in the form of gelatinous precipitates or gels including
mixtures of silica and metal oxides. Naturally occurring clays which can be
composited with the catalyst include those of the montmorillonite and kaolin families.
These clays can be used in the raw state as originally mined or initially subjected to
calumniation, acid treatment or chemical modification. Syntheticlays such as are

described in USP 5,495,283% and WO 0146071% can also be employed.

21



Nos. 4, 401, 55616, 4,820, 40219 and 5, 059, 56726. Snal |

crystal size zeolite Y, such as that described in
wOLR®4/00%187 No. 5,073, 53027 can al so be used. PCT/US2003/022527

oljtic nplecul si.eves_which can be used )

Ibﬁ@lé A pyticulalyshiga lepolle pisial RS OLpLEESe i’?@ﬂwohte

xIdﬁEﬁ Ha?e,' AT e 11 $9R1 Y9I ARODPRRAS RS tﬁaﬁ@@ a

t he vari ous ELAPO nol gcu sl eves described in U

sRefhce Ao grba@t Bhan $900n’Ag and heochelfnmoamegf ahioubd.2twiche iThls Y-

N A
vagd. . TROratie b%%lgfﬁ%@%esﬁ?@bhoﬁ,&&%mﬁ@ 8xide @Bﬂlpbﬂﬁlt to the zeolite

vari ous reféerences cited In

conoget 49 e, captbysb baseds gemlmm]. é@f@é‘ldapreéfrr@]dytbemeen

1238 2 <o 5o ofsh Mg B oTebB T V- dFPU R det el and

daat/Bigto. 39 swt (rﬁlladlﬁnﬁ\s&ﬁised 5;1 8 $re26@I%ankplsS B4, 36833),
and MCM 48 (Kresge et al Nature 359:710 (199213)).

[000113] Suitable matrix materials may al so i ncl ude

[BUOLIBPT FErifrmdnd, Wick tifenlbnb ARGRSt typ& maP bl ud&d int@k &ABios. The
materials such as clay, silica and/or metal oxides

di fferenteantadysy hypea can be sdpetated intei layers ef Mixed- g AEyNpIe,

ili.ca-zirconi I l.ica-thari 1]i.c
i A S g it Bcaioaf o BT REH b e i ppinee
ragct@l [BxappddsWiinfited BT lafered tdthlgat-sghtuik Afe detbtibadihal.S. Patent
sili ca-al ugi na- nagnes isa, and silica-magnesia-zirconia.

Nofe 51938239 ﬁﬁgﬁb'é 88Pther naturally occurring or in
the form of gel ati nous pr eC| pitates or gels including
m xtures of silica and ngtal oxides. Natural

I
[88Q1161 | HeS-dlatps Nah#oR4.85% ' Wescribemplaightastvify therﬁ@ating catalyst
gtga: ﬁﬁ],rea%[}& be%ecoktf‘%% Bf gfc?tta§§t égl)l&tl%gé hjo!mocrtuotu? ?qln\gt % nickel

used

fBdrabbod 8- 1 W Y@blypdefivne shdfrot abbited-4 yvt 36 bh@spheﬂlsts@pported
calummi ation, acid treatnent or_ chem cal nodification.
oByareeHATi congliingmesilaef alwainag T8e Jqvs ded gomgais of a high-activity,

T S R e R

fipoan tbaut I8a1rS wt $unbblienunobidelessethan atwait 815wt Yqiosplicses a
t%%% zeolite, which ha f nit cell size of about
RN AT LORFISHEE Mol Waar t han 5.0, a

surface area greater than 500 nR2/g, and a sodi um

ontent of about 0.2 wt % This Y- t¥ zeollte whi. ch
[PQOléﬂthheﬁeﬁnﬁP@alaﬁlfe merelydsRresentatiye ograekingand

[

HRh el o259 Kl TPl Feofff Eg%e“f’éf&&%n%%ﬂﬁﬁ%enmd-
the catal yst base is generally between 1:4 and 4:1,

[Bb(ﬁf 1§f a}ﬂlé( cﬁ&&%ﬁ&talyst may be dictated at least in part by the nature of the

feed being processed and the hydroprocessing conversions desired. For example,

relatively acidic noble metal catalysts such as those on zeolite clay or amorphorus
aluminasilicate substrates can provide efficient cracking of high-boiling contaminants.

They also may favor dealkylating alkyl higher diamondoids which may be desirable.

[000119] Some feeds contain large amounts (as much as 6-8% w) sulfur often

linking diamondoids and higher diamondoids into dimers and the like. These high
22



1:2 and 2:1. Such a catalyst, nmade up of 60% w Y-type
zeolite and 40% alum na and carrying 0.5% wt

w@adokmakizam was used in the present Exanple 1. PO0D0$28}/022527
Furthernore, nmpre than one catal yst type. may be used
sl IRl ek g tvaPR Boblge f@tﬁﬁystéar%&ﬁ‘%/ﬁ?‘faé §3elysts aff ¢fien more

SEBRAMALEMi éhtti‘%fitgie‘lg €rin Ye n;gb ek of Rifupxanpl e,

hydrotreating c yst a ydrocracki ng catal yst can
be layered or mxed in a single reactor. Exanples of

] I catal yst systens are described in
. s S Qs.d 5, 925, 23538 and 5, 439, 86035 [ 000116]
U S. Patent No. 4,534,85217 describes a high-activity
r . [ s
(4001 A BBRL s B S B B, 9585 8o
ifidopporated titito BvaialWrodssshyineefod ooroedtritinyamiaectvering higther
% phosphorus supported .on a carrier consisting nostly

dgmondgiisndlor vranplede. Hilysiedphgirepresesaing sefitmect(0atiys. 1
i@gggc{/}wgtgéﬂ;tg uy, }t{g{ab‘%?alpﬁlg%sézlt cont ai ni ng from about

6 coba nd/or*nic fromabout 8-15 wt %
nol ybdenum and | ess than about 0.5 wt % phosphorus

t QN o Hel: I tl . ' .
DR R Qe R R SR IL O TBRI e Rl 8 8t By i
ptidstesmmne, ntwmmh f'c plmgkdie;dg)miﬁ dsﬁtﬂﬁtﬂtaﬁeﬁbbmgqu\:}]tab%mes

nown in the fie 0 et r ol eum processi ng ich can
aperegigted thatysgryag £90 ol besheme ap0 ensdl 95k igmed g 3, as well as

o B st iR Ehe, PfAion o 2llahift Kitonk 2%

tiresgh kuk 40-ar atersapiplie distilletiat ¢ohediy 42 ovintirelightlcbmpoaénd are
atal ysts. such as thpse o olite clay or anprphorus

ety QR PR B gt e 44 L P Dy b grorp BTG psiaum

poREKSIaiRingthORihQ dihhShdoRiAlad WdlBRiother hEABY R RARYs

favor deal kyl ati ng al kyl hi gher di anondoi ds whi'ch nay

taken géisvia dbe 46 to yanomditilBine célonnistSc dntcalumr 4§ gwariety of cuts

<H BhBast SN ARGHER Tt ador oot 1 B HSPE R0 ne
Tybleslly, Ees ouiroboldan W6 BORHE ABOT 3 PHcHSAAABLO2AB27

sul fur | evels can deactivate noble netal catalysts.

cppigiaingshigherchiamenydoids witlethstigher metesialsheding kighardoilingand thus
RS Y R v D BT RGRCE: Bbsitl by iRUCE by snna o

réssduuRDSPrasBaed by linEi6gs A rbpregenddtive higlrp-di@nondoid containing cut

i ncorporated into_overall process schenes for,
rerpoved yie bpe ﬁ% 13p5gd pefegd dont hyﬂr@]ﬁ@pessmg unit, which operates as set

forth in Fig’s. 1, 2 and 3.

[000122] By carrying out these optional distillation steps before hydrocracking, it is
possible to separate the diamondoid-containing feed from some metal-containing,
sulfur-containing and/or nitrogén containing species which are often present in the
crude feedstocks fed through line 40. The materials may poison or deactivate the
hydroprocessing catalyst in bed 14. These problems are reduced by the pretreatment

distillations.
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di anondoi ds. For exanple, Fig. 4 illustrates
hydr opr ocessi ng schene 100 of Fig. 1 i ncorporated
WO niod/08a18h an overal |l process. [000121] | n Fi geCHUSHN3/022527
overal | dianondoi d recovery process _40Q is shown. In
(0481851 phe atir SuHEHE 12 JoPiesT SRaE B4 Byandpad-FoRpining
i : i .

R o RIS ol 34 Mo Bt B oo ¥ pop
piicessingsthge 625 Aotdseribdiyid defaildn ESSINH0/66%63 6 Grpmsi-mosessing
Di appndoi d-cont ai ni ng feedstock.is fed. , .through |Iine

stage P6 Cat FORIONOMP T B105% SHrPmrtogrPlIs) SRS WSlUdie&S i ght
) talli#hti al
ARG, 145 kORI By o
difusicni techrgquds ezdmie géfaring) ipeogrendvied scraisfakivtion a8 zeptehamation and
heavy conponents is. t.aken.off via line 46 to.vacuum
5 04 P SR A Rt 1o O el i angagiis i sty oG dhe
ré¥oPerb@ FEsioBR hESHRIRS sOYjebted td bladdtp cdlu@SchRdmatoZrap®Bfusing
56, 58 and bottons |ine 60. ypically, the vacuum
siber mitrate anpisenapsiticagel taoregiove asagatical Igsape Fasas, erampatis

cont ai ni na hi gh di [ ) . i [—
S8R & Bt BB RER R b oh bR uRARE s can g
félRvddl I%MQPLCQisiﬂgft@ofcﬁﬂ&EﬁtQﬁMCdf daerirgcte anities tdiyolate the
lines 56 and 58 and in residuumrepresented by |ine

. ¢ . 2S1 | y .
tagget highes diaszandoids; and aysipliratigndorpryslerrsns f Avs dargefthigher
VvV . .

Sty Wk Bneloh R oRES oSt e Efhel o A fieh cpopsh for
chistpliizatidn t@oeund, fBrth¢r@ofdARhtidyby, o1 sxanle prepatetive capillary
optional distillation steps before hydrocracking, it
gﬁ%cmﬁ@%ngqpi‘yt@a% PBFEERY he di anondoi d- cont ai ni ng

feed fromsone netal -containing, sulfur-containing

and/ or nitrogen containing _species.which are often

(900134 It il DR @ppierigied tha ¥@EeuseRE-UnEE Of Hiequgiest sciemg gan be
oﬁ&gteﬁ% %Et!cﬁlr&ocfmiﬂpﬁ]ke?ﬁgdigtre sgo‘:f?:et ivate the
y yst In bed 1

ropr ocessi ng cata 4. These problens are
reduced by the pretreatnent distillations. 23 WO

/ 8% 2003/ 022527 [000123] As further
(%?a%&%ﬁgﬁz%?% ngﬁe or nore of the
di anondoi d-contai ning fractions taken off of columm

' ines 34, 4?2 and/or 44 ca .nass -
(003450 Phe Ty oSS RV Rlo b BN R BRSSO { fuRfiqus. For
e &hple it embodifént Hhexe PBcdel@s piividita Exdn@itic@aohgyisigeat

or nore chromatographi c steps, including, gas . .
legsi tstramagpapaid Pafamaniae CompaRads Whejgingaid composition comprises

af ﬂﬁé% %E&gfoa@&%ht fé’ré/e% %hjafnéﬁttaﬁé) E‘omﬁ&lﬁh{é%d at least about 0.5

weight percent pentamantane components based on the total amount of diamondoid

components present. These higher diamondoids are useful for special polymers, in
micro- and molecular-electronics and in 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 nanometer dimensions.
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di ffusion techni ques, zone refining, progressive
recrystalization, size separation and the like to
w0 s@imoe3and renove individual higher di anondoP@BUS1003/022527
such a process, the recovered f tock may be first
subjected to gravity colunﬁxgﬂwgﬁgfigraphy usi ng
silver nitrate inpregnated silica gel to renove
aromatics. In sone cases, aronatic |evels are so
(0004 &6k dThis Bxpaply hawe on orerell precgssandrhag sevepesteps.
elimnated. This can be followed by HPLC using two
different colums of differing selectivities to
[0003RAL eStepd . t Beegatockhsadgstiondi anondoi ds; and
crystallization to provide crystals of pure target
[&hﬁQgL SQ%@qnné@%ﬂ§mm ere hi gher di anondoid
concentrati ons are not” hi gh enough for
crystallization to occur, further concentration by,
[001 28Kk aBieh 8, pFexdstoelt atwosplagricldistiliatiogas
chr omat ogr aphy, nay be necessary. [000124] It will be

reci ated that varjous sub-units qQf .t he.process.
@RASAE' ek e VbRt b Son R g iR esrib i HbOST RRidue
i nternedi ate storage. Conpositions and Utility

[000381R58tepBe aHONRpRCERRETScRERY idetidavel hi gher
di anondoi d conpositions. For exanple, in one

enbodi ment, these processes provide a gonposition
[QUHA2] sPigp 6at Remgueal of eomelig apd pelap Rendiunendeitheqmmeonents
conmponents wherein said conposition conprises at

[g@g%sg{ aﬁéeéggf 1a OUQ-EQ@EBW sol floh dFRNRP G HORARENT S

wei ght per cent” pent amant ane
conponents based on the total anount of dianondoid
conponent s pr esyntFirsToasmntvf dgind seldctavityridgiralddafractions

useful for speci al | ymers, .Ln. . mcr.o- and
nol ecul ar - el ectr orﬂnggh‘%lrfa Spﬁlﬁ%h@@&%ﬁ@%@%}d&
applications. In particular, the rigidity, strength,

stability, thergylSdeonteutiniof iffataftiseletiafy (6 pistaddisalated
forms and nmultiple attachnent sites shown by these

nol ecul es makes pdighepdiamapdoidst e construction of
robust, durable, precision devices wth nanoneter

| ENS 004/ 009737 PCT/ US2003/ 022527
S%&ﬁRP%E&#%r%g%T¥@%gThis Exanpl e shows on over al
process and has seven steps. [000127] Step 1.

ogk:. sel 10n .

353 of il A5 Ry ok Bl QB RRpctaged o s
condensate, Feedstock A, and a gas condensate containing petroleum components,
Feedstock B. Although other condensates, petroleums, or refinery cuts and products
could have been used, these two materials were chosen due to their high diamondoid
concentration, approximately 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
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[ 000130] Step 4. Vacuum fractionation of atnospheric
distillation residue [000131] Step 5. Hydroprocessing
w@boogmebest ed fracti ons [000132] Step 6. RenovaPCDS2003/022527

CUEEN R TN LSRR S M L R

cdhﬁfm E0iresendd offtbrost hlgﬁértmmn@ﬁdd‘ldlsraﬁﬁ t8 9&@% sty to
&ow de fractions enriched in specific higher

oxpaipgreplis retentiogdinessdfor Blesmiargst materialsr diis inddrawtipw isysed to

e Bl oa@ T oDt Bl TR Ren bR procedures.

mat erl als were obtained. These materials included a

S Feed A, and a gas condensate
Sg%n a%% g""é‘é’ﬁﬂo‘ﬁs olﬁtb]gﬂ’é) s, Fegdst ock B.

Al t hough ot her condensat es, petrol euns, or refinery

B30 B R e e S e bsedon

beRREeNiKtatd w@ara@maé R HBbBINYS fdind cwﬁbeﬁ@m@@sﬁﬁaﬁmhwhﬂnd

di anondoi ds, as determ ned by GC
lewerdhismendpid erd for gurthes @bmegﬁatammrtda@mmmgrcsf\pamca@r higher

D53 ARk A0l B809€ of s smtiie Aliafe iat tans of two

s¥yatagahylee df E@dﬁ@c@B&r@ EHOWTBInORHb &) We B $nd are contrasted to
spectrorretr%/ confi rmthe resence of target higher

smylatsd distidia %Ihﬂeltdé ﬁﬁe‘%@ndﬁéorg blerd, @mﬁlmg 1$.t111at10n data are
g

of S EhoRul MRSl it IRy W0 Tos TN BT oBup g0 et

ush(HnmmDsmbSequhntohgﬂlaﬁubssequent [ soI ation procedures.

Step 3 - Feedstock Atnospheric Distillation [000136] A

sanpl e of Feedstock B was distilled into a nunber of

fracti cNABDASRAYiMds dTQA tnddphpedt Distillaios Frat@61Hs frbG

| over boiling por@b SepAPRE RS of Feadbiaxomdoi ds and
| ower di anondoi ds) and for further concentration and

enri chment of particular hi gher di armnd0| ds in

V IS fTactio he yi et
dlég% 1’3 ate ﬁgta&:giﬁ:ml)g“qf%} mlﬁ’e%glﬁb%llfﬁ eA) rrpl lefference

I—%Gﬁ‘bOCK are SgrU)WH T rapte 4,7 6UL-:| va clllu ol L—:O4

SQQEJ@EL edr to bl517lHI ated——h bll t orr yl el r\%7acc
'491’5:“6'43”' e 2, Lnglel nut-ate }at—a—aﬁ—
643 and higher 4.0 4.1 -0.1
Cut (°F) Sim Dis Feedstock B (Run 1) Difference
Est.’d Yields (Wt %) Yields (Wt %)
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 Atmospheric Distillation Residue by Vacuum Distillation

[000137] The resulting Feedstock B atmospheric residuum from Step 3
(comprising 2-4 weight percent of the original feedstock) was distilled into fractions

containing higher diamondoids). The feed to this high temperature distillation process

26



in agreement with the actual distillation data. The
simul ated distillation data were wused to plan

waoipgeoprent distillations. TABLE 2: Yields of PCT/USZOO3/022527

B DAL A R L T RV SERRUG o

f st % Yields WT0349
Fg%d&R?ﬁ(bBa Boo (}fgé E%logg%g&??go 57/97 0.7 4591 to 643

31.0 30.6 0.4 643 and higher 4.0 4.1 -0.1 Cut (F) Sim

Dis Feedstock B (Run 1) Difference Est.'d Yields t %

Yields t To 477 63.2 59.3 3.9 477 to 515 4.8 7.3 -2.5

515 t o G@4BIB 35 Disdtilkatich Rejtor® fanBeddsigole B-Btas 2. 1 1. 4
Step 4 - Fractionation of Atnospheric Distillation
Resi due by Vacuum Di stillation [000137] The resulting
Feedstocké® d AtrncdphBriatiisoEqptoaresid 668K ttbottdmom St ep 3
Column (sedvpsaraiai§ivac4 wei ght percent of the original
feedstock) was distilled into fractions containing

CUT APINE TEMIPATWRIEHE S VoL UM T aed 1 opNBITSY Mg fameravor € voL
@JMI %tl QB Procegsg 6%61? /60 %66}0973 PCT |PCT |PCT |PCT
1 or' 656" ] 6664 gt}’ydb LTTE 44t "“?ﬂd!t‘j rTec ,‘25.&’2_ UHo38 | 20.03 | 19.40
2 gt oT 502 156365 o | bdgUStTafgg ¢ §.08015TT Thai4 9MoEENBHHS | 19.62
3 J09T |- fesfiStRgK B P33F + diSBI 1qpiRN DOHH.098 .10.8LBLE03:| 10.02
4 13 ST 1 1]Igad | [Oofg7.Repor {73t or Feeqlst 0@loed3d- T 11B8.06 FEBRST 0G4 E | 5.25
5 s00 AT ospheriee3 di st udil at i on21.esi d.ofds0F +shet {{eum® Caloant) 5.50
6 dd3ed: [Sa0 nji@7.H Vac1&GUT VAPGRY TEWMS2MEI GHE.0¥OlWME ARl02 | 5.50
7 dOBNBL TYs0M| 268k WI| 2L ST 21.ENDp.9tF G ni7.280 60H960/7d0 | 7.80
8 S0 OF |P@ PEHE PCT{PCT 1 604.9- | 0948666. 4.5839 2461 | 2.57 [ 2.76
9 W60435 186, |180.819. 38820. 03 198.240 | 0.9452 244 |[258 [243 |[2.58
10 1000 | - | 1026 | 93.8 08 16.9 | 0.9535 283 [297 |28 |298
COL 4.0 4 3.4 1.0489 012 [0.12 |o012 [o0.12
HOLDUP
BTMS | 1026 | + 621.8 593 3.4 1.0489 18.78 | 17.98 | 18.69 | 18.01
EOR TRAPS 17.8 20 054 |0.61 |054 |o0.61
|
TOTALS 3311.7 3298 100.0 | 100.0 | 99.56 | 100.15
0 0
LOSS 14.6 5 044 |-0.15
FEED 3326.3 3293 8.6 1.0100 100.0 | 100.00
0
BACK CALCULATED API & 9.4 1.0039
DENSITY

TABLE 4: Elemental Composition of Feedstock B

Analyses on Feedstock B 650+F Resid
Measured Value
Nitrogen 0.991 wt%
Sulfur 0.863 wt%
Nickel 8.61 ppm
Vanadium <0.2 ppm

[000138] Table 4 illustrates the partial elemental composition of Feedstock B

atmospheric distillation (650°F) residue including some of the identified impurities.
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2 656 - 702 666.9 646 5.6 1.0321 20.14 19.59 20.05
19.62 3 702 - 752 334.3 330 8.3 1.0122 10.09 10.01
waenddosrdr 02 4 752 - 800 167.7 173 14.5 0. 969PCHUSH03/022527
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8_27A% 20 58sind Or AO00 1 F1026,93. 8 98 16.9 0. 9535

S%epgs 5997 Ig053281%&98 i zf.%o 4°3.4 1.0489 0.12 0.12

0.12 0.12 HOLDUP BTI\/IS 1026 + 621.8 593 3.4 1.0489

13009 "y el fhine ol IO ot 2dnd 58 e

3B) vas Prpaied. dnd-ahalyzédifor diahtondbidEBnBRAGI 8n S8R dBusng a gas
%Oloo 100. 0 100. 00 O é§< LCULATED APl & 9.4
QrrsesrapEmerspesirppeteut GEMMent al  Conposi tion of
Feedstock B Anal yses on Feedstock B 650+F Resid
Measured Value Nitrogen 0.991 w % Sul fur 0.863 vvt%
[RpQide] Bhig ﬂlﬁwlat@affﬁ&a% fentained el amantanesy PIYRMIBENGS, an

oS ERe (s ARE bl AR Al SOARARL LD @?Q%Pdue

heptainaﬂtangs) atvme with srhendesieatile Ernudeloil mpateridl iae sndica®ed in the gas

chromatogram shown in Fig. 5A. This distillate fraction was then subjected to

hydroprocessing in a laboratory scale continuous flow hydroprocesser using a catalyst
containing USY zeolite, amorphous alumina and palladium at various temperatures,

pressures, hydrogen flow rates and reactor space velocities.

[000141] In this hydroprocessing run, total pressure was maintained at 2300 psig,
hydrogen flow rate at 5000 SCF/B, and reactor space velocity at 1.0 hr!, while the
temperature was varied. Figs. 5B and 5C are GCMS chromatograms of the liquid
product from the hydroprocessing run. Fig. 5B is the data from the product produced
at 800°F reaction temperature showing that the broad nondiamondoid hydrocarbon
peak drops in intensity relative to the higher diamondoid components when compared
to the starting material (Fig. 5A). The best conversions were found with the reaction
temperature at 850°F as shown in Fig. 5C. At 850 °F nearly all of the undesirable
nondiamondoid hydrocarbons boiling in the ~750 °F to ~850 °F have been converted

and easily-removed lower molecular weight hydrocarbons. (Fig. 5C).

[000142] The shift from higher boiling to lower boiling material shown in Fig.s 5A
through 5C is further illustrated from simulated distillation data shown in the bar
graph in Fig. 6.

[000143] As can be seen from Figs. 5B and 5C, and the bar graph of Fig. 6 the
hydroprocessed product contains a large fraction of light hydrocarbons. These could
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WO 2004/ 009737 PCT/ US2003/ 022527 Tabl e 4 displays the
wei ght percent nitrogen, sulfur, nickel and vanadi um

WO pookeexist ock B at nospheric distillation resilszIUszoos/ozzsn
Subseguent steps renove these materijal s.

bripaybirlseeystingd shch adivateparaior 48 end/Rs by @@9*103?9}%3\21‘1% Eig-1to
pgptgf}ﬂ%%e&o ﬂ"lcf]igolgﬁl)er? gf; t"lélg ﬁlﬁ%xgxo& h&oﬁ&dlgé ai“@ol@ 9 teSriifbr @B&ribes
thkd ﬁ@iﬂﬂ@lﬂlydso;ﬁaebsmg i aﬁﬁj’ﬁdeaomn tesnpegataregas

chr omat ogr aph nmass spectronmeter ("GCVMS). [000140] This
distillate fraction contai ned tetranmantanes,

pent amant anes, and cycl olfaBIm®et ane (and smal |

anounts of other hexamantanes and certain

hept amanRanaf)ordued@sin HydRpricadas Rakl ¢n cr ude- oi |
mat eri al ei—iﬁhﬁaﬁ&qd'q?m e Qg&dschr omat ogr am shown
1

in Fig. f drstTttate fractron vvasg(bw-n
subj ecte ¢mﬂ’u.’b.\‘;d{oprocessi fAg—A—a—tabor 59' y scal e
cont i nuoy Yw hydroprocesser—usihg yst

ann

cont ai ni EOt@hP PEBlite hhous aIuJJrrLtl hd
pal | adi upindet Hodl,ipsias t enperatures, pred$2es,

hydr ogen| GhoRatea8€EBand reactor space veldtiti es.

[ 000141] | Cont RTsWAYr opr ocessi ng run, t70.82 | pressure
was mai nfained at 2300 psi g, hydr ogen flow|rate at
5000 SCFfH {_Teactor space¢ vel ocity a 0 hr 1,
while th Lgllrel)glrmalulc wars varted—Frgs: 676- Bjand 5C are
GCVs chr ogH ..\. I. tH-e—pr-oduet Homthe

hydr opr o ] Q;[,oﬁﬁ’ﬁﬂd,s lvﬁ 4| S thz datafromthe
product prMetheBe at 800F rehction temped4lfire showing’
t hat t he| bthage nondi anondoi d| hydr ocar bor2.0p¢ak dr ops
in intensiPiypa®d ati ve to the|higher di ambhdoid
conponent si.h@pe conpared to|the starting4zateri al

(Fig. SA  BigR€ST conversipns were foungp W th the

reaction OF as snovvn rm Fijg. SC. At
850 F ne ) I—of—the—undestrable—mrnort mondoi d
hydr ocar oél;‘i ISQF Hng—-A—the {750+ teo 8% g.' have been

converte l&pnzpqagml\/ removed | ower mole 1$gar wei ght
hydr ocar bo¥9-53€Fg. SO . [000142] The sP888from

hi gher bpi$303@0QB | ower boiling materi al7.4hown in
Fig.s SA 1doepugh SCis further illustrag.ed|from

simul ated dgstilTation data shown in thexbal graph in
Fig. 6. 00I43] ASs can be seen from Fi gs. B and 5C,

and the RMasfC :% l’J:\Vt/l 9, ?,\ ‘ilie’mnyur Upgﬁgf $sed
product g o W Fge—rfactiofn—or—T1gnt
hydr ocar HE }f;ﬁ.?ge Pauld 28
St/5% 76/194
10/30% 232/358
50% 487/
70/90% 640/755
95/99% 800/875
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WO 2004/ 009737 PCT/ US2003/ 022527 be easily taken
over head such as by separator 20 and/or by
wo e@endwBat or 32 in Fig. 1 to permt the recoREr/YSAN022527

i sol ati on of the higher dmgi ds. Table 5 further
descri bes the result of ocessi ng at 850F

f ul
}@ e BOPIARL G @E%m?es G i riok ot Eminpepessing
?ﬁglo?-' Her %dz@ 69 Total. P, psig 1925

P__psia 1824 (Gas Rat SCFB 5191 Conv <T,

%79 82 Run Hour 676 No Loss Yields, W% Mt hane

0.41 Ethane 2.03| Propane 4. 17 WkigBtV@ainePrddutd

hligher Bien@nd®2d C5-|18WFeight2Pin 180- 288VF Rebetorr 50 5FRFeent
38.88 550-700F 17. 42FccdQ&i 18. 44 Te%tr'ag@@g, P@Sjiﬁeld
ﬂéﬁs}q{egam%{)a@l@ﬁl 84 TPQRySt, Oy W % glgy5% 767194 208

ot 4t 1508 0.27 0.71 264
Tetramantane #2 0.96 1.76 182
Tetramantane #3 0.46 0.65 142
Methylpentamantane #1 0.20 0.17 85
Pentamantane #1 0.34 0.34 91
Pentamantane #2 0.29 0.27 94

Step 6 — Removal of Aromatic and Polar Nondiamondoid Components

[000144] The product produced in Step 5 was passed through a silica-gel gravity
chromatography column (using cyclohexane elution solvent) to remove polar
compounds and asphaltenes (Step 6). The use of a silver nitrate impregnated silica gel
(10 weight percent AgNO3) provides cleaner diamondoid-containing fractions by
removing the free aromatic and polar components. While it is not necessary to use

this chromatographic aromatic-separation method, it facilitates subsequent steps.

[000145] Table 6 shows good yields for the pentamantane components and that the
specified tetramantanes are actually being produced from other components during the

process.

Step 7 — Multi-column HPLC Isolation of Higher Diamondoids

[000146] An excellent method for isolating high-purity higher diamondoids uses two

or more HPLC columns of different selectivities in succession.
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shpGhieRed E’Muu&?iﬁoéébtrdﬁethe free aromatic and pol ar
conmponents. Wiile it is not necessary to use this

chr omat ogr aphi ¢ aromati c-separation nethod, it
facilitates subsequent sieR{qprE300145] Tabl e 6 shows
good yields for the pentanantane conmponents and that
the specified tetramant anes are actually being

e
gq(ﬁ%g Sicht 273 Bd'¢be ERARADE N, itfibAGul hag?no@féﬂé}&%smm of
sfapammmem prdcosed 463 piket-sexie wlp@hﬁhmewaponhtcﬁrcﬂj 1liCsmbdd] iIKIYLS).
hi gh-purity higher di anondoi ds uses two

[000150] In a first run, the step 3 residium was fed at a rate of 300 g/hr and a wiper
speed of 300 rpm. Pressure was 0.004 millitorr and the average evaporate temperature
was 127.5°C. This leads to a distillate fraction (65% by wt) having a nominal
atmospheric boiling range of 650-750°F and a residue (35% by wt) having a nominal
boiling range at 750°F. The distillate contained 0.83% w sulfur, 397 wt ppm nitrogen
and an API gravity of 11.3. The residue contained 2.71% w sulfur and had an API
gravity of 12.3. The distillate of this run was used as “650-750°F Feed” in this

Example.

[000151] In a second run, the same step 3 residue was subjected to two stages of
wiped film evaporation in the same evaporator and generally the same conditions.
The first stage was carried out at an average temperature of 116°C to yield a first stage

distillate of 35% and first stage residue of 65%.

1

[000152] This residue was sent through a second stage at 147°C to yield a second
distillate (19.3% by wt, basis first stage feed) having a nominal boiling range of 750-
850°F. This second distillate contained 6.92% w sulfur and had an API gravity of
15.2. This second distillate was used as “750-850° Feed” in this Example.
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or nore HPLC columms of different selectivities in
successi on. 30 WD 2004/ 009737 PCT/ US2003/ 022527
WO 0®A0d9737 The first HPLC system consi sts of tweCHNiston®eR2527

ated in.se

(08 53 e SR SO E 1R BB 86ty ider B T cppaitions
oRl Akzd-Nabéli“Shss WeF 818t trl e thetdf b atalysO MEhiWRieBst6 A &Unaaed high

taken for further purification on a second HPLC
l%vg%@rﬂrorpewlam]ﬂmfman velspf JuldiEt i on of this conbined
ODS HPLC fraction is achieved using a Hypercarb
st at i onary ri)hase HPLC col umm whi ch has a different
(401541 i 0itpta pwssmh@f wﬁmsatIiHﬁV of 1.0dws o Fk/oili af00 scf/bbl and

<TeBPRAARS G IR ol et b0 8 P36 By i cpsimondoic

nenéehiad. | HWévérQnéésMﬁalbw dds@tictioh oF someRE S bk di@ondoids was
solutjon in acetone. EXAMPLE 2 [000149] Steps 1, 2 and

obsggvedexanpl e 1 were carried out. Atnospheric residium

of step 3 was then processed in a pilot-scale w ped

fil mevaporator ISU1C nodel KDLS) [000150] In a first

[0QM 55} hA rgn 8h730°F elsd HHEW ofds25 ks showed removel of3b@ungdesired
f 300 rpm Pressure was 0.004

ﬁéu}%f@ft\é&rl ?e%gﬁhéﬁ&ﬁ@g%@grrsaodje evaporate tenperature was

127.5C. This leads to a distillate fraction (65% by

(oSG8 o e AP0l FEEBRER G Bty o8 Eiionversion
obabhdifEof @GS padticulaly arolit@ict ixthi1blvat 1Bv&l9 Bf Rk Q@f’dé@n&? focher

w sul fur, 397 w tppm nitrogen and an APl gravity of
dipmondopise The prafivet weraxarpieanally vlees (resigk O andrfgechafcbodaration,
v of 12.3. The distillate of this run was

°§sﬁé ‘%‘Mé% 750F Feed" in this Exanple. [000151] In
a second run, the sams step 3 residue was subjected to

a . | m evaporation in t o
(8053t 286Gk SREMH pRRSE Skt SR he BE SSETROF foed at
760°Fs LHSNage0. DR ErsC 85000861/BB1f Hgbilan aver age temperature
of 116Cto yield a first stage distillate of 35% and
first stage residue of 65% [000152] This residue was
[msmlt MR §3+8denthtis e ﬁfgﬁ@!r ShRBRdAs hiddat tPth¥ If@éddana g%&ﬁféﬂ e
distillate (19.3% by w, basis first stage f
llﬁﬁﬁﬂ’/ilfhﬁaldeﬁom nal boiling range of 750- 850F. Th| s
second distillate contai ned 6.92% w sul fur and had an
APl gravity of

o
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15.2. This second distillate was used as "750-850
Feed" in this Exanple. 31 WO 2004/ 009737
weEONANS2e03/ 022527 [000153] The 650- 750F FeedP@EES2003/022527
hydr opr ocessed under the follow ng conditions on a
Akzo- Nobel "Stars" KF848TAdHeE ifet al catal yst. This
feedst ock contained high |evels of aromatics and
vigldg Rt kpsant HigheeDsantdndsid €omhporde @i Béddstack endl

H}Qﬁ Mes8ePProda@0 psi, LHSV of 1.0 hrs 1, H2/oil of
scf/bbl and a tenperature of 800F led to

“’\A

€11 cu e tenovat T4 . ) bi d
mat ‘f\lﬁ "l%er Howev gr ku% labI e ight ﬁgitljg%rc ey Df

t heDipgpRgdoid; anDndoFfi%(??\%c g EH'E

at 730F at a LHSY of 0.25 hr< 1 ﬂ O ermv t he
undesired speci¢ but al lesg than full |conversion.

WaYaYal Nl nlak Y | .. ¥~ - ¥ V- —]

[iﬁu ﬂeﬁra " |unhcu 760~ ’6U558'0 a Ll-b\{dy U_. Zbgflrs 1
Tenamanianod] L Bbhat 1 co i DGO Lm.'a'f”?JL\:e A o Ub%a of
Teeamprianewy @il di anmndoi d47 [The produld Wa‘jd
Tetampntoned [A23¢| ¢ar  (see Bidd.| 9) and %Glele of 72

Petapiaatah®Bl carbon sol i d§.06r| tar. [@@57] AR tional
ptim zation runs were carried out using the 650-750F

° L??’%Pﬁfs eﬁ%%%%gyﬁrgﬁ‘% 8F tHa138 dfpPockssea PRSiusef / bbl

_ Representati ve hi ghér di arondoi ds
present in the feed and product are Ilisted in Table
7. 32 WD 2004/009737 PCT/ US2003/ 022527 TABLE 7 Yiel ds

oS g S e BB S R ﬁw%%%ﬁ?%%%ﬁ%
coﬁfditfbn%’% g8y Yh®hsted Ey@ﬂasemdsm tinlli&ﬂrbs twmlle réniminghighent - 9

Bottons* feed) Methyl tetramant
dizapndoidst H.@ﬂ}ﬂpﬁfﬂ?{l@l@pgq g/ wsdiighes st agal?yg)o Igfgcelssmg tl?an [123]

tetramantane. An increase in the ratio of [1(2)3] to [123] tetramantane indicates the

_)

destruction of [123] tetramantanes relative to [1(2)3] tetramantane. Destruction of the
unwanted hydrocarbon impurities is monitored using the ratio of the combined GCMS
peak heights of the three tetramantanes to the combined GCMS peak heights of three
selected impurities (9.20, 10.05 and 10.90 mins. - Fig. 8). The goal of the
hydrop;ocessing is to maintain a constant ratio of [123] to [1(2)3] tetramantane (no
destruction of [123] relative to [1(2)3], as an indicator of minimal destruction of
higher diamondoids), while maximizing removal of hydrocarbon impurities as shown

by a significant increase in the tetramantanes to hydrocarbon impurity peak ratio.

[000160] GCMS analyses were performed on the feed and product of these
hydroprocessing runs and are shown in Fig. 8. These GCMS plots illustrate
destruction of unwanted hydrocarbon impurities with retention of tetramantanes and
other higher diamondoids. Mass spectral ionm/z 292 (the molecular ion of the
tetramantane isomers) is used to illustrate the concentration of the tetramantane higher
diamondoids. Mass spectral ion m/z 57 (fragment ion characteristic of a significant

class of hydrocarbon impurities) is used as a measure of the concentration of
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Tetramant ane #2 [121] 1.47 2.13 69 Tetranmantane #3
[123] 0.41 0.61 72 Pentamantane #1 0.05 0.10 93
W(Bmoumaavs'equal 48 wei ght % of total hydropr oceBGEUS2003/022527
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rel atirve concentrations of tetramantanes and
thanyatdesstmbgirofitheplive panéamantanchesalbeases Jowavey thalhighene

dlaﬂ}{ ({%?c?sra? On eEéHB lﬁ{ g%té@ergﬁice%choggen%ﬁo&soinqg ﬁg&oﬁl%'cgsging
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[000161] Additional runs were carried out using the
750-850 Feed. This material contained over 6% w
wa@iohnee73then it was fed over the base netal ceCEHUYRD3/022527
. conditions listed in this exanple,
'vﬁﬂgtlggﬁﬁﬁﬂﬁggﬁﬁé findi ngs were observed. This cut
processed simlarly to the 650-750 cut. Aronatics
present in the 750-850 cut were renoved. The high

sul fur content in the feed did not interfere with the

desired hydroprocessrng reacti ons, predi ctabl e
na’ryr%%s fgnriefyeng aﬁ@ImP%Sltl‘éfhWhﬁfiﬂft lrvrs i dasroeetisids which

peak b%ES s. 1 OA and 1 OB. Six dianondoid

peak §§ mer%hg%gggved in the feed (A) and product (B).

The tmo peaks at about 13.5 minutes, the two at about

15.1 t bout 15. tes, were
det er gglt%oﬁ{go{relrggsggon%m?pns ff%ere%"vﬁéan? anan l{ﬁggm\\%ﬁeﬁl e

t he 15. 48 didnneitdeidsdn kd@ e satiedidntondoid components;

cycl ohexamant ane. [000162] Cycl ohexamant ane has been
previpus| onlas@io/ @e ficdstosk MR p¥essed? |h§dro§k:19at an
10 shows that it appears to be broken down to a | éess

pr onounc e §layatge demparpizre iatthe prgsamcerofa catplyste piéferencially react
pent amant I howeve t he

di anondoi gsﬁésrtea ﬂrg)rrtztléﬁe nfftﬁ O%q‘l%%ﬁ%;’ iﬁ%ﬂ%be&{sg‘ﬁerem to facilitate
concent r atrécoReryl of higier Bieionasids sai the redeteddbédstock.
relative to simlar-boiling other conponents in the
feed. 34 WD 2004/ 009737 PCT/ US2003/ 022527 WHAT IS

2CLAI NfEBptozesslof Blai ?@88i%iohflly duPhidfisieepc)COMPosi tion
enriched in higher dianondoi'ds which process

conprises: a) selecting a feedstock conprising

r ecogpr abk&o&&%@ﬁl &fdlélh&nﬁ'id(s)%ﬁﬂiﬁ{&%b&éd FRdstock. . |
adm xture w th nondi anondoi d conponents; contacti ng
the feedstock with an el evated pressure of hydr ogen at
38N aheyAlced SRMRRY AlHefoid ) Bhid @&ta?étﬁ%%‘ﬁfdr&gro@ &2l yst
to preferencially react east a“por P e

nondi anondoi d conponents therein to facilitate

47 €COYBE YrREs U6, §l eact ed
feedsto?ﬁ. %{f%ﬂghb?g@gggg%¥géygﬁgﬂ%Snﬁﬁ5t|onalIy
conprising step ¢) c) recovering higher dianondoid(s)

Lhor] 1@  Leaskat LRt 8ikiaoidty SIS RIERSIPrhue M 1

'_r-».D

wher el n sal Ing s Fopr o
5. The process of Claim 3 wherein said hydroprocessing comprises
hydrocracking.
6. The process of Claim 5 additionally comprising step c)
c) recovering higher diamondoid(s) from the reacted feedstock.
7. The process of Claim 3 wherein said hydroprocessing comprises hydrotreating.
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4. The process of Caim3 additionally conprising step
c) c) recovering higher dianondoid(s) fromthe reacted
wo e®d®owsk. 5. The process of C aim 3 wherei nPGEHUS2003/022527

g hydr : ' 6. The

pr oclg{s%s& 8%%%52?%&”1@%&1&3 {t%?%l}la?(ﬁ{l %ﬁ%%@lg)ng step c) c)
recovering higher dianondoid(s) fromthe reacted

f eedst oc : : ' [ '
hydropr osSeSeieSibPAEREn ol Aol fle MBI R
2004/009737 PCT/U82003/022527 8. The process of Caim

0.0 SRR RO 555 o R B

proqﬁﬁgw@ﬁbghymﬂhégmhgreln said contacting conprises
hydrotreating followed by hydrocracking. 10. The

process of Claim9 additionally conprising step c) c)
100 €C OMRIPrHEksH bHORIM G ﬁiﬂﬁﬁﬂ@lﬂ}dé&}grﬁsﬁ@@uﬁaﬁ g) react ed
feedstock. 11. The process of aim1 wherein said
contacting conprises hydrotreating and sinultaneous
hyd c?c r aGkéA\@ring %Jghy]&aﬂﬁﬂ&ﬁ§@sg bm®ha kdieiell feedstock.
additionally conprising step ¢) c) recovering higher
di anondoi d(s) fromthe reacted feedstock. 13. A
11Pr oc rqi
Bl o B Sies SEC IR trfin STRARL Ao GL  ipReating and
sel ethultapeaus mebletraddng onpri si ng recoverabl e annunts
of higher dianondoids in adm xture with nondi anondoi d
conmponents; b) hydroprocessing the feedstock to
12c onvEtetpratest efi€taira 14 ukiflitiohait coamprisivig ssép cnondi anondoi d
conmponents therefromto pernmit recovery of higher
di anondoi ds from the hydroprocessed feedstock; and c)
fr acg) onattdi@rihp@idhytdiamoadde@) frerdht oektddfealstoaier
boiling point fraction(s) enriched in converted
nondi anmondoi d conponents and hi gher boiling
13f r acA RISy fof Focb editd d ddntpogition etitietigdrit Gigir dtmohBéids which

process of Claim 13 additionally conprising step d)
Process COlTlpl‘lSSS

a) selecting a feedstock comprising recoverable amounts of higher

diamondoids in admixture with nondiamondoid components;

b) hydroprocessing the feedstock to convert at least a sufficient amount of
nondiamondoid components therefrom to permit recovery of higher

diamondoids from the hydroprocessed feedstock; and

c) fractionating the hydrocracked feedstock into lower boiling point
fraction(s) enriched in converted nondiamondoid components and

higher boiling fraction(s) enriched in higher diamondoids

14.  The process of Claim 13 additionally comprising step d)

d) recovering a fraction enriched in at least one higher diamondoid.
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d) recovering a fraction enriched in at |east one
hi gher di anondoid. 36 WO 2004/ 009737
WEDANBZE03/ 022527 15. A process for recover i PQIr/asS2003/022527
onp . . . .
L PRI RSO Lttt SRR il Wi fihoids i
r ecquecablemarimagsnt s of hi gher dianondoids in
adm xture wi th nondi anondoi d conponents; b)
fractionating the feedstock to provide a fraction
conm)i si ng:ldcting vdeadblock canpisihg reebvdraislbamodhis FPhibbeds
and nondi anondoi. d conpgnents; and_ c) contacting the |
f eedst oc kdpReBdqigHn iR tare with pardiamppdoid cerapegrents;
hydrogen at an el evated tenperature in the presence of
a cdtal yskagtionpéngthe fedsteelsto pravige ptffaghomeomprising recoverable

"otovery Hgptht SHRBREA RIS s bRk Fapoments; and

f eedst k f ti ! T d ai 15
Ll o B Ik festRiook TasBes SR S Blesded pRisire gf by drogen

di anmondoi 4G8)eldvaRTtdrhieritBRCh K HREMARE 8EK chthBStth Bhact at least
17. The process of C'aim 15 wherein said contacting is

hydr opr ocepeting of 1@1diaphendordbensaponehts Gheaeimtd Sicilifete aeqovery

orocess of PR STTRRRER B B REr-Roe Boc g s Rbr 1 ses

hydrotreating. 20. The process of C aim 15 wherein

ai d.cont act i I.s hydrotreating followed by

L6yr B ERER g CAD LHOIRBER e thrieeetir 95 wher ei n

said contacting conprises hydrotreating and

si nu).t aneous hydrocracki ng. . The, process. o i m.

5 hler o oY B GEEr Jeronioiae) Shm LE RS edtack giotion

residue. 23. The process of Caim1l5 wherein the
f eedst ock fraction is an overhead .fraction. 37 WD
172004509997 PEFIAUBISodengin s3i¢ coplactingyis hygropeacessife.
Claim 15 wherein the contacting is at an overall
pressure of from 200 to 4000 psi and the elevated .
18 e plietragess s Claig iy 30Breip sad gmtacimg copeprisepbydygcraeking.
Claim15 wherein the process is a continuous process
oper ati ng
9. The process of Claim 15 wherein said contacting comprises hydrotreating.

20.  The process of Claim 15 wherein said contacting is hydrotreating followed by
hydrocracking.

21. The process of Claim 15 wherein said contacting comprises hydrotreating and

simultaneous hydrocracking.
22. The process of Claim 15 wherein the feedstock fraction is a distillation residue.

23. The process of Claim 15 wherein the feedstock fraction is an overhead

fraction.
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at space velocity of fromO0.02 to 20 hrs |I. 26. The
process of Claim15 wherein the catalyst is a
woeteegeneous catalyst. 27. The process of Orai/ms83/022527
p4qwher ;ﬁ%
4pr oc’%éeébr%?%‘ésq%ﬁ?%ﬁﬁliéﬁ erein clalwgg%% S;Eg%‘ﬂ%‘é‘ﬂn%fri ge-egglﬁ eof
bas efrora 28D to 4QW. psi el @E@tmfaisd edmyEiratiire 18 Frowh20etiord S0
catal yst conprises zeolite. 30. The process of Caim
15 wherein the catal yst conprises silica or alum na,
250r 'Bid proeesabfi@laina.l 5 3dherdih thaproess & DfonGhadum pkbeess operating
wherein the tenperature is fromabout 300 to 950 F,
t he & 8PagF VElostxq éminso $7 tdHeut 200 to 4000 psi and
the space velocity is from about 0.02 to 20 hrs 1 and
the catalyst is a noble netal catalyst. 32. The
265y oc@§spre$esspacmr&55m@r%n the gagalyss rﬁpaeh%ﬁ%reg@epgs gdlysto
950F, the total pressure is fromabout 200 to 4000
psi, the space velocity is 0.02 to 2.0 hrs 1 the
27hy drBiganoesss efiChimda W@t@n ithe qatadynt compritss aObIganetal.
scf/bbl of feed and the <catalyst is a base netal
catal yst. 38

28.  The process of Claim 15 wherein the catalyst comprises base metal.
29.  The process of Claim 15 wherein the catalyst comprises zeolite.
30.  The process of Claim 15 wherein the catalyst comprises silica or alumina, or

silica-alumina.

31.  The process of Claim 15 wherein the temperature is from about 300 to 950° F,
the total pressure is from about 200 to 4000 psi and the space velocity is from
about 0.02 to 20 hrs™ and the catalyst is a noble metal catalyst.

32.  The process of Claim 15 wherein the temperature is 300 to 950°F, the total
pressure is from about 200 to 4000 psi, the space velocity is 0.02 to 2.0 hrs™
the hydrogen circulation rate is from 200 to 20,000 scf/bbl of feed and the

catalyst is a base metal catalyst.
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