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PROCESSES FOR CONCENTRATI NG HI GHER DLAMONDO DS
BACKGROUND OF THE | NVENTION Fi el d of the Invention
[00011 This invention is directed to processes for the
concentration, recovery and at |east parti al
w@und/fe7eat i on of hi gher di anondoi d conporerrusodngmsr?
petrol eum feedstocks. Background Information [00021
The follow ng publications and patents are provided as

b . I dentified by
 PEPPRSRES PO ot S hi B iDia bl | 5F o
Adamant ane: Consequences of the Di amondoi d Structure
Chem Rev 64,277-300 (1964) [00041 2 Sandi a Nati onal
Laboratories (2000), Wrld' s First D anond
M cr omachi BREKOREANIHORITTHIBINVENTIONESS Rel ease,
(2/22/2000) www. Sandi a. gov. [0005] Lin, et al,
{ I rrence of Tetramant ane (C22H2&
%A@ﬁ)%m@% (C26H32) and Hexamant ane (C30FI3& in a
Dee Petrol eum Reservoir, Fuel 74 (10):1512-1521
95)Tﬂpﬂ%ao@9mecte@£o cessesqoﬂHQMeuns}addM %&9&9%&2{15 as

icators of Natural QI Cracking, Nature. 54-5
at(lq@@gstla | moifivation ofikgkerdiesgondatd pampopenés fmgprcelewes t o
gs. Dl anondoi d Hydrocar bons, Tetrahedron 36 971-992
(1980) [0008] 6 Chung et at, Recent Devel opnment in
Hi gh Energy Density Liquid Fuels, Energy and Fuel s
BicRerofilinfodfativd 999) [ 0009] Bal aban et at, Systematic
Cl assification and Nonencl ature of D anond
Hydr ocar bons-1, Tetrahedron 34, 3599-3606 (1978)
[000%] 0 1 Clhedolldamvingipubiicativhs Pdiprighte aprpiRaididvsbeckBround &5

. bedgdi tor, MG aw Hill
cx??é%%n%ﬂ'gg %dgéhsﬁg?%&r ﬁ%%% a e -Pressure

Hydrocracki ng" by MC. Hunter, et al. '
{0603] V' Fort, Jr., et al., Adamantane: Consequences of the Diamondoid
Structure, Chem. Rev 64, 277-300 (1964)

[0004] 2 Sandia National Laboratories (2000), World’s First Diamond
Micromachines Created at Sandia, Press Release, (2/22/2000) www.Sandia.gov.

- [0005] * Lin, etal,, Natural Occurrence of Tetramantane (CypHzs),
Pentamantane (CysHs;z) and Hexamantane (CsgHsg) in a Deep Petroleum Reservoir,
Fuel 74, (1 0): 1512 1521 (1995)

[00061 ¢ Dahl et al., Diamondoid Hydrocarbons as Indicators of Natural Oil
Cracking, Nature, 54-57 (1 999)

{00071 ° McKervey, Synthetic Approaches to Large Diamondoid Hydrocarbons,
Tetrahedron 36, 971-992 (1980)

[0008] S Chung et al., Recent Development in High-Energy Density Liguid
Fuels, Energy and Fuels 13, 641-649 (1999)

[0009] 7 Balaban et al, Systematic Classification and Nomenclature of Diamond
Hydrocarbons-I, Tetrahedron 34, 3599-3606 (1978)

- [00010] ¥  Handbook of Petrolenm Refining Processes, Second Edition, Robert A.
Myers, Editor, McGraw Hill (1997)

Chapters:. 7.1 “MAK Moderate - Pressure Hydrocracking” by
' M.C. Hunter, et al.
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7.2 "Chevron Isocracking - Hydrocracking for Superl or

Fuel and Lubes Production” by Alan C. Bridge 7.3 "UCP

Uni cracki ng Process for Hydrocracl dng" by I\/ark Reno

8.1 "Chevron RDS/ VRDS Hydrotreating"” by David N
wdBnogwasd, and 8.4 "UOP RCD Uni onfm' ng PIPO'C/GSZBMIOL’]Z;SZ’;’

Gregory J. Tho oQ OOO 1 Al ama.nt ane
" for Petrol eum wi 2 &an g&’% cnon Oc;%fmfﬁr
Nat i onal Meeti ng, I'cago, F“T_ fiL 05
- Fuel , pgs. 1012540%
?3‘ I}OPMQP%F%E&Q 0%1% braelin %

Saturated Tricyc rocar rom
soviet) Crude Qls, Ne t ekh| mva 13, N3 345-351
(May-June 1973) §008&RYrok RDVVRDS HydroPeatiae” N Savid N,
Anal ysi s of D anondoghsivdlggrcar bons in Smackover
Petrol euns, Fuel 71, 38 (January 1992) [00014] 12 J.
Am Chem Soc. -13.4: 108BRCDUBAfikQBidYress'{ ARty 1.3
Kresge, at al., NatUh&np3&P: 710 (1992) [00016] 14 U. S.
Patent No. 3,852,207 [00017] IS U S. Patent No.
[@03147 | 2 Rolbh @00 A3} dak@n iy cSor Prsrolents with Zeoited(WhsBE:,
atibal MeStingPEkieago, TNcAugdst 33-24,49%5 - P 2010129017 S.
Patent No. 4, 556, 646 00021 19 U.S. Patent No.
109013220 ﬁofemme Dokl bAT3 Ridrocyrtgngrrpadino
Eh{N3NEAS-35] Oe-rng197800024] 22 U. S.

ntq, .4, 956 748 [00025] 23 U.S. Patent  No.
[0p! {g %@% alnglysss of Bigraagfloif Fydracagepys 9
Smackover etroleum uel 38 (January 1992)

[00014] ™ ). Am. Chem, Soc. 114:10834-10843 (1992)
[00015] " Kresge, et al., Nature 359:710 (1992)
'.{000161 " U.S. Patent No. 3,852,207

[00017] ' U.S.Patent No. 4,347,121

[00018] 'S U.S.Patent No. 4,401,556

[00019] ' U.S.Patent No. 4,534,852

[00020] ® U.S.Patent No. 4,556,646

[00021] ' U.S.Patent No. 4,820,402

[00022] ?° TU.S. Patent No. 4,913,799

[00023] 2' U.S.Patent No. 4,956,747

[00024] *  U.S. Patent No. 4,956,748

{00025] #  U.S. Patent No. 4,956,749

[00026] ** U.S. Patent No. 4,982,049 ~
[ooo27] * U.S.PateﬁtNo. 5,019,665 |
[00028] % U.S.Patent No. 5,059,567

[00029] % U.S.Patent No. 5,073,530
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[00027] 25 U.S. Patent No. 5,019,665 [00028] 328 jhuary 2007
Patent No. 5,059,567 [00029] 27 U. S. Patent No.
5,073,530 2 18 January 2007 WD 2004/009737
PCT/ US2003/ 022527 [00030] 28 U.S. Patent No. 5,080,776
[00031] 29 U. S. Patent No. 5,114,563 [00032] 30 U S.

wdPabtsnd73MNo. 5, 198, 203 [00033] 31 U. S. Pateosodsozzs27

6268 S. Patent No. 5,306, 851
m%@é%] ?f’%gt%&%@ést’%ﬁg%l\b. 5, 334,368 [00036] 34 U.S.
m@gg]entw Ngr.s. a0 18014,5690037] 36 U. S. Patent No.
5,439,860 [00038] 36 U S. Patent No. 5,468,372
(060390391  B77S. Pattut NBas, B820No. 5, 498, 812 [ 00040] 38 U.S.

Patent No. 5,925,235 [000411 39 U S. Patent No.
[0@38[13°239.3. [PaB4R] 5,246,680 S. Patent No. 6,179, 995

[00043;] 41 "inproved N -M HDN catal ysts through
[0903¢) e&'s e ¥ PatowiNsi DI6SAH  intrinsic activity of the

active, phase" |noue, Yoshimasa; Uragam, Yuji;
[0603RlahashiU-S- Pats@die: +3%4-38% | sbout's, Sonja. Ni pponKetj en

o it Bt L B e oy T
[0@3%]?' ys! %S@%t%&%?op%%é%?&] Al of the above

i cationis an S are herein incorporated by

(06038 eNCe d Bk AR s ARBYI €Ly to the same extent as if
each individual puBlication or patent was

oguaeci 1 cald paaitol sdbggiziual Iy indicated to be
incorporated by reference inits entirety. [00045]

[0dD4anD PRl oLk Patet Noagig2s2baiped hydr ocar bon nol ecul es
possessing amazingly rigid structures that are

[0eddpier ©rp 8kt BhientNoag828% of t he di anond cryst al

[00042] “° U.S. Patent No. 6,179,995

100043] **  “Emproved Ni-Mo HDN catalysts through increased dispersion and
intrinsic activity of the active phase” Inoue, Yoshimasa; Uragami, Yuji; Takahashi,
Yasuhito; Eijsbouts, Sonja. Nippon Ketjen Co., Ltd., Tokyo, Japan. Studiesin
Surface Science and Catalysis (1999), 121 Science and Technology in Catalysis
(1998)

']06044]  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
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
5 ‘




lattice. Adamantane, a ten-carbon nol ecul e, is18bgwary2007
smal | est nmenber of the dianondoid series, consisting
of one dianond crystal subunit. Di amantane contains
two face-fused di anond subunits and triamant ane three.
Adamant ane and di amantane and to a | esser extent,

wd esanest ane, are wel | studi ed. They havecberosznastat ed

. >t 1 ol eum f eedst ocks, and synt hesi.zed her et of or e.
ol B LSBTl BRRRLRC 28 Mo ieR? TrEComP i e,
ugerd heremant anc and substituted anal ogs thereof as "l ower

di anondoi ds". Tetramantane and | arger di anondoi ds and
substituted anal ogs, which 3 18 January 2007 WO
0988/ 09l sepentizsrthe SEgtwodirpodgidywearg pely sinimallydpscripsd Lin,
ot 23 ORBdrfd MeSiatiufd] REGR e totrbh GRAE, i AHRRAOk A hexamihiale

nomenclature is used herein. 100046] Until recentl Y,

inydtep ReglewR regpraeisnHoweren teveavadipraan enlnadlety tedieiwels bed.
idbhtTy such borRlourts iEBRALddSSnt garp&{n%@épe&%&%)r 05 &s Of

tetramant ane, pentanmantane and hexamantdne "1 n deep
- petroleumreservoirs. However, these workers were only

[0a0i7 tlgmfega atal ¥ gibotosed ;:C;kﬁﬁdei;sfl‘.’dr @ﬁ@h&ﬁﬁg@i@mﬂ&df n
i oni.z orm as rt. of nmass ecl roscop; al yses.
oot oo B i prots e R ey e quaads | of
provifing A kdlednt iy tuel e nglof ol teast lsm 8y w'ﬁigg nbieAl @r@ﬁ@iﬂﬁn f
solvents. Thi.s ,pr.ocess. i nyolved three, steps, The first
brg ef%r'@’\? Pﬁﬁqﬁs %"’%&V@HPJ] rﬁ‘l‘lﬁ%@asﬁ%éhaﬁlﬁn d at | east
confpRaraly Ithie gdobndrseep, ik mddturssicedidcted with 3P Bedlectel vita it
araf fi nsjaarh%v' nqg di ssolved therein at_ ] east one

in e RIS P BRdC copert 4 ead @ pgrian Sihspomigl ik i xt ure
slighﬂ}cbjmicﬂﬂlt;ﬁﬂfﬁédg td‘lmﬁer&hiﬁﬂ@alﬁaﬁrlﬁ%&fﬁ ek kheSbnveisionbhe
resence. of e rogen .t.Q convert_at | east
w8 s o RSy e & orgpi gerpray rm%%%ﬁ‘?ﬁm §fins
lotver-Boflingratifilatiek aridigheatidnfphddidsee @featédrdaf eé@ndihek.he
conversion of . nore than about 10% by wei ght of the

di anondoi d cgppounds. In the third step the
[00QARE r -Ghsin,|cf 21" didclogsid antetheds famisolating high awrisy eieiEanzméoid
s f er: 14 . 4
888 Sk P A0 s S0 o
- codiamingferdstock ifitp fvd dvethead zompanentyp dRhesvioyerh@k eomtiosetios ed
. AVZ=Y 1.1 - ILNg
B A bl Bt 8 R TRA e Rl B
pobipeteid sutocsadpberdiretdistillition bortiantd a daive ahaumeof sobistitwzat ane

m%%tqlta&la Lfcfmjﬂz}%%mqw@gmgm%ngw gqeg{a@ﬂg. ! ﬁg{h‘&ﬁ% dlgt the

t materral recover on
et gloideriificaipnawere ppovulating with nofsolsiidas by defititek
characterizations.




triamantane and mnor anpunts of tetramantane @@ganuary 2007

pent amant ane. Again, the Chen et at identifications

wer e specul ati ve, with no isolations or definitive

characterizations. 4 18 January 2007 WD 2004/ 009737

PCT/ US2003/ 022527 [00049] Mre recently, present
waoediopprent or s Dahl and Carlson filed a smi/mmwhzzsm

[00oAdy edM&e@éc@lﬁlyfﬁés&ﬁ Lo- 8RB S Bhilt Qlﬁ}f’Czirlgonvm&j:dcﬂe i

descri bed the i'sol ati on, 1 dent
Uniied Siztes @ptent apnlistionstin hich fhgp deseritio the isblationclidentifigation

il Bl A OG0 R0 O A AL PP b QU RS BLE

etram_antanest rou .

m%ﬁlblﬂlzﬁw@qezﬂg%hun@ganmmz, 334: 44 10/ 012, 335;
45 10/ 012,336; 46 10/012,337; a7 10/012,545; as
8181 01213_ - 49 10/012,547: so 10/012,704: 51 :
FOPTIEP00: 52 10/017.821: and s3 10/ 046, 486 al |
filed on Decenber 12, 2001 and USSN 54 10/ 052, 636

filed gaganuar )10/6123 34002 and all incorporated herein
by reference. These patent applications describe how

the - higher diad®Atsi3ds were isol ated from petrol eum
feedst ocks su¢higgideep reservoired oils and gas
condensates. Lhe concentrations of higher dianondoids
in these feedsté@ﬂ%z 3R6r e reported to be quite | ow,
general ly in theypa3sg;, per thousand to parts per

billion ranges L&O@f%%“ on, the relative
concentrations various higher di anondoids were
found to decrBas®oradsdl y as the size of the
di anondoi ds |49(:E(9@1§esq7

% 10/012,704;

1 10/012,709;

2 10/017,821; and

3 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 petrolenm 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 Iower 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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The other conponents of the feedstocks includedg january 2007
nondi armondoi ds i ncl uding nondi anondoi d hydr ocar bons,
sul fur-containing materials and netal - cont ai ni ng
mat eri al s and | ower di anondoi ds. [00050] A variety of
met hods to concentrate and isol ate the higher
watioawwoaigioi ds  were taught in the Dahl andctleszbisons:y

Rl & B dfaéujed g ARSI RAkL OB 1RR ﬁﬁﬁﬁgm R1re

at nospheric d vacuum were ose I sol at ed
d?sﬁléi@fll Biegmad fediodng ﬂ‘pmlyam’é was tau@t 4@ dgsmbia pyoc@Ogdh. WO

AR G TSR Y o4
atfab@tﬂ 4G Gier @ to @h@é?q lwars. Thikpyrelpdis stepgadleremtially broke
d((mmfé ﬁﬂnxﬁﬁaénd&dw 240B rq%lémmé%%l?‘%htt@nﬁ%(&&?% stk €P-

his step t
Wanc&wme easily @momdaa‘m Grmandsidt beivgtlore stalsle, Paerapyradwed ora - at

%@Péﬁentdf G ARG of Be cHﬁeﬁtﬁhngﬁyﬁeb f Elgﬂéﬂ Sﬁdoni int the

pyrolysis step preferenti
PYilHel taedirfdoi d naterials to | ower nol ecul ar wei ght
mat eri al s such as gases which were easily renoved.

e, di doi d bei ng nore stable, were yrolyzed to
10808 ¢ oBR Heawhisis Sph P proEs e glumdn of
ndnhnemmcmiaeﬁateelma,nﬁjm s tinfe oRAmin WAOSALS lnSpehis RAEGTce

b nP A e b pakrlols” demrinahs B ed e

inipedved prédess.to dsyiptii6 te |ancb:Itratu§1 dnll BlaARARSY M@ Ttheof t €N
hi%f) ?ejfars t.Q reduce wultimate yields of the 'desired
4

apordpidsondoi ds. Accordingly, there is a need for
an inproved process to assist in the concentration

I . the high i doi ds.
LT A e
© raiame dogomtabmrgrt toke sl facilitateaind se on

gheladi mg |ngncﬁ81r11tnﬁ@qd§1 fettug;(; ockst nd gaﬁafs to
ofpigket Gamghds m?ﬁe separ at on” rig'fimﬁ CHRErE 8 eha8Yds from
pefieleiuh proesssihgiseltings Hitdwolyeomatding g pétlauseftedsiock ity

I tacti
by ol Rl B ESR St VR 5 i gl SR B e
caﬁemmfalw@rpm@qessn:@snchd&tMOmaﬂng cand Ghyidebepligiag’. cat al yst .
| ud
T R R T KERE .
: comfsmaartwfemrdm Bedstoskse Snehi eeotanintntsinciede salfirdotithiaing t 0
001%%&55%\75}&&%% thep%}:te%mwg%g%f??%ﬁ%m t he_ f_eedst ocks.

am nant s 1 N¢ ©@nt ai ni ng
“hydrodesulfurization”), nitrogen-containing contaminants (“hydrodenitrification”),

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 caitaiyst at
elevated temperatures in the presence of hydrogen to crack or ctherwise 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 Califoria. Since 'the' 1960’s, |
6




cont am nant s (|n which case the process may be 18 January 2007
referred to as "hydrodesul furization"),

ni t rogen- cont ai ni ng cont am nants
("hydrodenitrification"), and netals, which can be in

the form of organonetal lic conmpounds,
Kydtogohckioehastbadd wed mm‘la)ly sdtiyrgs. Gtheedhdlnty tiad foonatian of livgkfisde

{%g%%g%gﬁj’&ﬂ frgmo C]?tﬁa e?dﬁgo,clf(isn%e (ol q"gtggﬁl: cgt glé 3 ag@(astﬂlo {cl, fuels

fcom gaeile endmthdn heavy atbelisythe foanatloaloé Jeasreldlidselrfipsy adro vasu gas
Jxﬂ cpt'i'ig E%Q&s% H%Bf 1@4& @%ﬁ@eaﬁn‘g s&r aag ges&%\ngg tlg%éﬁ ad 1&%@%4%% t0118

eS|r onen nor e speci es
preferentlally break down undeS|red speci es. The

[boosat nodamahy demcg@ &@Kﬂoﬁ@cé’éﬁﬁg AbIOB MRMbRLRFTEA s@Bral of these
the Standard G| Conpany of

stream i.n theW@@
TR P lace SR AR Yl G sgme seai@nfa?ﬁwwu%@#y In serial
Zoydr ACcaadkibmoubios EBRFats,@ikskule, APdY vaedifyian@atalyshSEaltered,
j ncl] ude th% g romation of |i u fied petroleum gas
%iﬁ%ﬁV??wﬁfﬁ ﬁ?ﬁﬂ“?&&ﬁ?ﬁ%% “hqngE preparation of high
quality distillate fuels fron1gas oi I s and ot her

heavy stocks, the formation of jet and diesel fuels
from vacuum gas SW@BX@EFEEM% of heavy

feedstreams such as residuuns to fuels and l|ubricating
ils. [QO054] In _many settin dr opr ocessin
U5 ves B RPN PRI a0 ar s SmeSBoeades e
diaglohdegdsifroat petdleimnl fecltocks st fradiitingd th@edaRChcoOmEih ir@0veEapne
\ i,al . .zones.. As condjtjons such
amgm{%s %@?ﬁt’%’% dla&pgioé{fr“éad@ﬁ% ’\Pe‘?o('}glla?’ﬁndﬁ “catal ysts
are altered, the relative inpact of the various

[do@%atl ONSyE AV FRARYE: hyd HgM%Eé mg'éucﬁ'a Qﬁﬁ&ﬂu&,@é&%?&a

have now foun processes providing co It1ons
b@#ﬁudewea sigpifigany breportion efifbripoiligmondoidntpmatedilewhich are easily

sdpRald %ﬁx‘?ﬁe REhe BRAMbARRE, dl 616 i:gmo\()@d LEIGGS%Q&] Elf%ktﬂutlons on higher

recoverabl e "anounts of these higher dianondoids In

digapndeidibased gopipovnds i napradrdughys diamopiyisis ffregafl syelymbstitutiogs, thus
yiclaads a@@h@t&[@ﬁﬁ:ﬁﬁlﬂkﬁn@i&@ th tﬁgﬂgsﬁ&jﬁl@ﬁr ﬁlfa&bﬁdoﬁzﬁtﬂ%amcular

reacts and Dbreaks domn a sug} ficant proportion of
hydeeprossiine A Pribed ® hrek dave anddiydrogepaianopdiamengeidhydrocarbons

arRiQRAN Ak ShifHed MabnBfiols 90 4initls MRPERLERal g@&ﬁ’)s al so
renoves undesired substitutions on higher
di anondoi d- based conpounds to provide higher

[0dDssRPNdoichs afgcefafe psea&ia inveRh lpidﬁde%ﬁr ocdsES profth@de NY
a pr.oduct S|gn|fbcantl enriched in the desired higher

CFRYSHHPRigiged T Rigpey digmopfloids whigh Ipessy OEWEESSTY) SEerhinga
feads@k t@n;b{sﬁgke&eaﬁbzamﬂmﬂmf RERA A L10RSNEN 8 ARG Rk swith

roc
n)éhamon(?omp components b) hydroprocessing the feedstock with an elevated pressure of

~ hydrogen at an elevated temperature in the presence of a catalyst to convert at least a portion

of the nondiamondoid components; and ¢) recovering higher d1amond01d(s) from the

hydroprocessed feedstock.

[00056b] Another aspect of the present invention provides the procesé as defined
above, further comprising fractionating the feedstock to prbvide a fraction comprising
recoverable amounts of higher diamondoids and nondiamondoid compoﬁents;

hydioprocessing the fractionated feedstock comprising recoverable amounts of higher

‘diamondoids and nondiamondoid componénts with an elevated pressure of hydrogen at an




and desul furize higher di anondoi ds contai ni ng g8liisfary 2007
functional groups. [00056a] One aspect of the present
i nvention provides a process for producing a
conposition enriched in higher dianondoids which
process conprises: a) selecting a feedstock

- dlonted iegipagtureio thegrabice obmeatuiyss toabnlettghlesst d patandahds

i 04 ' r it h. . nondi amondoi d. conpo S:.b
LRSI Bl o PR R RIS AR MIERAR R whodvoprocssed
fprdetoslur e of hydrogen at an el evated tenperature in

the presence of a catalyst to convert at |east a

ortion of the nondi anpndoi d conponents; and c)
[PWs& er i nBISHF@H dsa rg?cgfﬁofﬁwpmtugmq digmondoids from petroleum

nitytdfed B6RERES Righd ARASEIMAIS in §RAYRRRT ARG dBRINEELHaR] This

the present invention provides the process as defined
PHISE &R e Y%téfiatl’&%th‘i‘:)?fft@rﬁ‘%ﬁl TRiXYES YR ASQRroeiEing erndidipRdr
‘hy@rofraéRdr @ehedvidebadak id6Win GXI¥RYdrtSdt st apERION 6f BOhhdRATRHIY:S
of hk her di nondoiﬂs and nﬁgdianondoiqaponpon nts;
Rl R B Sait etprRisd praligieleo it i Predicea diecRergPIodhsg
coiainmg highéreliadoadiidsand hobifigh asndigliondsn theiedsls. ahel hydrocracked
n nqianondoid conponents with an el evated pressure of
pﬁ@ﬁ?&@%n at an 7 18 January 2007 el evated
tenperature in the presence of a catalyst to convert
at | east a portion of the nondi anondoi d conponents;
and recovering higher dianondoid(s) fromthe
hydr opr ocessed feedstock. [00057] Disclosed is a
process for concentrating higher di anondoids from
petrol eum m xtures containing higher dianondoids in
~adm xture with nondi anondoid naterials. This process
can involve treating the petrol eum m xture under
hydr oprocessing conditions to hydrocrack or otherw se
break down or convert at |east a portion of the
nondi anondoid materials to nore easily separated
materials. This can produce a hydrocracked product
cont ai ni ng hi gher di anondoi ds and nodi fi ed
nondi anondoi d materials. The hydrocracked product can
7a 18 January 2007 then be separated into fractions.
At | east one fraction can be concentrated in higher
di anondoi ds. One or nore of the fractions concentrated
i n higher dianondoids can be recovered.

Ta




[00058] The hydroprocess can be carried out 0N 18 January 2007

relatively unprocessed petrol eum feedstocks. The

hydr opr ocessi ng can al so i nvol ve hydrocracki ng

processes carried out on petrol eum based feedstreans

that are the result of hydrotreating steps such as,

thor beeseparpedeinto fragidome ddetrtertstadrie ditattom, catnlyccioochamated infhighat | on

@Qﬂéﬁ%id‘é‘)&{e%%ﬁ}é‘ off &[e'fgagttidnggorﬁgrg(a%ﬁ ilg ﬂeherr Sl‘?ulﬁl)t ofds can be
ractionation, or other refining processes. e

tegakersdr acki ng and hydrotreating can be carried out

simul taneously, if desired, as well. [00059] O her
rovi de _br oken

@é&ﬁfcarbﬁgwgrocessing procedures that p

pr odUtshgdropraeess,padl be guigdpt 8Y Edptively Briessssse pejrolqup
feeidiotiBCT ety diprloBeski £l M0 685 5le MPdrosPhdkihg PrReREHMafed out on
i ncl u tic cracking, slurry

de, far _exa e, fluid cata
pc?ﬁ?lﬁW“?’f‘S@d fﬁe%ﬁ?@'}iatﬁﬁ‘aﬁ@ﬁﬁs‘é} %‘&wﬁlfyaa?aﬂ%ﬁepw%l %4 fRigexample,
t&ggog%rgétallahﬁﬁ ﬁydidi@ﬁnﬁxd%ﬂaﬁ& dnd/onBYdrode RO ZaAtiBn bﬁt@ora}éd result of
I n i S. enbodi nen t he i nventiqn provides

PRt o sy SRR TR M kg PR ke Fnre
qoeted ohtasinmitaneotitly, éBdesiosdt & wrllng desired hi gher

di anondoi ds, nondi anpndoi ds, | ower di anondoi ds and

aftionall sul fur-containing materials includin

(890 Rbndoi (éhgﬁvwmnmewgmw@rw@a pigvidabioles ¢wn products

CRRAIYSRY etnpBYed RipHRE §F or'th E(fnﬂﬂl@@dncsﬁm%ﬁwﬁfbgessiﬂgts%% roSedures
.metal -containing materials and the'like. In"these
I%ﬁl'@zf‘e@%@él}lpFh@lfg@ltqlﬂl%ﬂqwﬂ%%féatahﬁy crpeking, plpeea wepking, and
R 1Be OFachBf BesP P%&@eés PRSI §loRRn 1B &4 Udi ng distillation
to formdistillation fractions containing desired
hi gher di anondoi ds and having materials boiling above
WA lor ethwentbodingets the ddrettioppesvidis prvesssts fatoncEirBing higher
nt.product. can contain. the . desired . .higher
s S et B S G S M B ioidfa o
niyeliagebileds; meet diamdnddide prdosptismsilly gulfuncbmidhing materials including

Lng.. T hyd ro roduct can, contain. .
AR APy TR N 09836l G S
maigrids, aretahrdaitaninmmateriab and tihiikepinghikse procasesibe pawpamatigare

o ey S5 2 S8k S ARl
frfqtigut dootain{nardefired bishemiigmandeidbend ey matedhls Hiling abges apfi/or
bAWHIRR ef ighdt Uik Rdoidd) Tﬁllg) El]‘?:trga?tﬁ&ﬁ pro:gigc? Qo c%nf’?lidlbthe desired

sinp!iglcatyon or even e nation of sone subsequent
highey Higmordoidsomerimiztuteseittanondinmanddids endze by subjesisd fo 8 18
. : 1 ans
e e el e MR ARERGER N D0h SOAR RS,
desised higher fliempndoids and hydrasraciedtnendiathendpid dragario ks c Kierpgoduct can be

sep eS8 ind} BLfioR! RCESS LGS tGRSH BE &ﬂcﬂ&ilrlﬁ gg'd@{rea flhgt ed

rom hydrotreating steps and can i1nclu

' diw@ndg%,ﬁx@sdmer fragtion forigcticup)pge be 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.




or convert metal -containing conpounds, 18 January 2007
hydr odesul furi zati on to break down sul fur- contai ni ng
compounds including sul fur-linked di anondoid (as

especi ally hi gher dianondoi d)-containing dinmers; and
hydr odeal kyl ati on to renove al kyl substituents from

[edoks )/]| -su Hs&bﬁhyﬂﬁgrobésﬁhgfea&ioﬂéﬂﬁﬁﬂ&lh&ﬁto hy@988eking AR be carried

H&l ndoi g- conéalnln ctions resulting from
Opor H’yﬂ’fﬂ S ihog 23 ihediis Thesp g rensssigplopeare
gémbﬁtllbeéleqﬂe‘mn? Bttty s&@s I cfahl [nt:lileé hytﬁd(ﬁfrlbﬂaili@itioﬁ o remove

li k f
g b S R S S S s T
cauaihing mmﬂoﬁﬁﬁﬁﬁqlu@@uﬁhﬂlmewmm&ﬂsldl (m/eabez:ialng higha o r

rocessin
R GBS SR A R DGR 1Bk TSPt tom
albidyl-gubstigutedhighnt diemondofd30064] | n anot her enbodi nent, the
feedst ock may contain hi gher di anondoi d-based
conpounds_such as al kyl hi gher di anondoi ds, or higher
[@Pgﬁo ndoi i highendiamandeiéchuspiring factigns resulting frem ther

hﬁﬁéﬂr&de%g%n& wtkstfuedt Hﬂﬁ}a'tl&pﬁby BY M Rer prodbssed ®¥h RSy Rurther
eedst ock or a synt hetic reéaction

%%ﬂ y-occurrin

disp %F Omt%ﬁp@’ %ﬁ*ﬁ%aﬁ%@éfﬁs to f{fbrr spicsRtEtesInd dsolps theaigher

didfmertolds tie9RYR4h. t he hi gher di anondoi d- based conpounds
to hi gher di anondoi ds thensel ves. [00065] It will also
be understood by those skilled in the processing and
[G0863]ni ng (b&rallppectccssbss’uml‘ﬁ&gmtooniog Iyb@prosessiag stepsiiat i on
ccglflblﬁaﬁgn %tﬁl Ble he; chégyl%%&égt% 1oand eRisadEnents of thlS 1nvent10n
pretreating steps nay esl ra Stuch variation |a
within the scope of the present |nvent|on 9 18

[od@gayary 2R &hbtheY\ @B AL, Q@JngiSBQJ 141 R 102 didmBRlofbased

DESCRI PT| ON OF THE Thi s_ 1 nvention
S e S B LA NN LA I

a §u|IIBr or;iﬁ@%ﬂhglgﬁllﬁuﬂfuﬁ&loﬁﬁl gr&ll@?ﬂﬁg hayba naluréll%zf c%c&ﬁfé@fé@dsto@k or
ustrat.ion epr n Ve process ow di agr am
a ?YBW%C rg?cﬂﬁ’F %mg‘t%gg }1’1{}‘6‘# E‘FBE Ydroprocessing may\Peppsddp Convert the
hifH208ieRpndoldbasél dompaurils Reigtet GathbrlduR tRink@esof t he
process flowin a representative two stage

- &§%roprocess of this invention. [00069] FIG 3 is a
[OeAkbmat i dt willlalps be naderstpod by theee sillod gstbe priocassingrarg refining of

pelIRf FRM Gk #8t 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.




recycl e hydrotreating and hydrocracking processg ®nuary 2007

this invention. [00070] FIG 4 is a schematic

illustration of an overall higher dianondoid recovery

process show ng the incorporation of the

hydr oprocessing of this invention. [00071] FIG 5
woooonades t hree representative gas chr onmatogsephizesmass

ehect ome shink SEAapR iy RS ATHGE: o> (11O o

petrol eum f eedst ock before hydroprocessi ng under
(000841 t TIRERventiay RHilibe M&%&ﬁﬁ@%ﬁ}&?@% gé- méfad £€) the

products of this hydroprocessing o raction at
dpwipgyintthighent reaction tenperatures. These
chromat ograns show that nondi anondoi d conponents have

ef erential Ly cracked and that tetramantanes,
I o B0t Reciiafdan 6E0 SPhBtesart ARB Soadvo
fob e siagie staguiyaoplosdsest tiadidventiotai | abl e for isol ation.
[00072] FIG 6 is a bar graph show ng yields of
various distillate fractions determ ned by sinulated
[08968] i | Flgt 7 ism scliaptic iBuswatioh ofthe proceshibavhintalrepresentative two

00 dst ock and the product produced at

St%gg&?%g%tg?%#ﬁtg%ﬁ%gﬁétur e. The graph shows the shift
from higher boiling to | ower boiling fractions brought
[oadwOpt HIg. 3 RQ scHamEcGRIsRA1S 6f tBTprbOAECNdVOR S replddentdivd anuar y
2007 WD 2004/ 009737 PCT/ US2003/ 022527 [00073] Fig. 7
repxcleydiotenting s\ hydrgerirking precssigighe BIVBRIoRonver si on of

non- di anondoi ds can be varied but how the change in

er.sjon. can have,an effect on. 1. ext ent. of
(OG0 ¥ 0307 ss S e TuBagbh R RL B obERls et
prbaegy. sh@wipg twiidepo@iMST the hairépedctessing of thisammehibgr ans of a
tetramant anes- containing fraction of a petrol eum
feedst ock (A) before hydroprocessing under conditions

- [Pk AGG veraNides deseaunaseriptivasssoomatastapiic-mpss h ot her
. Mﬁ%&@@@ﬁ@?&aﬁaﬂ%&%ﬁogﬁﬁﬁ&m HP{Ag Qgﬂggggfaggﬁc@.ng-

p[ 00075] Fig.”9 is a black and whi eed and
copteing diactionpb p perolen feedstock befgre hydraproecssingnndat genditions t he
' whi | e
N R A O
frastgasb byl ferp 0B taiperatues. Biress/¢hwnataBemS shast et ed i on

nofBERRRbRILAPT AL hite RERHRRFALAR S Sicked and that tetramantanes,

pentamantanes, hexamantanes and heptamantanes have become concenirated and

available for isolation.,

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

hydroprocessing reactions.
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contai ning fraction of a petroleum feedstock (48 yanuary 2007

bef ore hydroprocessing and (B) after hydroprocessing
under conditions | eading to hydrocracki ng and ot her
hydr opr ocesses. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[00077] This invention is directed to the application
waoodoodngeisopr ocessi ng general ly (and espeecabdzywsn2s27

ocgackin t rocesses for .the recqvery and
NPT BT A% FoGRERST BF Beasrs M RERABEY « of eum
dfageodidschishe vai@i®dGilow e chache iadonestsicherat havp tn dfectiah thehe
invention.is organi zed.as faol l.ows. [00079] Feedstocks
eﬁ?@ﬁ?é?@%?@ﬂ?éﬁg%Fggﬁ§PgE §mﬁﬁp'the process are
descri bed. [00080] Hydroprocessing Fl ow Schenes and
(601t FRNSproviddd GERISMRLAPHR GBSt amsRE D GE R Rantdn W

schenmes "are descri bed toag?her Wwth conditions -
coniginiag Bintion efpaetrdiemdbedsions(A) hvfere hydjomrarsive pedeki ng and
cﬁ%@%ﬁ%ﬁ% catg%ﬁgﬁé arecdesc%@ggga&%%%%%%?&%%géﬁﬁpa
aftyr GecbdydraprAeepsing. - representative overal | process
schenes for recovering higher dianondoi ds

' rpQrat.in dr opr ocessi ar.e descri be 11 18

(O 74] P e Bradnd e 06 5 P P s SlsHeipB 0083
thhhih& prioguct 64 theye@prbyessingIRs b @8y eflorfeisapiatce while e $e@Cks

.[00084] The .ternms,"feedstock”, "hydrocarbonaceous
"Sfdg@g%‘f%‘ifféﬂmﬂﬁﬁ“’“ﬁ@f‘fnb"l“éﬁ?ﬂlp%‘@dst ock" all refer to

hydr ocar bonaceous material s conprising recoverabl e

nt £ . .
o M R e B e
cenzignggaction ¢fs peeldunderdsiedntdp befere irpsirapracessing anddB) afshal e,
. t ' ocks
B e R e e
commonly as organi ¢ sul fur conpounds. Sulfur-Iinked
di ners amk1eMEAD DESTRIPTIGN of TadaiNGgoNncl udi ng
hi gher di anondoi ds are often present in feedstocks.
Feedst ocks typically include one or nore | ower
[080ZR O NS ideentien wuditcbicd® thewppliatenuftgdréhreessinggantally The

latter. .are . typically characterized as _conpri Si
e SR DU e R MR o R B A A s
diambidoitg fipmipatleuwnd feddstocks.he range of  boiling points of
t he hi gher di anondoids. Aromatics can be significant

[00078] This detailed description of the invention is organized as follows.
- [00078]  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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nondi anondoi d materials whose removal can be g january 2007

particul arly advant ageous. Typical feedstocks may

al so contain inpurities such as sedinent, netals

i ncludi ng ni ckel and, vanadium and ot her i nor gani cs.

They may al so i ncl ude nondi anondoi d- het er onol ecul es
WOC0006u73Yi ng sul fur, nitrogen and the |ikgecr/éN20030i258hese

OB, AT e Bt oot % 7 ¢ s

hereln. As will be descrlbed bel ow, a feedstock may be

Ffegdgﬁp%sonat ed;, denetallized, denitrified and/or
esulturized such as by hydrotreating; and/or

ot herwi se treated prior to being hydrocracked or

{mh‘ﬁ I Wi Reterti¥ dfeé&fo&@e%&gcarﬂog&g&é afie@l’dcfc éu%ﬁeﬁt ocks

al so include recycled materials con |ng
f epibisfertodudspsabeniseous materials mnmnmgmmsrablmlmnm e

offfiglitr MERGRISRs. DPI@iéfaGIy”é%cﬁfé&Etocﬂ 5‘5 ﬁgﬁ! Sngascdp%? eﬁ%(alfgs ng

feedstock is illustrated in S ‘can
refifery srems, e derived fgonmmwrﬁqug off Egghreter @hdsmmridoires and

ook, aidirdirde! pad Ades s of
’ hliai her di amndé%g@g%%lg?%lgﬁnct [ lg‘rrﬁng ?Szog e} Q
‘Hﬁmg Sregaic sylfyr goppoundst Jubfur-linksddimers mﬁossrmtrms of

dlﬁlﬁéﬁdaidﬂ inBRdiA@hilet @bmod¥BME 290 g:?e?ér{t] ﬁq‘fedstocks

cgl’onahzatlon f or exa amno, nitro
Fe&ﬁ%ﬂ Apirelly meipde paeiop mare lfzwd@momimdel pdiedoi ds, maybe
ndi&ﬁinbﬂ@id)éoﬁhﬁ&@nt@ ST %@%@%ﬂ%ﬁ&ﬁ:’teﬁz&d@% Wﬁg uent

ﬁ@iﬂ gcesses conveni ent | enove SsucC onal i ty
ﬂ‘ln %‘E{? Greg e Pt mpRend oilipggeintcivittdn the sogodf

Wbt hioht: BaMondbids 1 2004/ 009737
T e 0031 022527 '[)%oosej]gr fidRhhes el 20 DOP O
n‘iﬂ anpfseidimatanaly Whosg remeyelisan Iretnatue@larb@g@emagmwpmms of

feddoo@ BRFBRS SNBISAGLADs Wf hiidiingn SHRS! Ml#&rﬁ%maléfand,e

unsubstituted adamantane, di anantane

vapadiym,apd ofhsriaoregicn Bhesmas also inpladernonditanndoid-
heRRR{RRRE RBRinin® GHATRHBHEmd &1 Lane,

B  2ae

undecanmant ane, and the i ke and al so e I'Ng
mﬁ%ﬁiéﬁ%“ﬂﬁ? Eumw@ﬂmﬂﬂﬂﬁﬂm@mwgﬁhﬁﬁmw@@emmsﬁmﬂmmnts and
Ad e bélghs@fbed beiTR Ffe%d@ckm%@fr&cﬁmfed éﬁ?ﬁé{h&éﬂ“{g

ndoi ds preferably conprise from
@11%15%69 swﬂ%bydaydxorzwnng ;apdlen Oﬁhﬁmesxeaté@mrmhbmgd s'

hyhﬁ&hﬂ&ﬁxoh@ﬁﬁ@}wgb @lds and hlgher di anondoi ds"
[00087] The term "l ower di anondoi ds" or "adamant ane,

di amant ane and
{00085]  Suitable feedstocks may also include recycled materials containing

rmre

| recoverable amounts of higher diamondoids. An example of a process providing such
. arecycle-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 ﬁmcﬁonaﬁzaﬁon, for
example, thiol, amine, nitro and similar fimctionalization of diémondoids, jnay be
desirably used as feedstocks wherein the subsequent hydrbprocesses conveniently
remove such functionality thereby regenerahng the higher diamondoid free of such

- substltutmn
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triamantane” refers to any and/or all unsubstiy@yghary 2007
and substituted derivatives of adamantane, di amantane
and triamantane. The unsubstituted | ower di anondoi ds
show no isoners and are readily synthesi zed,
di sti ngui shi ng then1fron1the "hi gher di anondoi ds".

w( D0QBSE7 The term’ hi gher di anondoi ds r eteusoisnzany

or bstl tec
(B0 TR e ARl o S OB O s gt o
cmugmbkmfﬂuB@ﬂwmmﬁﬂmaﬂmmmﬁmgsﬂmmnmmﬂwuawﬂﬂmnahlI

uns ItL d hexamant a to any
oGRS Rl R RS o e LR B Bt
héamiaataee) betaamiang, moanmntareddeeamatahe sntesdnidntahe dnd thelike

i 4. Ut ct nta and/ or
o IRl B BB RE ol S A oo B ieppting
isamd# of thesk fonas Baibstitwtdatianaondoidspsefiratily tdntpelde filee dnwidt a n es;

efeﬁ{ﬁg/ﬁ() 4 glh(gl siibg UP %ﬂtst u‘b?agl{oggo(%dsu ?tﬁ é!}\%egtbgs e as
dlmblhdoads” anddhlghesdlamohdsids?’r e0| soners. [00089] In the
processes of this invention, a feedstock is selected
that contains recoverable anounts of one or nore
(008374 ¢ t s teamgToaer diragndeidd o Sdamniane disidytanesind h
trfa@8 §e @ felfer£10 BB dndBP alBlnstbSi@Sibd ﬁqlﬁ@ﬁgstﬁte@ H%vgﬁvaeggf cast

nDre hégner di'anondoi ds, nore preferab

amapisno g tEAmanianeyJie uryn@n@teé Bawer duamp@asi@ shebout
n&@&l@%d atclreddfly syrfREled (AR g GRMIFRE th Afdhed €€dSt 0Cks

havi ng hi gher concentrations of higher dianondoids
dipmendeidtat e recovery of these components. [00090]
Preferred feedstocks include, for exanple, natural gas

oBARY o nRP R AR eRreREr T AR aP I AR o 1 o

uﬂ;ﬁgh&u&ﬂteﬁﬁm&ﬁﬂﬁé&ﬁaﬁﬁ bRt W11 ﬁﬂ:ﬁtﬁlﬂéﬂ:‘ang ﬂﬁdu?ﬂﬁated 13 18
rocar ponacepus . st,rea recoyera e rom

O Sn g S G108 s o e s s iy
mfarozaksug@mmf ﬁ:&lelssnmwtl }ﬁéptdnhaﬁia?@{’tg anjﬁfﬁlEjoﬂ gl ﬁaﬂmgéae

| Ke ar r_ree ee OCKS I DN € gas

- and pskhsitle %0 P e i padlos “Wﬁe%?ﬁdtqﬁ‘@lbﬁwtﬁ% et
: nollganﬂwumm anpaddiee aﬁﬂb&uugaf anh/aﬁ@ul mtu&ﬁ@e{mahc@ﬂthﬁd a0 hrﬁ_yDuh

r t n n n one odl nen t he
,ﬂﬂf*@éaﬁse%%ﬂe@ %&%ﬁ?‘ﬁ? iﬂﬁﬁ “b‘]%&"é‘g%@%% 25 frefl s Wty ﬁthf
abbyeis @11 hy/iseheergntl steresisvattisanondoi d conponent's and

di anondoi d di ners, such as |ower dianondoid diners

having a sulfide |linkage, all having boiling points
[00@#88Ti An thk proceasey ef this invention, a feedstock is selected that contains

recoverable amounts of one or more selected higher diamondoids. Preferably, such
_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. Itis
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
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of the higher dianmondoids selected for recoveryg amuary 2007

wel |l as one or nore | ower dianondoid conponents. These

feedstocks will usually contain a m xture of higher

di anondoi ds. [00092] In such feedstocks, higher

di anondoi d conponents often cannot be effectively
woneavesed directly fromthe feedstock becpusesofstrheir

| ow concentrations.  Accordingly,. th roc f
et HP&PEOFR?%ﬁtdFSBﬁ&“H%GWQP‘f &&lﬂg% PhSiev E #R e rpve
m%ude%us‘ dghdégﬁft;fes’ﬂ&&kﬁh Eec?fereg @oh tﬁdmjiplﬂdét G‘Sm&ﬂgh ih cheerulf
i apon s e f.ee under conditions to
OfMeESK?Pﬁ@éffnﬂh%fa%% %‘E’Hg‘flaz%“ﬁd?om whi ch the sel ected
hi gher di anondoi d conponents can be recover ed.
931
pBPE e SO SRR ARG ulell HEPRs Y Bon
wmeﬁgsmmnkemHMEmmnbdﬁmanEanmmubmmm@nﬁﬁgn@nﬂéuﬁ@mWéI
as [ ave
L R S e L i FE N
ofﬁ_edrghet difinsnddidsaticant forancovey epesias otk arguofe 1aYYPr| onate the
dir{uhornﬁéid E}% 000, 308 &s?o\ﬁcsdﬁllﬁgﬁéﬁ%@cjntaﬁ}g
enper a

re range ot i1nterest enric I'n the selected_
didmagtiads. dlanDnd0|ds or groups of selected higher
di anondoi ds. The cuts, which are enriched in one or
nore sel ected hj gher di amondoi ds or parti ular

[09f198h e in Frinfeedstnsksghigher dipmendpid cpmpagenis ollen SARAPe 4 g

effe&%@aécweréd%try@mﬁma@@zgtoawebiugmmeanowmbenamw t he
hydr opr ocesses of the present invention. The foll ow ng

Acpandinglysthe prpepsses ofthis mv‘fn@m wapeRlprejreatmpn stepsip OB

sumaieﬁtt &oﬁ&%ﬂﬁ’&nﬂﬂﬁbﬁd&uﬁﬂﬁ&l&%ﬁlﬂmﬂwﬂslﬁﬂﬂl tBoledkiadk t hat

used to enrich various higher di doids in
'uné‘?}f éP‘Fﬁé‘ﬁ’&%to Pravids @ fregteddeedstpckfEpm which they ?Fé‘?‘ffeag’gg‘iﬁs to nake

didhdARbid EERRRAERL A Bo e@RE@Bd. CUt s whi ch woul d often contain
groups of higher dianondoi ds which coul d be separated

i n subsequent separation steps. 14 18 January 2007 WO
(0GB GOEEIHbEEAFRIOBH QP TR Fe M:adBials ifcludes afitsi onat i on

dlih%ﬂs g%? Al EFO r%{;\% oSS H contpOi s SHkn H Ghgr  Cut
diamondoid components as overhead and leave a higher diamondoid-enriched first

bottorns.

[00094] A second distillation can be operated to fractionate the first bottoms and
provide several cuts in a temperature range of inferest 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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Tenperature Tenperature Tenperature Tenperat ur eg k007
Di anondoid CC) (C) CC (O Tetramd anes 349 382 330

400 Pentanmantanes 385 427 360 450 Cycl ohexanmant anes
393 466 365 500 Hecamantanes 393 466 365 500

Hept amant anes 432 504 395 540 Cctamant anes 454 527

wokBR0m68 Nonamant anes 463 549 425 590 Remanmpbvanes

472 571 435 610 Undeg yanes 499 588 455 625

Useful Lower Cut K i%'ﬁtl,om{senperature Tenperature
H gher Di anondoi d Tetramant anes 300 430

Pent amant anes 3 cl ohexama 330 550
Hexamant anes Ssﬁ%é%%f%%t amant anegﬁ%gbgﬁfgoo

Cecanant anes B @40 Hight Sant a][ﬁ%igr?go&@s‘t?c“:

CapRNLanes T?%“%‘B"O T t%"ﬁ\mamte“a’lia‘:g1 ! Gmng 100095]

[ etreat ﬁt procggses for ijge renoygl of | ower

L.aoRadoi ds, angsor hydgocar bonag@gous nogdi anondoi d
cRIReRAM.s | Nclisge, by wey of exasmple onlsmwp size
sepaha@kd ON t echy ques, asgapor ati osssei t herssander nor nal
Hpamhedced pressere, crgstal i zat¥on, ch#8mat ogr aphy,
welkothead separdtors, rdé¥uced pretdure an®lthe |ike.
Formsgrmipl e, | ote@r di anmdtidoi ds caftSbe pref8rential ly
Pervteses from f e@lst ocks Sising a $Ariety #$f techni ques
Fpermagianenr e des®?i bed i Acommmonl y*Bwned c¥dendi ng

pat ent

Useful

Lower Cut Higher Cut
Temperature Temperature

Higher Diamondoid C) )
Teframantanes 300 430
Pentamantanes 330 490
Cyclohexamantanes ' 330 550
Hexamantanes 330 550
Heptamanfanes 359 600
QOctamantanes 375 610
Nonamantanes 380 650
Decamantanes 390 660
Undecamantanes 400 675

[00095] Other pretreatment processes for the removal of lower diamondoidsf and/or
hydrocarbonaceous nondiamondoid components include, by way of example only, size
separation techniques, evaporation either under normal or reduced pressure,
crjstallization, chromatography, well head separators, reduced pressure and the like.
“For example, lower diamondoids can be preferentially removed from feedstocks nsing
a variety of techniques such as are desctibed in commonly-owned copending patent
application USSN 10/017,821% . 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
pfoduction 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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application USSN 10/017, 82152. Adamantane and 18 January 2007
di amant ane di ssolved in deep gases may crystallize
during commerci al gas and petroleum|iquid production
due to a drop in pressure. Commercially-avail abl e
wel | head separators effectively renove | ower
watioasveaigtoi ds from such feedst ocks to avordrexeisionsp?
roblens in oil and gas roduct i. equi t.. Oher
Pl S sh B eaBhibes e RGNS i oS b B o ¢ e
ihihginenbraledorpad tvalispabdowed: fiagibndoilp atrads it@anaafbrdnobueter
di ids therefrom. For 15 18 J ar.y. 2007. WD
SR OGPl e bair i i S a bR, | o,
coreminmis dendsg ths singpfhiphdydanesdoid dop@lehtows @miparedi® ok

retained in the nmenbrane to sel.ectivel SS wer
RS paitaby Bl ERER ARG BRI BE ! o
likiven ples &= wedzio efféct tibrsepapmibiisane barrier is selected to
differentiate between conpounds having the size of

hi gher di anondoi d conponents as conpared to | ower
yirapresessinedlew fehsmesand Comditisnthor e si ze of nol ecul ar
si eves such as zeolites and the |ike can also be used

ffect, size se tions. dronr qocessi ng Fl ow

dafogE 8 BB B TeD SR PRSP L B HES
tehpeaistemiBBonBnoR Bk e bl@ﬂtlmwi of b Slhtﬁﬂé Pge el oraa?leinamat ed

t enper at yre st .co n An the esence, or _.a
corfpig ialSptie B ab o RurocrgE P ot S iR
hpddgedayion oftv@sddiritidg, ByIeidbmdlEa06, Byt dagh RS and/or
e et o v e o
sepyeke BERS LIt Wil eZirbddiedame deendifiy ehon g Ratarklk headh 19 k.

ile tgﬁse vari oys conversiqn steg@zhave, een

fegstog anddne TeRsHion cangitipns dpeosed; ¢ sipgly roapentin a,single Jneetiont hat |
z6he parreiuld ¢ dopdhatidie of Rdsefehdibss tAGRSARE sinltildsusiylopedst ock
and.the reaction conditions inposed, a single
sAPEE¥ent in a single reaction zone can result in
conbi nations of these reactions taking place
harul t [ tially. [.00097], .The..severity
R ARE T e B PR ER it s SO Rt
the Eedstodk argl theprodebsobieetitts frogekeralnmort eenpowe ceslitions
] j ou ondi tions
PG Ehrcel & AEORL FoondRlRads b MU BRI e o «
bibaking dbwwofvieyired diphiertdrnwoduils, d mebkHydjodahing ciduaether ed

-0 kL ' S . ocrackin educes the
g of 08 o PR Bl S St SR B B AT SOMEES
hyifogemtiomofatetioirpadvirenktio ynsstarmion. Desulfurization 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 ormore

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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hydrogenation of olefinic and aromatic unsatur g iRary 2007
Desul furization and denitrification of the feedst ock
will also usually occur to some extent. The
hydr opr ocessed product is then separated into various
boiling range fractions. The separation is typically
wooonaweied by fractional distillation prececeesbysone

tHofe AR fBr criRQY IIMH%EG?B%%S% b oy LR D 00°n

and/ or ases
cqwléﬁ@iqﬂé@ntwhglzmgéhea@cpmand oriebiod |dmged>l'uglneln élamgmlmds: ar bon

nol ecul es i s | ess pronounced and t he unsaturated

oc ons are either full art|aII
[‘ﬁé"g‘ g‘%‘?ﬁ‘tpé%?f’ssf}iﬁ P%nd@lé?ﬁélﬁ%fvlwﬁlsaﬂeg RN —
YRS FRNdR R frbi8 3Bous $00RS SohitIBPE gls@ t@-gloa@rbﬁ@fa%fe?aglg oo 40

27 those used cracki ng.

09737 PCT/ Us2003/ 022
9%25%0@? tod33Cd. Inyihs gaRegiments shawp BHBe examples. Arse r@@l ect ed

comalnhg GRS @@"e Bkt RRuIE Strtfmg:{é ;@ﬁéﬂé ﬁhg g&@@(ﬁfgg% 97'5]@‘ sdand
|

Hz'lll ?{)gﬂ) si red _hi her

Sﬁﬁf %8 ?1%43018614 pleptalpsts gpyebest resulfs atiemperapiyes it the n
rah QI BZRIZSEMPA eébedliIBF00-023°. he range of from about 300
to about 950F (150 to 510C) and preferably 400 to

925F (204 to 495C). In the experinments shown in the
[080d80ip | Tew] plostae (sidédeliydrogen phua fsrisepk padksake) Blisthg avige dTest

th - 875F and
203540 B b bERBE IO B0l Snb P S0l Yl gave”
best results at tenperatures in the range of 625-925F
[0@01@32 Yd%%%%fﬁ%%,gﬁ% éisatgg%&tgpgﬁa%%?é i'S |{r11liﬁie he
Préh@’écedfe ahoyt 0.6%e 20 im@ ,aqu’gam@@toﬁchrésoo

i &4 e@agfoetsnsﬁhéﬂweﬁmyeao 3000 psi. [000101]
_ grocar bon feed rates expressed as reactor space

veI00|t|es (or liquid hourly space velocities

[0001 823\ Hydjoger cirekistish rdes 02,/1te@i d&@t{o@fﬁe% &aﬂfﬁmb@gels)fmdto
S, an e are e ovye
SRR 30 SRR el ien prekionah phass ) QRrso b Gat o 1 ot § o6)

predigrablyé00as 4,000 scfvbt.he range of from about 200 standard
cubic feet (scf) per barrel to about 20,000 scf/bbl

and preferably 400 to 10,000 scf/bbl. [000103] As :
{00)RQ3IN Als shomingn Fig, 1 hyithpoqgcsaugssh aglyﬂmtaclan;g inyaalycr acki ng

B 0N B RS U B RSB |
- feeddepkdspassed dmgigh linenkd td Bactay 12 svhich oontdds bnﬁ(s)c]h ofONt ai ns

hy&&ﬁ&&lsiﬂgd(hﬁmcracldng) 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
| BT | |




hydroprocessi ng (hydrocracking) catalyst. Gase@@3anuary 2007
hydrogen is fed under pressure to reactor 12 via line
16. Such hydrogen streans originate from for exanple,

a hydrogen plant or, a reformng reactor, or as

hydrogen recycl ed fromhydro cracker effluent. Purity

woftgdeersgaseous streamwi || depend on a morbsnozois2z
t han 50%.
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andrd). riﬁmﬁbm ﬁZi pimdsicompmonig pheSorintore diftitlation @olsheeC Kt pri or
A Li gui duct d
b AAEESEL 00l L e thiSE ROl e
ak&qumina@@nbtm¢mmﬂmmwnnaﬁMSmbﬂgtaken off as a bottons

via line 30 to a fractionator 32 where it is split
into two or nore fractions - sonme of which are rich

-~ [0P9R0} Jhwdropmcessing dyirasackinghian alse e qatried it dhisso Obmptel ng
stdged i Q@ﬁovﬁs%&:r@&tzftﬁ@fnﬁﬁ @Hycﬁ’%rafcﬁé.ci‘ﬁeﬁs? vﬁ%e% ar o

renoved via |lines 34 and SONe

- similarfo the singlp eipgsnmitdepicted m%& Ki Aethpprochsethewi iniid. @ah¢ y a
beiis fisciph HOR fradiBRERSERLALN Qﬁf’via'hﬂ?Bégzﬁldﬂ?tlgsJe %‘E&m@%&f’ i ng

liquid fractions represented b I nes 44) .
it g e remewved vt Lo ghemftm@b?ﬁfbﬁhgh%d#@n@dmﬂﬁp@oﬁoms

- fradlig ik Fdaas ée@&d%?&éb?i&ﬁmg ietactoﬁfxa%ﬁch%&ﬁn&%dm ggstood to

t hose versed in the art € varl ous ‘process steps

hydrograekinggatalystyghichangy bethe sqyae o differsaicthan thecatalystesedddi at e
m@w@%@ s&@w&é}ea&m e&%faﬁ&r?@ ﬂéqhe(sg.xgas%? LRgKERY can

al so carried out 1n two
those present in the first stage. Hydrogen is added via ]Jne 50 and a second stage

‘hydrocrackate is removed via line 52 to separator 54 where a second gas phase made
up of hydrogen and gaseous cracking prodﬁcts 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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stages. Fig. 2 shows a representative nulti-st@g®nuary 2007
hydro cracker. The first stage is simlar to the
single stage unit depicted in Fig. 1. In the process
shown in Fig. 2, the bottons fraction from
fractionator 32 is taken off via line 36 and if

wmlm;rongeﬂ a portion of |t can be rermvedpmr;&zbotsﬂﬁsﬁ?
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Y18 18 January %%gﬁ%%%%ﬁg%@%@b% egé%@%@%ﬁ%&%
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treati reacti ons nay e use

ack n
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ocessing schene in
‘W@U% ofl Wﬁﬁ%dﬁﬁﬁéﬁﬁﬁ@mﬁy@Pbﬂk%ﬁmmmgwdﬁmhwhymmﬁpgutesk|ng
reddtbdl €7 is GR\AE 4t QA iof @Yt% kR Gt VALEOG 5@&1{809&) 4 Enc?cgf%r ried

out sequentlally wth Iiquid rec tion and

Regyeleis entaiping edogmican almhfrf%%iﬁf-bt@ rragiPrBeriaglina g4. Also,
theBoREREIEEBS Mb%ﬁl%fﬁé(dugfatd}@@%?cﬂ Qf{e&ﬁyfstrﬁh &%}gh%} so be

enpl.Qqyed in place of or -in conjunct on wt
digpadoids maxheremovel s prosiuelviadine é@hutmrqmmomausmmrm e,
re(ﬁﬁkdﬁﬁydrot?ﬁﬁﬁglrﬁci096§ﬁ§9}fé7?59 fluid catalytic cracking,

slurry catalytic cracking, and the like. [000106]

Specifically, in Fig. 3, higher dianondoid-containing
[ocfomj Thesé mﬁhewaoﬂr¢deﬁmmowts&emwu&we§@@hmm MR8GIRT 68

ta dr ot in c tal yst 70. drogen is
prc}cesaes prowcpm at E: Xegree o% hy%rocra ave proven very hlt;ll%)/ful 0196

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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via line 16 to reactor 68. The catal yst and re@gt_-gmgryzom
conditions in reactor 68 are chosen to treat the feéd
and renove or react one or nore contam nants such as
metals (hydrodenetallization), sulfur
(hydrodesul fiui zation), or nitrogen-containing

womsend7al s (hydrodenitrification). Hydretresamd:2s:7
roduct. i s .renoved via line 72 and charged as feed to

Elﬁ%]@&%‘!ﬁg%-é—?l@%ﬁ'eactor 12. The hydrocracki ng proceeds

as described in Fig. 1 wth the follow ng changes.
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- oxfed ol dséiEdbave Goup VIII and G oup VIB nonnoble or
base netals, such as nickel, cobalt, nolybdenum and
‘tungsten on an alumna or siliceous matrix. Mre than

[0@9319] b Bferredmnadoblemetabentalsbapmppiiionesaatabl ia exceeeh pivat i ons
R A T E (L

tungsterg and st East Blartut 0.5, and generally about 1 to about 13 weight percent of
mickel and/or cobalt determined as the corresponding 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 bage metals may also be in the catalysts.

20




No. 5, 468, 37236 describes a very suitabl e baseig®iRhry 2007
(Ni/Mo) catalyst. U S Pat. No. 4,556, 64618 descrl bés

a noble netal catalyst. Qther suitable catalysts are

descri bed, for exanple, in U S. Pat. No. 5,925, 23538

and U S. Pat. No. 5,439,86035 as well as USP
woRsAady7#375 and WO s 004181056; 00418115¥¢T/(0N26b282458;

@i@}Zi@? 004212660; 004212761 and 004212862.
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iofe gles, or as sulfides. [000110] Preferred non-noble
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5 wei ght percent, preferably about 5 to about 40
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GJrﬁaPatcntNonﬁJZ&ﬁﬂsﬂrs 198208, 5,260308%8), ﬁﬁthMmsYKreg@Q{ ate X
—@19?3@%&99 *Ied ultra stable zeolite Y an
Tctur SiTica:alumna ratio zeolite Y such as
t hose described in U S. Pat. Nos. 4,401, 55616,

[O(fhilﬁzf Ol %aﬁﬁ%a@engé %Tg %Z%:ﬁclu«érggr_l. i oy %‘t@lﬂ sr%) éncef\b

as %S]g%;‘!%@@}zﬁa?%ﬁh S'aﬁhgbchjsemh@@;gflomal pridés suthcas aloméay| ar
silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-berylia, silica-

titania as well as ternary compositions, such as silica-alumina-thoria, silica-alumina-
zZirconia, silica-alumina-magmesia, 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 famities.
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.,
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si eves which can be used include, for exanple,18 January 2007

si | i coal um nophosphat es ( SAPO),

ferroal um nophosphate, titanium alum nophosphate and

t he vari ous ELAPO nol ecul ar sieves described in U S.

Pat. No. 4,913,79920 and the references cited therein.
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- crkls 03% Wi paliddien wasSistd i &re plesit BAampRill | ca- magnesi a,
silica-zirconia, silica-thoria, silica-berylia, _
silica- titania as well as ternary conpositions, such
[089115] | Fucthermbemera thah ot catplysitype sy &¢ wd indhe pictazoHiea,

o el G B R O M S L BRI RRERE T 0 e
hfdoatroatng cgdh@aﬂt&m’d@cqacké@' cpﬁahratcesbedxye@é osmixpdinadinglg
redbidst ﬁf{&ﬁ)lﬁ% F ﬁﬁ)éeﬁ % l%ﬁgg gﬁglgét sygi?éﬁ:lg ) des'c\@;eﬁ Erﬁl] byll"]atent

occurril conposi e
Noat 2536 mmt$ﬁﬂé6fﬁose of the nontnorillonite and

kaolin famlies. These clays can be used in the raw

state as or| nalg¥§ m.ned or |n|t|allg subj ected to

900118k TY-8Batsht No 153§ e dpsvabre = Biehaptiy Bydrotraiinercrieliti on,

syt med i g%é@%&c&hi@t@oﬁa%aﬁ%@r coRtRIfE &bﬁ%duﬂz MJ%E’% nickel
5,495, 28363 and WO 014607164 can al so be enpl oygcg 21

frqmg abpahirk Yt % enylybdeperesd pm ehentir4 pEfPhrspheay
ol Q&%@ﬁml&n@a{o&ﬂwaﬁm 1 maibed wabaht@omﬁgiacgatyal yst

conpri| ses Y-1 Z€0| Ite, has a unit ce

hssdmdésukfvnzawtalz# ce;ﬁmmg ﬁmsalazv 2&& 2@% phaltpd/grigeler t han

fr8m BoouP8-155%1 % BoBbAMnBA a8d RALBH abf@0 5 399, piB{plerund a
sodi um content ‘of about 0,2 w % This Y- type

S@%ﬂ#%ﬂcamﬁrem%ﬂwoamgal%y air to about 1000C,
©may be used in the catalyst base. The ratio by weight

us |no ani c_oxi de,.co nt to th
ofbna TSR s oo e o w6 PRROR R |
h;lmﬁﬂmmg catalystscnOwdl inthe frlddfpetriidun fheressing Which cih t&rm@bdz 1.
Such a catal yst, made up of 60% wt Y-type zeolite and

40% al um na and
[000118] The choice of catalyst 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 amorphoms
aluminasilicate substrates can provide efficient cracking of high-boiling confaminants,
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
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carrying 0.5% wt palladiumwas used in the presghnuary 2007

Exanpl e 1. [000115] Furthernore, nore than one

catal yst type may be used in the reactor. The

di fferent catal yst types can be separated into | ayers

or m xed. For exanple, hydrotreating catalyst and
wdnpawars7acki ng cat al yst can be | ayered opcruseerdot2gera

L ngl react.or. a es.of m xed and | ayered
ST i oh SOt ol BB SR P s ot el Sl aten rege.
stablO2d r& &b 38ivitn Hetler MR, plediddoflsOIBP116] U. S. Patent No.
4,534, 85217 describes a high-activity hydrotreating

catal yst system The upper bed consists of a catalyst
ishideh about 2-4 wt % nickel from about 8-15

% ol ybdenum and from about 2-4 wt % phosphorus
on a carrier _consisting nostly of alum na.

wt

[%ﬁgzraor ed (

[OPREPO] haeromsoogssing Aepssuddias fhoss shomnip£igsi 1 ¢ and 3 can be

iyt plsraeEmty dvikall gRbdsORh&RE B Ysberh@itigtnd A fibprRP O Ut
%cobalt1 and/ or nickel, fromabout 8-15 wt %

2-4 W . L
diagprdgye e saTple Best insiaestydioproprssingichane 08 efFfisrlus
inSetpgRsted it sG¢h 4 o9@HEI prédesscONSi sting nostly of al um na.

[000117] These materials are nerely representative of

t he many hydrocracking and hydrotreating catal ysts
[006IGHIN In Rigt hen biailtiiafonied readvertymropess det:s istimgynii this can

1 The . I f t al yst, b
i 83t LOSPRIAMs o 15a ISR SRR SRS | e
afipescipgd fhetocessdd0 asudtl telsehetny 2000y BOCEfFidsnDanddnaserei kons
' . | af i . aci.di b t al
ol plgritoestsBly R Gis, Bl Rid PSS et phor us
thepluginfine 48 itd dbpedpberpuiiztiliatian edunenl? whea\lighecompbretts ant
j igh-bai | i ] t . Th I
R 35h 8 aft ool s SRR A A s T EOWR o oy
producthestriniglte. highpOladoh8didsSo well isatttshaontcaipondnBige
. h 8-.8% f ft [.i nkj
R sk 38 TS e Syl ol o e eV S g ¢ e
arb fakes. repTiversal Hyi GilAR 1id:8 50 42y 54) 56, ROAT botidRs 1RO, 009737
27 sul f I | tiyat bl
R R T O e A
. costpinlak bigherdianendoids veithtthehighyr nvedriak beinghighee bpiliesaa d@s of
f ul | L. P h 0120 .
e S i M
resiquu repmeberBediayriinb 60. A repseniative lghei-ditmpordvidcadtiinify @€ €S S
reﬁ&gg %?mé Nis %soeﬁ CéSEfTEiéd’ i%]‘.‘: thgl%!dl%gr%cersggg ngtt {Nﬂl%h Igflnegalgeg Ezs 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 nitro g\‘en 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 18 January 2007
hydr opr ocessi ng schene 100 of Fig. 1 i ncorporated
into such an overall process. [000121] In Fig. 4, an
overal | di anondoid recovery process 400 is shown. In
this process, schene 100 is preceded by a pair of
waogood7Bat i on colums. It will be appreecavsesbhsty
schenme 200 .300 .of, Figs. 2 and

100 | d.
BT g G B P oRr CL b e o e ag one.
frRitianTycioffof o 32ivinginbs3aglast dior ddscah belpastel logiogh | | e
40 t. t heric,dj.stil.].atj | 42 wh .1ight
P Sk e 02 e iR Ses LR s BRIt T
stda,62 s_ﬁh aan;do_ }&ﬁe oﬁmrﬁthmmqaigwpd_ hie st_ﬁeaﬁsindluﬂiﬂg lga:@r oduc:
nt nLNg. e | er. nonNaQol as . a (0] er
R BT o) SRRy o2t e L
difkhsdn ﬂedlz(lcﬁiiqiué‘anzo@@felﬁﬂiﬁg, ﬂﬁgreksgye@?bﬂm?aﬁan, _aizélﬁf)aisrgio;i gﬂf g z ts
arl. ta nrtr resent.e. A | | e I hes , ,
e bR A BRs Bl gl doiondie, 1M artbss it
recmiletebm.fee.dmckghgy @@ﬁll%?!lﬂﬂd:tdigo g*gwis_; c_stmtﬁ{cﬁbmﬁtbgﬁﬂhbr kgihe cuts
, t | I nonaol ds W e | er .
e R T
letdiearhisoedicediaitieiprrgudt thaithis steScan be bliraisatéd Thssaieed by
i d. 5 i i , ted i
ooy iR g Fu e pogtr Rt e GO 6 SRl ot

targetrhbahetidisthéndbids) enddBystallizative tb @ovideadghtasqif piirk @rget higher

.hydr.onr ssing uynit,. which operates as set, forth in
aighaE Y52 Lt dupged B BB e R Giftenroce
croypdlfizatiad to decd, ifirthad comanttiansy, e babpleyrefativaaiillng, |t

[ ossifhl e [9.5eparate t he di anondoi d- cont ai ni ng
gafglgalg?tf’%rﬁ‘? ofe ﬁﬁfdgfsgrg'ont ai ning, sul fur-containing

and/ or nitrogen containing species which are often

i . . Y i 40.
OBOSE TE whbelifec EHUEPUERITH BREDrLE ok QUGN coh B

opiexpie drpbaihenap wifh dereddiptatstaragebed 14. These problens are
reduced by the pretreatnent distillations. 23 18

January 2007.. WD 2004/ 009737 PCT/ US2003/ 022527
0M@‘E—ﬁaﬁwrther shown in Fig. 4 one or nore of the
- dianondoi d-containing fractions taken off of colum

- 4. 42 and/or..44 can be .passed.to post-
(002l Tme S8 pessct Go ol ol Bb R T BT RAROGR RS
- ex@9pl8 58 pﬁaﬁ&édimpmsthes@pms@mgde a_s¢oa1_.pesit_6cﬁx coaprisgigpt oy one
lea%{ te%a%taﬁg gn%rlr)%ﬁtmgano ! \%théo&pgﬁexex S %merlelg%i gt!»nrllp%siggnscomprises

at least about 10 weight percent tetramantane components and 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.

i
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chr omat ogr aphy, hi gh performance |liquid 18 January 2007

. chromat ogr aphy, crystallization, thermal diffusion

t echni ques, zone refining, progressive

recrystalization, size separation and the like to

i sol ate and renove individual higher dianondoids. In
womahesas7pr ocess, the recovered feedst ockommyobefarr st

subjected to gravity cg#ggﬁgﬁgronatography usi ng

silver nitrate inpregn rca gel to renove

aromatics. In sone cases, aronatic levels are SO

OBy B S b TSR0 B

di fferent columms of differing select|V|t|es to

[obBRIAtReptine FebRioBilchtigher di anpbndoi ds; and
crystallization to provide crystals of pure target

er i ds. \Where higher dianondoid
mE@%&erﬁ?’?{ i g@ﬁ‘qgw@ayﬂot hi gh enough for
crystallization to occur, further concentration by,
00029 Sdapi3l. e ,Fepis‘@pleatraodpheeicda;pjlldtﬂoar y gas
chromat ogr aphy, maybe necessary. [000124] It will be
[0ARARICSHAL Vddfthn HREAHS SFURsdfHeliSdiBlaAdiGesRpC eSS

schene be operated in batch node wt

i nternedi ate_storage. Conposjtions and Ut| lity
109\ 25p STheHY&waveesm%%fé@efész &P de novel hi gher

di anondoi d conpositions. For exanple, in one
[oe01B2id iSRGt , Rehesatofurontis ambpout astidtenoadotimmpaishis on

conprising at |east tetramantane and pentamant ane

OFREE SRR, M St RORRAS PR APRRIBCT et

and at |east about 0.5 weight percent pentanmantane

conmponent s bak ldstxelurEeof figt ﬁecﬁwmm‘é‘ﬁe fecigrsndoi d

conponents pr esghthed HBand Highrdiaklimaindoi ds are
useful for special polymers,”in mcro- and
nmol ecul ar - eI%ctronlcs and_i.n. nan techno 0

appl i cati ons?) | }feqsdcolrpp phgitferenty e‘i““&”&?’i"gl%e?i’lf‘fﬁﬁgt h,

stability, therm@%rﬁﬁﬂﬂﬂ§H¢VIty, variety of structura
forms and nultlple attachnment sites shown by these

e s _possi bl e accurate construction of
St?pio ed%?fﬁgglﬁ‘%@ preci si on devi ces with nanoneter
di mensi ons. 24 18 January 2007 WD 2004/009737

[0@%%%&9&%%%&? tefrate Whie Ebtgng&ﬁ ORds? Matedils ﬁclﬁ&@%@

on overa process as seven steps.
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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[000127] Step 1. Feedstock selection [000128] $ emudry 2007

GCVB assay [000129] Step 3. Feedstock atnospheric

distillation [000130] Step 4. Vacuum fractionation of

atnospheric distillation residue [000131] Step 5.

Hydr opr ocessi ng of selected fractions [000132] Step 6.
woRenmyat; of aromatic and pol ar nondi anonﬁl@f,glszg‘(gmgﬁents

t 7. lti-colum HPLC isol ati on of higher
oEAD ek B o it i rorr PGt BT o
cqpfioy m@ra‘smmﬂmga highetidiaglogdbids Andstp gkde gashi gher

AR5 oy ot S 1L

tr&okﬁmhd&tab«aigeﬁ@haaﬁmd@m&wgﬂ sutsbubi oRtid @bdethiies.
materials were obtained. These materials included a
gas condensate, Feedstock A and a gas condensate

S@bﬁré@ﬁ$@@ﬁ$ﬁ$ﬁbﬂ@dhﬂdbhpbnents Feedst ock B.

Al t hough ot her condensates, petrol euns, or refinery

and products _could have been used, these two
tqﬁﬁ#@ i QF@PPJ%% Eeedpteckdhwandistifled 1o @impmber ghragtionsbrsed e
. bdiﬁlfgq:eﬂltsrtaﬁdpﬁﬁte the W@m@@wco@oﬁw&m&%ﬁe Ald
t erm ned CGC and

[ % g ndoi ds, GC/ MB.
8‘? WaLY grader %Pécqmgﬂﬁﬂw%%@%wfmcwmgher
dlgﬁmdbids RS/aridue iivties. THe ﬁ@lds QtnipherisWi®MNatt fractidnt Mwhssay
------------- January 2007 WO 2004/ 009737

SBP%%‘P exeisg of Rysbstpsly Brare Sh"‘f“b‘@@i@s  below gad & Rongasfpddo

sifladoy dieilaticii yids0 &S s6h HoRPa0Ig Q wﬂm@mmﬁd&aﬂ%}a y to
ence of tar i gher_di anondoi ds and

.conflrn11h§ ggmf

nagreempent, Vi thy, Effillgtingdar & “@mﬁgﬁﬁﬁWNEWQM@m&?fcn

uskd'@PanlsatisgRbnt ABGIRGHRl S. This information is used to
track individual target higher dianondoi ds through
subsequent isol ation procedures. Step 3 - Feedstock
At nos FABILER: [Nidds dfl AdmbsphefiODBGIBGn Praetion! feono
Feedst ock B wdsvodtieparatel Raoks of Weedstoch®ber of fractions
based on

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

To 349 8.0 7.6 0.4
349 to 491 37.0 37,7 - 0.7 -
491 to 643 31.0 30.6 04

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 39.3 3.9
477 10 515 4.8 7.3 -2.5
515 to 649 28.5 312 -2.7 :

649 and hisher 35 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
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boiling points to separate the |ower boiling pp Rhuary 2007
conponent s (nondi anondoi ds and | ower di anondoi ds) and
for further concentration and enrichment of particul ar

hi gher di anondoids in various fractions. The yields

of atnospheric distillate fractions of two separate

wosedibes of Feedstock B are shown in Tabi:@r/(&zogb/@jzgw and
are contrasted to sinmulated distill ation

| d As
W PP B B ohotoHn bl s PR KBRS o ar e
Fdefstea@ B tat aiibfdntbhonetCt ual distillation data. The

sinmul ated distillation data were wused to plan
subsequent distillations. TABLE 2: Yields of
At nospheric Distillation Fractions from Two Separate
Runs oi S Eh ‘% dstock B (Run
2) Dif ‘éﬁgﬁgeb% ?‘E‘“%‘QF F@(‘(ﬁ"%f HRETSC (W To 349
8.0 7.6 0.4 349 to 491 57.0 57.7 -0.7 491 to 643
FeedstocSR - ﬁu&Qp&an.é}mﬁﬂ&l radid 0 IghBRoms O 4.1 -0.1 ~Cut (F) Sim
Column [Re& &ep48fvesk B (Run 1) Difference Est,'d Yields (W
O/0) t To 477 63.2 59.3 3.9 477 to 515 4.8 7.3 -2.5
CUT | valOr TEMISWEIETI VOLUME -[APY PeENsand [ wrgieror3| wr2.| Yol 4
sPL &, 4r - | 61 act i| e @lehan 6060 PirpsphercT |IDCSt | PCTat PON
1 e ST Itk Pabevacuem D STl afiass [ DG 3 4p.3sT .o ¢ saMdot || ng
2 c¥6cedstoackesi9 at mwgpher | |&.6r esi.g@deium f 2od |38.89} B.05 | 19.62
3 T@2c prp¥R2s| 3343 2- 4 3%ei ght| 83er pEH22 of | 1048 |dpflg) W4 | 10.02
4 19206068080 16T 0n d*rsm |15 | 119969 559650525 0 Ll o il 28,
5 890, Lp [852 | 1673\ 18] TRk ¢ 09336, U505 1549 g%m ol e
6 853 PLTo000 | FerD o kS ) T3ko | Fodiad © 1505 [54Y 5. 5 Y
7 of' P* 1050 ] 23R4T PIUEESS 1493 1P e3gy U Y2208 e WO 17 [ 7.80 .
8 o0V §4d97 4 PCTIS2Z0037188 2brebos . - | 2589 2l7b1€| ASTNDEN i C
9 oo 0- Ohooor| asi T orfms  Tabl|asB | d.d4sest r p2.es |kise Mh.ast i REsat || on
10 190epol 186 [BB Feeddt ock |B6.HS5DID538 (i 5283 || 2197 o280t 2.6fhs
CcoL 49 4 34 | 10489 012 [012 [o012 [012
HOLDUP
BTMS [ 1026 | + 621.8 503 34 [1.0489 18.78 | 17.98 | 18.69 [ 18.01
EOR TRAPS 178 20 054 | 0.61 | 054 {061
|
| TOTALS 33117 | 3298 100.0 | 1000 | 99.56 | 100.15
0 0
LOSS 14.6 5 044 |-0.15
- | ¥EED {. - 33263 3203 3.6 | 10100 1000 | 100,00
0
BACK CALCULATED AP1 & 94 |[1.0039
DENSITY
TABLE 4: Elemental Composition of Feedstock B

Analyses on Feedstock B 650+F Resid
Measured Value
Nitrogen 0.991 wit%
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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TABLE 3: D| stillation Report for Feedstock B-bi@%anuary 2007

Feedstock B - Atnospheric distillation resid 650F +

bottons Col um Used: Sarnia I{iVac CUT VAPOR TEMP

VEEI GHT VOLUME APl DENSITY W VOL WI VOL ST-END, F G

m @ 60F 60/60 60 OF PCT PCT PCT PCT 1 601 - 656
wsGde639 4.1 1. 0435 20.12 19. 38 20. 03 #Er/éd2003822656 -

702 ,666.9 646, 0321 20.14 1 51
T§@548w§€§ﬂ§§ﬁ @?5“@ °§mbT%ér ﬁ%§mfﬁmﬂi %%%8@6‘02
Btddsgheric SidfllafiGvresddub7 Subbehubnt SteBa&20ve 1Hae hatithals5. 04 5. 25

5 800 - 852 167.3 181 21.7 0.9236 5.05 5.49 5.03 5.50

6 852 - 900 167.1 181 21.9 0.9224 5.05 5.49 5.02 5.50
Siep §o(lydropmeessimpof Asolgd Feattions 0. 9267 7.25 7.79 7.17 7.80

8 950 - 976 85.4 91 18.9 0. 9408 2.58 2.76 2. 57 2.76 9

976 - 1000 80.8 85 18.2 0.9452 2.44 2.58 2.43 2.58 10
(0P85 i@tﬁé@a@?m%@mfsmgte@al@%%d@h%@ cpis §-and5 @szlz 08

3B hasprdpardd hd 4naly8dB3DdiBndrdolds dnd nBndlanddddids usih AP BTMS
1026 593 3.4 1, 0489 18.78 17.98 18.69 18.01
%ﬁﬁggmfvmgiﬁmﬁﬁ¥ﬁ§¥ﬂélbl 0.54 0.61 TOTALS 3311.7

3298 100. 0 100.0 99. 56 100. 15 O 0 LGSS 14.6 -5 0. 44

P SRt B 0,00 ©
celoberamertine Gouwdsmall 4nicants of othar bekataginend Aertding se s o n

h%‘?agg@t‘aﬁmﬂ}l&g QA A wride bl cNEESH R Shia B ittoatdhid HOGS"

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

=al

hydroprocessing in a laboratory scale continnous 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 i, 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 hyd-rocarbon
| 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 hydfocarbons. These could
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Sul fur 0.863 wt% Nickel 8.61 ppm Vanadi um <018 Padiary 2007
[000138] Table 4 illustrates the partial el enental
conmposition of Feedstock B atnospheric distillation
(650F) residue including sone of the identified
impurities. 27 18 January 2007 WO 2004/009737
w2003/ 022527 Tabl e 4 di spl ays the veigittospesgent
nitro eg, sul fur, nickel and vanadiumin EFeedstock B

b e4sbaiplie pYehead ich g bysPRoFRIor &4 pre(fe by et At g d
péxﬁﬁmeeeob@s SndBALioh 8f the hisHeLRamondoiltl/ Cifa018 5 F& @eSdengibayf
| sol ated Fractions ;(3001 9] A feed nmade by conbi ni ng
thegesuls ofhydroprpesssing & 87G°F rpactiop tepperaiieny 5 (Table 3B) was
prepared and anal yzed for di anondoi ds and
nondi anondoi ds usi ng g@'?ﬁ chr omat ogr ap nass
spectroneter ("GCMS). iO] This distillate
fracti %&%ﬁw&&fﬂﬁ rg)rgf AP BSns JAENt amant anes,
cycl oh . . e founts of ot her

%ﬁﬁ@ &q‘o%d 3% T Eee% allulltgg es) along wth an

hexama td

undesi r figiicated in the gas

chr omat stillate

fractig rocessing in a
processer using

| abor at
a catal o r phous al um na
BV O | pressures,

and pal

hydrogen—flow rates and feactor spaceivelocities.
[00014 4R FOMY; o hydroprocessing % (total pressure
was maiintained at 2300 psig - hydrogen flow rate at
5000 SCBRLogs¥ickdaWor space velacitylat 1.0 lift,
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hydr oprioBepaieng run. Figl 5B is thdldata fromthe
product pBwereced at 800F reactionlMdnpperature show ng
t hat t hendroead nondi anondoi d_hydr oé&2bon -peak drops
inintensity relative to|the higher difanondoid
conpongenCs-18#En conpared| to the s®apqing materi al
(Fig. $A)80-JBbw best conversi ons wergsfound with the
reacti gn2sotaspyper at ure at | 850F as gg@em in Fig. 5C At
850 F messolaoowd I of the (indesirablig.42hondi anondoi d
hydr ocarfgors borling in {he - /750 Hg@|- 850 F have been
conver {€@s+ 92.52
Mass Closure, Wi% 97.82
TPG Dist, by Wt%
1 8t/5% 76/194
10/30% 232/358
50% 487/
70/90% 640/755
95/99% 800/875
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and easily-renoved | ower nol ecul ar wei ght 18 January 2007

hydrocarbons. (Fig. 5C). [000142] The shift from

hi gher boiling to lower boiling material shown in

Fig.s 5A through 5Cis further illustrated from _

simul ated distillation data shown in the bar graph in
wdrogroo®37 [ 000143] As canbe seen from Fi gecr/b8eslishsHC,

and the bar graph of F ﬁ the hydroprocessed

pr oduct cont ains a Iarge Prgctl on of Ilght

el e J?fﬁl%”&%"g‘f%@ R (O

such as by separ at or 20 and/ or by f_ractl o_nator 32 in
Fig. T TOo permt the recovery clIIU|ouncu|Cﬂ ef— he
hi gher di anondojds. Table §; %sq[rl bes the

G Dianfndb AT OPr §fEssNY at ;ﬂs
tgﬁrrperat ljlre TAB éﬁédt Bﬁul tis
g

Wtﬁﬁ%ﬁérﬁ&%é 1'9 RumS, gy —+H

aozflo nPercent
§sf | ter
&—E88¢ af ni ng
2

a?g

1
1<

—
\ 2.0 'I'n
Téhatmtant A5 M PO 0 1:1&;;' 2] <T
4 s sta—18 TaS—at €, B9+ ,
%ﬁggf nﬁn fout 32,26 Ne Losség elds, ‘n—ﬁ—ZNEI—’\“i% hane
: 5 3 Hpaner4-—1-7—1=But-ang1
Meth T L 1800480r g £ 85
Pémﬁ&iérﬁiﬁ‘é#f o 034 033 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 colunn (using cyclohexane elution solvent) to remove polar
compounds and asphalienes (Step 6). The use of a silver nitrate impregnated silica gel
- (10 weight percent AgNOs) 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 fetramantanes 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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250- 550F 38.88 550-700F 17.42 700F+ 18.44 C@&J%agﬁzom
Mass Closure, W% 97.82 TPG Dist, by W% St/ 5% 76/ 194
10/ 30% 232/ 358 50% 487/ 70/ 90% 640/ 755 95/ 99%
800/ 875 29 18 January 2007 WO 2004/ 009737
PCT/ US2003/ 022527 TABLE 6 Yi el ds of Specific Hi gher
wokigdiosrddi d Conpounds i n Feedst ock and Hydm)m@mﬁsﬂi ng

s L T B

oﬁieatetbiﬂtseﬂeEemet&ie admotpie phdse 6tes. 00insll/Ghin. A series of HPLC

thylte ne #1 0.26 0. 2 etra I ane #1
sqtgnd yors G RRoRE v it S e ki pfgaaton o o
sébeiid APEG$yatem. #3 0. 46 0.65 142 Methyl entamantane #1
0.20 0.17 85 Pentamantane#l 0.34 0.34 91
Pent amant anc #2 0.29 0.27 94 Step 6 - Renoval of
[0HABht Fatharirifestion ofmmmgﬁeaﬁd@wrﬁ;m@m aship@00144]

Hige Al lstaRERAHR AR s% tﬂlﬁg a
%&ge ° gravi ty HH]%%I ogra §asco i th

tl@yiﬁqamﬁ@k%m@n@s bighe diagendgida thpn the ODSreolywmn distuaged above.

Isolated diamondoids are analyzed for purity by GCMS and allowed to crystallize in a

super-saturated solution in acetone.
EXAMPLE 2

[000149] Steps 1, 2 and 3 of Example 1 were carried out. Atmospheric residium of
step 3 was then processed in a pilot-scale wiped film evaporator (U1C model KDLS).

f000150] 1In 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.

[060151] In asecond 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 11_6°C to yield a first stage
distillate of 35% and first stage residue of 65%. ‘

i

[000152] This residue was sent through a second stage at 147°C fo 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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conpounds and asphal tenes (Step 6). The use 0f1@kmumy2007

silver nitrate inpregnated silica gel (10 weight

per cent AgNQB) provi des cl eaner di anondoi d-cont ai ni ng

fractions by renoving the free aromati c and pol ar

conponents. Wiile it is not necessary to use this
wachwsanasogr aphi ¢ aromat i c- separ ation met hoolys2008/022527

i 1 Tabl e,.6 shows
R R 7 Ry ot d B Sl E 80 o o
oR héla%lﬁré@l ‘fStaesd] K1F§48rlammtd ngslym "éhlamdsabu gontaiedbigh

1REIPSE, HﬁﬂFS during the process.
Step 7&%%5{@&1%5?@5]319‘%%%% ol ati on of Hi gher

Di anondoi ds [ 000146] An excellent method for isolating
[00018a} PAIkdtdl }zheﬁk'uﬁ bez300 @ MOIAOLAS) HSCH,/YEF 4066 scHR] Gnd PLC

col umms er ent sel ectivities In succession. 30

2 YA 50040 ot iy TR e ek MndiRer Sapgiid

m[a@ﬁﬂs’l, Adwetitamdabuifle debhiGtiohOT LB fF Ba%isBlrditfonbol Wiat man
150 ODS colums operated in series using acetone

dﬁ?” bi |l e phase at 5.00 mmin. A series of HPLC
fracti ons were taken. Fractions were comnbi ned and

OO, ABp ML LGSO 00 RSP UELE

spSfbShuHRLIEs thamBillicarversionachi eved using a Hypercarb
stationary phase -PLC colum which has a different
sel ectivity in the separation of various higher

(00156l xR @ﬁWW@I@E@ f 8128 s dhosesd howuglndsovasion

of |1181911@§0ﬁ§01@§' ﬁﬂ%ﬁﬁﬁ Qﬁmﬁfc@wﬁﬂ RsZiethis o(ffossp&frd %@CI\/B
ura

and allo to crystallize In a super-sat
dl%ﬂé?lﬂﬁorihpﬁms%wmcep@wm@r (xeq E;@@lmﬂ]fregpé@éormonz and
cadboRolidxa € 1 were carried out. Atnospheric residium
of step 3 was then processed in a pilot-scale w ped
filmevaporator (ULC nodel KDLS). [000150] In a first
[00QIRT] tAdditisiebaptididatic idhswory\@sriell 86t vdhg fe B5U-B500f fe@DP 9/ hr

Sp pm Pressure was 0. 004
7qﬂﬁﬁﬁﬁvﬁﬁﬁzﬂﬁFtﬁ@gﬂ%%?%gﬁm vaporate tenperature was
127.5C. This leads to a distillate fraction (65% by
i |I| ange of
(0817 Rl B Bl TR BRS! e TR o438 na
listsdin Fahlg 7r ange at 750F. The dlstlllate cont ai ned 0. 83%
w sul fur, 397 wt ppm nitrogen
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and an API grawty of 11.3. The residue contai ngdanuary 2007
2.71% w sul fur and had an API gravity of 12.3. The
distillate of this run was used as "650- 750F Feed" in
this Exanple. [000151] Ina second run, the same step
3 residue was subjected to two stages of wped film

waEeisorat i on in the same evaporator and gemesaadsiypsizhe
same conditions. The first stage was carried out at
an average tenperatur 88BFET16C to yield a first stage
distillate of 35%and first stage residue of 65%

Yigldrod Bmpific Highsr Piawppeigid (oapowdsin Feeds@et#da second st age

HygdtoprpgepgedPepdistel d a second distillate (19.3% by w,
basis first stage feed) having a-ngmnal boi-hing range
of 7Bighems0oF. [THVeiskidednd Weight Yoin | Lerspt Yelldd 6. 920 w
sulDiamondaid had| affembstockr Jvi Byodyet 15 0v¢-%wf s |second
distillate was|used as " 745088tmsEedd" #6554t hi § Exanpl e.
31 18 January R007 WD 2004/009737 {PCT/ US2003/ 022527
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800F | ed t f i noval aqf W esirabl e
* RAOMs Wélr %8&05’1&%@("5’?‘?55‘7% mléﬁﬁcalv\ever, neasur abl e
destruction of sonme of the higher dianondoids was
observed. 1000155] A run at 730F at a LHSV of 0.25

but al
Q0531 o M BB e Bt i ol BB ar R By 10 B
comlittbnatoldeiBivy oiwaied Bydremrbos mupneiies while wirginadighoer si on  of
non ard r
oo GRERAR AN B B St n
tqamemtanet Ammreasecmphb ragin af l[1>f2)é] @ailfliléﬁﬁmﬁmgne indicagen ﬁlef ree
f I [
des%& 09‘113% [ o‘r’fzst‘r8 lgi (%%1/\6 r aepiaggaﬁ |19539%c§tz]}?1fsﬂll fézn g
mwmd&s&om& mpan:ieas moifiBeHd using-18w/rage ofiho gonibingd GCMSD 00
/ Qi l
iR a0 S eeantc e SRR SRS bl B O ee
selected impurities (9. 20 10.05 and 10.90 mins. - Fig. 8). The goal of the
hydrop‘rocessmg 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
B 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 jonm/z 292 (the molecular ion of the
tetramantane isomers) is used to illustrate the concentration of the tetramantane higher
diamondoids. Mass spectral ionm/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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listed in Table 7. 32 18 January 2007 WO 20044 90héark 2007

PCT/ US2003/ 022527 TABLE 7 Yields of Specific Higher

Di anondoi d Conpounds i n Feedstock and Hydroprocessed

Product Hi gher Weight %in Weight %in Percent Yield

D anondoi d Feedstock Product (W -%of Bottons* feed)
wovisewyd787%et r amant ane 0.56 1. 00 87 Tet r anpen/esi@3sizks27

un%vé:{«él)lﬁ%mﬁie@%lgl 3830 eléliﬁ% E%Eg@%cg A7 2.13

ramant ane #3 l 4 entanantane
hydracaghog Bupyriticy 9 he staging majeriel e Bhydydua@rhee ingdruityopedds at ot al

920/ Y BRLP AR RIAMMEh migh AAUR BB wotolcafo Lduldf! T AL €9

e results o t|n12|ng y FODFOCGSSIng
pagpeidis shopndn Fie. Towddebribystra dmrmdn pihyAgeralpdampuritiprur i t i es

3[}@“ 1(2)3
tet?gnéﬁ%gkgbs oa%g'&{ her sta@gﬁhtyﬁtg ér%cLSS|ng t han

[123] tetramantane. An increase in the ratio of
: [atl[gm? ﬁhc%lﬁ@al[r&%?ﬂeréoﬁiﬂe?&? ra.hag}m? VMSO@?@@tTHianaterial 1(2)3]
est.ruc et ramant anes rel ative fo
co f@%@&ﬁ%{ﬁ(ﬂa‘ﬁ@ﬁ&be‘éﬁ?lafc 35 &y onfr therhase el e car bon
.genefnpn%trnuﬁuéﬁs;sﬂes 131312 b}ﬁiﬁtﬁﬁ,_dhlﬁg m@%ﬁgaﬁls Iﬁﬁ?]lhgk vidke dbb@ved.
conbi ne e ights of the three tetr nt anes
THE G PRSBSOSO ATRFREGS WPt e TS B05. t o
cutlwm?ve@ ﬁﬂe&;}@%ﬂﬁ& Qorfnt Ak 1343 dRhofinRtSterewithiis. 8) . The
0 of the roprocessing is to naintai a constant
des% Y(S’TOB’F""TS?L‘%%FZCF‘B"S[ PPQFS?“’ % FIQmAl R abs and

shoRb@S the mmeﬂfpeikJs&Ss] in rﬁﬁgs abih\ed 10B. [sli cﬁalﬁ&ndola§ea@@
tion

i ca i nal ru
W%g 3t edr?ﬁﬂfl}d@rq?ﬁ%%ﬁa- if?lﬁavorpéﬂwhabov%fﬁﬁm%eéar bon
theitwiPatlabdut €51 mu@hmh e Padk aBaWpuOIBl R inGanss Wd’&{f%ﬁﬁﬁedlt@ t he
tetr tanes to car urity peak ratio
coqeﬁwe?n&F SoREmae %’ﬁ@ oy Bfglarlrvp SHALTERONRE L eod and
oyoubedbaktaef these hydroprocessing runs and are shown
in Fig. 8. These GCMS plots illustrate

[000162] Cyclohexamantane has been previousty observed to be exceptionally
stable. Fig. 10 shows that it appears to be broken down to a less pronounced degree
than at least most of the five pentamantanes. In all cases, however, the higher
diamondoids are present in greatly enhanced concentrations in the hydroprocessing

product, relative to similar-boiling other components in the feed.
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destruction of unwanted hydrocarbon inpurities 18iJafuary 2007
retention of tetramantanes and other higher
di anondoi ds. Mass spectral ion niz 292 (the nol ecul ar
ion of the tetramantane isonmers) i's used to
illustrate the concentration of the tetramantane
hi gher di anondoi ds. Mass spectral ion nfz 57
(fragnent ion characteristic of a significant class
cLAm@k: hydrocarbon inmpurities) is used as a neasure of the
concentration of 33 18 January 2007 WD 2004/ 009737
PCT/ US2003/ 022527 unwanted inpurities. Fig. 8A shows
1. I @l pbdessForaReiueing § ednpofiGordnritiRl intighet AR d&B0which process comprises:

hyd b ' it in th ti terial. The.
b Sc SRR B heie 5 SheobhaE B hndlh o
m nut eedsik@wrwithmokdigsond8id canpbn&Bs; wer e used to

| ; : . .
SRl L B BB, 4 el lobe b A
f r agme tampergtyye infhe preseaceefia catalyeifto ehayiryas thatt epettinmofitbines .

[ 000163 dnafdlhddiPRipotediSanger € carried out using the
750- 850Feed. This material contained over 6% w

sB f ur recoysERe ighepdiampndgidg) Bpmhedydrgpracensd Bredstogkal yst

under the general conditions listed in this exanple,

thyee adv ageous findings were observed. This cut
2 bR iR T S et bR oS TR o
present in the 750-850 cut were renoved. The high
su fu 0 nt.1n the feed did not interfer ith the
L I R T e
anomal y was observed and is shown in the dianondoid
4. PRRKOrSde&ST Clain TaliSrein 136n %% htiel ?a
me?éxogservgd I n tﬁ% %eegﬂ Aceangcpr%g%g?a?g %h$g§8?§§w
pbykesraskinghout 13.5 minutes, the two at about 15.1
m nutes and the peak at about 15.52 m nutes were
d ernine% 0 cgrresp nd to the 5 pentamant anes whil e
5. t ﬁée Precespe ﬁ‘iam}nl ¥heyein gai B¥C‘I%%Sﬁalg gorpryises hydrotreating and simultaneous
cyekhexagant ane. [ 0001621 Cycl ohexanmant ane has been
previ ously observed to be exceptionally stable. Fig.
10 shows that it appears to be broken down to a | ess
6. pTiermemsed Chiag i e¢eretnthahatoptoeasing enmgtis@hydrbxa@adking @nd further
p ; ; | . hi . .
SRR 486! B BRSNSl Aol B Facion i
clorrewisttedrondamondeid corapdaynts odhizherdsiling fraqtipa(eheotiched in higher
' ggg&ﬂdg@is §R isdlalthe RlicaBOnd hidkke LG i ASRARGH i Highet Hfmondoids.

1. The process of Claim 1, further comprising fractionating the feedstock to provide a fraction
comprising recoverable amounts of higher diamondoids and nondiamondoid components;
hydroprocessing the fractionated feedstock comprising recoverable amounts of higher
diamnondoids and nondiamondoid components with an elevated pressure of hydrogen at an
elevated temperature in the presence of a catalyst to convert at least a portion of the
nondiamondoid components; and recovering higher diamondoid(s) from the hydroprocessed
feedstock.

8. The process of Claim 7 wherein said hydroprocessing comprises hydrocracking.
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10.
11.

12,
13.

14,
i5.

16.
17.
18.
15,
20.

21.

18 January 2007 CLAIMS: 1. A process for produg agussy 2007

conposition enriched in higher dianondoids which
process conprises: a) selecting a feedstock

conpri sing recoverabl e amounts of hi gher dianondoi ds
in adm xture with nondi anondoi d conponents; b)

hydr opr ocessi ng the feedstock with an el evat ed
pressure of hydrogen at an elevated tenperature in

the presence of a catalyst to convert at |east a
portion of the nondi anpondoi d conponents; and c)

r éfélei?f@FqSh‘gf (g herrbTHS R SHoproSsSing opPtitse hydrotreating.
hydroprocessed feedstock. 2. The process of Claim 1

rern S roce Si.Nn es h ackj

RS RS B e e T ST 1 B YRI5, g
c@m@nu&ﬁmghydrotreatlng. 4. The process of Claiml
wher ei n sai d hydroprocessi ng conprises hydrotreating
foll owed by hydro cracking. 5. The process of Caim1l
e priogesseli(daimy/drisminoeddsimgromssnerdompssehdirateatng pdggmuliancous
am@h§&g¥E&aneous hydrocracking. 6. The process of

Gaim1l, wherein the hydroprocessing conprises
hydr ocracki ng and further conprising fractionating
t Be PBEbh OGN TOHRABARS REdStobINtR b istiRkibh REdROI Nt
fraction(s) enriched in converted nondi anondoid
conmponent s and hi gher boiling fraction(s) enriched in
hiTgbabeeshf @ dondeinahdfetBnbiefdcich i@bn basid feeodi gher
boiling fraction enriched in higher dianondoids. 7.
The process of Caim1l1, further conprising
f Theproesadf iChgm t7hwdefeggbistiydokrob @sipg iowi ale@verall prastre ofifrom 200 to 4000
c hi gher di anondoi ds
agggﬁg%%?%ﬁgﬁggﬁ)&gg%ggﬁ§%@2%§sﬁ%droprocessing t he
fractionated feedstock conprising recoverabl e anmounts
oﬁ'h@ﬁrg&‘:%rof i Wﬁlnqﬁe ﬁ%ss@@i‘wmﬁ%ﬂgﬁb&s &E%%?Epﬁce velocity of

an el evated pressure of hydrogen at an elevat

t@ﬁﬁ@ﬁ@ﬁ%%@m?n the presence of a catalyst to convert
at least a portlon of the nondlannnd0|d conponents;

o BT AE LAt 7 VORISR * WREPREREBE Ot i m 7

wher ei n sai d hydroprocessi ng conpri ses hydrocracklng

§§p%p%ﬂce%werarm%Qv%zmm%he R RSES e it m 7 Verel

roprocessi ng conp reati ng.

The process of Claim 7 wherein the catalyst comprises base metal.

The process of Claim 7 wherein the catalyst comprises zeolite.

The process of Claim 7 wherein the catalyst comprises silica or alumina, or silica-alumina.

Tﬁe process of Claim 7 wherein the temperature is from about 300 to 950‘fF, 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.
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22.

10. The process of Caim?7 wherein said 18 January 2007
hydr oprocessing is hydrotreating foll owed by hydro
cracking. 11. The process of Claim?7 wherein said

hydr opr ocessi ng conpri ses hydrotreating and

si mul taneous hydro cracking. 12. The process of C aim

7 wherein the feedstock fraction is a distillation
residue. 13. The process of Claim7 wherein the

f eed ptoesk of Cldiat 1 VikrdiStha RuPMBLRAAshoftE 8kl AR totdidressiAEis from about
aim7 wherejin the hydroprocessin

pr S f. d is at
DO el pei b Siatt o kO SO0 GheD GBS HIgon migi from 200 o
el20Wa0 edbblefifred aidieratalystliy OfsSAatcaaBBOF. 15. The
process of Claim 7 wherein the process is a continuous
process operating at space velocity of from0.02 to
20 hrs"1. 16. The process of Caim7 wherein the

catal yst is a heterogeneous catalyst. 17. The process
of Claim7 wherein the catal yst conprises noble netal.
18. The process of Claim7 wherein the catal yst
conprises base netal. 19. The process of daim7
wherein the catal yst conprises zeolite. 20. The
process of Claim?7 wherein the catal yst conprises
silica or alumna, or silica-alumna. 21. The process
of Caim7 wherein the tenperature is from about 300
to 950F, the total pressure is fromabout 200 to 4000
psi and the space velocity is fromabout 0.02 to 20
hrs i and the catalyst is a noble netal catal yst. 36
18 January 2007 22. -The process of Claim7 wherein
the tenperature is 300 to 950F, the total pressure is
from about 200 to 4000 psi, the space velocity is 0.02
to 2.0 hrs-1 the hydrogen circulation rate is from 200
to. 20,000 scf/bbl of feed and the catalyst is a base
netal catalyst. 37
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