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BACKGROUND OF THE | NVENTI ON The present invention relates to the reb5nin
hydr ocar bon feedstocks. Mre particularly)!-this invention concerns t hel 1 JUN 22
segregati on and renoval of coke precursors and rret aI s from at nospheric and
vacuum r esi dua, and dEBEROEH : PROS 3R RESH) HREGRBWOMNGeedst ocks,
whet her derived from natural pet roI eum or synt hetic sources) arc corrposed
of hydrocarbons and heteroatom cont ai ni ng hydrocarbons which di~"er in

boi ling point, nolk N AR structure. High boiling) high
nol ecul ar wei ght) heteroatom cont ai ni ng hydrocarbons (e.g., asphaltenes)
are known to contain a greater proportion of netals and carbon form ng
constituents (i. e., coke Theggesentdnvantionelited toderefiniriglof hgdremarohha and
d|st|IIatefract|o se co recursars form coke during, t hermnal
processi ng (such dﬁ‘é’&@n@f F‘ﬁ!‘g%ﬂéﬂ‘t%%‘r‘ﬁm §3eeregation b 1 apl e to
renove (or at Iea&Em&eg&f&GHﬁacuisbﬁaﬁ&bﬂi@&bﬂﬁuﬂﬂpﬁeﬁtmdﬁgaﬁ)&ﬁéﬁw bons
contai ni ng the netal a Ig%‘ CO recur.sors, thereby facilitating further
processi ng of the MPPersRAaiteRg T”é? P8 s of the feedstock. SUMVARY OF THir
PRESEN? | NVENTI ON Accor di ngl y) the present invention is a process to renove

a mgjor portion of netals froma hyd arb n or

het er oar ontont ai ni ng hydro@&‘g E{:g’ﬁftﬁ?ﬂ@‘ﬁgg’a @ﬁ”ﬁr? Wl¥Bnt act ed

¥wtrd1 an adso]r ]lglent &bﬁhheﬁdﬁdiifc?ﬁ aic&gﬁpdiﬁed aﬂlgﬁ@m‘boeomlmreﬁﬁm@hﬁmmﬁhed ’
eedstream effluent [is transferred. to. anot.her vessel, T tals and coke

precursors are thg‘Hd’PéﬂFWng‘cgfl’gﬁt’P iling Bojt mplecular Weight and shami "iol vent .

| ~a0~r s~w n~r meesstrdcrare. JHigh boﬂmﬁh&?&rﬁﬁcﬂ&%ﬁﬁﬂ@%a@ﬁ-&hﬁnﬁ%w NGS Figure 1

shows a schenmtic di,agr f of one enbodi nent of the present
invention, illust i ?f’ég%o& ﬁi i‘BR‘en [oreaRIE 8 SreRte Ry gL r}relroroved

from deasphal t enednehild andOf6dn foi'diiﬁg Eonsiitivts (1. ¢, WskeprectseihasiRasbvilnger .

naphtha and distillate fractions. Because coke precursors form coke during

thermal processing (such as is employed in a modern refinery), it is desirable to
remove (or at least segregate) the heteroatom containing hydrocarbons
containing the metals and coke precursors, thereby facilitating further processing
of the more valuable fractions of the feedstock.

YOFTHEP ON

| Accordingly, the present invention is & process to remove a major
portion of metals and coke precursors from a hydrocarbon or heteroatom-
containing hydrocarbon feedstream. The feedstream is contacted with an
adsorbent that adsorbs the metals and coke precursors. The feedstream cffluent
is transfcrred to another vessel. The metals and coke precursors are then

removed from the adsorbent by a suitable solvent,

I
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Figure 2 shows a schematic di agram of anot her enbodi ment of the present
dnvention illustrating upgrading a residuumfrom either atnospheric ox o
vacuum di stillation. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The presgr?t
invention is an adsorption process to r_?rfove a significant amount of netals
and coke precursors froma hydrocarbon feeedstream and to render that
stream nore valuable as a fuel or as feed to a catal ytic cracker. Any

hydr ocar borBREJUDBSCGRIPT IOMOF THEDR&AWINGSd coke precursors, regardl ess
of source, may be used for the feedstreamof this invention. These nay

i ncl ude at nospheric and vacuum resi dua, vacuumgas oils, solvent

d hal ti SDA) f ti ith d wit t ' d whol d
oi 15, parti cul ar Iy tHEwech Al Agem fstan SEISpralEr: SR, Anadi um such
G thg

as found i r rf%% e b: idui ds may be
used as a (Iane stogﬁtl I'f trPgegreggb tsﬁglr]’emélg%h{én%gg |’§£Eals?'?‘ff‘lé'§? particularly

useful feegstdiesss walld beiremovee fidm® deadiphaREneboil €DIAD B iike prididnfroash dua.
The effluent fromthe feedsh~eamwi |l then provide a clean cat cracker

f eed. The adbemnpdeasphaltercess uses a hydrocarbon insol ubl e adsor bent
material, which has a high capacity for adsorbing netals and coke
precursors, and which can be easily regenerated by washing with relatively
pol ar sol vents or solvent res

1~ | U4 2~2 -3 mixt th
nchudi ng. hose wi & h ESRGI3 ot schapiait diamrast Bhato b BmBbeagtaf e "

i ot useanr i enugR RS T adihe 5 ReBUORGRm itef RuRb ARy driy o™ "
ef fl uent frRasmandtiiitiondeasphal ter (SDA), conposed of a deasphal t ened oil

(DAO) in about 4-6 volunmes of deasphalting solvent, such as pentane at
about 120-160C i s passed into a vessel containing the adsorbent. The
adsorbent nay be a fixed bed. After contacting for an appropriate tine, the
react or ef DESGRIFEIQN O AAIE PREFERREDNEMBQEMMENThe| ed "CSR', where the
deasphal ting solvent (e.g., pentane) is renoved and recycled to the SDA,

whi l e the product, an upgraded deasphaltened oil, is an acceptabl e cat

cracker feed (< aboutré{éaﬁpggm‘aénﬁoﬁqgaﬁaﬁ?&?gioﬂg@“ij%qﬁgﬂpég&grsors). The

upgraded deasphal t ene I's sent to a ca rac _ irectly or
bl ended W sipnéfReune Atrowntbf WRealy And 2ok bredu¥Sds frohh@ hs\drarbs@ct or
configuration in Figure 1 is set up such that one veSsel is set up for
adsor pt i on feadsiream; hred to render that stream rhore vadsablbasa foeljemas feedoma 1 n t he
Figure, regeneration is carried out by using.solvents such as tol uene,

t ol uene- n'egﬁté Ic cragkes; Hapy 5}5@#0&9%0&%6%1%% sontamipg metalsangd Gokei nery

of ¢ he aaeisufrs e RardaR gk, AR G aBREHY RRIRFELLES 1T phed in
the box | appledtionSAMeRE mayifichde\dospIRGHCARDyAMdn] Ft%iddaIF%éﬁdrﬁ%ﬁt ream

sent to a coker, partial oxidation unit or other dispos techni"que. Figure
2 shows a silbesoivént déaspiralting(SPAS factionewithcimdewithoiit rebmspamd eeen of t he
present invention ained at upgrading a residuumfrom either atnospheric or
vacuum di swholeeruse. oilsp partisukirhuthese containdng bighhlevelspfguekeliando a vessel

7o 1 ho  MBRIIGSIED 3 TOUBRmYSHERIE 1T LA oY GUE ABY 8F SEARU coke
brecur o Gant &y, TRGHPAL AEIGH U RV S Brfihily iSfigleg!  nino 1

~ JUN 200z processing, such as cat cracking, ere reated either

directly opaRic ?Wfﬁrhfe@ﬁﬁ?éarﬁﬁfdrﬁﬁfsﬁnﬁéﬂme At Sp et cCATY Patuug al

vacuumgas oil (VG . The swing reactor configuration in Figure 2 is set up
such that cesiduaesEhe effluene fromp tHeofeedstseanp witl themprdvedd heleantoat craekee! i s
set up for adsorbent regeneration. In the Figure, regeneration is_ cai-~~ied
out by usi fegdsol headsorpliempeascespusesachydrorarban ipsolabls|adsesbent material,

appropriate

cont ai ni ngwei’is\ l géﬁﬁ%{ﬁ@% %H'E)Q@ﬁ]ir’igfgi"g?etréys\ﬂg@%%&ggg‘irﬁ%rgge ge»&g‘lm , the
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partial oxidation unit or other disposal technique. Suitable adsorbents for
the present process include hydrocarbon insol uble inorganic and
carbonaceous materials, which have surface areas greater than 100 nR2/g and
whose surfaces nmay be acidic. Specific exanples of adsorbents useful for
this process include silica, silica-alumna, K-10 and simlar acid-treated
clays and activated carbons, with surface areas < 1000 ne/g. A preferred
feedstreamto adsorbent ratio is between 0.1 and 10 wt/wt. The present
invention shall be illustrated by exanpl es using feedstreans of Arabian

Li ght atnospheric residuum effluent from sol vent deasphalters and vari ous

T T s o T o oy




| . Arabian Light Atnospheric Residuwn (ALAR) ALAR is one exanple of a
-feedstream suitable for the present process. In this protocol, an Arabian

Li ght atnmospheric residuum (ALAR), was conbined with a solvent and {1 JUNW
adsorbent (ratio of 4 solvent: 1 adsorbent: 1 oil), held at room

tenperature for 16 hrs. Solvents were used in the roomtenperature
experinents in order to keep the viscosity within a workabl e range. At

el evated miixfures,-er'by othél priocesses enmglediaguhese withgyrolgsis of condmistient s ar e

not necessary for the contacting of oil wth adsorbent. Foll ow ng

filtrati onStePhe sol vent was renmoved on a rotary evaporator yielding a clean

oil. The adsorbed material was treated first with toluene, then a 1.1 (by
vol une) tol uene: met hanol m xture to desorb it fromthe adsorbent Data in
Tabl e 1 show that, . ated by
the method of this m@'ﬁ%qgsrl\]togvén al ne 1\(/:241 I"ow %’\H/)% Pm?é]{tﬁfttﬁgnd showed

a significapicesopeie ﬁr@?éiﬁtm%ti%fn 4R a@wgwdsﬁg 8 s@ﬁeﬂ?@%?ﬁﬁ‘lté&’hé
decrease in % CCR such that the product could be fed directily to a Cat

cracker. Anﬂndnttheﬁgdmolﬂlneaﬁhxensﬁdm acblvent dedsphalterd8DA ) edmgposédofa 1t has
a surface area_ of 300 %é)nd a reported pore dianmeter of 150 A. Anot her

i s anor phodgasghaltéep%m&@ Y ignbauys<t volumes ofidsgsphalting sel vente suenas por e
el o PGS S e o A
STA (ve T asesdidiing e ixd it Ak phmactihe f6f ol pbrofridee ik e

reactor effluent is transferred to another vessel labeled “CSR”, where the

deasphalting solvent (e.g., pentane) is removed and recycled to the SDA, while
the product, an upgraded deasphaltened oil, is an acceptable cat cracker feed
(< about 4 ppm metals and < about 4 wt% coke precursors). The upgraded
deasphaltened oil is sent to a cat cracker to be fed directly or blended with
conventional vacuum gas oil (VGO). The swing reactor configuration in Figure
1 is set up such that one vessel is set up for adsorption, while the other is set up
for adsorbent regeneration. In the Figure, regeneration is carried out by using
solvents such as toluene, toluene-methanol, or other appropriate solvents
available in a refinery environment. The metal containing and coke precursor

| molecules are washed off the adsorbent, the solution containing these impurities
is stripped in the box labeled “SEP’N”, the solvent recycled and the impurities

stream sent to a coker, partial oxidation unit or other disposal technique.

Figure 2 shows a schematic diagram of a second embodiment of
the process of the present invention aimed at upgrading a residuum from either
atmospheric or vacuum distillation. In the Figure, the residuum is passed into a
vessel containing the adsorbent. After contacting the adsorbent for an
appropriate time, the effluent is an upgraded residuum with lowered metals and

coke precursor content. The upgraded residuum flows on to further refining



93.5 90.0 % CCR 9.0 56.0 5.9 6.4 4.2 Ppm ppm VANADI UM NI CKEL 39 11 ppm | RON
7155802 4.80cz00N 1i J~11V2~? Exanple 1 - General ProgédUNéUBZ
A m xture of one part by weight oil, 4 parts by weight solvent, and 1 part
by wei ght adsorbent were conbined and allowed to stir for 16 hours. The
adsor bent was separated by filtering tﬁl"‘c')ugh a medi um porosity buchner
funnel. The sol vent was renpved fromthe filtrate by roto-evaporation. The
resul ting prdcessinganiwhymsandt track MR henelitieieked cither daecteoetleadsdr bent was
treated with a 25%ethanol in toluene at reflux in a Soxhl et extractor,
until no f withhethexmfinerystreams.cachas conuentinabnacuis gpeadd@) The

O Yool LoD RO e R e, Lo el &, 8V PR PR 2 1T
adsorption, while the other vessel is set up for adsorbent regeneration. In the
Figure, regeneration is carried out by using solvents such as toluene, toluene-
methanol, or other appropriate solvents available in a refinery environment. The
metal containing and coke precursor molecules are washed off the adsorbent, the
solution containing these impurities is stripped in the box labeled “SEP’N”, the
solvent is recycled and the impurities stream sent to a coker, partial oxidation

unit or other disposal technique.

Suitable adsorbents for the present process include hydrocarbon
insoluble inorganic and carbonaceous materials, which have surface areas greater
than 100 m%/g and whose surfaces may be acidic. Specific examples of
adsorbents useful for this process include silica, silica-alumina, K-10 and similar
acid-treated clays and activated carbons, with surface areas <1000 m%g, A

preferred feedstream to adsorbent ratio is between 0.1 and 10 wt/wt.

The present invention shall be illustrated by examples using
l feedstreams of Arabian Light atmospheric residuum, effluent from solvent

deasphalters and various acceptable adsorbents and process solvents.
I. Arabian Light Atmospheric Residuum (ALAR)

ALAR is one example of a feedstream suitable for the present
process. In this protocol, an Arabian Light atmospheric residuum, (ALAR), was
combined with a solvent and adsorbent (ratio of 4 solvent: 1 adsorbent: 1 oil),
held at room temperature for 16 hrs. Solvents were used in the room temperature

experiments in order to keep the viscosity within a workable range. At elevated



At mospheric resi duumwas conbined with 28 ml of toluene. The m xture was
stirred for 2 hours, and 7.0 g of silica, Gade G 62 from G ace- Davi ig%ﬂﬁlﬂlﬂ
previ ously cal cined at 600C, was added, and the m xture stin~ed for il
hours at roomtenperature. The m xture was filtered through a course filter
funnel, the tol uene evaporated and the “"Pécovered oil (6.58 g; representing
94% of the starting oil) was sent for netals and CCR anal yses. Anal yses are
shown in TedthgeraturExenpl 208 °Cn) svlvéafls dte nictuideddaty 6o the @6fitacfingdf gilof

Arabi an Li ght At nospheric residuumwas conbined with 28 m of toluene. The
m xt ure wasith adsoeberftoFoltowimg Sltratioa, thes®lyendfwas renidved-oal aindtary mat eri al |
desi gnated M5--13 (caontaining 13% al um na{ﬁi}rom G ace- Davi s?n, pr.evi ously
cal ci ned atvapwaioryaeldmedealeanoal. ¢ hee adsorbecmateral spsitpatedlisgovith at room

.. Th ~ ~ o~~~ i fil d, th h
R

representi o0 Of I i : al yses.
Anal yses o? 9§%§e/frxthDoét'e3§gZI‘ayl‘% lg_?gws %%%ﬁlﬁ%l{ﬁiﬂéﬂf@&%lgqﬁe ﬁﬁﬁs& gxanpl e
i I'lustrat e%ﬂ@@%ﬁféae@t theadedaif tRY iRVeltRAt Editainéd ety 10ve 18&156f metalg om

Exanpl e 3 was heated to 490C for 2h under flow ng nitrogen, cooled to room

t enper at ur andshowbe aadgmifipantoen ozgheeduction afesokei frecurabm\as megsaeedEby usi ng
this solid. The recqveored oil (90% of starti ng]| oil) had a CCR of 4.8% and
cont ai ned thedessease in i@ GCB syshithat thepregiics cauldbetedbreptlytodeatbot t om

flask, ?.5 f Arabi Li ght . A ' i d ' ith 30 m
of "cyel ohoRARBET: ABRBAE S UEn 1 SEEIAGE SicHoEEINED 6 0RO g IS | i ca.
Grade © 62 4R G308 50 hnd BiRoblbs SORGHMIRUAY BSPRU AR et T unnel

t he cycl ohexane evapor at recovere ; ‘represénting 83%
of the stagiofghdls siliddi@luminali(89 vas sified), avidsR sutfade @facdidl 71‘)‘(§i'ef<iﬁla§1’ﬂ@l@r<| ppm
V and 2 ppm N Exanple 6 In a 250 ml round bottom flask, 7.0 g of Arabian
Li ght At noaren28 m*fgeandil0SnAneespectivieiyied with 30 nl of cycl ohexane. The

m xture was stirred for 2 hours, and 7.0 g of a silica-alumna nmateri al
designated Ms-13 (containing 13% al um na) from G ace-Davi son, previously
cal cined at 600C, was added, and the m xture stia-red for 16 hours at room
tenperature. The m xture was filtered through glass wool, the filter cake
washed wi th about 200 1 i JIiN Z~fl1



_g_ m cycl ohexane, the cycl ohexane was evaporated and the recovered oil
(S.34 g; representing 76.3% of the starting oil). The ri~eated oi I1 ﬂ?ﬂwzﬂ
CCR of 2. 7% and contained 2 ppmV and 2 ppm N . Exanple 7 In a 250 %d
bottomflask, 7.0 g of Arabian Light Atnopspheric residuumwas conbi ned with
28 ml of toluene. The mixture was stirred for 2 hours, and 7.0 g of Norit
activated carbon was added, and the m xture stin~ed for 16 hours at room
tenperature. The m xture was filtered through a course filter funnel, the
t ol uene evaporated afg@ the recovered oil (85% of the starting oil) was
shown to contain | pp and 4 ppm Ni. The CCR decreased to 2.7 from9. 0%
Exanple 8 This exanpl®& illustrates adsorbent regeneration by heating. The
filtered solid from Ef.anple 7 was heated to 490 C for 2h under flow ng
nitrogen, cooled to rpom tenperature and the adsorption experi nent
descri bed above repe d using this solid. The recovered oil (89% of
starting oil) had a @R of 3.9% and contained 3.0 ppmV and 2.0 ppm N .
Exanpl e 9 The exanpl €4 |l ustrates t process wi thout use of a solvent. In
a 200 mM round botto | ask, 60.0 Ar abi an Li ght. At nospheric residuum
was heated to 200 C yrith stirring%%[%"g of a silfca-aluniha materi al
desi gnated M5-13 (co ining 13% a na), previously calcined at 600C, was
added. The m xture V\% &in~ed for 16 hours at 200 C. The oil was decanted
J

fromthe solids .Q111~??~‘I - io and analyzed. The treated oil had
a CCR of 4.7% and co kmed | ppmV gnd 1 ppm Ni. Exanple 10 A fresh sanple
of 7.4 g of Heavy Ar cuum Resigl IP75F+) containing a % CCR of 22.1% 55
ppm Ni, and 190 ppm m xed w 0 @l o-xyl eneZand heat®d to 100C at

which time 12 g of c&Bcfed (60002sZ|ica was added. The mixture was

brought to 140C and f ixed for 6 MBUrs. The solvent was then renoved by
r ot o- evaporati on and m pentane was added to the flask and stirred for
16 hours at 25C. The ture was th filtered and the pentane renoved by
rot o- evaporation to cpyer the pen e soluble oil (64.4% . The DAO had a
% CCR of 5.01% and cqut gLned 3 ppg @] and <1 ppm V. The pentane insoluble
oil (35.69% was Tenmov&ds®rom the amsglbedt with a 28% nmet hamel | 75% t ol uene

m xture. I1. Eff%uenta']E m sol venP-(E sphal t er ( SDA)
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SDA.al so provides a feedstreamfor the present process. Sol vent

‘deasphal ting (SDA) is another way of separating netals and coke precy; 38{‘?%
fromresidua. There is a trade-off between the yield and the |evels o 902
"inmpurities" remaining in the deasphaltened oil (DAO . The higher the yield
of DAO, the higher the inmpurity levels."The yield and cl eanliness of DAO
defined the economc limt of how much deasphalting can be done. For

exanpl e, uEyanple denGene@abPycedurmtely 75% yi el d of DAO can be obtai ned
from a Baytown vacuum resi duum However, this DAO contains about 11%

Conr adson carbon and about 70 ppm of netals. This DAO woud not be suitable
as a cat cracker feed stock, and were it to be fed to a cat cracker, it

coul d only be done i rA¥RiX{ure phlone patunt weight oiloAdagtstby yeiehy solyemt, @gd and

too nuch cqke ke. .Alternatel 1.1.Ji}l usi £ opa or butane in
St " good HEPY vyeight adspRere Sore gmbinidandiiged th SOBR 15 urs, TREI as
bet ween 35-.509 { : [, o0 : n i dcat
cracki ng pggg?/i)t?le;equ'és E%g&gﬁﬁ%ngﬁherég@ t‘l[gﬁ%}:ﬁe@gp(grg%ﬁ ggé}{naér??hn%lé way
to cl ean uTHeNR AP vadstieinovedfroth thdfilttfie bytrdtSBPapdratid The rédudting il
impurities during SDA, which would renove fhe bottleneck and all ow the use
of SDA to pwaschmadyzeddor $6ECRsamf mels. a¥he a¢coversmkadsoftzad vatsandated wathi ng t o

nore resid conversion. The effluent from SDA, conposed of a DAO in about

4- 6 vol uned BY%esthanehén teluenmafnefluzan acvuxhlet gxixastar, unilna furthes solor

contai ning _the adsorbent. After contact] for an appropri,ate tinme, the
Feactor of MBGRICEEd. 10k spBebYas onAtrhBY rose@pordiny 8ad REresidiier o ¢ he
pentane is to the SDA process, while the product, now
an accept agﬁ?@é@gﬁﬁ’%&%ﬁ%@e <4 ppmnetals and <4 wt % coke precursors)
is sent to a cat cracker to be fed directly or blended with conventi onal
V&0 (see Figure 1). The adsorbents used include silica, calcined at 600C
It had a slixhagdedrea of 300 n2/g and a reported pore dianeterof 150 A

Anot her is anorphous silica-alumna (87 mM%silica), whose surface area and
average pore dianeter were determned to be 318 n2/g and 105 A

ively. Da f i ned sj|li } h hed Table 2,
S ong wi th & non- i mib A b BT ko LE of Brdifn il ocol | e Dao
was _combi ”%ié&r?gﬂel% PQENRRL WelsFo eigéd HiftP28 1oty kihe. #BP@Q)%;HQ cd to

t enper at ur e, t he adsorbent a at a treat rate of sorbent to

feed oil. ligedifst QMU ANt 0 gdf silis) Gratle' G262 drone (iace-Davivda, cool ed to
roomtenperature. The sol vent was renoved on a rotary evaporator, then 10

vol unes of ppevioesly calminedatdet)°Cands taddedyi anduthe msixiure stirmeddonil §honrsratl | owi ng
filtration, the pentane s renoved on.a roptary evaporatQr vyieldi a cl ean
DAO. The pé?R’Hﬁ@l%iPﬁ%!"i?bl m?gpreawaﬁg%temcﬁ&w@%h apgwswfﬁwrtfmrﬂn € then a
1:1 (by vo , LX UL ta i . ° 2002 -12

tabl ¢ show THERe EOAEREITRHIRE ol B e e cbifelelfine op ot iea 1n the

presence Oktap@h@bil) Was sehit ff HEhlsanaCERMnafyes 2IAMRN L6 e SHOMM RY ThBleOf
netal s and showed a significant reduction of” coke priecursors as neasured by

t he decreade in % CCR (Conradson Carbon Resi due). Table 2 roto.

EXPERI MENT: DAO + SOLVENT + SILICA 140 oC evap. ~ C5 ~ Filter ~ 6 hr 95 oC
25 oC SOLVENT: SI LI CA: DAO = 4:2:1 C5%pnl Ppn' 1SOLVENTTEMP.
CSQUBLES%SH! CNone- 10010. 7520. 349. 984. 5311. 190. 313. 951. 58
WXYLENE140 IMPBE 0. 585. 1811. 620. 162. 921. 64NONANE140725. 01. 00. 584. 8811. T50.
153. 091. 66HEPTANE100TO6. 0<1. 00. 384. 9911. 830. 003. 191. 67

In a 250 ml round bottom flask, 6.88 g of Arabian Light
Atmospheric residuum was combined with 28 ml of toluene. The mixture was
stirred for 2 hours, and 6.88 g of a silica-alumina material, designated MS--13
(containing 13% alumina) from Grace-Davison, previously calcined at 600°C,

was added, and the mixture stirred for 16 hours at room temperature. The



~aLCNOON 11 JUNZII"t -14 Exanple 11 - Ceneral Procedure A wt %
m xture of one part oil, 4 parts solvent and 2 parts adsor bent vve!)q 1) 7
refluxed at 140C for 6 hours. The sol vent was renoved by rotoevap ra{ F'JW
Pent ane was added in a ratio of 10:1 (splvent to oil) and the m xture was
stirred for 16 hours. The pentane soluble oil was separated by filtering

t hrough a medi um porosity buchner funnel. The pentane was renoved fromthe
filtrate hyixtoteowey fiftereat thooughTdeourse il ter fignmel) theaslugne leyapatafedrarth CCR and
nmetal s. The pentane insol uble portion of the oil was _renoved fromthe
adsor bent thg reovesed af (i kg.aepiesenting 30%esef the starting oil) wastsent farmmetalsn a
ratio of 10:.1 ol vent : oi} 1 The 4; xture s .filtered a thel pent ane

i nsol ubl e BGC ar}aix e Wé’fﬁ%f"{?—"é@ ik prehoyyn i baklg | lyent .

Anal yses of the resulting oils are shown in Table 2. Exanple 12 A m xture
of one part (7 g) Baytown DAO (11% CCR, 50 ppmV, 20 ppm N ) and 4 parts

(28 Q) o-wﬁﬁ_ﬁ@ems heated to 100C at which tinme 2 parts ( 12 g) silica
(previously calcrned at 600C) was added. The m xture was brought to 140C

and refluxed for 6 hours. The solvent was renoved by rotoevaporation and
pentane was added in a ratio of 10:1 (solvent to oil) and allowed to stir
at 25C overni ght. ThEhigiexample illstrates adserbeanhtegenerapenbarheatiag. Theoved by

rot o- evapogati on 1.qg recqver th ent ane, sol uhl e . fraction (77% . The
osul £1 g Toheref dalid fom Bemnle 81 B4% Hetiod kS Cieorard der SoMigR et at 11 ce
(see Tabl e, T I i Lhi.ga by

(see Tabl Gbger ool eiher] ARl B, HEBORGRNAdhEEHT etbinbac
filtering dbdvE eepRARed Eﬁflﬁ@ﬁi@tséﬂé. TheGetd e ol (68970 f ﬁﬁﬂirfge&ﬁl%fdaé ed

adsor bent . 1 1 JUN 2UUI -is Exanple 13 This exanple illustrates that

r egener at ddCRafr418% andidemtainedi4sO ppm Wearef Beppmely used. A fresh sanple of
one part {7 g) Baytown DAO and 4 parts (28 g) o-xylene were heated to 100C
at which time 2 parts ( 11.8) of the regenerated but not re-calcined silica
from Exan%e 1§ Es added. The m xture was brought to 140C and refl uxed for
6 hours. p was as described in Exanple 12. The resulting oil (80%

had a % CCR of 4.7% and contained <1.5 ppm N and <0.33 ppm V. Exanple 14 A
fresh sanpl e of one part Baytown DAO (see Exanple 12) and 4

In a 250 ml round bottom flask, 7.5 g of Arabian Light
Atmospheric residuum was combined with 30 ml of cyclohexane. The mixture
was stirred for 2 hours, and 7.5 g of silica, Grade G-62 from Grace-Davison, was
filtered through a course filter funnel, the cyclohexane evaporated and the
recovered oil (6.21 g; representing 83% of the starting oil) The treated oil had a
! CCR of 3.0% and contained <lppm V and 2 ppm Ni.

Example 6

In a 250 ml round bottom flask, 7.0 g of Arabian Light
Atmospheric residuum was combined with 30 ml of cyclohexane. The mixture
was stirred for 2 hours, and 7.0 g of a silica-alumina material designated MS-13
(containing 13% alumina) from Grace-Davison, previously calcined at 600°C,
was added, and the mixture stirred for 16 hours at room temperature. The

mixture was filtered through glass wool, the filter cake washed with about 200



parts nonane were heated to 100C at which tine 2 parts silica (Exanple 12)
was added. The m xture was brought to 140C and refluxed for 6 hours. The
wor kup was as described in Exanple 12. The resulting oil had a requemm
CCR and was virtually nmetal free (see Table 2). Exanple 15 A fresh sanple
of one part Baytown DAO (see Exanple 12P-and 4 parts heptane were heated to
100C at which tinme 2 parts silica (Exanple 12) was added. The m xture was

refl uxed a i i i e 12.
The 1 ocul ¢ MLRIHeRAE (REKStohckine! Bh PubtateBndRAE FoRred piHRIWE 22
Tabl e 2). repredentidh 78.8% of thé skarfiAploft) IBhé Heitell LiENa D GCROSLITY and

experinmental protocol is illustrated. In this procedure, the deasphalting
and adsor pcontaineds2 ppmbVraad 2 ppm ¥he step. A fresh sanple of one part

Bayt own DAO (see Exanple 12) and 10 parts pentane was stirred at 25C for 30
mnutes. At this time 2 parts of silica (calcined at 600C) were added with
conti nued iEti rrilng. The m xture was stirred for an additional 16 hours. The
pent ane so | was then recovered by filtration as in Exanple 12. The
resulting oil (709 had a % CCR of 5.1% and contained <2 ppm N and <.75
ppm V. Exanple 17 A fresh sanple of one part Baytown DAO (see Exanple 12)

and 10 parts pent ane a9 sotl feithdbotietlagk, BO goMAtasian Pighithi s time 2
parts of calcined (600) silica (87%/alumna ( 13% was added with

conti nued #timospmayic fEiseduvinx was eondeneat withe28 ndof soluenieli The makturé wesurs. The
pent ane sol yble oil was then recqvered by filtration as . .in ExaBrpIe 12. The
resul ting 8trred end hpugs, an gl Nagoactivated siasromwags addeghandithend <0. 2 ppm

V. Exanple 18 A fr. f t Bayt DAQ le 12 d 4
par t s orxy FURRG A ¢ LR houasRomtinetts nEnomstE€ Sar e cal ¢i ned
ili 87 i %9 £ add i tot
140G and 1 P PaRtF cBrde HEch fuhih WA Bratdd End i MoB ViR T B The
resul ting @'fthe(ﬁ&%nghiil;) wadeldvrh & contaR i ¢ and 3i pped Ni3. THep@CRE and <0. 5

ppm V. 11 Jun! ; Exanpl e 19 A fresh sanpl e of one pant Baytown DAO
(see ExanpHdecreajedasboc?.2 from 9.0%.

Example 8

This example illustrates adsorbent regeneration by heating. The
filtered solid from Example 7 was heated to 490 °C for 2h under flowing
nitrogen, cooled to room temperature and the adsorption experiment described
above repeated using this solid. The recovered oil (89% of starting oil) had a
CCR of 3.9% and contained 3.0 ppm V and 2.0 ppm Ni.

Example 9

The example illustrates the process without use of a solvent. In a
200 ml round bottom flask, 60.0 g of Arabian Light Atmospheric residuum was
heated to 200 °C with stirring and 30 g of a silica-alumina material designated
MS-13 (containing 13% alumina), previously calcined at 600°C, was added. The

mixture was stirred for 16 hours at 200 °C. The oil was decanted from the solids



parts toluene was prepared at which tine 1 part of Norit activated carbon
.was added. The m xture was stin~ed at roomtenperature for 16 h. The workup
was described in Exanple 12. The resulting oil (85% had a % CCR of 18.AME
and contained 1.0 ppm N and 7 ppm V. _1018_ CLAIMS: 1. A process to renove
a major portion of netals and coke precursors froma feedstream i ncl udi ng
an atnospheric residuum vacuumresiduum or a deasphsited oil froma

sol vent deasghartyzedcdsrtresiteryoil Apd adnCReef hd¥sandiconsanedr eppmvl andd

hydr ocar bon i nsgl ubl e adsorbent characterized by a surface area > )00 m-/g
for a ti rrepﬂﬂﬂNtlerrperature sufficient to adsorb a major portion of said
nmetal s and coke precursors onto said adsorbent) (b) recovering the oil

whi ch does not adsorb, and (c) renoving the netals and coke precursors $om

sai d adsor t@ﬁ@hqlgﬂﬂhe process of claim1l wherein said renoving step is
carried ou acting said adsorbent with a sol vent capabl e of

di ssol ving pol ar hydrocarbons. 3. The process of claim1l wherein said
adsorbent is selected fromthe goup consisting of silica, silica-alumna,
acid treated clays ardfrash sampledofc drdogf Heavy Hrab W anmass ResiddOa5H+H) wher ei n
the hydrocarbon feedstreamis an atpmospheric residuum 5. The process of
claimi1 mepetaﬁmgaiao%r@é%eﬁ?-gdrﬁ,f%%agmlﬂarwd 199 ppm;Vowas mixed with:30m
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was added. The mixture was brought to 140°C and refluxed for 6 hours. The
solvent was then removed by roto-evaporation and 100 ml pentane was added to
the flask and stirred for 16 hours at 25°C. The mixture was then filtered and the
pentane removed by roto-evaporation to recover the pentane soluble oil (64.4%).
The DAO had a % CCR of 5.01% and contained 3 ppm Ni and <1 ppm V. The
pentane insoluble oil (35.6%) was removed from the adsorbent with a 25%

methanol/75% toluene mixture.
II. Effluent from solvent deasphalter (SDA)

SDA also provides a feedstream for the present process. Solvent
deasphalting (SDA) is another way of separating metals and coke precursors
from residua. There is a trade-off between the yield and the levels of
“impurities” remaining in the deasphaltened oil (DAO). The higher the yield of
DADO, the higher the impurity levels. The yield and cleanliness of DAO defined
the economic limit of how much deasphalting can be done. For example, using
n-pentane approximately 75% yield of DAO can be obtained from a Baytown
vacuum residuum. However, this DAO contains about 11% Conradson carbon
and about 70 ppm of metals. This DAO woud not be suitable as a cat cracker
feed stock, and were it to be fed to a cat cracker, it could only be done in very

small amounts to avoid catalyst poisoning and too much coke make. Alternately,



7. The process of claim 1l wherein sand renoving step is carried out by
contacting said adsorbent wwth heat. 8. The procc;ss of claim1l wherein
said feedstreamto adsorbent ratio is between 0.1 and 10 wt/wt. 9. 1ThiN M%7
process of claim1 wherein said feedst[qzla_m is feed through a fixed bed of
adsorbent. 10. The process of claim9 further conprising the step of

termnating the feedstream snd reweratl ng sai d adsorbent by passing a
sol vent th w&w&amaaa@bbyéarne in R 14 soeed Quglitxogat cracker feed stock can be
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SDA process, while the product, now an acceptable cat cracker feed (<4 ppm

metals and <4 wt% coke precursors) is sent to a cat cracker to be fed directly or

blended with conventional VGO (see Figure 1).

The adsorbents used include silica, calcined at 600°C. It had a
surface area of 300 m?/g and a reported pore diameterof 150 A. Another is
amorphous silica-alumina (87 wt% silica), whose surface area and average pore
diameter were determined to be 318 m?/g and 105 A respectively. Data for
calcined silica are shown in the attached Table 2, along with a non-limiting
experimental protocol. In this protocol, a DAO was combined with a solvent
(ratio of 4 parts solvent: 1 DAO), heated to temperature, and the adsorbent added
at a treat rate of 2:1 adsorbent to feed oil. The mixture was held at temperature
for 6 hours, and cooled to room temperature. The solvent was removed on a
rotary evaporator, then 10 volumes of pentane were added, and the mixture
stirred overnight. Following filtration, the pentane was removed on a rotary
evaporator yielding a clean DAQ. The pentane insoluble material was treated

first with toluene, then a 1:1 (by volume) toluene:methanol mixture. Data in the
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presence of paraffinic or aromatic solvent contained very low levels of metals

and showed a significant reduction of coke precursors as measured by the

decrease in % CCR (Conradson Carbon Residue).
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Example 11 - General Procedure

A wt% mixture of one part oil, 4 parts solvent and 2 parts
adsorbent were refluxed at 140°C for 6 hours. The solvent was removed by roto-
evaporation. Pentane was added in a ratio of 10:1 (solvent to oil) and the
mixture was stirred for 16 hours. The pentane soluble oil was separated by
filtering through a medium porosity buchner funnel. The pentane was removed
from the filtrate by roto-evaporation. The resulting oil was analyzed for % CCR
and metals. The pentane insoluble portion of the oil was removed from the
adsorbent by treating with a more polar solvent or solvent mixture in a ratio of
10:1 (solvent:oil). The mixture was filtered and the pentane insoluble oil was
recovered after roto-evaporation of the solvents. Analyses of the resulting oils

are shown in Table 2.

Example 12

A mixture of one part (7 g) Baytown DAO (11% CCR, 50 ppm V,
20 ppm Ni) and 4 parts (28 g) o-xylene was heated to 100°C at which time 2
parts (12 g) silica (previously calcined at 600°C) was added. The mixture was
brought to 140°C and refluxed for 6 hours. The solvent was removed by roto-
evaporation and pentane was added in a ratio of 10:1 (solvent to oil) and allowed
to stir at 25°C overnight. The mixture was filtered and the pentane was removed
by roto-evaporation to recover the pentane soluble fraction (77%). The resulting
oil had a >50% reduction in % CCR and was virtually metal free (see Table 2).

The pentane insoluble oil was removed from the silica by stirring
overnight at 25°C in a mixture of 25% methanol/75% toluene and filtering to

recover the pentane insoluble oil (23%) and regenerated adsorbent.
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Example 13

This example illustrates that regenerated inorganic adsorbents can
be effectively used. A fresh sample of one part (7 g) Baytown DAO and 4 parts
(28 g) o-xylene were heated to 100°C at which time 2 parts (11.8) of the
regenerated but not re-calcined silica from Example 12 was added. The mixture
was brought to 140°C and refluxed for 6 hours. The workup was as described in
Example 12. The resulting oil (80%) had a % CCR of 4.7% and contained <1.5
ppm Ni and <0.33 ppm V.

Example 14

A fresh sample of one part Baytown DAO (see Example 12) and 4
parts nonane were heated to 100°C at which time 2 parts silica (Example 12) was
added. The mixture was brought to 140°C and refluxed for 6 hours. The workup
was as described in Example 12. The resulting oil had a reduced % CCR and

was virtually metal free (see Table 2).

Example 15

A fresh sample of one part Baytown DAO (see Example 12) and 4
parts heptane were heated to 100°C at which time 2 parts silica (Example 12)
was added. The mixture was refluxed at 100°C for 6 hours. The workup was as
described in Example 12. The resulting oil had a reduced % CCR and was
virtually metal free (see Table 2).
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Example 16

In this example another experimental protocol is illustrated. In this
procedure, the deasphalting and adsorption are combined into one step. A fresh
sample of one part Baytown DAO (see Example 12) and 10 parts pentane was
stirred at 25°C for 30 minutes. At this time 2 parts of silica (calcined at 600°C)
were added with continued stirring. The mixture was stirred for an additional 16
hours. The pentane soluble oil was then recovered by filtration as in Example
12. The resulting oil (70%) had a % CCR of 5.1% and contained <2 ppm Ni and
<75 ppm V.

Example 17

A fresh sample of one part Baytown DAO (see Example 12) and
10 parts pentane was stirred at 25°C for 30 minutes. At this time 2 parts of
calcined (600°) silica (87%)/alumina (13%) was added with continued stirring.
The mixture was stirred for an additional 16 hours. The pentane soluble oil was
then recovered by filtration as in Example 12. The resulting oil (58%) had a %
CCR of 3.63% and contained <3 ppm Ni and <0.2 ppm V.

Example 18

A fresh sample of one part Baytown DAO (see Example 12) and 4
parts o-xylene were heated to 100°C at which time 2 parts of an uncalcined silica
(87%)/alumina (13%) mixture was added. The mixture was brought to 140°C
and refluxed for 6 hours. The workup was described in Example 12. The
resulting oil (69%) had a % CCR of 3.19% and contained <3.0ppm Ni and <0.5
ppm V.
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residuum, or a deasphalted oil from a solvent deasphalter comprising

(a) contacting said feedstream with a hydrocarbon insoluble
adsorbent characterized by a surface area > 100 m*/g for a time and
temperature sufficient to adsorb a major portion of said metals and coke

precursors onto said adsorbent,
(b) recovering the oil which does not adsorb, and

(c) removing the metals and coke precursors from said
adsorbent.

2. The process of claim 1 wherein said removing step is carried
out by contacting said adsorbent with a solvent capable of dissolving polar
hydrocarbons.

3. The process of claim 1 wherein said adsorbent is selected from
the group consisting of silica, silica-alumina, acid treated clays and activated

carbons.

4, The process of claim 1 wherein the hydrocarbon feedstream is

an atmospheric residuum.

5. The process of claim 1 wherein said hydrocarbon feedstream

is a vacuum resid.
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R&, 1?78 out by contacting said adsorbent with heat.
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9. The process of claim 1 wherein said feedstream is feed
through a fixed bed of adsorbent.

10. The process of claim 9 further comprising the step of
terminating the feedstream and regenerating said adsorbent by passing a
solvent through said adsorber.



