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FI ELD OF TH®O $NEB5S8 ON The present invention PEFRPMWILSE 5
met hod for electrochemcally denetall at |lng refinery feedstreans.
BACKGROUND OF THE | NVENTI ON Petrol eum streans that contain

metals are typically problematic in refineries as streams because the

nmetal li c conponents contai ned there| n have a negative inpact on certain
refinery operati oMETHOD FORDEMER ING [P &Q@LMMA_M& critical
to hel p conversion of crude fractlons (see e.g., Branthaver, Wstem
Research Institute in Ch. 12, "Influence of Metal Conplexes in Fossil

Fuel s on Ind am  Chem Soc. (1987)). Such netals, for
exanpl e, act== $oprocessing and fluid catalytic cr acki ng
catal ysts, thereby, shortenlng the run | ength of such processes I ncreasi ng

waste gas nmake and deggeasi ng,the val ue of . coke uct cok

oper at i ons. The Pfesﬁﬂfemb' Fauom, platgs tQ ﬁéhetﬁgﬁg?rsdﬁ Sﬁange
advant ageous . H%%ﬁ ream by rendering especially the
heavi est oi l dﬁg?ﬂ%%é?%ﬁﬁ% ctﬁ gse metal containing structures nost

typically occur) less profitable to upgrade, and when these resources are
used they make catal yst replacenent/di sposal expensive. Current refinery
t echnol ogi es BACKGROUNDIQRTHE IRVENTIONN by using netal containing
feedstreans as a less preferred option, and by tolerating catal yst
deactivation when there are not other feedstream alternatives avail abl e.

El ectrocheni cal procesPetoleanestoeans thatcoritain metas/are typichly problgmmaticdd

organi c conpounds, e.g., polychlorinated biphenyls in one phase qrganic
refineries as streams because the metallic components contained therein have a

negative impact on certain refinery operations. Thus, demetallation has been
referred to as critical to help conversion of crude fractions (see e.g., Branthaver,
Western Research Institute in Ch. 12, "Influence of Metal Complexes in Fossil -
Fuels on Industrial Operations”, Am. Chem. Soc. (1987)). Such metals, for
example, act as poisons for hydroprocessing and fluid catalytic cracking
catalysts, thereby, shortening the run length of such processes, increasing waste

gas make and decreasing the value of coke product from coker operations.

The presence of such metals prevents more advantageous use of
the petroleum stream by rendering especially the heaviest oil fractions (in which
these metal containing structures most typically occur) less profitable to upgrade,
and when these resources are used they make catalyst replacement/disposal
expensive. Current refinery technologies typically address the problem by using
metal containing feedstreams as a less preferred option, and by tolerating catalyst

deactivation when there are not other feedstream alternatives available.

Electrochemical processes have been used for removal of halo-

genated organic compounds, e.g., polychlorinated biphenyls in one phase organic .
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e.g., U S. MO89e3556 102, 510 and for renmoval of water sol ubl ePEEUSPHI45EE oy
aqueous streans, see e.g., U S. Patent 3,457,152. Petroleum streans are
typically not hal ogen cont ai ni ng. Renoval~26f metals from conpl ex petrol eum
streans is nore difficult because the netals are associated with
‘hydrocarbon species, and are not readily water soluble. U S Patent

5,529, 684 di systesmsssee e.g; bbBsRaténtrs, 802,610 and o remhdwal of materl solublagnetals
petrol eum streans, but there is a continuing need for an effective nethod
for renoval &OWO%SW@%éﬁQ¢Gu|@5l?ate@ﬁgéﬁ7nl%iBW@ﬁWaﬁfés of

Concent 1 at | ortYPlaU R BRlEEn oRBlimnkn Remaval ShIEGHS SAIFUERIEK RYHleMbed.
BRI EF DESCRI P Fi 1

enbodi ment ofﬁ%ﬁ%&s@ﬁ%@gﬁeﬁge ye%%ggsog%%ﬁﬁélr}y %gﬁ%ﬁéﬁrsn o
stream and aReis, G ie it eddily WateH SOIRBIE. AN, Phtent!S)S2576 84 Hisefbsks anst er

agent by contacting both in the electrolyzer. I gure

i [l ustrates aproeesyofdr eksetrocherhieally desretdlating \Wetoleun etrears, dnit theretis ansf er
agent is pretreated in the electrolyzer before contacting the petrol eum

stream umiaRingreen-for lanneffettiaiimethod for removal of theseemgtals panticutarbnt i on
provi des for a nmethod for, remving tals, . preferably Ni and.V, from
petrol eum st r%nmgieﬁhﬁ&%ﬁﬁégé OgEF’é‘Ie@iaPﬁﬂo?@‘ SHOBERNEERICIERECH  ocess
provi des for a progess for netallating a petral.eu stream by applying
to an oil in %cpglf Y estpei?cgo e&pngerﬁgp&ogﬁgegggssg%lpuB%p@llcmﬁtét@vgx}%%t ai ni ng
petrol eum st r sfffediad {HiQ n@ggeous el ectrol ysis medi um

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an embodiment of the process for treating a
metals containing petroleum stream and aqueous electrolysis medium containing

the electron transfer agent by contacting both in the electrolyzer.
.Figure 2 illustrates an embodiment of the process in which the

electron transfer agent is pretreated in the electrolyzer before contacting the

petroleum stream.

SUMMARY OF THE INVENTION

The present invention provides for a method for removing metals,
preferably Ni and V, from petroleum streams containing these metals. In one
embodiment the process provides for a process for demetallating a petroleum
stream, by applying to an oil in water dispersion of a hydrocarbon soluble
metals-containing petroleum stream and an aqueous electrolysis medium

containing at least one electron transfer agent and at least one electroconductive



containing at |east one electron transfer agent and at |east one
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sufficient electric current to produce a pgtroleum stream having a
decreased nmetals content. In another enbodihent the invention provides for
a process for denetallating a petroleum stream by contacting an agueous
el ectrol ysis nmedium containing at | east one el ectron transfer agent and at
| east one el salta snlisienteléoic cutrenttotproduceud petrolenm streant haviag acurrent to
produce a treated ueous el ectrol ysis nedi um containing a reduced

el ectron tran ?Cé?aseage 'S CORtENt o fa adethayembediment the invgnBion prevides for 3si s

Cot 1ot ont 1 BBt A e tFind et bdol Sonidiea Baenbn o |
cont ent. lectrolysis mediuﬁh@oxﬁ%i&&ﬁa}é@%ﬁ of\h }gecﬁﬁnﬁﬁg@roagreﬁMcf at Tt S

such as Fe, that re nore easl
The tpresent i gieelec@bnéthiduetié sdlt Wi ' ; ﬁf%sé

essentially of the described e?ieltrerll?gﬁﬂ{%ﬁ%gf/g eﬁ%ﬁgﬁged [ X%PH%C gbsence
of an el enentreated agusmiscelectrolysis R confARsinR aFEdEbedEledirbn MENE! ON

The present invention provides for a nethod for decreasing the content of
metal s (parti&EAM-and eansactingthe treated agueous electolyisisrmeditinoofistepi(a) withca es
and t hus hydroc%rlbon sol.ubl e @f a hydr gcar bonacegus petrol eum stream by
subj ecting a TRERYFAngMIng peixe Pﬁhstf%“t afime SuEIGHRE logripes & petrelenm o

to herein ass@?ﬂﬂaﬁhgr&&H’créa?)g&é}eg?cigh&i‘%wg the netals and water, and at

| east one electroco ct1Ve, y water soluble salt, and at
| east one prefer-

The process may also be used to remove metals, such as Fe, that

are more easily removed than Ni and V.

The present invention may suitably comprise, consist or consist

essentially of the described elements and may be practiced in the absence of an

element not disclosed.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides for a method for decreasing the
content of metals (particularly those typically associated with hydrocarbon
species and thus hydrocarbon soluble) of a hydrocarbonaceous petroleum stream
by subjecting a mixture or dispersion of the petroieum stream (also referred to
herein as a fraction or feed) containing the metals and water, and at least one
electroconductive, preferentially water soluble salt, and at least one prefer-
entially water soluble or solubilizable electron transfer agent to an electric
current for a time and at conditions sufficient to remove the metals from the

stream (i.e., to produce a treated petroleum fraction having decreased content of



entially water soluble or solubilizable electron transfer agent to an
electric current for a tinme and at conditions sufficient to renove the
metal s fromwhes/0ssé eam (i .e., to produce a treated petrol euRETPERII63
havi ng decreased content of WO 99/ 03556

PCT/ US98/ 14523 -4- -4 - the netal s).
Metal s renpval occurs fromthe petroleum (i.e., oil) phase. The contacting
is carried out under conditions to result in passing of an electric

current ther ehBmgdtal), Metals removal occurs %Bﬁ‘l tﬁgﬁigﬁtbglegllngg?g r FRaskNAfpe™®Y De

treated include NN and V species, as these a sent in

pet r ol eum st r gansctingris cairfddosutrmider sonditichs ﬁﬁre%ﬁltmﬁa%iﬁ% ef & eRRtriound, for
exanpl e, in porphyrin and porphyrin-like conplexes or structures, and are
abundant in h@uﬂyﬁﬁhvtﬁuenghfractions. In these feeds such netal species
tend to be found in non-water soluble or immscible structures. Iron also
may be renoved by the process. Wat er sol uble netal salts

0eSal ter pr acesses, i (i IREAHTE CapRy Pty B SERERE Ferifafndint Ry R ,
' f : I . I
6t hor oby cSAEEICS RS ORRALY PRARECin PARER Shreals: 2rfasitBh et - 21

to the presensuchm@idr@V dré oftefl €6ahd, For exi e,vml%&gﬁ#éﬁaaa&f inllikae
absence or essential absence of current flow and th tals that” are

removed are euBplexesor struvturehyahdoaraabondantin hesvy petreleam, frigtibnec Inhhese

sol ubl e metaltig conponents of petroleumstreans are nore difficult to
treat. Petrolfads %Qg’e@ﬁﬁﬂ spacaescieng te ke fowadiincromovaterrsplubile oe immisaiblees of

reactive and ynreactiye species As su the ability to successfully treat
particul ar co fit's P%%V@SWWF&EM%P‘W&& ions is not readily
predictable fromthe reactivity of and success 1in treating pure

conmponent s. The process of this invention also my be
applied to the removal Water soluble metal salts typically can be removed from petroleum

streams using electrostatic desalter processes, which entail applying an electric -
field to aid in separation of water and petroleum phases. The water soluble
metal salts are thereby extracted and removed from the petroleum streams. By
contrast to the present invention, in'a desalter, high voltage is applied in the
absence or essential absence of current flow and the metals that are removed are
essentially not hydrocarbon soluble. However, hydrocarbon soluble metals
components of petroleum streams are more difficult to treat. Petroleum streams
are complex mixtures of many different types of reactive and unreactive species.
As such the ability to successfully treat particular components of petroleum
streams or fractions is not readily predictable from the reactivity of and success

in treating pure components.

The process of this invention also may be applied to the removal of
metals that are more easily reduced than Ni and V, such as Fe. However, since
other processing options are available for removal of such other metals, the

process is most advantageous for removal of the metals Ni, V, as these are



netals that are nore easily reduced than N and V, such as Fe. However,
since other processing options are available for renoval of such other
metals, the Wg?%@éé i s nost advantageous for renoval of thePFE{UO¥I4R3 v/,
as these are WD 99/ 03556 5
PCT/ US98/ 14523 e -5- typically
nore costly to renove. A benefit of the process of the present invention
isinits ability to renove netals contained in typically non-water
extract abl e tpigally mare goslintp reprase oA benefit efithe processof the presenbf sal ts
and at higher current effigiencies-than in current pro_ceﬁses.

Exanpl es of RRVEIKIpnYS ﬁ%ftaﬁbﬁl}mt%r?m%e metaly cantainedindypically nopzwatesns t hat
may be treat di the.process of, .the present .invention are netal
cont-ai ning ¢ %H@ﬁﬁ‘@ieo@@&é%’ﬁﬂfmﬁwac@dw%swm%%ogﬁ Pgéﬂﬁs B‘F‘i 2t ossi |
fuel s such ag)iphétdSmen | 3 processed/distilled
streans (di s'ihllﬂiat I on #gm uecgéfg%{%&?g‘é&g?wg%ﬁ%??c and vacuum resi ds,
fl-uisd catalytic cracker feeds, netal containing deasphalted oils and
resins, processed resids and heavy oils (heavy crudes) as these typically
have a high metals corixamples of Ni and V metal-confdigingqrtroleurhetrdametor! | at ed

can have a rgige_ of metals content. The average vanadiumin the feed is
typical |y abdtactiong thatmaybetreated accordistgsto the posesaof the pesent invedtiopare by

the ot ar t:“ b Thelal SRR R Budcanit s by Bgab qpasous Rl B S SABS o (o |
250 ' t 2to 10 F ,

vy Arab oroeat felPichtis Srid Y i Bitimend, hs Skl REPiacebeiBRRtRd T
(510[ err] C) andamsi(Histllation redpduek) mdchéés\%%{ﬁ% gﬁti gﬁﬂ%@?g@% ginigg 5 a

typical nickel content of 8 ppman
vel ght . Howeatalytimgrackenvfebds) imetalodonitainiig deasphalesd oils dfd/redins| prsdessed
according to the present |nvention.

’ resids and heavy oils (heavy crudes) as these typically have a high metals

content.

The feed to be demetallated can have a range of metals content.
The average vanadium in the feed is typically about 5 ppm to 2,000 ppm, prefer-
ably about 20 to 1,000 ppm, by weight, most preferably about 20 to 100 ppm.
The average nickel content in the starting feed is typically about 2 to 500 ppm,
preferably about 2 to 250 ppm by weight, most preferably about 2 to 100 ppm.
For example, a Heavy Arab crude distillate having an initial cut point of 950°F
(510°C) and a final cut point of 1160°F (627°C) may have a typical nickel
content of 8 ppm and a vanadium content of 50 ppm by weight. However, any
level of nickel and/or vanadium may be treated according to the present

invention.

The metal containing petroleum feed to be treated preferably
should be in a liquid or fluid state at process conditions. This may be

accomplished by heating the material or by treatment with a suitable solvent as



The netal containing petroleumfeed to be treated preferably should be in
aliquid or fluid state at process conditions. This may be acconplished by
heating thewme9asssd or by treatment with a suitabl e sol ventPGREUSIS/14590

99/ 03556 6

PCT/ US98/ 14523 TeT -6 - needed. This
assists in maintaining the mxture of the netal containing petroleum
stream and aqueous el ectrolysis medium containing the electron transfer
agent and salneeded. aThisuassistsdnmeaintaining thepmistareobtheanetal eontaining ur r ent .
Current densities of 1 mAcC of cathode surface or greater ajea are

sui tabl e. petroleum stream angagnegusif snttﬁxmsmeadwsmoe anwgne glestrops
sufficient size’

bl gl ini hi
"t mat o con ORI ABRAL D W10 A ToRE 10 ALPWLRIHIES Of A EeuuBeEnt
I | ysi C’{Bﬂ! ) ' ' : 1.0
?o(racfa;grrzlslasare Sdéi eg-a g?bg&m ragizié{#}déﬁ%(?%%@gasce%?%%?tgr %rgg]&?iérgﬁéé But ngrn

atime and at conditions within the ranges disclosed sufficient to achieve
a decrease, preferably a maxi num decrease, in content of the netals.

Contacting is typical | yreferablpithestit drapletsnhoukl e of suffigieat sizb¢o enable the
contai ni ng petrol eum stream and t he aqueous el ectrol ysis nedi um (which
cont ai ns t he metalstqontainingompanentsdp aphieve intinatstqontacs wvith the. electratuced

SLFZE&?EQ on Hster Bk R aadgti ekl s Litoplef i parinies oF
ol cotron 1 adoPaFoonRPod ko T S el B AR CORERIL E RS, (o

exanpl e USi NGhauRt be ERHeBVE for' PAKE AR caﬂgjiguh?%ﬁxin &feﬂﬁm;eg diskIbskd OW ng

cells. Unexpectedly, introducing into the systema

rel ativel y smafficientpocachigve mdecmm,qrrefaamrcnmmm debreabe,dheoatdn@fi ve to
i ncrease the rate _ and/or effici encly of electron transfer can potentially
Y

i ncrease t he themetals. Contéactinglis typically aticomplished by dntimateanjring of the metal
referred to herei.n. as el ectron transfer agents. These aggents. undergo
reversibl e el"@m&gﬁm SWeATR 2B the agug a@i@HOIYS}weam (Wbb"gk acti-ve).

contains the electrolyte salt and either the pretreated, i.e., reduced electron

transfer agent, or the untreated electron transfer agent, depending on the
embodiment of the invention) to form a mixture or oil-in-water dispersion (i.e.,
with the aqueous phase containing the electron transfer agent and electrolyte salt
as the continuous phase), for example using a stirred batch reactor or turbulence

promoters in flowing cells.

Unexpectedly, introducing into the system a relatively small
quantity of one or more compounds which are effective to increase the rate
and/or efficiency of electron transfer can potentially increase the rate of
demetallation. These species or compounds are referred to herein as electron

transfer agents. These agents undergo reversible electrochemical reduction-

oxidation (i.c., are redox active).
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The el ect rocWeP@3fs6cel |l is typically equipped with at | east RGRIISIS/14523
oppositely charged el ectrodes including cgj hodes (working el ectrodes) and
anodes (counter electrodes) with electrolyte in the systemto conplete the
cell circuitry for operation of the cell. For exanple, a plurality of
wor ki ng el ectrodes and counterel ectrodes placed in a pack nay be enpl oyed.
The el ectrocheni cal celhe cbntrocpharmnaﬂde;l isrypicdlly 2quipped evideacleast twasle

pl aced bet ween the rk| ng a oynter, el ectrodes to nonitor desired

wor ki ng el ectORROSItERy Stlh@“d’élge@ﬂrme{ﬁ%%mgmweshmdm
{ﬁgc%'rggem pﬂ‘{95‘8§£°°‘§‘ﬁ?m‘8&5°éi%ﬁigfd@tﬂﬁ il Cdigtﬁisﬁutre'ﬁgﬁc tiechessllt i on
Such mat or | ol STy for dperaiof BPLBGE, ir lhridlE LpEEIITRAS W?f?érrsr ﬁﬁsé%

t hereon. Sui tm@m@r&abaemaemﬁﬁw ackfia yslﬁderﬁélogﬁ{latlon AICheigaI?! ©

those which will support the ‘el ectroc em ca C are
preferably stcell cancopticnallyfinclade @ refeedriceecléctsie lﬁ@éﬂ’fbé-t%eﬁ'tﬁ’@wdr

mercury and all oys thereof and carbon, and ot her materials suitable for
removal of meqomnger elecrodesito memitor dexirast working ieleetrede voltagessdikimgithe i n t he

art' may be used fo val of ofher netals. Included as suitable

el ectrodes ar ?Wﬂ%@“ﬁ%egﬂéﬂ t08 1884t ¥Yes, such as carbon or netallic
foans. Suitable materials which can be used as counterel ectrodes shoul d be
resistant to degradation and corrosion in the presence of the products

produced in the el ect IRleBRFEC Alatdila %ﬁﬁ‘s%?ul Hi&%&@p@é‘%ﬂh{ &@glre?én?ﬁé’)?&gs

known to those skilled in the art I ch are st n aqueous” s
cont ai ni ng arshehktbe nds;ﬂtmt&eldfegﬁﬂdno@by%ﬂcﬁiséoﬂﬂ&ﬁf BRI theGRateriffs dndSsalegPes

used herein may be used set forth above, the present
i nventive prcdeployed durng tbﬂebwoahenaualqimcesso&mmmaﬂenakl shouhhalap beng an

aqueous el ectr t.hat capabl e of conducting electric: current
and supporti g %I%éma rgﬁpreg ﬁﬁ(ﬁgli imposed thereon. Suitable materials which can .

be used as working electrodes are those which will support the electrochemical

demetallation, and which are preferably stable and inexpensive include lead,
cadmium, zinc, tin, mercury and alloys thereof, and carbon, and other materials
suitable for removal of metals, e.g., Ni and V. Other suitable electrodes known
in the art may be used for removal of other metals. Included as suitable
electrodes are three-dimensional electrodes, such as carbon or metallic foams.
Suitable materials which can be used as counterelectrodes should be resistant to
degradation and corrosion in the presence of the products produced in the
electrochemical process. Other conventional electrodes known to those skilled
in the art which are stable in aqueous solutions containing an electrolyte salt and

electron transfer agent of the types used herein may be used.

As set forth above, the present inventive process is carried out in
an electrochemical cell containing an aqueous electrolysis medium that is

capable of conducting electric current and supporting the electrochemical
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PCT/ US98/ 14523 denetal lation in the presence of an el ectroconductive
salt and an WP&HIEM transfer compound. The aqueous el ectr ol PETASAEMSEM i s
t he conti nuous phase in the present elect gochem’ cal process and is
contacted with the netal s-containing petroleum stream as the di spersed
phase in the aqueous el ectrol ysis nedi um The salt and

el ectron transfer agent should be sufficiently soluble or solubilizable in
the aqueous demetallstipniin thepresemceoofamelecteoconidiictive salt and an ebdctront y and
reaction rat Mat eri,al s useful _as el ectron transfer

S.
agents are ci’&é‘ﬁfeé cgmpgnnd, The ggneops eloetralysis anedium is she epmtinnous phase in
reduct i on/ oxi ' L | tallation,of the et.[,ol,eum stream. and are
sufficiently ds;%ﬂ?g?%tdéééd&s}%?‘gﬁﬁqﬁlféﬁ?eés and f%%mﬁaﬁs@de @!ee‘BFé%ﬁ‘wr%’q%i um
to provide t hatdR Eﬁ’ed’xﬂiﬁﬂié)&‘isgéﬁséd P@%ﬁn&@é’ﬁﬁ&@dﬂs%éc‘é&l §¥ M. ©f
conpounds i ncClude organic, organbnetatlic and I norgani c sp%0|es.

The el ectron transfer agents can be any water sol uble or water

sol ubi l'i zabl e chem cal species which shows reversible el ectrochem cal redox
behavi or within the pofldetsaltiandzheptronf tréhsfer agénOshould be SGHiciEntty soluble | v
skilled in the art would recognize that this is suitably determ hed for a
materi al by OFRS®: FW‘QM@@Q@@@!S el@gmlyasmmnmgmimd%mumclaqueous

el ectrol yte andd ({(i:!eyt(S rq.rp*"}ni ng.if the species exhibits reversible

el ect r ocheni &3PCY TEAFRON Ff®%nt i al range. In the process of the
present invention, the electron accepted by the electron transfer agent
woul d not be donated to the anode during electrolysis, but rather to
speci es to be treated WitehlstiiefR@l eRcRON thinsRR HoehliGhE €apablOBF hfider-Whi Ch
coul d be considered as electron transter agents for the process |nc?ude

bot h or gani ¢ gofmgiesersihiel cleetrachemival sedastivioxitatiodatiging dorestallition oftex as
descri bed above._ For exanple, in the organic cateﬂghé are species such as

qui nones, aniPseleumsiRam, and-are sufficiently solubletar, rable in the aqueous

electrolysis medium to provide the desired reaction rate. Some representaﬁve

examples of compounds include organic, organometallic and inorganic species.

The electron transfer agents can be any water soluble or water
solubilizable chemical species which shows reversible electrochemical redox
behavior within the potential range of 0 to -3.0 V vs. SCE. One normally skilled
in the art would recognize that this is suitably determined for a material by
measuring the species’ cyclic voltamograms in an aqueous electrolyte and
determining if the species exhibits reversible electrochemical redox in this
potential range. In the process of the present invention, the electron accepted by
the electron transfer agent would not be donated to the anode during electrolysis,
but rather to species to be treated within the petroleum stream. Chemical species
which could be considered as electron transfer agents for the process include
both organic species and metal complexes which undergo reversible redox as
described above. For example, in the organic category are species such as

quinones, anthroquinones, benzoquinones, naphthaquinones, xanthones,
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aci ds, sul f QYRAPHES5& osyl| at es, carboxyl ates and benzophenonespﬁ}wpﬁ%ga%f abl e
substituents to assist in water solubility_and to tune the redox properties
to the desired potential range. Many typeS of netal conpl exes could be
considered for this process, such as trisbipyridyl, trisphenanthroline and
di t hi ocarbamat e conpl exes_of transition nmetals. Derjvatization of, |igands

to di ncr gaz e phthadlic Q@'ﬂ&ﬁlﬂ mlzteii?@jlf@tﬁf ﬁ@b@ﬂ’é&fé@\g&d e0ZoP. ‘F@l?ét}’v@ be I
bt I .

COnEUEt o5 5 e i A o B

solubllity Ofo 3l &Qg&egg?&éddmm?gw MbRS types D hebPLombRILY OB OF 11 Lhe

desi.red pote range. _ _ 10 O ectr ransfer
agent to sal toopgideR fob B8 PrédesdNach Ak iiskipyridyll hespheharithrdlite aice both
the denetallation rate and efficiency depend- ~ i ng upon the particul ar

mat eri al s usalithiédarbamate voantlexdsi of transitibnanetatss sDegvatizationtdfdigands to
The electrolyte salt in the aqueous electrolysis nedium.is desirably a

saléI that di égmwgateraoh@agywdsto iaﬁmedpxmtqgrmwldlbsmwfm o
oonduct 119 ane hemally il 558 nC A Witk rep e oA P
o Y0 o0 et o) i Sy R VAR BoHBEAR A snlb SRR am
Lher ool 2t o0 B rhRrBRACISH RS in B8 d4GrbQBO el iigeronc: and

bi s- phosphoni um nium an ydrocar byl noieties
are preferably al kyl. Quaternary al kyl - ammoni um i ons “i ncl ude

t etr amet hyl ammoni um tetraet hyl anmoni um and t et rabut yl ammoni um
Optionally, additives Krhewatioroftelectzont transferrdagantto salieant b ctosen byf onge

el ectrodes or _{he system nmay be added such as _surfactants, _ . detergen‘is,
enul'si fyi ng kdidinghe aghfednfu ofh the demnetgiatan rate and efficiency depend-

ing upon the particular materials used, their concentrations and processing

conditions.

The electrolyte salt in the aqueous electrolysis medium is desirably
a salt that dissolves or dissociates in water to produce electrically conducting
ions, but that does not undergo redox in the range of applied potentials used.
Suitable organic electrolytes include quaternary carbyl and hydrocarbyl onium
salts, e.g., alkylammonium salts. Inorganic electrolytes include, e.g., NaOH,
KOH and sodium phosphates. Mixtures thereof also may be used. Suitable
onium ions include mono- and bis-phosphonium, sulfonium and ammonium.
Carbyl and hydrocarbyl moieties are preferably alkyl. Quaternary alkyl-
ammonium ions include tetramethylammonium, tetraethylammonium and
tetrabutylammonium. Optionally, additives known in the art to enhance
performance of the electrodes or the system may be added such as surfactants,

detergents, emulsifying agents and anodic depolarizing agents.
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Typi cal |y awWsp$8saér ati on of salt 1-50 wt% in the aqueous EEYIB1§¥3s
medi um preferably 5-25 wt%is suitable, swth the use of |ower anounts of

salt being anticipated in the presence of the electron transfer agent.
The pH of the solution should be chosen with regard to the particular
el ectron transfer agent and salt used and nmay also vary with the netals to
be renpved. Typicallyreeancentmatiemptsalt Lrxswilolin the:aquegush t he

Gl ectrol yi o SRPRONSTH e RaEreTaoly Sohh ik i witahlty vah s RN 1 ¢ om
(aler 110t gusBpEERt iatrbeinE phicihesd in e pisbency, B B EIGRGH SAfrE L,

to 210 atm (21,200 kPa), preferably 1 atm (101 kPa) to 3 atm (303 kPa).
An increase in tenperature may be used to facilitate renoval of netal

species. ~ Wthin the (Theqd$ef desblitinshatild beahoderawithqupardto theui d phase

or medi um should  be naintained. Fol | owi ng_
denet al | at i orparti¢idameloctnon trprsfenigentrand saltusedbandimay also varyowitk the metals of
netals, e.g., N and/or V and/or Fe content. Wile the actual anount

renoved wl | thbF)feH’@(YSd-di ng to the starting feed, on average, vanadi um
| evel s of not nore than about 15 ppm by wei ght, preferably |ess than about
4 ppm and on average nickel |evels of |ess than about 10 ppm preferably

| ess than about 2 ppp&R o}gfmﬁg h@gﬁﬁ@%ﬁ{/‘%gﬂ‘tméﬁﬁgggﬁr&%bﬂ“ wei ght

of the total vanadi um and nic ere

The netal corgrEn\dus todeCViCaRRY, &Rl the typ@ 9f ’EREb1yRE @fld s pARY HoRveverised in
refining operations that are adversely affected By higher |levels of netals,
for exanpl e ftemipdratasies imayi suitablyclanpge from hycutgmiteast abput 3O0FIETIRQ); oduct
can be

preferably from 100°F (38°C) to 300°F (149°C), and pressures of from 0 atm

(0 kPa) to 210 atm (21,200 kPa), preferably 1 atm (101 kPa) to 3 atm (303 kPa).,

An increase in temperature may be used to facilitate removal of metal species.

Within the process conditions disclosed a liquid or fluid phase or medium should

be maintained,

Following demetallation, the product petroleum stream contains a
reduced level of metals, e.g., Ni and/or V and/or Fe content. While the actual
amount removed will vary according to the starting feed, on average, vanadium
levels of not more than about 15 ppm by weight, preferably less than about
4 ppm and on average nickel levels of less than about 10 ppm, preferably less
than about 2 ppm can be achieved. Greater than 30 percent by weight of the

total vanadium and nickel can thereby be removed.

“The metal contaminant-decreased (e.g., upgraded) product may be
used in refining operations that are adversely affected by higher levels of metals,

for example fluid catalytic cracking or hydroprocessing, or such a product can be
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wi th ot her WO8UPRSS®f hi gher or |ower netals content to obt aPRTASIULLRL 4

| evel of netallic contamn nants. 11 A benefit to the present

i nvention is that the process may be operated under anbient tenperature
and at nospheric pressure, although higher tenperature and pressures al so
may be used as needed. Its nost basic formis carried out in an .

el ect r ocheni &i¢nded| with pthesistreams of higheres hewer metals ponteniste-obtainea desisadht i ¢
node, as passage qQf current is, required (e.g., relatively low voltage/high
current). ThZeY’glq% 1l9§°8ﬁwaivi ded or undivided. Such systens

i nclude stirred batch or flow through reactors. The foregoing my be

pur chased comrercially or made using technology known in the art. The

cathodic voltage wll Vﬁ%@“@gﬁﬂéﬁ&ﬁﬂtﬁ%ﬁ&mﬂ‘wﬁ?‘bwﬁ gad the

el ectron transfer agent. IC voltage 1s In range to -3.0 V

versus  Sat urgijepste§ah8e®imbieat tenfistieatufCinld aicyphedAbd pressire) althor\x/%x highebased
|

on the characteristics of the particular petroleumfraction. Wile direct
current is ttgmperdtine andepressairescalso dmyplee dsedrasmeedediy Its enast basicdormss ng

alternating current, ,or ather vol,tége/cur‘rggtﬂvaveforrm., )
One enbodi merfarged pptinanelestsochemicalicell; by yiGBegRsd&qin a N0Rvent i on

d i,n Fi 1), i ' ' I 1 cal |1
hyar ocar bon. <PREACmaie. Satistes ol snt B Bned (EantefMIOR W T an
| ectr g ' | Ll . I -ql yt | t d
alactron o ranegshagl A ThE 2Ll B cifhii PR FERARLY QB TV,

whi ch a vol t agftdnSs inchidle! stiefbdibatcPePAbvathioughdredGers: aThO fstegging mapdes i n
the el ectrochém cal cell. After treatnent the upgraded (denefal lated)

pet r ol eum st rmathassdsepanerceallyf sranade téing aephmologyckmovm ol thei at.n®leum and
the metals are renoved fromthe aqueous electrolysis nmedi um before
recycl e of t heathedieyoltage wil varyydepending emtheometabtq be remaaved andithe

metal s-contal electfor S'tarrlsqjere ggr?:rft.e ﬁ‘?{e c-mx%saic Iv&t&gréelsfirlx e ra%rg@ %dtloq%% V \rl]eersus .
Saturated Calome! Electrode (SCE), preferably -1.0 to -2.5 V based on the

characteristics of the particular petroleum fraction. While direct current is

typically used, electrode performance may be enhanced using alternating current,

or other voltage/current waveforms.

One embodiment of the electrochemical process of the present
invention (represented in Figure 1) is carried out in an electrochemicalh cellona
hydrocarbon soluble metals-containing petroleum stream, in contact with an
aqueous electrolysis medium containing at least one electrolyte salt and electron
transfer agent preferentially soluble in the aqueous medium in which a voltage is
applied to oppositely charged cathodes and anodes in the electrochemical cell.
After treatment the upgraded (demetallated) petroleum stream is separated from
the aqueous electrolysis medium and the metals are removed from the aqueous
electrolysis medium before recycle of the aqueous electrolysis medium to treat

additional metals-containing petroleum feed. Thus, in the first embodiment the
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cont ai ni ng_ S P¥3Em st ream and aqueous el ectrol ysis nedi um REHPEBHBEE t he
electrolyte salt and electron transfer aggnt are conbined and subjected to
application of a suitable cathodic voltage to produce denetallation. Figure
1 exenplifies this enbodi nent. I n anot her enbodi nent of
the process of the present invention the aqueous electrolysis nmedium

(cont ai ni ng maetalsiceptainingtpetnodéum stigamn@ndiagqueoity electrelysisanedipay confaining

el ectrochem cal freagnent . in el ectrochem cal cell.,in whjch.a vyoltage is
applied to o o slectp < Ralf Bad clectron r@serﬁraaase@%m%emﬂc@ﬁwts&?on
transfer agent. (i ; rqcheni cal redyuction SHER).

el ectr ochen: capfibattarof § sfaile SibAVeitat to BROLEL BRheRifon BBe.l « ne

el ectrol yte is S tron transfer agent is then contacted
with the net ?&hﬁﬁgﬂﬂﬁ% p(lat"tﬁ%@l?eum streamto forman oil-in-water

di spersion for a time and at conditions sufficient to produce a treated
petrol eum stream havi ng a decreased netals content. The upgraded (i.e.,

denet al | at ed) petr ol eudnsnothemenodimentegfithepratess obthetpresent umrvention the
el ectrol ysis nmedi um_contai hing _the electrolyte salt and, oxidized el ectron

transfer agerdugens elgetrolysisanedismdcontaiming therelgriien transfer agent) is suhiected

el ectrochem gal_ treatnent step. ,Benefici.ally.,in this.enbodi.nent. { he

pet rol eum st f"géﬁP‘H f?—:‘?s":’ e U%Hﬁgﬁl&r qaﬁge%l}d’é‘ %ﬁ‘gx@gpmgagbc(eﬂ_lg_w?ﬁlch a
denetal latio Vi g '

troat ment st aS)EBER lieg bRy AL kIiTh B pfdEkk o Bectron
the Figures, trdiRfdreigentf @ i a0%l6@rdcaemicl RERREDA s%élppsrmeé@@cheﬂum ed
arrows designate process streans. I'gure 1 represents one
enbodi ment ofpretreatpd aqesmseiedtivlysis erditm contadming the eleotrblygeisalt andhe net al s
contai ni ng petrol eum stream (1) and_ the aqueous electrolysis nedium

cont ai ni ng t Hedwsedeledron ransferageny istheasantasted wah the metals containing

petroleum stream to form an oil-in-water dispersion for a time and at conditions .

In

sufficient to produce a treated petroleum stream having a decreased metals
content. The upgraded (i.e., demetallated) petroleum stream can be separated
from the aqueous electrolysis medium containing the electrolyte salt and
oxidized electron transfer agent and the aqueous electrolysis medium recycled to
the electrochemical treatment step. Beneficially in this embodiment the
petrolenm stream does not contact the anode and cathode (i.e., demetallation
treatment occurs separately from the electrochemical treatment step). Figure 2

exemplifies this embodiment.

In the Figures, the lettered boxes designate process steps and the

numbered arrows designate process streams.

Figure 1 represents one embodiment of the process of the present
invention. In Figure ! the metals containing petroleum stream (1) and the

aqueous electrolysis medium containing the electron transfer agent and salt (5)
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- 13 - are
contacted i V@8HP3%¢ or, A This contacti ng may be achieved b?cgﬁ’éﬁs’fféﬁ ces

as in-line static mxers, a mxing tank, jg.sonication mxer, etc. The
resultant oil- in-water dispersion (2) of fine oil droplets dispersed in
the aqueous electrolysis nediumis then passed to electrolyzer, B, in which

t he el ectrochem cal denegal] ati on i.s.conduct.ed. A vari et f deyi ces can be
- qo&%q ed 4‘8 n 7 &

gfggi rggﬂglmnarei ﬁﬁ;i %8 gpg tﬂ:zﬁ;\n §Fg @gﬂ%&g& t?]"&ok%ﬁ%epg Wté\eﬁﬁ'ew;hsat I on

of stream (3 °roug$'|a step’)‘ %égnno"f‘ gt ?ﬁ l}él %ﬁfﬁiﬁ" %réfy %’e ‘fq @éﬂf i

achi eve desi \ Q)'rgf i : ' ess
opti*m zati on#ﬁ?'vﬁg&e(ﬁg&%t@grszer ﬁ}éé 6@%@?@@‘%&1@ eagg&gﬁg@%ggﬁgggsand
anode ar r angaskdiRnriotienajasied focelectiulgaa, Baws Migctofheall@stidohentiedlr ent at
sui tabl e cat hggu;]ﬁotentl als and to result in the denetall ati on of the

pet r-ol eum st d tion fissconductesin A 3prietyi of deyiedsaanrbel ysedy ranging froana
oi Il -in-water digspersjon in which th&?Oil conmpgnent has a decreased netals

content. TheSihgleepntmypusly sgaeeddank (COTR) sepet electrochspuealicsil to@ casgadmpth

th i d I | yt h ted. Thi ld b

achi eved 1 n BUEADE ooz RePiraationofsireisn o hiroushcsten Hyflasishipwn
ttler/ I ' esce 8

et ol eum ot PEEIpergymey BE KE ARkt oFpclBR RS 1dlels of AnBITRASH 44 fbuta

refinery. Thpeaensidereded Roted! ofitinizhti R "The klettolyzep OB} @dridisié of Releadd t and

el ectron transfer reagent is réecycled back to cortactor A for mxing with
addi ti onal menelkathodeand anade arangddeappropristely to@ehieveglassapeasfadlectricD, i s
included to indicate that the metal s renoved fromthe petrol eum stream nay
be recover ed CREEN atisuitablgssthodinpetentisls andite mesudtiial thademetallationrof:the
precipitation, floccylation, filtration, qr electrpchergcal plating. Stream
6 represent sPERP ‘%‘@#&W‘ Treated yream (Drsatiing siecwalbizen ;.46 iaﬁ@@uwam yte
in stream (6); :aS- i it Lt a make-up
stream of f rgls%@élgxaﬁrs%& yth etﬁg?fgl %ﬁ%eé%eglﬁﬂ%\'{ gﬁ%&&?&?&}é‘ﬁ@?ﬁd@‘ﬁ&nt : % a -

\s&) egg/ybg g gfé e siedh (YR Pussatd 4l 108t 6RE SEPIRARY, @, I WAREShe B diathiedts

PCT/ US98/ 1452Rctrolyte phases are separated. This step could be achievedlifi-a variety of

ways: with a large holding tank, a gravity settler/coaleser, an electrostatic

coalescer, etc. The demetallated petroleum stream (4) may be passed on for
further processing in the refinery. The aqueous electrolyte stream (5) still
containing the salt and electron transfer reagent is recycled back to contactor A
for mixing with additional metals containing petroleum stream. Optional
separator, D, is included to indicate that the metals removed from the petroleum
stream may be recovered from the aqueous phase by conventional methods such
as precipitation, flocculation, filtration, or electrochemical plating. Stream 6
represents only a small fraction of the total recirculating electrolyte in stream (6)
and as such is actually a purge stream. Addition of a make-up stream of fresh

electrolyte and electron transfer agent to maintain a steady-state performance

would be considered a process optimization.



Figure 2 represents a second enbodi nent of the process of the present

i nvention. The feed to the process is the sane as in Figure 1, i.e., a
metal s cont AVAPHBESEEt r ol eum stream (1). A is a mixer but thi BETUSEA4SEY
aqueous el ectrolysis nediumcontaining the salt and el ectron transfer
agent (4) is electrochemcally pretreated’'in the electrolyzer, C, and
exits as stream 6 which is the aqueous el ectrolysis nedium containing salt
and el ectrochem cally-reduced electron transfer agent. Treatnent_in the

el ectrol yzer, C, producEigush2depssentna seeondsgmbodisené of therprocess ofithgced,

that is, h ted elect t th t hod d t f th

el oct r ons. 1o IESEH BYERALC TR oot LREPREFIS s PTF a5 FISIER nfkdgy . |

Fi 1 ab . e_el.ectr t s [ | xed

i th the petr MeLtkoBRALAAE beroiemiieRih Cf), A WEhikertitdhis ing e aquibd,
d I i ' ' el h

and petro eu%&B&é%ﬁ:hedﬁupb&&mﬂxg@gﬁbﬁgha%mmsfée@ﬁegf(n) i/ n the

al ternative enbodi in Figure 2, e agueous e yt’e streami s

subj ected to electrotherhizally pedtesaabin the dlectiobyzer, C cambéxitsl aszstreants vidich is
elimnating passage of_ petrol eum streamthrough el ectrolyzer C,

i nprovenent i thesageons glectrplysisimedinanebnsinirignsalt and electeochemiocallyfedudedy ar e

antici pated. The potent}jall

med: gm Ist rea][rF £iTOp&Tans C\Fég%/% t f E‘Ltlﬁl%;’-t flihé‘ee %@gﬁgggggﬁgg%r@gﬁgg
coul e 0 of i PR 5350 SIRREl o AP s, |
whi ch the pet (ﬂL@éﬁﬂ ﬁéx{s?@x*ﬂxé&selb'ﬂgtﬁ{g% '&%c%digi' ﬁl%ztfcu'ifsﬁ(\;lgﬁ% ?@tr&*}ﬂm stream |

denetal | ati on y contact wtht re-reduce ec ansfter age

Separator B {powimiRing)! In Bigure 1 abbge!tsy dontiaie tHe BRcEbh &tatsfcp apem i8 st
stream (3) is separated fromthe aqueous el ectrol ysis nmedium stream (4)

whi ch is recysised withahg petroleumesteeam and then ith ithe squesameletirolysis aiedinmon

transfer agent s jn its oxidized for and can agai_n accept el ectrons by
passage thr ou@ﬂ‘li PF@E phases a@.S“blF‘%‘irH( gtsgcheigal dreatinetn Inthasfer agent

(1) ' cont actiptativeFhBRaal N*ERHE 2 oR he Rty Afewfff riilis ' *p

99/ 03556 biected to dir : con d N
SCT/ US98/ 1452 gu jected to direct electrochemical reduction in electrolyz_er,lg._ By °1&55'Aﬁ“?\?é?‘°’

passage of petroleum stream through electrolyzer C, improvement in electrode

g

-lifetime and elimination of electrode fouling are anticipated. The potentially
smaller size of the aqueous electrolysis medium stream (4) relative to the oil-in-
water dispersion stream (2) could also offer opportunities for more compact and
less costly electrolyzer C. In Figure 2, stream (2) is an cil-in-water dispersion in
which the petroleum stream has undergone indirect reduction and demetallation
by contact with the pre-reduced electron transfer agent. In Separator B
(equivalent to C in Figure I) the demetallated petroleum stream (3) is separated
from the aqueous electrolysis medium stream (4) which is recycled through the
electrolyzer C. In stream (4) the electron transfer agent is in its oxidized form
and can again accept electrons by passage through electrolyzer, C. In stream (5)
the electron transfer agent is in its reduced form and can donate electrons to the

petroleum stream (1) in contactor A. Stream 6 and Separator D are as in Figure
L



1. A process for denetallating a petrol eum stream conprising:
applying to an oil in water dispersion of a hydrocarbon sol uble

met al s- cont WHIHEP5¥et r ol eum stream and an aqueous el ect r ol ysPETVISE A3

containing at |east one electron transferyggent and at |east one
redox-stable electroconductive salt a su%f icient electric current to
produce a petrol eum stream having a decreased netals content.

2. The procegs, Qf, claim1l wherein the electron transfer agent is selected
from or gani c@p‘éﬁﬂé's and netal conpl exes capabl e of undergoing reversible
el ectrochem cal reduction-oxidation. 3. The process of
claim1 wherein the electric current is at a cathodic voltage of 0 to -3.0

stream comprising: b (APreshedpAgREalatng g FERlndh st PERpAS

containing at |east one electron transfer agent capabl e of
under goi ng reversi ble el ectrochem cal redox and at | east one
el ectronconducti ve salapplyingtoearsoil fin eiatert dispersioniofal hydrocarbontsoluble
produce a treated aqueous el ectrol ysis medi um cont ai ni ntlg a reduced
el ectron tr ariBetals-eqmdaining petrqlegm soeamandan aqueous elactolysismedinm

el ectrol ysi s nmedi.um of ,st t al s-contai(gn etrol eum
X~

wWth a
stream for a qiil‘zﬂ}sgﬁ{*é%cg%m#eaageﬂtan 3tdeast ppege ®havi ng a

gg.; ﬁggg? 12?;@%&:&%%%&% salt a sufficRAt 8RRe% current to produce a petroleum stream

having a decreased metals content.

2. The process of claim 1 wherein the electron transfer agent is
selected from organic species and metal complexes capable of undergoing

reversible electrochemical reduction-oxidation.

3. The process of claim 1 wherein the electric currentis at a
cathodic voltage of 0 to -3.0 V vs. SCE.

4. A process for demetallating a petroleum stream, comprising;

(a) contacting an aqueous electrolysis medium containing at least one electron
transfer agent capable of undergoing reversible electrochemical redox and
at least one electronconductive salt with a sufficient electrical current to
produce a treated aqueous electrolysis medium containing a reduced

electron transfer agent;

(b) contacting the treated aqueous electrolysis medium of step (a) with a
metals-containing petroleum stream for a time sufficient to produce a

petroleum stream having a decreased metals content.

) 0 O




- 16- 5. The process of claim4 wherein the electric
current is at a cathodic voltage of fromO to -3.0 V vs. SCE

6. The proc®am9ouBsssl ai m 4, wherein the contacting of step (HBCHPE$IAES an
oi | -in-water dispersion of the netal s-co%ai ning petroleumstreamin the
aqueous el ectrolysis nedi um "7 7. The process of claim4,
wherein the contacting of step (b) results in the production of oxidized
el ectron transfer agent in the aqueous electrolysis medium

8. The process of claim4, further conprising recovering and treating the
aqueous el ectrolysis nediumcontaining the electron transfer agent and

el ectroconductive sal% tdheggoenss of claimet whareie theeleetricomrrenipsatd agent .

9. The proces f claim furt he ri,sLNg recycling the agueous
el ectrol ysi s€ 16 Yoltass Pég'fmhétt%be{iptc‘fggaééﬁmt al s containing petrol eum
stream '
6. The process of claim 4, wherein the contacting of step (b)
produces an oil-in-water dispersion of the metals-containing petroleum stream in

the aqueous electrolysis medium.

7.  The process of claim 4, wherein the contacting of step (b)
results in the production of oxidized electron transfer agent in the aqueous

electrolysis medium.

8. The process of claim 4, further comprising recovering and
treating the aqueous electrolysis medium containing the electron transfer agent

and electroconductive salt to regenerate the reduced electron transfer agent.

9.  The process of claim 4, further comprising recycling the
aqueous electrolysis medium to treat an additional metals containing petroleum

stream.
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