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-1 METHOD FOR ANCDICALLY DEMETALLATI NG REFI NERY FEEDSTREAMS  t¥¢fF| ELD

©F THE | NVENTI ON The present invention relates to a nethod
for electrochemcally denet al | ati ng refinery feedstreans. BACKGROUND OF
THE | NVENTON Petrol eum streans that contain nmetals are

typically problematic in refineries as sﬁreans because the netallic
conmponent s contai ned therein have a negati've inpact on certain refinery
operations. Thus, denetallation has been referred to as critical to help

conversion Qf_cr ugg frEﬁE : 85§ 1See e.g., Branthaver, Wstern Research
Institute i D TH Met al Conpl exes in Fossil Fuels on
I ndustrial Qperations”", Am Chem Soc. (1987)). Such netals, for exanple,
act as poisons for hydroprocessi g and fl ui d cat al ytic cracking catal ysts,

t her eby, shortening “T‘ﬁ én? I‘ll‘é @ﬁx%‘ﬂsfotzieﬁrch%%ﬁ'éﬁﬂ: te gas

make and decreasi ng the e pro uct rom coker operation
demetallating refinexy feedsu'eams

BACKGROUND OF THE INVENTION

Petroleum streams that contain metals are typically problematic in
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 make catalyst replacement/disposél expensive
and environmentally hazardous. 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 water

soluble metals from aqueous streams, see e.g., U.S. Patent 3,457,152, Addi-
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The presence of such netals prevents nore advant ageous use of the petrol eum
stream by rendering especially the heaviest oil fractions (inwhich these '
nmetal containing structures nost typically occur) less profitable to
upgrade, and when these resources are used nake cat al yst

repl acenent/ di sposal expensive and environnental |y hazardous. Current
refinery technol ogi es typically address the probl em by usi ng net al
containing feedstreans as a |l ess preferred option, and by tolerating
catal yst deactivation when there arg ?ot of hey feedstream alterngtives
avai | abl e. tionally, U.S. Patent=5,829.684 klisaloses t&w qug@e em&ainsmem d for

| of | ubl tals f t .9., U S Patent
eToval O RS WIS b AL SOMARY B endfls, © O+ U S Paten

tionally, U S. Patent 5,529,684 discloses the electrochem cal treatnent of
refinery streanms, which occurs at specified cathodic potentials. SUMVARY

OF THE 'WEWWARYQFTHEINVEWPI(MUesent i nvention provides for a
process for denetallatling peitrol eum str-eamnms, conprising: passing an

el ectric current through a hydro-

The present invention provides for a process for demetallating
petroleum streams, comprising: passing an electric current through a hydro-
carbon-soluble metals-containing petroleum stream and an aqueous electrolysis
medium to a sufficient anodic potential and at a pH sufficient to produce an
oxidatively treated petroleum stream having a decreased metals content. The

metals are typically Niand 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 oxidatively
decreasing the metals content of a petroleum fraction by subjecting a mixture or |
solution of a hydrocarbonaceous petroleum fraction or phase (also referred to
herein as a stream or feed) containing the metals and an aqueous electrolysis
medium to an anodic electric current for a time sufficient to remer the metals
from the stream (i.e. to produce a petroleum fraction having decreased content of
the metals typically, by producing a petroleum fraction having a decreased
content of metals containing carbonaceous structures). The petroleum stream
and aqueous electrolysis medium are contacted under conditions to result in

passing of an anodic electric current therethrough. Thus, electrolytic oxidation



car bon-sol ubl e netal s-containing petrol eum stream and an aqueous
electrolysis nediumto a sufficient anodic potential and at a pH sufficient
to produce an oxidatively treated petrol eum stream having a decreased
netals content. The netals are typically N and V. The _
present invention may suitably conprise, consist or consist essentially of
the described el enents and may be practrééd I n the absence of an el enent
not di scl osed. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides for a,neﬁhqd for oxidatively d creasiﬂg,the
metal s cont 8hthegmode pfthe eleatrphiticaellovields petrnoienm istrgams oF fragHanghadpgut i on

of a hydrocarponacepus petrol eum fraction or phase (also referred to herein
as a strear‘rf"'dﬁcfe@é H{?{fﬁf &Pﬂﬁeﬁ-ﬁf’ﬁ’e&‘ﬁeﬁ‘%}?@g%‘ t'oﬁleaqueous electrol ysis
mediumto an anodic electric current for a tinme sufficient to renove the
nmetals fromthe stream (i.e. to pr.o_duce a petrol eum fraction having
decreased content of trikg rii&aRicSsperids that tay bY remeded intlude Neah@heum

fraction having a decreased content of .netals containing carbonaceous

struct ur es) spadies, s thesecretypicalynpresentdia patroiewrh streams \and arendt remaoved
contacted under conditions to result in passing of an anodic electric
current t headvantagepuslyroneost-effectivelyyby mﬁoxduactalinnon treatments. Transition

‘metals such as Ni and V are often found, for example, in porphyrin and

porphyrin-like complexes or structures, and are abundant as organo-metallic
structures or moieties in heavy petroleum fractions. In these feeds such metal
species tend to be found in non-water soluble or extractible or water immiscible

structures.

By contrast, water soluble metal salts typically are currently
removed from petroleum streams using an electrostatic desalter process. This
process entails applying an electric field to aid in separation into essentially
water-containing and essentially petroleum-containing phases. The watér
éoluble metal salts are thereby extracted and removed from the petroleum
streams. By contrast to the present invention, high voltage is applied in the
absence or essential absence of current flow and the metals that are removed are
essentially not hydrocarbon soluble. In the present invention the demetallation
that is carried out decreases the metals content of the organic (i.e., essentially

hydrocarbon containing) phase.

In the present invention, additionally species resulting from the
oxidative removal of the metals.

A benefit of the process of the present invention is in its use to

electrochemically remove metals contained in typically non-water extractable,



-3 - at the anode of the electrolytic cell yields petrol eum streans or
fsractions having a decreased netals content fromthe starting material.
The netallic species that may be renoved include N and V species, as these
are typically present in petroleumstreans and are not renoved

advant ageously or cost-effectively by other denetallation treatnents.
Transition metals such as Ni and V are often found, for exanple, in

por phyrin and porphyrin-Ilike conplexes or structures, and are abundant as
organo-netal lic,structures or. noi.eties jn heav trol.e fractions.. In
Pheae t cedo mEEkEARBIMING Qaaatic Maiches,ych &s Aydideartior SHERIR e spififaing:
extractiblexgaﬁﬁgger I mm sci bl e structures. By contrast,
wat er sol ubl | salts typically are currently renoved from petrol eum
streans using an electrostatic desalter process. This process entails
applying an electric field to aid in separation into essentially

wat er - cont ai ni ng and eBganpleslof Niped v nestab-conthining petroleanestreafis; phaser
sol ubl e netal salts are thereby extracted and renoved fromthe petrol eum
streams. By ardiactions, insluding distidlates thereofjtthatnayibgireated agpordingdppgheed in
t he absence or ess?giial absence ,of current flow and the netal s ﬁh t are
renoved ar e PIOSesstqfshe pressnt inygntien arsometal containing carhonageensand hydront i on
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renoval of the
resid, fluid catalytic cracker feeds, metal containing deasphalted oils and resins,

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

metals éontent.

The feed to be demetallized can have a range of vanadium and/or
nickel content. The average vanadium in the feed is typically about 15 ppm to
2,000 ppm, preferably 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 fraction to be contacted with the
aqueous electrolysis medium 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 needed. This assists in maintaining the

mixture of the metal containing petroleum stream or fraction and aqueous



A benefit of the process of the present invention is inits use to
el ectrochemcally renove netals contained in typically non-water

extractabl e, -4-

met al - cont ai ni ng organi c noi eti es such as hydrocarbon sol ubl e net al

cont ai ni ng noi eti es. Exanmp] es of Ni and V netal -contai ning
petrol eum streans, phase or fractions, inmtlTuding distillates thereof, that

may be treated according to the process of the present invention are netal
cont ai ni ng cairql}g&ac,eous,and. hygdr o- . car bonaceous et{_ol eum,streans, o
&
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cont ent . ize ave a range

vanadi um andjefol urstleamOdtideihe - aqibSusdlec ey sisafiediuttinto forin@ niik&ile of oil-
typically about 15 ppmto 2,000 ppm preferably about 20 to 1,000 ppm by
wei ght, nostinpwefee dispeysiodydfor e2ample using pstirredibatch/reaatpr onitutbalencent ent i n
the starting feed is typically about 2 to 500 ppm preferably about 2 to
250 ppm by vRogmtersin owsfcsﬁam y about 2 to 100 ppm For exanple, a Heavy
Arab crude distillate having an initial cut

Preferably droplets should be of sufficient size to enable the metals
containing components to achieve intimate contact with the aqueous electrolysis
medium. Droplet size particles of about 0.1 micron to 1.0 mm, for example are

suitable.

Desirably the process should be carried out for a time and at condi-
tions within the ranges disclosed sufficient to achieve a decrease, preferably a

maximum decrease, in content of the metals.

Reaction temperatures will vary with the particular petroleum
stream due to its viécosity, and the type of electrolyte and its pH. However,
temperatures may suitably range from about ambient to about 700°F (371°C),
preferably from 100°F (38°C) to 200°F (93°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 is -

maintained.

Following demetallation, the product petroleum stream (organic
phase) contains a decreased level of Ni and/or V content. While the actual

amount removed will vary according to the starting feed, on average, vanadium



point of 950[err]F (5 10[err]C) and a final cut point of 1160[err]F
(627[err]C may have a typical nickel content of 8 ppmand a vanadi um
content of 50 ppm by wei ght. However, any |evel of nickel and/or vanadi um
may be treated according to the present invention. The net al
containing petroleumfraction to be contacted with the aqueous el ectrolysis
medi um preferably should be in a liquid of fluid state at process
conditions. This may be acconplished by heating the material or by
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nmetal cont ai f the tb&l vahalidinsdndesickélvhnt therebgrbraemorkedct rol ysi s nediumto
forma mxture or oil- in-water dispersion, for exanple using a stirred

batch reactor or turbulence pronmoters in flow ng cells.

Preferably droplets should be of sufficient size to gnhable,the netals
cont ai ni ng conponents tBe &gt r¢ased preduct ny-ke usqd i refingppesatons

el eotr ol ¥Si sy pdlihveRel hftbortiy Bhid (4hER FmdRR forechatfé Bl bitafe ™
cracking or hydroprocessing, or such a product can be blended with other
streams of higher or lower metals content to obtain a desired level of metals

removal.

The electrolyte in the aqueous electrolysis medium is desirably an
electrolyte that dissolves or dissociates in water to produce electrically conduct-
ing ions at the required pH, but that does not undergo redox in the range of
applied potentials used. Organic electrolytes include quaternary carbyl and
hydrocarbyl onium sﬁlts, e.g. organic and inorganic and acid hydroxide_s and
tetrabutyl ammonium toluene sulfate. Inorganic electrolytes include acids and
under appropriate conditions bases such as NaOH, KOH and sodium phosphates
as well as inorganic acids. Mixtures thereof also may be used. Suitable onium
ions include mono- and bis-phosphonium, sulfonium and ammonium, preferably
ammonium ions. Carbyl and hydrocarbyl moieties are preferably alkyl.
Quaternary alkyl ammonium ions include tetrabutyl ammonium, and tetrabutyl
ammonium toluene sulfonate. 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 depolarizing agents. The concentration of
electrolyte in the electrolysis medium should be sufficient to generate an

electrically conducting solution in the presence of the petroleum component.



sui t abl e. Desirably the process should be carried out for a
time and at condi- tions within the ranges disclosed sufficient to achieve
a decrease, preferably a nmaxi num decrease, in content of the netals.
Reaction tenperatures will vary with the particular petrol eum stream due to
Its viscosity, and the type of electrol yu(: and its pH However,

t enperatures may suitably range from about ~ anbient to about 700[err]F
(371[err]C), preferably from 100[err] F (38[err]C) to 200[err] F (93[err] O,

atm E’&Sis‘éézfyé‘%a y e G oot 1-0 e PSR b 20 atieblys PSS Tl e < o
facilitate r C|es Wthin the process condltlons

di scl osed a Y il ase or nediumis nmaintained.

Fol | owi ng denet aI I at | on, the product petrol eum stream (organi c phase)
contains a decreased | evel of NN and/or V content. Wiile the actual anpunt
renoved will vary accowdthig th@gtdcessscmdmom disclbsed,thep efithe aqureads um

-6- levels of not nore than about 15 lQIpm by weight, preferably |ess than

about electrolysis medium can be varied. owever, the pH should be sufficient to
maintain an anodic voltage within the disclosed range. The demetallation can be
carried out in any suitable pH within that range, preferably at an acidic pH (pH |

less than 7).

It is possible to carry out the process in air or under an inert
atmosphere. A benefit to the present invention is that the process may be
operated under ambient temperature and atmospheric pressure, although higher

temperature and pressures also may be used as needed.

The process is carried out in an electrochemical cell, by
electrolytic means, i.e. in a non-electrostatic, mode, as passage of current
through the mixture or oil-in-water dispersion is required (e.g., relatively low
voltage/high current). The cell may be either divided or undivided. Such
systems include stirred batch or flow through reactors. The foregoing may be

purchased commercially or made using technology known in the art.

Electrodes that facilitate anodic oxidation, i.e., having high oxygen
overpotential are suitable as anodes for oxidative removal of metals such as Ni or
V, e.g., platinum, lead and carbon. Included as suitable electrodes are three-
dimensional elegtrodes, such as carbon or metallic foams. The anodic voltage

will vary within the disclosed range depending on the metal to be removed.



4 ppm and on average nickel |evels of |ess than about 10 ppm preferably
lFess than about 2 ppm can be achieved. Desirably greater than 30 percent by .
wei ght of the total vanadi um and ni ckel can thereby be renoved.

The netal decreased product nmay be used in refining operations that are
adversely affected by higher levels of ngtals, for exanple fluid catalytic
cracki ng or hydroprocessing, or such a product can be bl ended with ot her
streans of higher or lower netals content to obtain a desired |evel of
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not undergo r X In the ran pl'1ed potentials used. Organic

el ect r ol yt epetrolduasl fragtion e Wikile/ dizedtiintrent i fypidatisaised| eledtrode performarntoed-
organi c and inorgani c and acid hydroxi des and tetrabutyl anmmoni um tol uene
sul fate. | nonayabe enldneed msingt Aternating clarent; oisother voltage/capentopavedomms.
condi tions bases such as NaOH, KOH and sodi um phosphates as well as

i norganic acids. Mxtures thereof also may be used. Suitable oniumions

i ncl ude nono- and bi s-Rhasphoni um sul f oni. and a ni u ref.erably
anmoni um i ons. Car byl Tﬁﬁdnﬁ%ﬁ%%%jae %%ﬁ&@&@%ﬁ@?%&ﬁeﬁhpmg

Quat er nary j Lons include tetrabutyl ammoni um and tetrabutyl
annnniun1to?h§¥§"gJé3%%a éEQCptionally, additives known in the art to
enhance performance of the el ectrodes or the system may be added such as
surfactants, detergents, enulsifying agents and depol ari zi ng agents. The
concentration of electrolyte in the electrolysis nmedi umshoul d be
sufficient to generate an electrically conducting solution in the presence
of the petrol eum conponent.

-




-7- Typically a concentration of 1-50 wt% el ectrolyte in the aqueous
.phase, prefer- ably 5-25 wt% is suitable. Wthin the
process conditions disclosed, the pH of the aqueous el ectrol ysis nmedi um can
be varied. However, the pH should be sufficient to nmaintain an anodic
voltage within the disclosed range. The denetallation can be carried out in
any suitable pH w thin that range, preferably at an acidic pH (pH less than

7). It is possible to carry out the process in air or under
an inert at negg > A benefit to the present invention is that the process
may be opera er anbient tenperature and atnospheric pressure,

al t hough hlgher tenperature and pressures al so nay be used as needed.
The process is carried, o

nmeans, i.e. in a non-et’ &prgg;s(;&o&d%ﬁ%ﬁagﬁl i?p% éﬂ@énggé oﬁﬁﬁrsﬁh E):J;h t he

oo .
Dol t ager i grPassind cIECeic HRRnE Bub’ a TilOdFBor-Soble et cuftaining"
systens incl léﬁmrsh@dnmid:m% édu@\&lédw Smedafhat a. suﬂiﬁeﬁpixﬁﬂﬁd: ng may

be purchased commercially -or e using technology known in the art.
El ectrodes tpetenfisleind atatpH suffitienttoiokadatively demetallate/thegetiojéum sirgam.

2. The process of claim 1 wherein the metals are selected from the

group consisting of nickel and vanadium.

3. The process of claim 1 wherein the anodic potential is from
about +0.5 to +1.5 V vs. SCE.

_ 4. The process of claim 1 wherein the petroleum stream is selected
from the group consisting of crude oils, catalytic cracker feeds, bitumen, and
distillation resids. '

5. The process of claim 1 wherein the aqueous electrolysis
medium contains salts selected from the group consisting of inorganic salts,

organic salts and mixtures thereof inorganic acids, organic acids and mixtures
thereof.

6. The process of claim 1 wherein the aqueous electrolysis
medium has a pH less than 7.

7. The process of claim 1 wherein the temperature is up to 700°F
(371°C). |
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overpotential are suitable as anodes for oxidative renoval of netals such
as N or V, e.g., platinum |ead and carbon. Included as suitable

el ectrodes are three- dinensional electrodes, such as carbon or netallic
foans. The anodic voltage will vary within the disclosed range dependi ng on
the metal to be renoved. -8 -
The anodi c voltage should be in a range'lBTS to +1.5 V Saturated Cal onel

El ectrode (SCE), based on the characteristics of the particul ar petrol eum

fraction. Wiile direct, current is Lcally used, electrad erfornance nmay
b enhancet usi ng. o s B-okhE REPesss phHRImY wherRn tie,Pressie oo 0B ADGRLLAGR o
Tﬁeeinnsg(r:r?i C{éslié?tggbgﬁ%n dﬁg;(ﬂ,iéb kﬁg)grence to the fﬂgl | ow ng non-1im msng

exanpl es. - 9-

9. The process of claim 1 wherein the concentration of the

electrolyte in the aqueous electrolysiﬁ medium is 1 to 50 wi%.

10. The process of claim 1 wherein the metals containing
petroleum stream and aqueous electrolysis medium form an oil in water

dispersion.

e
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CLAI Ms: 1. A process for denetallating petrol eum streans,
conprising: passing an electric current through a hydrocarbon-sol ubl e

nmet al s- cont ai ni ng petrol eum stream and an aqueous el ectrol ysis nmedium at a
sufficient anodic potential and at a pH sufficient to oxidatively
denetal | ate the petrol eum stream 1 2. The process of claim1
wherein the netals are selected fromthe bFoup consi sting of nickel and
vanadi um 3. The process of claim1 wherein the anodic
potential is fromabout +0.5 to +1.5 V vs. SCE. . 4. The
process of claim1 wherein the petroleumstreamis selected fromthe group
consisting of crude oils, catalytic ABSTRAGEeds, bitunen, and
distillation resids. 5. The process of claim1 wherein the

aqueous el ectrol ysi s nmedi um cRAEPHOD FOR ANODICAId ¥rom t he group
consi sting of inorgani Q@@%gémﬂgﬁmgﬁnmﬂénghger eof inorganic

acids, organic acids a The process of
cl-aim 1 wherein the aqueous el ectrolysis nediumhas a pH less than 7.
7. The process of claim1l wherein the tenperature is up to 700[err]F

: The present invention provides for a method for demetallating

petroleum streams, comprising: subjecting a hydrocarbon soluble metals-
containing petroleum stream and an aqueous electrolysis medium to a sufficient
anodic potential and at a pH sufficient to produce a treated petroleum stream

having a decreased metals content.

The invention provides a method for enhancing the value of
petroleum feeds that traditionally have limited use in refineries due to their

metals, particularly Ni and V content.
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(371 err] ). L-A”EM-'}
8. The process of claim1l V\/nerel n the pressure is from abqut

to about 210 atm (21, 200 kPa). 9. The proces ?;Im é
wherein the concentration of the electrolyte in the aqueoyisjel ec @Q
mediumis 1 to 50 w % 10.F The process of £l rein
the nmetals containing petroleum stream and aqueous el ect rpl si s medi um

an oil in water dispersion.
METHOD FOR ANODICALLY DEMETALLATING. REFINERY FEEDSTREAMS

FIELD OF THE INVENTION

The present invention relates to a method for electrochemically

demetallating refinery feedstreams.
BACKGROUND OF THE INVENTION

Petroleum streams that contain metals are typically problematic in
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 catalytxc érécldng
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 renderinéespecially the heaviest oil fractions (in'which
these metal containing structures most typically occur) less proﬁtabie to upgrade,
and when these resources are used make catalyst replacement/disposal expensive
and environmentally hazardous. Current refinery technologies typically address
the problem by using metal containing feedstreams as a less prefe:rrcd option,
and by tolerating catalyst deactivation when there are not other feedstream

alternatives available.

Electrochemical processes have been used for removal of water

soluble metals from aqueous streams, see e.g., U.S. Patent 3,457,152, Addi-



