~-2.~* DETAI LED DESCRI PTI ON OF THE | NVENTI ON WRases ﬁf’r%"’ent
l-ntventi on provides a nethod for oxidatively decreasi ng the ConqQaglaem~<ar bon
(" Concarbon") nunber of a petroleumfraction by subject- ing a solution
(typically oil in water-dispersion) or mxture of a Conradson carhon.
containing petroleumfraction or phase (gl.so referred to here| n as a stream

or feed) and an aqueous electrolysis nediumto an el ect ﬂ"h ehH
and anodic voltage and for a time sufficient to decrease E}Il ﬁ
carbon nunber _or caontent of the petroleum stream The pet

aqueous el eW@&ont acted under conditions to result in

passi ng of an anodic current therethrough. Thus el ectrol ytic oxidation at
the anode of the electrolytic cell yields treated petroleumfractions or

streans having a decr f £l
mat eri al . ﬁé?’?ﬁnra%ﬂ ca 8@‘%38 r&{c‘)grf;oggl%cg‘sac}iéﬁlé#ﬁg coke
resi due for ge@igadif g%cahrﬁsommmbaﬂteﬁfom@mdsﬁem Petrol eum

streans having a h

BACKGROUND OF THE INVENTION

Conradson carbon ("Concarbon") number or content is a measure
of the characteristic tendency or propensity of a petroleum feedstream to form
coke during processing. Feedstreams having a lower Concarbon number are
more economically desirable as refinery feeds than feedstreams having a higher
concarbon number. For example U.S. Patent 5,514,252 discloses reductive
electrochemical treatment of refinery streams which occurs at specified cathodic
potentials. It is, therefore, desirable to develop processes for reducing the

Concarbon number of feedstreams. Applicants have developed such a process.
SUMMARY OF THE INVENTION

A process for decreasing the Conradson content of a petroleum
stream, comprising: passing an electric current mixture of a petroleum stream
having a Conradson carbon content and an aqueous electrolysis medium at a
sufficient anodic potential and at a pH sufficient to oxidatively decrease the
Conradson carbon content of the petroleum stream. The electrolyéis medium -

contains an electrolyte which is water soluble. Preferably the pH is less than 7.

The present invention may suitably comprise, consist or consist
essentially of the described elements and may be practiced in the absence an

element not disclosed.




.cpoke ‘make typically have a deleterious effect on a nunber of petrol eum
refi nery processes, such as fluid catalytic cracking, hydrotreating,
coki ng, visbreaking, deasphalting and pipestill operations. In addition,
coke is currently the | owest value refinery product, -and thus generation of -
| arge quantities is not econonically deghrable. The higher the Concarbon
nunber the greater the nunber or size of the refinery units typically
needed to process the resulting coke residue. Therefore, decreasing the
Conr adson carbon content or nunber of a petroleumstreamor fraction can
decrease or elimnate the need to treat or dispose of the resulting coke.
A w de varie S tillates thereof nmay be
treated acce Sacs vention to produce
petroleun1hydrocarbon fractlons haV|ng a decreased Conradson carbon nunber.
The starting feedstocks are hydrocarbonaceous petrol eum streans or '

fractions having a Comﬁﬁe \Wﬁ'ﬁop%@fde i HERbE Tor oicﬂdﬂhﬁél&'déc?éasﬁi

| east about 0.1% by wei ght, usua Iy at [ east about 5% by Wwei ght. e

process is gpContidsen barbbns(f'CbheArben%yrmnnbémf dpetreleamfractidioby swbjeei-ni ng

product feeds resulting fromvarious refinery processes, but is
particul arl wgas@mdwwlsenﬂmm dispersion) or mixture of a Conradson

carbon containing petroleum fraction or phase (also referred to herein as a stream

or feed) and an aqueous electrolysis medium to an electric current at a pH and

anodic voltage and for a time sufficient to decrease the Conradson carbon

o~

number or content of the petroleum stream. The petroleum stream and aqueous
electrolysis medium are contacted under conditions to result in passing of an
anodic current therethrough. Thus electrolytic oxidation at the anode of the
electrolytic cell yields treated petroleum fractions or streams having a decreased

Conradson carbon number from the starting material.

Conradson carbon number correlates with the coke residue forming
potential or propensity of petroleum streams. Petroleum streams having a high
coke make typically have a deleterious effect on a number of petroleum refinery

¢ processes, such as fluid catalytic cracking, hydrotreating, coking, visbreaking,
deasphalting and pipéstill operations. In addition, coke is currently the lowest
value refinery product, and thus generation of large quantities is not
economically desirable. The higher the Concarbon number the greater the
number or size of the refinery units typically needed to process the resulﬁng
coke residue. Therefore, decreasing the Conradson carbon content or number of
a petroleum stream or fraction can decrease or eliminate the need to treat or

dispose of the resulting coke.
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-heavy. hydr ocar bon feeds, e.g., those containing residual oils.

Advant ageously, therefore, the process of the present invention is utilized
for the treatnent of whole or topped crude oils and residua having a
Conradson carbon content. These include heavy oils, such as atnospheric
resi dum (boiling above about 650[err]F, 343[err]C) and vacuum resi dum
(boi l i ng above about 1050[err]F, 566[ert{C), heavy crudes, processed resids
(bottons) i.e., catalytic cracker bottons, tars, e.g. steamcracker tars,
distillation resids, deasphalted oils and resins and coker oils. Virgin
crude oils obtained fAomdevarietyeof pétrolevmsirdams; imdludingtdistillatesitherénfst as
wel | as heavy gas oils, shale oils, tar sands or syncrude derived fromtar
sands, di stingy gc traatad accordiag te the pracess ofg@sms%é&vmn&prmd%vy
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the m xture of e Conradson carbon- containing pettroleumfraction or

stream and gweight, sidusuatly\atileastabouts%orbyaweiglitd Therprotessds applicable twe of
an anodic current. Current densities of | m\ cnf err& of anode surface area
or greater distillates andother Conradson carbon containing product feeds resulting from

various refinery processes, but is particularly effective when employed to treat
heavy hydrocarbon feeds, e.g., those containing residual oils. Advantageously,
thereforg, the process of the present invention is utilizéd for the treatment of
whole or topped crude oils and residua having a Conradson carbon content.
These include heavy oils, such as atmospheric residum (boiling above about
650°F, 343°C) and vacuum residum (boiling above about 1050°F, 566°C), heavy
crudes, processed resids (bottoms) i.e., catalytic cracker bottoms, tars, e.g. steam
cracker fars, distillation resids, deasphalted oils and resins and coker oils. Virgin
crude oils obtained from any area of the world such as the Middle East as well as |
heavy gas oils, shale oils, tar sands or syncrude derived from tar sands; distilla-
tion resids, coal oils, asphaltenes and other heavy petroleum fractions and

(. distillates thereof can be treated by the process of this invention.

The petroleum ﬁacﬁon contacted with the aqueous electrolysis
medium should be liquid or fluid 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 Conradson carbon-
containing petroleum fraction or stream and aqueous electrolysis medium in a
fluid form to allow passage of an anodic current. Current densities of 1mA/cm?

of anode surface area or greater are suitable.



-4 - . Preferably droplets should be of sufficient size to
enabl e t.he Conradson carbon-contai ni ng conponents or species to achieve
intindte contact with the aqueous el ectrolysis nmedium Droplet size
particles of about 0.1 micron to 1.0 nm for exanple, are suitable.
Contacting is typically acconplished by_ygntimate m xi ng of the petrol eum
stream and the aqueous electrolysis nediumto forma m xture or an

oi | -in-water dispersion, for exanple using a stirred batch reactor or

process shoul d be. car PReteradly dPamicts ShoWkd b of salficispdsizedn enablas e
ranges di sclose uf fi.,cient to.achjey decr ef - . | mum
decrease, i h-'o ds ﬁP&‘b%ﬁmb‘é-F‘d‘b%°§‘§‘R§E€“t8?’?r‘§§a§seF’%‘ﬁIéﬁﬁ E&%éﬁ?o% eases
of 3% or hi ' . o D€ patiilbd :
React(i)_on tegnﬁg{rglt%%g%éﬂ%@g%lsv&ﬂ teﬁ?ﬁ eD?P te ? %lgfgr pe%'d'r gtlgae%(ﬁnﬁg)t} gg%%‘ue to
i ts viscosityl.0mBE fof ecample] ate/duitablel Coatabtin, W\i@ll dctontplzhed byes may
suitably range from abgut gn{’)igent‘ﬁgtag abg3§agoo err]F (¥71[err] C)f3 y
preferabl y intimateGnixing bfthesgiteolelnt)stcamcan] therdqe¢us!efectrolysjs madimm to
pressures of from0 atm (0OkPa) to 210 atm (21, 200 kPa), . preferabLy 1 atm
(101 kPa) t &orm amixturedrianil-twwater dispersiono farexamnle psingasstyred batshy o

liquid or T1aldn (pr%?xrebullesncréaﬁr%trﬁ%tgl'esdm flowing cells.

-

; Desirably the process should be carried out for a time and at

conditions within the ranges disclosed sufficient to achieve a decrease, prefer-
ably a maxlmum decrease, in the Conradson carbd;l number of the petroléum
stream. Decreases of 3% or higher can be achieved, depending on the starting
feed.

Reaction temperatures will vary With the particular petroleum
stream due to its viscosity, type of electrolyte and its pH. However, tempera-
tures may suitably range from about ambient to about 700°F (371°C), 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 'l atm (101 kPa) to 3 atm (303 kPa). Within the

process conditions disclosed a liquid or fluid phase is maintained.

r

The electrolysis medium should desirably contain an electrolyte
that dissolves or dissociates in water to produce electrically conduéting 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 salts e.g., organic acids and inorganic acids and alkylammonium
hydroxides and tetrabutyl ammonium toluene sulfonate. Inorgéhic electrolytes -

include acid and under appropriate éondiﬁons NaOH, KOH and sodium



The -€l ectrol ysis medi um shoul d desirably contain an el ectrol yte that

di-ssol ves or dissociates in water to produce electrically conducting ions
at the required pH, but that does not undergo redox in the range of applied
potentials used. Organic electrolytes include quaternary carbyl and
hydrocar byl oniumsalts e.g., organic ackds and inorganic acids and

al kyl ammoni um hydr oxi des and tetrabutyl anmoni umtol uene sul fonate.

I norganic el ectrolytes include acid and under appropriate conditions NaCH,
KOH and sodi um . . .. -5 -

phosphat es, Phosphatesce gs asids andnandes sppeapriate eorditians bases sat&b@ﬁ%&@ﬁ, as

NaCH, KOH di.um,phosphates. Sui.t abl i.ons 4 ncl ud -and bi s-
phosphoni umkQR A 1A EROGRRss. SHitabte Sullh s iRRRe Hioded B, 011 2

hydr ocar byl AR [ . : ' = 1 wn in
t%e art t)c/) g%ﬂ?@@ﬁfﬁ%ﬁ@g@%g%&ﬁo %ﬁsl or tmelﬁgesléﬂéér%eermy e added
such as sur hid hy@fozartie nesieRey sre plefepililyialiylg atly2 additives knbwn'ig

agents. Wth organic électrolytes, length and degree of branching of the

carbyl or hlirart to éghiance ipetfoemancd of thewdecttddes de ghe systémanhy be addedr
solubility. The concentratjon of electrolyte in the electrolysis nmedium

shoul d be ssuch as susfactants, detergents, depolarizing agents and emulsifying agents.
With organic electrolytes, length and degree of branching of the carbyl or

— O

hydrocarbyl moieties influences the degree of oil or water solubility. The
concentration of electrolyte in the electrolysis medium should be sufficient to
generate an electrically conducting solution in the presence of the petrolenum
componént. Typically a concentration of electrolyte in the aqueous electrolysis
medium is 1-50 wt%, preferably 5-25 wt% is suitable.

Within the process conditions disclosed the pH of the aqueous
electrolysis medium can be varied. However, the pH should be sufficient to
maintain an anodic voltage within the disclosed range. The treatment can be
carried out at any suitable pH within that range, prefer;bly at an acidic pH (pH
less than 7).

It is possible to carry out the process either in air or under 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, i.e., in a non-electrostatic, mode, as passage of electric current
through the mixture or dispersion is required (e.g., relatively low voltage, high

current). The cell may be either divided or undivided. Such systems include



-generate an electrically conducting solution in the presence of the
petrpl eum conponent. Typically a concentration of electrolyte in the
aqueous electrolysis nediumis 1-50 % preferably 5-25 w% is suitable.
Wthin the process conditions disclosed the pH of the aqueous el ectrolysis
medi um can be varied. However, the pH should be sufficient to maintain an
anodi c voltage within the dlsclosed rangé. The treatnent can be carried out
at any suitable pH mnthln t hat -range, preferably at an acidic pH (pH | ess
than 7). IS possible to carry out the process either in
air or undestmredabatchtordMthughrMeﬂsx tThefaregoipg arashbe purchasedn |s that

the process may be perat under ent. t enper atur nd .at phe

pressure, afemmegeially é’lﬁé‘i‘a(f ﬁ“gﬂ@i%mgb&@sa g %E@ I as
needed. process is carried out in an el ectrochem cal
cell by el eg{erlmwgltl}e , in a non-electrostatic, node, as passage of

el ectric current through the m xture or dispersion is required (e.g.,
relatively | ow voltage, high current). .The cell nay be either divided or

undi vi ded. Such syst eBfedtfodey@i@ving a high oxygen overpotential are suitable as
anbdes for the oxidative treatment of the Conradson carbon containing stream or
fraction, e.g., platinum, lead and carbon. Included as suitable three dimensional
electrodes are carbon or metallic foams. The anodic voltage should be in a range
(" of +0.5 to +1.5V versus Saturated Calomel Electrode (SCE), based on the
\ characteristics of the particular petroleﬁm fraction. While direct current is
typically used, electrode performance may be enhanced using alternating current

or other voltage/current waveforms.

The Conradson carbon content was determined using the micro-
carbon residue (MCR) method, ASTM D-4530-85. According to ASTM D
4530-85, MCR is equivalent to Conradson carbon.

The present invention is demonstrated with reference to the

Q following non-limiting examples.



-6-.".stirred batch or flow through reactors. The foregoi ng may be
purchased commercially or made using technol ogy known in the art. Suitable
el ectrodes are known in the art. El ectrodes having a high
oxygen overpotential are suitable as anodes for the oxidative treatnent of
t he Conradson carbon contai ni ng strean1pf_fraction, e.g., platinum | ead
and carbon. Included as suitable three dinensional electrodes are carbon or
netal lic foans. The anodic voltage should be in a range of +0.5 to +1.5V
versus Saturated Cal onel El ectrode (SCE), based on the characteristics of
the parti cUCBAIMS:rol eum fraction. Wile direct current is typically used
el ectrode performance nmay be enhanced using alternating current or other
vol t age/ current wavef orns. The Conradson carbon content was

ceterm ned st g the 1L ook AR LB el e R R e
The presentghgdye %hEBMiﬁg:%Bﬂ@tahaél@&riWchPreh? RS 8 hixtdra%f a petrole

stream having a Conradson carbon content and an aqueous electrolysis medium

at a sufficient anodic potential and at a pH sufficient to oxidatively decrease the

Conradson carbon content of the petroleum stream.

2. The process of claim 1 wherein the Conradson carbon content

is at lea;t about 0.1%.

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

4. The process of claim 1 wherein the aqueous electrolysis
medium contains an electrolyte selected from the group consisting of inorganic
salts, organic salts and mixtures thereof inorganic acids, organic acids and

mixtures thereof.

.

5. The process of claim 1 wherein the petroleum stream is selected
~ from the group consisting of crude oils, distillation resids, coker oils, bitumen,
catalytic cracker bottoms, distillation resids, steam cracker tars, deasphalted oils,

visbreaker bottoms, residfiner products.
6. The process of claim 1 wherein the pH is from less than 7.

7. The process of claim 1 wherein the pressure is from about 0 atm

- (0 kPa) to about 210 atm (21,200 kPa).
. I
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follow ng non-limting exanpl es.

-7- . CLAl Ms: 1. A process for decreasing the Conradson
content of a petroleum stream conprising: passing an electric current
through a m xture of a petrol eum stream having a Conradson carbon content
and an aqueous el ectrolysis nediumat a_gufficient anodic potential and at
a pH sufficient to oxidatively decrease the Conradson carbon content of the
petrol eum stream 2. The process of claim1l wherein the
Conradson carbon content is at |east about 0.1% 3. The
process of claim1 wherein the anodic potential is from

8. The process of claim 1 wherein the temperature is up to 700°F
(371°). |

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

eléctrolyte in the aqueous electrolysis medium is from 1 to 50 wt%.

10. The process of claim 1 wherein the mixture is an oil in water

¢ dispersion.
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+0.5to +1.5V vs. SCE 4. The process of claim1 wherein
thie aqueous el ectrol ysis medi um contaiins..an. el ectrolyte selected fromthe
group consisting of inorganic salts, organic salts .and m xtures thereof
‘inorgani ¢ acids, organic acids and m xtures thereof. 5. The
process of claim1l wherein the petroleumgstreamis selected fromthe group
consisting of crude oils, distillation resids, coker oils, bitunen,

catal ytic cracker bottons, distillation resids, steamcracker tars,
deasphal ted oils, visbreaker bottons, residfiner products.

6. The process of claim1 wherein the pHis fromless than 7.

7. The process of claim1 wherein thABS¥IRAGTe is fromabout 0 atm (0 kPa)
to about 210 atm (21, 200 kPa).

METHOD FOR ANODICALLY DECREASING
CONRADSON CARBON CONTENT OF PETROLEUM STREAMS

The present invention provides for a method for decreasing the
. Conradson carbon content of petroleum streams by forming a mixture of the
petroleum stream and an essentially aqueous electrolysis medium, and passing an
electric current through the mixture at an anodic voltage and pH sufficient to |
produce a petroleum fraction having decreased Conradson carbon content. The
anodic voltage is from +0.5 to +1.5V vs. SCE. Preferably the pH is acidic. The
invention provides a method for enhancing the value of petroleum feeds that

traditionally have limited use in refineries.
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up to 7%00[err]F (371[err]).
wherein the concentration of the eI ectrolyte in thejaqueous el ectrolys
mediumis from1 to 50 wt % 10. The |priocegsFER 1998 1 !

wherein the mixture is an oil in water -di spersion.

8. The rocess of cla|m1 whererm—tieTeImaracul e i s
P - 9. The ﬁ&@e@iwﬁlc%l

S

METHOD FOR ANODICALLY DECREASING CONRADSON CARBON

CONTENT OF PETROLEUM STREAMS

FIELD OF THE INVENTION

The present invention relates to a method for electrochemically

decreasing the Conradson Carbon content of refinery feedstreams.
BACKGROUND OF THE INVENTION

Conradson carbon ("Concarbon") number or content is a measure
of the characteristic tendency or propensity of a petroleum feedstream to form |
coke during processing. Feedstreams having a lower Concarbon number are
more ecbnomically desirable as refinery feeds than feedstreams having a higher
concarbon number. For example U.S. Patent 5,514,252 discloses reductive
electrochemical treatment of refinery streams which occurs at specified cathodic
potentials. It is, therefore, desirable to develop processes for reducing the
Concarbon number of feedstreams. Applicants have developed such a process.

SUMMARY OF THE INVENTION

A process for decreasing the Conradson content of a petroleum
stream, comprising' passing an eIectric current mixture of a petroleum stream
having a Conradson carbon content and an aqueous elecu'olysm medium at a
sufficient anodic potenual and ata pH sufficient to oxidatively decrease the
Conradson carbon content of the petroleum stream. The electrolysis medium

contains an electrolyte which is water soluble. Preferably the pH is less than 7.

The present invention may suitably comprise, consist or consist
essentially of the described elements and may be practiced in the absence an

element not disclosed.



