| NHI Bl TOR ENHANCED THERMAL UPGRADI NG OF HEAVY A LS
FI ELD OF THE | NVENTI ON [ 0001] The present invention

w0 edoatier2t o a nethod for upgradi ng heavy oil s BET/US2005/016711
contacting the heavy oil with an inhibitor additive
and then thermally treating the inhibitor additized
heavy oil. The invention also relates to the upgraded
product fromthe inhibitor enhanced thernmal treatnent
process. BACKGROUND OF THE | NVENTI ON [ 0002] Heavy oils
are generally referred to thdse hydrocarbon conprising
oils with high viscosity or APl gravity |ess than 20.
Crude oils and crude oil residuum obtained after
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heavy oils. Upgrading of heavy oils is inportant in

pr oducti o transportation and refining operations. An

FIsE DA€ INVENTION cal |y will have a hi gher API
gravity and | ower viscosity conpared to the heavy oi

that is not subjected to upgradi ng. Lower viscosity
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[0002] Heavy oils are generally referred to those hydrocarbon comprising oils
with high viscosity or API gravity less than 20. Crude oils and crude oil residuum
obtained after atmospheric or vacuum distillation of crude oils that exhibit an API
gravity less than 20 are examples of heavy oils. Upgrading of heavy oils is
important in production, transportation and refining operations. An upgraded
heavy oil typically will have a higher API gravity and lower viscosity compared
to the heavy oil that is not subjected to upgrading. Lower viscosity will enable
easier transportation of the oil. A commonly practiced method for heavy oil
upgrading is thermal treatment of heavy oil. Thermal treatment includes
processes such as visbreaking and hydro-visbreaking (visbreaking with hydrogen
addition). The prior art in the area of thermal treatment or additive enhanced
visbreaking of hydrocarbons teach methods for improving the quality, or reducing
the viscosity, of crude oils, crude oil distillates or residuum by several different
methods. For example, the use of additives such as the use of free radical
initiators is taught in US Patent No. 4,298,455; the use of thiol compounds and
aromatic hydrogen donors is taught in EP 175511; the use of free radical



nmet hods. For exanple, the use of additives such as the
use of free radical initiators is taught in US Patent
wWOR005413298, 455; the use of thiol conmpounds andPGr/OsBDF/E16711
hydr ogen donors is taught in EP 17551 1; the use of
free radical acceptors is taught in US Patent No.
3,707,459; and the use of a hydrogen donor solvent is
taught in US Patent No. 4,592,830. Qther art teaches
the use of specific catalysts, such as |low acidity
zeolite catal ysts (US 4,41 12770) and nol ybdenum
catal ysts, ammoni um sul fi de and water (US 4, 659, 543).
O her references teach upgradi ng of petrol eumresids
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co Ise organi ¢ and organo-netallic materials derived
58p0msoprtai n conponents of the heavy oil during the
thermal process. Generally, the TI materials tend to

I ncrease exponentially after a threshold conversion.
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equi pnent. In addition, the TI
of heavy oils is that with increased conversion there is the formation of toluene
insoluble (TI) material. These toluene insoluble materials comprise organic and
organo-metallic materials derived from certain components of the heavy oil
during the thermal process. Generally, the TI materials tend to increase
exponentially after a threshold conversion. Thus, the formation of TI materials
limits the effectiveness of thermal upgrading of heavy oils. Presence of TI
material in upgrading oils is undesirable because such TI materials can cause
fouling of storage, transportation and processing equipment. In addition, the TI
materials can also induce incompatibility when blended with other crude oils.
Increasing conversion without generating toluene insoluble material is a long-
standing need in the area of thermal upgrading of heavy oils. The instant
invention addresses this need. As used herein, crude oil residuum or resid refers

to residual crude oil obtained from atmospheric or vacuum distillation of a crude

oil.



materials can al so i nduce inconpatibility when bl ended
Wi th other crude oils. Increasing conversion wthout
w@emwsnsi’zng tol uene insoluble material is a | oPQI/US2005/016711
standing need in the area of thermal upgradi ng of
heavy oils. The instant invention addresses this need.
As used herein, crude oil residuumor resid refers to
residual crude oil obtained from atnospheric or vacuum
distillation of a crude oil.SUMWARY OF THE | NVENTI ON
[0004] In one enbodinent, th&re is provided a nethod
for upgrading a heavy oil conprising the steps of: -
contacting the heavy oil with an effective anmount of
r ovi de an i nhi bitor
M‘&bﬁg;@;ﬁ]ﬁmiﬂoﬁen - thermally treating
said inhibitor additized heavy oil at a tenperature in
the range of 2500C to 5000C for 0.5 to 6 hours to
[0004) adEn bhe embadiment] ther® (0o videst: himetherbiodinpgrading adieavy
upgraded heavy oil prepared by: - contacting the heavy
oibeompyisingdhe sfeprs€fi ve anount of an inhibitor additive
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heavy oils which netho ri se
temperature in the range of 250°C to 500°C for 0.5 to 6 hours to upgrade the

heavy oil.

[0005]  Another embodiment is an upgraded heavy oil prepared by:

- contacting the heavy oil with an effective amount of an inhibitor
additive to provide an inhibitor additized heavy oil, and then

- thermally treating said inhibitor additized heavy oil at a
temperature in the range of 250°C to 500°C for 0.5 to 6 hours.

[0006] In still another embodiment, there is provided a method for upgrading
heavy oils which method comprises:

a) contacting the heavy oil with an effective amount of a water-soluble
inhibitor additive to provide an inhibitor additized heavy oil, which water-soluble
inhibitor additive is represented by the chemical structure:

Ar-(SO3X )y
where Ar is a homonuclear aromatic group of at least 2 rings, n is an integer from
1 to 5, X is selected from Group I (alkali) and Group II (alkaline-earth) elements
of the periodic table of elements and n is an integer from 1 to 5 when an alkali

metal is used and from 2-10 when an alkaline earth metal is used;



a) contacting the heavy oil with an effective anount
of a water-soluble inhibitor additive to provide an

WO nivshit7er additi zed heavy oil, which wat er-soP@biUs2005/016711
inhibitor additive is represented by the cheni cal
structure: Ar-(SO3-X+)n where Ar is a hononucl ear
aromatic group of at least 2 rings, n is an integer
fromlto 5 Xis selected fromGoup | (alkali) and
Goup Il (alkaline-earth) elenents of the periodic
table of elements and n is aA-integer from1l to 5 when
an alkali netal is used and from 2-10 when an al kal i ne
earth nmetal is used;-Ab) thermally treating said
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et another enbodinent is a nethod for
upgreédidigratidiethe)inbibitos adyitivei frgmtthe vatt@pandf : -

contacting the heavy oil with an effective anount of a
bi f ufictecyeliing said separated inhibitor additive to contacting a heavy oil in

step a) above.

[0007]  Yet another embodiment is a method for upgrading a heavy oil
comprising the steps of:

- contacting the heavy oil with an effective amount of a bifunctional
inhibitor additive to provide a bifunctional inhibitor additized heavy oil, and then

- thermally treating said inhibitor additized heavy oil at a
temperature in the range of 250°C to 500°C in the presence of hydrogen at
hydrogen partial pressure of between 500 to 2500 psig (3447.38 to 17236.89 kPa)
for a time between 0.1 to 10 hours to upgrade the heavy oil.

[0008] Another embodiment is an upgraded heavy oil prepared by:

- contacting the crude oil with an effective amount of a bifunctional
additive to provide a bifunctional additized heavy oil, and then

- thermally treating said additized heavy oil at a temperature in the
range of 250°C to 500°C in the presence of hydrogen at hydrogen partial pressure
of between 500 to 2500 psig (3447.38 to 17236.89 kPa) for a time between 0.1
and 10 hours.



i nhi bitor additive to provide a bifunctional inhibitor
additi zed heavy oil, and then - thermally treating
W@ 200d/1131R7 bi t or additi zed heavy oil at a tenpePEr/USMWOF/0M6711
t he range of 2500C to 5000C in the presence of
hydrogen at hydrogen partial pressure of between 500
to 2500 psig (3447.38 to 17236.89 kPa) for a tine
between 0.1 to 10 hours to upgrade the heavy oil.
[ 0008] Anot her enbodi nent is an upgraded heavy oil

prepared by: - contacting thé-crude oil with an
ef fective anount of a bifunctional additive to provide
a bifunctional additized heavy oil, and then -
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BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1 hereof shows illustrative examples of R-PNA-(X), inhibitor
additives of the instant invention wherein R=0, X=SO;" and the additives are

sodium salts of the PNA-sulfonic acids.

[0011] Figure 2 hereof is a schematic of Run 1 and Run 2 of Example 2 shown

as scheme-1 and scheme-2 respectively.

[0012] Figure 3 hereof is a bar graph of toluene insolubles (TI) for thermally
treated Athabasca bitumen with no additive labeled none and with two additives

1,3,6-NTSS and 2,6-NDSS

[0013] Figure 4 hereof'is a is a bar graph of toluene insolubles (TT) for
thermally treated Athabasca bitumen with no additive labeled none and with the
additive 1,3,6-NTSS worked up according to scheme-1 and scheme-2.



BRI EF DESCRI PTI ON OF THE FI GURES [ 0010] Figure 1
hereof shows illustrative exanples O R-PNA-(X) n

WO nivshit7er additives of the instant invention REUS1005016711
R=0O, X=SO3 and the additives are sodiumsalts of the
PNA- sul foni c acids. [0011] Figure 2 hereof is a
schematic of Run 1 and Run 2 of Exanple 2 shown as
schene-1 and schene-2 respectively. [0012] Figure 3
hereof is a bar graph of toluene insolubles (TI) for
thermally treated Athabasca dg-tunmen with no additive
| abel ed none and with two additives |, 3, 6-NISS and
2,6-NDSS [0013] Figure 4 hereof is a is a bar graph of
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wWth the additive 1, 3,6-NISS worked up according to
schenme- 1 and schene- 2. DETAI LED DESCRI PTI ON OF THE
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of 20° or less, and a Conradson Carbon Residue content of 0 to 40 weight percent.

[0015] An inhibitor additive is added to the crude or crude oil residuum
followed by thermal treatment at temperatures in the range of 250°C to 500°C for

30 second to 6 hours.

[0016] The inhibitor additive is a polynuclear aromatic acid of the structures:
R-PNA-(X),
wherein PNA is a polynuclear aromatic hydrocarbon containing 2 to 15 aromatic
rings and X is an acid functionality selected from the group consisting of SO;H,
COOH, and PO;H and n is an integer from 1 to 15 representing the number of
acid functionality (X) on the PNA structure. The aromatic rings can be fused or
isolated aromatic rings. Further, the aromatic ring can be homo-nuclear or hetero-
nuclear aromatic rings. By homo-nuclear aromatic ring is meant aromatic rings
containing only carbon and hydrogen. By hetero-nuclear aromatic ring is meant
aromatic rings that contain nitrogen, oxygen or sulfur in addition to carbon and

hydrogen. R is an alkyl group containing from 0 to 40 carbon atoms. R canbe a



of 20 or less, and a Conradson Carbon Resi due content
of O to 40 wei ght percent. [0015] An inhibitor
w@eawstidre7 i s added to the crude or crude oil recI/Us20$/016711
foll owed by thermal treatnment at tenperatures in the
range of 2500C to 5000C for 30 second to 6 hours.
[0016] The inhibitor additive is a polynucl ear
aromatic acid of the structures: R PNA-(X)n wherein
PNA is a pol ynucl ear aronmatic hydrocarbon containing 2
to 15 aromatic rings and X i-8-an acid functionality
sel ected fromthe group consisting of SO3H, COCH, and
PCBH and n is an integer from1l to 15 representing the
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where Ar is a homonuclear aromatic group of at least 2 rings, n is an integer from
1to5,and X is selected from Group I (alkali) and Group II (alkaline-earth)
elements of the periodic table of elements and n is an integer from 1 to 5 when an
alkali metal is used and from 2-10 when an alkaline earth metal is used.
Preferably X is selected from the alkali metals, preferably sodium or potassium
and mixtures thereof. Group I and Group II refer to the groups of the Periodic
Table of Elements. Preferably X is selected from the alkali metals, more
preferably sodium. It is also preferred that Ar have from 2 to 15 rings, more
preferably from 2 to 4 rings, and most preferably from 2 to 3 rings. It is within
the scope of this invention that the aromatic polysulfonic acid salts of the present
invention be prepared from the polysulfonation of a light catalytic cycle oil. Light
catalytic cycle oil is a complex combination of hydrocarbons produced by the
distillation of products from the fluidized catalytic cracking (FCC) proces,:s with
carbon numbers in the range of Cq to C,s, boiling in the range of 340°F (171°C) to
700°F (371°C). Light catalytic cycle oil is also referred to herein as light cat cycle
oil or LCCO. LCCO is generally rich in 2-ring aromatic molecules. LCCO from

a US refinery typically comprises 80% aromatics. The aromatics are typically



[0017] As previously nentioned, the preferred
inhibitor additive of the present invention is an
w@e@satize7 pol ysul fonic acid salt of the chem cBET/US2005/016711
structure: Ar-(SO3-X+) where Ar is a hononucl ear
aromatic group of at least 2 rings, n is an integer
froml to5 and X is selected fromGoup | (alkali)
and Goup Il (alkaline-earth) elenments of the periodic
table of elenents and n is an integer from1l to 5 when
an alkali metal is used and-Brom 2-10 when an al kal i ne
earth netal is used. Preferably X is selected fromthe
al kali netals, preferably sodi umor potassium and
33% A LHAE Srd S &P4nd @%Lﬂlrihg%@@lm@ﬁ@y PRifth&C Ry 14 4nd f'-?ingx
groups of the Periodic Table of Elenents. Preferably
aromaties eart bel niethyd, etieyl ahd propytsubststutetd r Ehenetieyigrbyp is the
sodium It is also preferred that Ar have from2 to 15
mgjion gabstitpent. gNisrogeatsing suorrontaning hetegecyclesd swels as indoles,
referably from.2 to 3 rings. It |s w.thin the scope
aupolings EnchRRgOHEAPRFNSS oF o0 Perespl 1 BIRSIIHABRES aci d
salts of the present invention be prepared fromthe
pol ysul fonation of a light catalytic cycle oil. Light
[OODSd]a| y Nod-Eivéti®e exdmpkes df ?@cﬁ@h@d tp_éWﬁil!lﬂ@)ﬁid Sdndtic acid salts of
hydr ocar bons produced by the distillation of products
thé poesenthimviehtion iareshaven helpwwi.c cracki ng (FCC) process
wi th carbon nunbers in the range of C9 to C25, boiling
in the range of 3400F (1710C) to 7000F (3710C). Light
oil is also referred to herein as
oil or LCCO LCCOis generally rich in
nol ecul es. LCCO froma US refinery
a5 80% aromatics. The aromatics are
aromati cs and 66% 2-ri ng

s—the 1- and 2-ring
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naphthalene-2-sulfonic acid sodium salt
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naphthalene-2,6-disulfonic acid sodium salt



aromatics can be nethyl, ethyl and propyl substituted.

The methyl group is the major substituent. N trogen
w@eesaw7tur cont ai ni ng heterocycl es, such as i PCDUSR)5/016711

qui nol i nes and benzot hi ophenes are al so present in

m nor quantities. [0018] Non-limting exanples of

preferred polysulfonic aromatic acid salts of the

present invention are shown bel ow.

napht hal ene- 2-sul foni c acid sodi um sal t

napht hal ene- 2, 6-di sul foni ¢ a®d sodi um

sal t napht hal ene-1, 5-di sul fonic acid sodiumsalt Na+ Na

napht hal ene- 1,3,6-trisulfonic acid sodi um

sal t ant hr aqui pqQne- 2-sul fonic acid sodi um sal t

ant hr aqui noge= | ,"5<di sul foni c acid sodi um salt andNa+
Fﬁ&suléonic acid sodi um sal t
c \acid conpqQsi tions can be
aphocess Yhat general |y
pnat iN\sn of the LCCOw th a
of sffuric acid at effective
condi ti oMs. Cbg¥§nti al sul fonation of petrol eum
feedst ocks typi ¢C&J¥ use an excess of the petrol eum
feedstock - not an excess of sulfuric acid. It has
uneaphéeiandt ly5ddeatfofiiowntd sodiutthelt nvent or s her eof t hat
when a stoichionetric excess of sulfuric acid is used
to

[ 001 The| pol ysul|f on
produted #*
Nahcl u
stqjchi\ tric| exces

naphthalene-1,3,6-trisulfonic acid sodium salt



sul fonate an LCCO the resulting pol ysul fonated product
has novel properties and uses. The aromatic
w@eiopad7toni ¢ acid is converted to the aronatiBCT/US2005/016711
pol ysul fonic acid salt by treatment with an anmount of
caustic to neutralize the acid functionality. The LCCO
pol ysul fonic acid conposition can best be described as
a mxture of 1- and 2-ring aromatic cores with one or
nore sul fonic acid groups per aromatic core. The
aromatic cores are nethyl, bhyl and propyl
substituted, with the nethyl group being the nore
preferred substi t uent . [ 0020] Typically, the anount of
|nh|b|tor addltlve added can be 10 to 50,000 wppm

is o ier solvent. Preferred carrier
solv(k ar bon sol vents such as
tolu xylene, [ s\ived aromatic
distillates such % ic ©0 sold by ExxonMbobi

Chem cal Conpany al cohol s and m xtures
thereof. Wen t i nhi ar—Additive is a salt of the
PNAacid it is preferred to use water or water-al coho
ransttraquesores2-stléondandid sediww|selént . Preferred al cohol s
are met hanol, ethanol, propanol and m xtures thereof.
When mixtures of PNA-acid and PNA-acid salts are used,
it is preferred to use an enul sion of water and

hydr ocar bon solvents as the carrier nedium The

emul sion can be a water-in-oil enulsion or an

oil -in-water enulsion. The carrier solvent is
preferably 10 to 80 wei ght percent, of the m xture of
addi ti ve—amd carrie 'solvento [0521] Contacting the

i nhi bi } e/heavy oi | can be achieved

at
\\\O

anthraquinone-1,5-disulfonic acid sodium salt

and



any tinme prior to the thermal treatnent. Contacting
can occur at the point where the heavy oil is produced
wa@eooshes7eeservoi r, during transportati on or atP@I/US2005/016711
refinery location. In the case of crude oil resids,
the inhibitor additive is contacted at any tinme prior
to thermal treatnent. After contacting, it is
preferred to m x the heavy oil and additive. Any
sui tabl e m xi ng nmeans conventionally known in the art
can be used. Non-limting exldrpl es of such suitable
m xers include in-line static m xers and paddl e
m xers. The contacting of the heavy oil and additive
can be conducted at any tenperature in the range of
100C to 9Q0C.-After contacting and m xing the heavy
oil and additjve, the mxture can be cooled from
contacting tenperature to anbient tenperature, i.e.,
15C to 3 Surtder, the additizedcool ed ni xture can
be stored or jtransported fromone |ocation to another
| ocation prig ermal treatnment. Alternately, the
addi ti zedgand cog N¢ture _can be thermally treated

at act i na}\i f sq desired. [0022]
The ¢ addi \ heavy oil conprises
naeat Nag- TR perat ureSyi n t hdarange of 2500C
to 50C6QC for [30 secgnds to|6 hodys. Process equi prnent
s®h ad\vi sbrleakers [can be advanPageoust enpl oyed to

conduct % he tyermal treatnmpnt It is preferred to mx
the additized he during thermal treatnent using
m xi ng neans known to those having ordinary skill in
the art. It is alsg,preferred to conduct the thernal
treatnment process in anjinert environment. Using inert
gases such as nitrogen pr argon gas in the reactor
vessel can provide sucHan inert environnent.

Na*

pyrene-1,3,6,8-tetra sulfonic acid sodium salt

[0019]  The polysulfonic acid compositions can be produced from LCCO by a
process that generally includes the polysulfonation of the LCCO with a
stoichiometric excess of sulfuric acid at effective conditions. Conventional
sulfonation of petroleum feedstocks typically use an excess of the petroleum
feedstock - not an excess of sulfuric acid. It has unexpectedly been found by the
inventors hereof that when a stoichiometric excess of sulfuric acid is used to
sulfonate an LCCO the resulting polysulfonated product has novel properties and
uses. The aromatic polysulfonic acid is converted to the aromatic polysulfonic
acid salt by treatment with an amount of caustic to neutralize the acid
functionality. The LCCO polysulfonic acid composition can best be described as
a mixture of 1- and 2-ring aromatic cores with one or more sulfonic acid groups
per aromatic core. The aromatic cores are methyl, ethyl, and propyl substituted,

with the methyl group being the more preferred substituent.



[0023] The inhibitor enhanced thermal upgrading
process provides a thermally upgraded product that is
whe@har37en APl gravity conpared to the starti npCT/E8005/016711
and lower in toluene insoluble material conpared to a
thermal |y upgraded product that is produced in the
absence of the inhibitor additive of the instant
invention. The inhibitor additive of the instant
invention inhibits the formati on of toluene insoluble
material while facilitating-I2hermal conversion, such
as thermal cracking, to occur in a facile manner. The
thermal | y upgraded product of the process of the
“instant invention has at |east 20% | ess tol uene
i nsoluble material conpared to the product froma
thermal | y upgraded process conducted at the sane
tenperature for the same period of time, but in the -
[0@2]encEypicalinehe anidint of irddbitor additiTe eddédcambe Y0 to 50,000
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The upgraded oil of the instant 1 nvention conprise
hy diveapymesidderite anch as foluditee xaltgedciudbiodi detveddgdbhiaYie
and products, if any, fornmed fromthe added i nhibitor
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roor to transportation a

Prdfutred @lcohdy arelrhethific1at@@nsl, wespaaiol nd GAR0REs e SR When
heavy oil from which the upgraded oil is obtained or

migiur¢seo PN Acacideindi RNA-atié salthave ysedgdit éeprefferred it use an

thermal.l y treated )
emulsion of whater an hydrocarbon solvents as the carrier medium. The emulsion

can be a water-in-oil emulsion or an oil-in-water emulsion. The carrier solvent is

preferably 10 to 80 weight percent of the mixture of additive and carrier solvent.

[0021]  Contacting the inhibitor additive with the heavy oil can be achieved at
any time prior to the thermal treatment. Contacting can occur at the point where
the heavy oil is produced at the reservoir, during transportation or at a refinery
location. In the case of crude oil resids, the inhibitor additive is contacted at any
time prior to thermal treatment. After contacting, it is preferred to mix the heavy
oil and additive. Any suitable mixing means conventionally known in the art can
be used. Non-limiting examples of such suitable mixers include in-line static
mixers and paddle mixers. The contacting of the heavy oil and additive can be
conducted at any temperature in the range of 10°C to 90°C. After contacting and
mixing the heavy oil and additive, the mixture can be cooled from contacting

temperature to ambient temperature, i.e., 15°C to 30°C. Further, the additized-



crude oils can be dewatered and or desalted crude
oils. By "non-thermally treated" is generally neant
woedostissenal |y treated at tenperatures in the PERYs200$/016711
2500C to 5000C for 30 seconds to 6 hours. A particular
advant age of the upgraded oil of the instant invention
is that the presence of a relatively | ow anount of
tol uene insoluble (TlI) material enabl es bl endi ng of
t he upgraded oil and other oils in a conpatible
manner. The m xture of upgramed oil of the instant
invention with other conpatible oils is a novel and
valuable product of conmmerce. Another feature of the
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thbimaldy ogatedtat thalocktign adcogtav¥ing if-doddesjred. and
Bi functional Additive [0025] According to another
enbodi ment of the invention, there is provided a
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residuum foll onwed by thernmal treatnment. The
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unctional ti ve suitabl € for thernmal treatnent
such an inert environment.

[0023] The inhibitor enhanced thermal upgrading process provides a thermally
upgraded product that is higher in API gravity compared to the starting feed and
lower in toluene insoluble material compared to a thermally upgraded product that
is produced in the absence of the inhibitor additive of the instant invention. The
inhibitor additive of the instant invention inhibits the formation of toluene
insoluble material while facilitating thermal conversion, such as thermal cracking,
to occur in a facile manner. The thermally upgraded product of the process of the
instant invention has at least 20% less toluene insoluble material compared to the
product from a thermally upgraded process conducted at the same temperature for
the same period of time, but in the absence of the inhibitor additive. The
thermally upgraded product of the process of the instant invention has at least 15
API units higher compared to the product from a thermally upgraded process
conducted at the same temperature for the same period of time, but in the absence

of the inhibitor additive. The upgraded oil of the instant invention comprises the



met hod, i ncluding hydrogen for upgradi ng of heavy
oils, are polynuclear aromatic sulfonic acid and al kyl
w@eiognwokear aromatic sulfonic acid salts of tPer/ns108$/616711
of Goup IV-B, V-B, VI-B, VII-B and VIII of the
Periodic Table of Elenents. The bifunctional additive
is represented by the chem cal structure:
[ R-PNA- (X) n]aMo wherein PNA is a pol ynucl ear aronatic
hydr ocar bon containing 2 to 15 aromatic rings; Xis a
sulfonic acid functionality.i4 is an integer from1l to
15 representing the nunber of sulfonic acid
functionality on the PNA hydrocarbon; R is an alkyl
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integers each ranging from1 to 4. The R group can be

a linear or branched al kyl group. The aromatic rings
[0024] be Wheetheotpgradingtie gondusied ica prartafineryide¢asion, tthe
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sulfur in addition to carbon and hydrogen. [0027] Wen

otithmedwrir aliffexemp onmletoilsf Tleeothef procluiced bt aotdtheimelly sreated
Goup IV-B netal it may be titaniym (Tié, Zircaoniu

cruge pils an g idematstediand opslesalicgecride grlsi Bya r@!bﬁq@nva y
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250°C to 500°C for 30 seconds to 6 hours. A particular advantage of the upgraded
oil of the instant invention is that the presence of a relatively low amount of

toluene insoluble (TI) material enables blending of the upgraded oil and other oils
in a compatible manner. The mixture of upgraded oil of the instant invention with
other compatible oils is a novel and valuable product of commerce. Another

feature of the upgraded oil product of the instant invention is that the product can
also be mixed with distillates or resids of other crude oils in a compatible manner.

The low TI levels in the product enables this mixing or blending.

Thermal Upgrading With Hydrogen and Bifunctional Additive

[0025]  According to another embodiment of the invention, there is provided a
thermal treatment method for upgrading heavy crude oils and crude oil residuum
including hydrogen. A bifunctional additive that provides the dual functionality

of TI inhibition and catalysis of hydrogenation reactions is added to the crude or

crude oil residuum followed by thermal treatment. The thermal treatment

comprises treating the bifunctional additized oil at a temperature in the range of



When the netal is a Goup VI-B netal it may be

chrom um (Cr), nol ybdenun(M), or tungsten (W. Wen
wob@sietat is a Goup VII-B netal it can be naPQEISRE5/016711

(M) or rhenium (Re). Wien the netal is a Goup VIII

nmetal it nmay be a non-noble nmetal such as iron (Fe),

cobalt (Co), or nickel (ni) or a noble netal such as

rut henium (Ru), rhodium (Rh), palladium (Pd), osm um

(GCs), iridium(lr), or platinum (Pt). Preferably, the

metal is a Goup VI-B netal ;15v0st preferably

nol ybdenum [0028] An effective anount of the

bi functional additive nay be oil-nmiscible or
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asphal tene-rich heavy oils. The bifunctional
hcam‘sitct fesalt imay wpigsadddeoibict i vat ed under the conditions
of the hydroconversion process. [0029] The inpact of
the bifunctional additive nmay be augnented by use of
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the range of 1 to 60 based on
hydrocarbon oil to bewﬁl@gﬂr oco@éEMQ It is preferred
whéref ENIA® Dpslyrublehr Qlfdﬁ'natlc hydrocarbon containing 2 to 15 aromatic

rings; X is a sulfonic acid functionality, n is an integer from 1 to 15 representing

the number of sulfonic acid functionality on the PNA hydrocarbon; R is an alkyl
group containing from 0 to 40 carbon atoms; M is an element selected from the
group consisting of Group IV-B, V-B, VI-B, VII-B and VIII of the Long Form of
The Periodic Table of Elements; and a and b are integers each ranging from 1 to
4. The R group can be a linear or branched alkyl group. The aromatic rings can
be fused or isolated aromatic rings. Further, the aromatic rings can be homo-
nuclear or hetero-nuclear aromatic rings. By homo-nuclear aromatic rings is
meant aromatic rings containing only carbon and hydrogen. By hetero-nuclear
aromatic ring is meant aromatic rings that contain nitrogen, oxygen and sulfur in

addition to carbon and hydrogen.

[0027] When the metal component of the bifunctional additive is a Group IV-B
metal it may be titanium (Ti), zirconium (Zr), or hafnium (Hf). When the metal is
a Group V-B metal it may be vanadium (V), niobium (Nb), or tantalum (Ta).
When the metal is a Group VI-B metal it may be chromium (Cr), molybdenum



addi tive during the thermal treatnment upgrading
process. M xing neans and process equi pnent known to
woep@shegrehg ordinary skill in the art can be uR@rUS2005/016711
Process equi pnent operable at high pressure, such as
hi gh pressure visbreakers, can be advant ageously used
to conduct the thermal treatnent process in the
presence of hydrogen. [0031] The bifunctional additive
can be contacted with the heavy oil as is or with use
of a carrier solvent. Preferked carrier solvents
i ncl ude aromati c hydrocarbon sol vents such as tol uene,
xyl ene, crude oil derived aromatic distillates such as
(I\/\fzg)o BR s WZ' Yidh EORENPRIS GW%B rﬁ@fﬁﬂ’ n be
fer, al cohols and m xtures theredf. Preferre

maigamest EMal) er niedriiam(Re) e Wiherothe metab o Grams VIt tag $t may
thereof. The carrier solvent can range from 10 to 80
nefhopler metal sach as frondFelesabala do), iov eicked (e or iagroble metal
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mél§baeMah! ., during transportation, or at a refinery
| ocation. In the case of crude oil resids, the
bi functional additive is contacted at any tinme prior

the thermal treatnent. After contacting, it is .
[0028 or ABEIfRstvR amt 96 g bifnctiona] additiveaay hgpil-miscible or
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widanspinltenedioht ledvatoilan T Hechifiaictionaeadditivéemagalie 88 activated
1Q0C to 900C for an effective
under the conditions of the hydroconversion process.

[0029]  The impact of the bifunctional additive may be augmented by use of
mixtures of bifunctional additives of more than one metal. For example, if
molybdenum is used, it is desirable to add an additional quantity of cobalt. This is
anticipated to yield a positive synergistic effect on catalytic hydrogenation
process. Typically, cobalt may be added in an amount from 0.2 to 2 mols,

preferably 0.4 mols per mol of molybdenum.

[0030] The bifunctional additive can be present in an amount ranging from 1 to
300 wppm metal. More preferably in the range of 1 to 60 wppm of metal based
on hydrocarbon oil to be hydroconverted. It is preferred to mix the heavy oil and
additive during the thermal treatment upgrading process. Mixing means and
process equipment known to one having ordinary skill in the art can be used.

Process equipment operable at high pressure, such as high pressure visbreakers,



amount of time. After contacting and m xing the

m xture of heavy oil and additive the m xture can be
w@oembat72T om cont acti ng tenperature to anbi entPCT/US2005/016711

tenperature, i.e., 150C to 300C. Further, the

addi ti zed-cool ed m xture can be stored or transported

fromone |location to another |ocation prior to thernmal

treatment. Alternately, the additized and cool ed

m xture can be thermally treated at the | ocation. of

contacting if so desired. ThEtmal treatnment of the

bi functional additized heavy oil conprises heating

said additized heavy oil at a tenperature inthe range
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preffté otthyldeogden?36. 89 kPa), for a time between 0.1 to
10 hours”to result in an upgraded oil product. [0033]
The bifunctional additive enhanced hydrotreating
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unct 1 onal Itive of tthe 1nstant I nvention. By

divtilldteesesh ash&rombiibil 50 soldisye EkponMobil@hdrhicahCongranly, water,
addi tive, the formation of toluene insoluble materi al
aleshals hnd imisthres thesedfa direfereed aleohnls arecaethanel, @thanl, propanol

occur in faci manner . . The upgraded pr.aoduc f.th
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process conducted at the sane tenperature for the sane

period of time but in the absence of the bifunctional
[0082] bi Comtdopnhgathe daavyngilavith thev bifunctional additive can be achieved

at any time prior to thermal treatment. Contacting can occur at the point where

the heavy oil is produced at the reservoir, during transportation, or at a refinery
location. In the case of crude oil resids, the bifunctional additive is contacted at
any time prior to the thermal treatment. After contacting, it is preferred to mix the
heavy oil and additive. Any suitable mixing means conventionally known in the
art can be used. Non-limiting examples of such suitable mixers include in-line
static mixers and paddle mixers. The cbntacting of the heavy oil and additive can
be conducted at any temperature in the range of 10°C to 90°C for an effective
amount of time. After contacting and mixing the mixture of heavy oil and
additive the mixture can be cooled from contacting temperature to ambient
temperature, i.e., 15°C to 30°C. Further, the additized-cooled mixture can be
stored or transported from one location to another location prior to thermal
treatment. Alternately, the additized and cooled mixture can be thermally treated
at the location of contacting if so desired. Thermal treatment of the bifunctional

additized heavy oil comprises heating said additized heavy oil at a temperature in



The upgraded oil of the instant invention conprises

t he upgraded heavy oil, the added bifunctiona
w@eaastidre7 and products forned fromthe added PCT/US2005/016711

bi functional additive during the thermal upgrading

process. [0034] The foll ow ng exanpl es are included

herein for illustrative purposes and are not neant to

be limting. EXAMPLES EXAMPLE 1 Synt hesis of

Bi functional Inhibitor-Hydrotreating Additives [0035]

As an illustration, two synti®tic routes for a

nmol ybdenum cont ai ni ng bi functi onal additive are

descri bed. The bifunctional nolybdenum additive can be

o ¢ . . :
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bi sacetyl acetonate and the PNA-sulfonic acid which, in
beateeen Oantoel hWhotstth gesstlbincari wpgraded ofl produdteact i on for

form ng a nol ybdenum nono- sul f oni ¢ conmpound,

theoretically requires the use of one nol of sulfonic
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viding an excess of P nic acid over that

cdlﬂﬁ.r'bdwltmaaﬁhrgt feed andiewer imgtolenefinsolableamatefial compared to
nol ybdenum PNA- sul f onat e conpound. Lower rati os_ of
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of the bifunctional additive, the formation of toluene insoluble material is

inhibited while facilitating hydroconversion to occur in a facile manner. The
upgraded product of the thermal treatment process in the presence of hydrogen
has at least 20% less toluene insoluble material compared to the product from a
thermal treatment process conducted at the same temperature for the same period
of time but in the absence of the bifunctional inhibitor-hydrotreating additive.
The upgraded oil of the instant invention comprises the upgraded heavy oil, the
added bifunctional additive and products formed from the added bifunctional

additive during the thermal upgrading process.



nol ybdenum bi s-acetyl acetonate. It is ordinarily
necessary when using such |ower ratios to effect a
Wa hiosniatg7 of the viscous reaction mxture w thPErUBve3/016711
organi c solvent, such as a mineral oil. The reaction
mediumis slowy heated fromroomtenperature to a
tenperature of 1900C, and thereafter held at a
tenperat ureof 1900C to 2100C for a period of tine
sufficient to effect renoval of acetyl acetone,
foll owed by a cooling of thd9eaction m xture. [0036]
In an alternate method of synthesis, nolybdenum
trioxi de and the correspondi ng PNA-sul fonic acid are

O LR S BORA N f e e
ang?aﬁltgﬁgpﬁle;{é%%éﬁmmp to provide the nol ybdenum salt

_PNA—_suI fonic acid salt as a coll oi dal
suspension in the inert solvent. EXAMPLE 2 [0037] 120

of bitumen was rapidly heated under nitrogen [350
E&ME_ PHS3. 16 kPa)] to 7500F (403.890C) with
continuous stirring at 1500 RPM The bitunmen was
al lowed to react under these conditions for a period
EﬁfA p ial cul ated to be equivalent to a short
1 ng run at a tenperature of 875F (468. 330
(typically 120 to 180 "equival ent seconds"). After
achi eving the desired visbreaking severity, the
Svaithesis af Bifunctional dhhibitoy-Hydratreating Ad S
further thermal conversion. The gas and liquid
products were anal yzed and material bal anced. The

ge i n _bolli Nt .di ' ' i it . .
OBSET SR B Nt i
bitgiftioRhLgnBtiv o aR! dddcabed.TThe Wefudctional molybdenum additive can
be synthesized by the method disclosed in GB 1215120A, which is incorporated

herein by reference. A reaction mixture is prepared by admixing molybdenyl bis-
acetylacetonate and the PNA-sulfonic acid which, in accordance with the
stoichiometry of the reaction for forming a molybdenum mono-sulfonic
compound, theoretically requires the use of one mol of sulfonic acid for each mol
of molybdenyl bis-acetonate present. Preferably, the mol ratio of PNA-sulfonic
acid to the molybdenyl bis-acetylacetonate is from 5:1 up to 10:1, providing an
excess of PNA-sulfonic acid over that required and further enhancing the
formation of molybdenum PNA-sulfonate compound. Lower ratios of PNA-
sulfonic acid to the molybdenyl bis-acetylacetonate can be used which may range
from as low as one mol up to 5 mols of PNA-sulfonic acid per mol of
molybdenum bis-acetylacetonate. It is ordinarily necessary when using such
lower ratios to effect a thinning of the viscous reaction mixture with an inert
organic solvent, such as a mineral oil. The reaction medium is slowly heated from

room temperature to a temperature of 190°C, and thereafter held at a temperature



nmeasured by quantitative filtration of a fresh hot

tol uene sol ution of the visbreaker product (20:1 ratio
w@boosolirene to product). [0038] Run-1: |In one PCFUS2005/016711

1, 3, 6-naphthal ene trisulfonic acid trisodium salt

i nhi bitor additive (1,3,6-NISS) was m xed with the

bi tunmen prior to visbreaking. The reaction product was

washed with toluene to renove tol uene solubles. The

resulting toluene insolubles and the inhibitor

addi tive was contacted with-Xater torecover the

i nhibitor additive, which can be recycled to the

vi sbreaki ng reaction. A toluene insoluble fraction

of‘?é);ecl t6 f2t10°¢1 4032 heﬁHﬁ fo% {hﬁ@sﬁﬁgﬁgl‘{’ sl eiglé@t removal of

napht hal ene disulfonic aci -sodi um sal t

aceBil SIS follewed 5t esolingeof thbirbadtion miditd. ve and
mxed with the bitumen prior to the visbreaking
reaction. The resulting visbreaking product was

jected to a water sh to, renov e inhi.bitor
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and schene-2 Tespectively. [0041] The results of the
20086 toprsvideehs hwipbdenufi galt ef thenENAcfulfmubenkt salt as a colloidal

wor kup) . denpnstrates that use of the water-soluble
sugpensiew isthe igeg spivg8t.and 2, 6- NDSS at a treat rate of

0.6 wt % based on the weight of oil, results in
reduction in coke formation at 120 and 135 equi val ent

EXQANIPSe geverity. Figure 4 hereof (schene-2 workup)
—ggp'l—cr'rrbe esults fromthe water wash experinment. As can
[0037] 120 g of bitumen was rapidly heated under nitrogen [350 PSI (2413.16
kPa)] to 750°F (403.89°C) with continuous stirring at 1500 RPM. The bitumen
was allowed to react under these conditions for a period of time calculated to be
equivalent to a short visbreaking run at a temperature of 875°F (468.33°C)
(typically 120 to 180 “equivalent seconds™). After achieving the desired
visbreaking severity, the autoclave was rapidly cooled in order to stop any further
thermal conversion. The gas and liquid products were analyzed and material
balanced. The change in boiling point distribution and viscosity reflect the
severity of the visbreaking conditions. The toluene insolubles (TI) were
measured by quantitative filtration of a fresh hot toluene solution of the visbreaker

product (20:1 ratio of toluene to product).

[0038] Run-1: In one run 1,3,6-naphthalene trisulfonic acid trisodium salt
inhibitor additive (1,3,6-NTSS) was mixed with the bitumen prior to visbreaking.
The reaction product was washed with toluene to remove toluene solubles. The

resulting toluene insolubles and the inhibitor additive was contacted with water to



observed, water wash of the visbroken product results

in a further reduction in toluene insolubles. Thus,
wa b@siimd1ebi tors function not only to reduce toPCED2005/016711

i nsol ubl es but because of their surfactancy property

can al so extract sonme of the toluene insolubles into

an internediate oil/water phase. [0042] Results of the

anal yses of the visbroken products are shown in Tabl es

1 and 2 bel ow. These vi sbroken product sanples are

ones obtained directly from2hke reactor. W observe a

mar gi nal difference in the 700F+ (371.1 100

conversi on between the non-additized and the additized
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These observations suggest the watersol uble inhibitors

not only function to reduce the tol uene insol ubles but
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reacti on the product was was h O mM of toluene

ed wit

water wask ¢o adrhquetle mhibitiriadditate 88 0&tcbe. pFbe retnainider was
LCCO pol ysul fonic acid product. The acid product, was

conaRte it luaneHo camev e &hq tolyenesodeblendhereby leaving a toluene

. correspondi ngpol ysodiumsalt. It is to be noted that
m%@&éﬁesﬁ%%ho&]entrat ed sul furic acid was used |,

[0040] Run-1 and Run-2 are shown schematically in Figure 2 as scheme-1 and

scheme-2 respectively.

[0041] The results of the two runs are shown in Figure 3 hereof (scheme-1
workup) demonstrates that use of the water-soluble additives 1,3,6-NTSS and 2,6-
NDSS at a treat rate of 0.6 wt% based on the weight of oil, results in reduction in
coke formation at 120 and 135 equivalent seconds severity. Figure 4 hereof
(scheme-2 workup) depicts results from the water wash experiment. As can be
observed, water wash of the visbroken product results in a further reduction in
toluene insolubles. Thus, the inhibitors function not only to reduce toluene
insolubles but because of their surfactancy property can also extract some of the

toluene insolubles into an intermediate oil/water phase.

[0042] Results of the analyses of the visbroken products are shown in Tables 1
and 2 below. These visbroken product samples are ones obtained directly from the
reactor. We observe a marginal difference in the 700°F+ (371.11°C) conversion

between the non-additized and the additized samples. However, we observe a



departing fromprior art sulfonation nmethods, to

achi eve pol ysul fonation of the LCCO Product
w@h@saci7er i zati on (LCCO pol ysul foni c aci d) [ O0B&l/US20bF16711

and 13C-NVR were used to characterize LCCO

pol ysul fonic acid. FTIR of the product and the results

showed distinct sulfonic acid stretching and bendi ng

vi bration nodes corresponding to hydrated sul fonic

acid i.e., RSO3 H30+. The FTIR spectra resenbl e

sul fonate salts. Sulfonate s2d-ts have bands near

-1230-1 120 cm 1 and -1080-1025 cm 1 (asymetric and

symetric SO2 stretches). H3O+ gives rise to features

. r - - . . .,
R e R L R SR B
reladiviglib €hg nepatditinet kamplesan Ctheoé obsdanafiomadiiggent e vadter-

hydration - sufficient to formthe hydroniumion. This

solihle dshibgorshzat e fiprasivucio redugs thgdofusna inspliglds hutalso have

sugoni C. aceitcﬁlgi.n tﬁrej@h%/dr oni um sul fonate form [0045]
NOVEEYNRRSIEF FaAVSUER JHHOI S howed di stinct Aromatic

Car bon- SO 3H resonances at 141.72 ppm and 181 ppm

[ 0046] Aqueous LCCO sulfonic acid product was titrated

w th NaOH 5g of product gy gl uted with 5g of
distilled water to produce a 50% active material. This

e y ' 135

E "Q. VC ! » 1 . A ;I U . ‘7I= .
Eomtitrati on, for 1 °gramof 50% active materi‘a

nfbib39 of NaORoqas feditsed 5 oRpeONP! etfe  1,3,6-NTSS  2,6-NDSS
neutralization. Expressed on a per [gram actives basis,

700°g+ @m.pPC)t he 84493f onat Bxh7 26.82 29.03 29.04 29.87
Conv., %
TABLE 2
Inhibitor Product Viscosity; cp@40°C
None 225
1,3,6-NTSS 152
2,6-NDSS 145
EXAMPLE 3

Polysulfonation of LCCO

[0043] To25gof LCCO was added 25g of concentrated sulfuric acid and the
mixture heated to 70°C and maintained at 70°C with mixing for 2 days. After
completion of reaction the product was washed with 100 ml of toluene in three
aliquots and dried at 85°C to provide the LCCO polysulfonic acid product. The

acid product was neutralized with caustic to provide the corresponding



product required 0.286g of NaOH Surface activity of

LCCO pol ysul fonic acid polysodiumsalt [0047] The
w@reosmsd7er and oil /water surface tensions for PEEURIGEN16711

pol ysul foni ¢ acid pol ysodiumsalt were determ ned by

the Wl helny plate and pendant drop nethods known to

one of ordinary skill in the art of surface science.

Table 3 and Table 4 |ist the observed val ues of

air/water and oil/water surface tensions respectively

for the LCCO pol ysul fonic a€d3d sodi um sal t. (LCCO PSS).

We observe values simlar to that observed for

1, 3,6-naphthal ene trisulfonic acid tri sodiumsalt.
polscdiGuAl SR of RBict Bgb el CORRAIEE RIS aros used,
depugthgstivfrapitorat silifonativn metHods] Rashiefe pdlgsulfation of the

pol ysul fonic acid sodiumsalt. The presence of nethyl,
L@yl and propyl substituents on the 1- and 2-ring

aromatic cores of the LCCO product do not alter the

surface activity significantly. TABLE 3 Additive

PN Elry I 25BN GTC LY pofeERyiheiay | O D) None 72

[0044] FTIR and *C-NMR were used to characterize LCCO polysulfonic acid.
FTIR of the product and the results showed distinct sulfonic acid stretching and

bending vibration modes corresponding to hydrated sulfonic acid i.e., R-SO3"
H;0". The FTIR spectra resemble sulfonate salts. Sulfonate salts have bands near
~1230-1120 cm™ and ~1080-1025 cm™ (asymmetric and symmetric SO,
stretches). H;O" gives rise to features near ~2800-1650 cm’ (broad) and near
2600, 2250, and 1680 cm™’. The "free OH" bands observed near 3520 cm™
(doublet) confirm the presence of significant water of hydration - sufficient to
form the hydronium ion. This indicates that the product is predominantly hydrated

sulfonic acid in the hydronium sulfonate form.

[0045] *C-NMR of the product showed distinct Aromatic Carbon-SO;H
resonances at 141.72 ppm and 181 ppm.

[0046] Aqueous LCCO-sulfonic acid product was titrated with NaOH. 5g of
product were diluted with 5g of distilled water to produce a 50% active material.
This 50% active material was used for the NaOH titration. From titration, for 1
gram of 50% active material, 0.143g of NaOH was required for complete
neutralization. Expressed on a per gram actives basis, 1gram of the sulfonated

product required 0.286g of NaOH.



LCCO-PSS 2 1TABLE 4 Additive GOl /Water Interfaci al
Tension (dynes/cm {+/- 0.5} None 45.5 2,6-NDSS 19. 3
wa2®561305S 3.2 1,3,6,8-PTSS 1.5 LCCO PSS 1.5 PODUR}005/016711
The above data denonstrates that LCCO can be converted
to aromatic polysulfonate salts that are water sol uble
and possess unexpectedly high surface activity. CLAI M5
: 1. A nethod for upgrading a heavy oil conprising the
steps of: a) contacting the heavy oil with an
ef fective anount of an inhiBl4-or additive to provide
an inhibitor additized heavy oil, which inhibitor
additive is represented by the chem cal structure:

ssﬁ;ﬁ%a&ﬁ 14 §5.650] @(%Eéénﬁf&ﬂc alci@’bolgg@mxﬁ @?Itg:r ni ng

aromati ¢ hydrocarbon containing 2 to 15 aronatic
rings; Xis an acid functionality selected fromthe

[0943Lp Thesiweatey anfl ciitwrter sndiie tengionsder theddCEQ polysulfonic
aciici1 })gl%ggd{urrr? rsre]ll;cL v&e?e agferr%?r?ed by the Wilhelmy plate and pendant drop
methods known to one of ordinary skill in the art of surface science. Table 3 and
Table 4 list the observed values of air/water and oil/water surface tensions
respectively for the LCCO polysulfonic acid sodium salt.(LCCO-PSS). We
observe values similar to that observed for 1,3,6-naphthalene trisulfonic acid tri
sodium salt. (1,3,6-NTSS) and the 1,3,6,8-pyrene tetra sulfonic acid sodium salt
(1,3,6,8-PTSS). This data indicates high surface activity or surfactancy of the
LCCO polysulfonic acid sodium salt. The presence of methyl, ethyl and propyl
substituents on the 1- and 2-ring aromatic cores of the LCCO product do not alter

the surface activity significantly.

TABLE 3
Additive Air/Water Surface Tension
(dynes/cm) {+/- 0.5}
None 72
2-NSS 43
2,6-NDSS 23
1,3,6-NTSS 21
1,3,6,8-PTSS 21

LCCO-PSS 21



b) thermally treating said inhibitor additized heavy
oil at a tenperature in the range of 2500C to 5000C in
wo b@sprisence of hydrogen at hydrogen partial PCEESM08016711
of between 500 to 2500 psig (3447.38 to 17236.89 kPa)

for a tinme between 0.1 to 10 hours. 2. A nethod for
upgradi ng a heavy oil conprising the steps of: a)
contacting the heavy oil with an effective anmount of
an inhibitor additive to provide an inhibitor
addi ti zed heavy oil, which -2 bitor additive is
represented by the chemcal structure: [R-PNA - (SO3
)n] aMb wherein PNA is a pol ynucl ear aronatic
hydrocarbon containing 2 o gpgafomatic rings; Xis a
sul fonic acid functionaliTy, 13 an integer from1l to

15 representing the nunber of | fonic_aci . .
functi ona&&éﬁﬂ-&] t he PNA hydréﬂ%&%ﬂgﬂw
group containing fromO to 40 car {dynes/emy;{+4 0.5} an
el enment selected fromthe group consisting of Goup
oy V-B, VI-B, VII-B and VIII of the Lpng Form of The
Pegnpgkg Table of Elements; and a and b gye integers
§g? .&ﬁﬁglng from1l to 4; and b) thernaJ%' treating
07 bitor additized heavy oil at a é%perature in
tlhd6r&RESSof 2500C to 5000C in the presehde of
Hy@cOgB8Sat hydrogen partial pressure of 1ifet ween 500
to 2500 psig (3447.38 to 17236.89 I1dPa) for a tine

between 0.1 to 10 hours. 3. The nethod of clains 1 or
2 wherein the contacting, thernmal treating, or

[0048] The above data demonstrates that LCCO can be converted to aromatic
polysulfonate salts that are water soluble and possess unexpectedly high surface

activity.



both are conducted in an inert environnent wherein the
amount of inhibitor additive used is from 10 to 50, 000
wepwshssed on the weight of the heavy oil and BeEI/US2005/016711
contacting is conducted at a tenperature from 250C to
9Q0C for a time ranging from1l mnute to 24 hours. 4.
The nmet hod of any one of clains 1-3 wherein the heavy
oil is one or nore of crude oil, vacuumresids and
atnospheric resids. 5. The nethod of any one of clains
1-4 which further conprises -the step of first
providing the inhibitor additive with a carrier
sol vent and then contacting the heavy oil with a

@M of inhibitor additive and carrier solvent. 6.
hod of any one of clains 1-5 wherein the

carrier solvent is selected fromwater, aromatic
hydr ocar bon, al cohols and m xtures thereof, and is
1.f r omAlRethod80r wherddidg & heavy wil wompoisingthielstems of:
addi tive and carrier solvent. 7. The upgraded oil
any oneondactilzihedicavp olavith gn gifectize enpangof 9n Sahibfior additive

decr eased. en nsaolubl es re ntreat ed
ey BRSO i SRER Flibor AR L pEfrented
| conditions in the absence of
b#ﬁ?@ﬁ?@rcap%ﬂﬁﬁ% met hod of claim2 wherein Mis
sel ected from G oups VI IR-RRd MxB. 9. A net hod f or
upgr adi ng heavy oils which nmethod conprises: a)
wherdimd isregp allagl gt@ap)contammgtﬂ‘omr() tof 4@ carbos atomenP NS isa

wat er - sol ubl e, i nhj bitor additive t%hf) ovi de, an
polyRpelepbaAromRaict ixEacaH, awoatammw% Braticgingy; & is an acid

ﬁllgl(%?l o ]Etr%r e?ec‘iiecf Fdfh hsé 88{) %83&5’81% BY SH;'PI, %}f%hd PO;H; and

n is an integer from 1 to 15; and

b) thermally treating said inhibitor additized heavy oil at a temperature in
the range of 250°C to 500°C in the presence of hydrogen at hydrogen partial
pressure of between 500 to 2500 psig (3447.38 to 17236.89 kPa) for a time
between 0.1 to 10 hours.

2. A method for upgrading a heavy oil comprising the steps of:

a) contacting the heavy oil with an effective amount of an inhibitor
additive to provide an inhibitor additized heavy oil, which inhibitor additive is
represented by the chemical structure:

| [R-PNA - (S0, My
wherein PNA is a polynuclear aromatic hydrocarbon containing 2 to 15 aromatic
rings; X is a sulfonic acid functionality, n is an integer from 1 to 15 representing
the number of sulfonic acid functionality on the PNA hydrocarbon; R is an alkyl
group containing from 0 to 40 carbon atoms; M is an element selected from the

group consisting of Group IV-B, V-B, VI-B, VII-B and VIII of the Long Form of



Ar-(SG3-X+)n where Ar is a hononucl ear aromatic group
of at least 2 rings, and X is selected from G oup |

W@ 2008413727 and Group Il (al kaline-earth) el emreneGT/U8200%1€16711
Periodic Table of Elenents, and n is an integer from1l
to 5 when an alkali nmetal is used and from 2-10 when
an al kaline earth netal is used; b) thermally treating
said inhibitor additized heavy oil at a tenperature in
t he range of 2500C to 5000C for a tine between 0.1 to
10 hours, thereby resulting-2h an upgraded the heavy
oil; c) contacting said thernmally treated additized
heavy oil with water wherein the water-soluble

r [ r
ThERLPLRTAIE or B IR BhFR aht o 1R L ABRSSgfly from 110
4WRHET phase contai ning said inhibitor add| tive; e)
separating the inhibitor additive fromthe water; and
f) reyyedinmglysaeatinpemaad atlebitomdddiized heedti ¢il eea tamp erature in
cont act i ng a heavy oil in step a% gove 10, A net hod
thegange §f 390 Kgta> WELM thE PrespRre AT hrdiossn @b hpdiogss paghial

PR o the?@@%%%@kp&s%é%?éﬁ?@?ﬁ§?é@%ﬁ{>€?ﬁ8}e

b&%eh VEd 20 oM ébde an inhibitor additized heavy oil,
wat er-soluble inhibitor additive is represented

by the chem cal structure: [R-PNA-(X)n]aMo
3. The method of claims 1 or 2 wherein the contacting, thermal treating, or
both are conducted in an inert environment wherein the amount of inhibitor
additive used is from 10 to 50,000 ppm based on the weight of the heavy oil and
said contacting is conducted at a temperature from 25°C to 90°C for a time

ranging from 1 minute to 24 hours.

4, The method of any one of claims 1-3 wherein the heavy oil is one or more

of crude oil, vacuum resids and atmospheric resids.

5. The method of any one of claims 1-4 which further comprises the step of
first providing the inhibitor additive with a carrier solvent and then contacting the

heavy oil with a mixture of inhibitor additive and carrier solvent.

6. The method of any one of claims 1-5 wherein the carrier solvent is selected
from water, aromatic hydrocarbon, alcohols and mixtures thereof, and is from 10

to 80 wt.% of the mixture of inhibitor additive and carrier solvent.

7. The upgraded oil of any one of claims 1-6 having at least 20 wt.%

decreased toluene insolubles compared to the untreated heavy oil feedstock



wherein PNA is a pol ynucl ear aromati c hydrocarbon
containing 2 to 15 aromatic rings; Xis a sulfonic
waedod/1farecti onality, n is an integer from 1 toPdBUS2005/016711
representing the nunber of sulfonic acid functionality
on the PNA hydrocarbon; R is an al kyl group contai ning
fromO to 40 carbon atons; Mis an el enent sel ected
fromthe group consisting of Goup IV-B, V-B, VI-B,
VI1-B and VIIIl of the Long Form of The Periodic Table
of Elements; and a and b are28ntegers each ranging
froml to 4; b) thernmally treating said inhibitor
additi zed heavy oil at a tenperature in the range of

oG ﬁy_oth%%gpg%{ﬁnéi‘lt hH:IEr i*ﬂ%ﬁ%@eﬂg)rg%eﬁs tc.%n&gicﬁ'l% Yh he ?l%sence of

contact’i ng sal ermally treate Itized heavy o
inhibikornat er wherei n the water-sol ubl e inhibitor

additive mgrates to the water phase; d) separating

the thermally treated heavy oil fromthe water phase

cont aj ni ng, sai ter-soluble.inhibitar additive, e

8 capal BE TGR6T R PERISAA i Seqted Mom b ape V1Tl VI-B.
f ) recycling said separated inhibitor additive to
contacting a heavy oil in step a) above. 11. The

9.met hgdnefhoel Bk ﬁgg&d@ﬂig E@a\)ﬁ/"tﬁ[sexbvﬁicllﬂ_ﬁeﬂl%ﬂ%n@pﬂisdsﬁ a
vacuumresid. 12 The nethod of clains 9 or 10 wherein

X i sajanontaktihg tiehedvyldl witheamefiféaio ecfmeumyt afreewater-soluble
.clainms 9-12 wherein the nunber of rings fqor Ar. is from
inpubigpradgifiy eito proyidejan inpratoraddaiizegthagny ahevhieh syatemgoluble

in%_ib]i?or a rit‘laxi/enistrre]gre%%ln)éalgyftgg ic eical s rilgture:

Ar-(SO3XY),
where Ar is a homonuclear aromatic group of at least 2 rings, and X is selected
from Group I (alkali) and Group II (alkaline-earth) elements of the Periodic Table
of Elements, and n is an integer from 1 to 5 when an alkali metal is used and from
2-10 when an alkaline earth metal is used,;

b) thermally treating said inhibitor additized heavy oil at a temperature in
the range of 250°C to 500°C for a time between 0.1 to 10 hours, thereby resulting
in an upgraded the heavy oil;

¢) contacting said thermally treated additized heavy oil with water wherein
the water-soluble inhibitor additive migrates to the water phase;

d) separating the thermally treated heavy oil from the water phase
containing said inhibitor additive; A

e) separating the inhibitor additive from the water; and

f) recycling said separated inhibitor additive to contacting a heavy oil in

step a) above.



acid salt is one or nore of naphthal ene-2-sulfonic

acid sodium salt, naphthal ene- 2,6-disulfonic acid
wa@easam7gal t, napht hal ene- 1, 5-di sul foni ¢ aci dPEDUB2005/016711

salt, naphthalene- 1,3,6-trisulfonic acid sodiumsalt,

ant hr aqui none-2-sul fonic acid sodium salt,

ant hr aqui none-1, 5-di sul fonic acid sodium salt,

andpyrene-1, 3,6,8- tetra sulfonic acid sodiumsalt.

15. The nmethod of any one of clains 9-14 wherein the

effective anount of additive29s from 10 to 50, 000

wppm based on the weight of the heavy oil. 16. A

nmet hod for the pr oducti on of aromatic polysul fonic

cid t I ure:
@2 A‘i@gﬁ%{ﬁf u&ﬁer e n&f}ﬂ Y?ﬁ &2‘?‘ g%l g)ahcg\?lltl I?wﬂ&%r om O
to 49 @éﬁﬁ@ﬂng'ﬂ%@eaﬁ oﬂ ﬁl &R ;ﬁéﬂﬁi@b o hiyd @t Witﬁtaweffective
conpr’i sed rom2 to 15 aromatic rings,
atydnogfemwaterasolablkahhibdor additive te pearidé annnlmlb;toa additized
IS anlntegerfromlto X is an al kali

hegyey ql,twhich wiperrsoduple lalhﬂatomﬁdﬁ@/eela rr@meﬁ%lﬁpd bmfle ghemical

nmet hod conprises: reacting a |light catalytic cycle oil
tWtilrrsulfurlc acid in a an amount from1l.2 to 2 tines
the stoichionetric amount| I@E’I\ﬁ&lﬁg\ﬂ ture from 200C
to 1000C for an effective armunt( qgll%me t her eby

whefdiih PO A is & polymitlqar acbinstic Wpddocahonajohtaiaamy 2 om 15 aromatic
product with an organic solvent; neutrali zi n% t he
rings; Feds 2 sulfonisracid gmmonahm] nas enintgpelipasbia &5 representing

e BT TP Pt PaPE R gy o
gfoﬁ%'go}lt&ﬁm% from 0 to 40 carbon atoms; M is an element selected from the
group consisting of Group IV-B, V-B, VI-B, VII-B and VIII of the Long Form of
The Periodic Table of Elements; and a and b are integers each ranging from 1 to
4;

b) thermally treating said inhibitor additized heavy oil at a temperature in
the range of 250°C to 500°C for a time between 0.1 to 10 hours;

¢) contacting said thermally treated additized heavy oil with water wherein
the water-soluble inhibitor additive migrates to the water phase;

d) separating the thermally treated heavy oil from the water phase
containing said water-soluble inhibitor additive;

e) separating the inhibitor additive from the water; and

f) recycling said separated inhibitor additive to contacting a heavy oil in

step a) above.
11.  The method of claims 9 or 10 wherein the heavy oil is a vacuum resid.

12.  The method of claims 9 or 10 wherein X is an alkali metal.



carbons. 18. The nmethod of claim 16 wherein Ris O
19. The nethod of any one of clains 16-18 wherein the
WO e@stiioer product is washed with an organi ¢ soP@EN$200$/016711
is neutralized wth a caustic solution. 20. The net hod
of any one of clains 16-19 wherein the sol vent washed
reaction product is neutralized with a caustic
solution. 2 1. The nethod of any one of clainms 16-20
wherein the caustic solution is a sodi um hydroxi de
solution. 22. A method for t-Be- production of a |ight
catal ytic cycle oil streamrich in aromatic
pol ysul foni ¢ aci d conpounds whi ch nmet hod conpri ses:

eactin | |yt i [ VM rieC:
157 St 8Pl B oS EL Pl I s or
i§ﬁﬁﬁ@p?pg§535qsqnount at a tenperature from200C to
1000C tfor an effective anount of tine thereby form ng
a reaction product, thereby resulting in a |ight
catalytic cycle oil rich in aromatic polysulfonic acid |
14onpdhadscthod of Fng oneohstries &1 Avhersinihe pelysubfnic aromatic

al.kali. metal hydroxi de.sol uti i s. added t. t, at
o561 5 OB P PR BRI PO FOiRE Sy gaphiialenc-
] i L.t . .
> SPEROHOES o AR RESE SRR 2 PSR i
ngsicthaleh 818 Bxtridalforfe. achl saliinnsal anthegqeidbng2asulfomiy acid
oi |l conprising the steps of: adding to said heavy oil
sadivansaly antfradquighne-dgfi-dispifonicgad sodivm sdhtaaidrpyngne,3,6,8-

tetra sulfonic acid sodium salt.

15.  The method of any one of claims 9-14 wherein the effective amount of

additive is from 10 to 50,000 wppm, based on the weight of the heavy oil.

16. A method for the production of aromatic polysulfonic acid compounds

represented by the chemical structure:
R-Ar-(SO; X",

where R is an alkyl group having from 0 to 40 carbon atoms, Ar is an aromatic
ring structure comprised of from 2 to 15 aromatic rings, X is hydrogen or an alkali
or alkaline-earth metal, and n is an integer from 1 to 5 when X is an alkali metal
and 2 to 10 when X is an alkaline-earth meal, which method comprises:

reacting a light catalytic cycle oil with sulfuric acid in a an amount from
1.2 to 2 times the stoichiometric amount at a temperature from 20°C to 100°C for
an effective amount of time thereby forming a reaction product;

washing said reaction product with an organic solvent;

neutralizing the washed reaction product with a suitable base to form the

corresponding polysulfonic acid salt.



effective amount of aromatic polysul fonic acid
conpounds represented by the fornmula: where Ris an
wa@bkdoghiygeoup having fromO to 40 carbon at ons, PEF/USROHM6711
aromatic ring structure conprised of from2 to 15
aromatic rings, X is hydrogen or an al kali or
al kaline-earth netal, and nis an integer froml to 5
when X is an alkali nmetal and 2 to 10 when X is an
al kaline-earth neal; and thermally treating said
additi zed heavy oil at a temBérature in the range of
2500C to 5000C for 0.5 to 6 hours to upgrade the heavy
oil. 26. The method of claim25 wherein the heavy oi
is at |east one of crude oil, vacuumresids and
atmospheric resids. 27. The method of clains 25 or 26

1nher gho rhdtBo@bif efdimVEs Mifeteih Rofs ackdicy g&%upshaf‘l[@fra)ﬁl 195
50, 000 wppm based on the wei ght of heavy oil

casbenei n t he pol ynucl ear aromati c conpound is conprl sed
of 2 to 15 aromatic rings. 28. The product produced by
the nmet hod of any preceding claim

18. The method of claim 16 wherein R is O.

19.  The method of any one of claims 16-18 wherein the reaction product is

washed with an organic solvent or 1s neutralized with a caustic solution.

20.  The method of any one of claims 16-19 wherein the solvent washed

reaction product is neutralized with a caustic solution.

21.  The method of any one of claims 16-20 wherein the caustic solution is a

sodium hydroxide solution.

22. A method for the production of a light catalytic cycle oil stream rich in
aromatic polysulfonic acid compounds which method comprises:

reacting a light catalytic cycle oil with sulfuric acid in a an amount from
1.2 to 2 times the stoichiometric amount at a temperature from 20°C to 100°C for
an effective amount of time thereby forming a reaction product, thereby resulting

in a light catalytic cycle oil rich in aromatic polysulfonic acid compounds.

23.  The method of claim 22 wherein an alkali metal hydroxide solution is
added to convert at least a portion of the aromatic polysulfonic acid compounds to

the respective salt.
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24.  The method of claims 22 or 23 wherein the alkali metal hydroxide is

sodium hydroxide.

25. A method for upgrading a heavy oil comprising the steps of:
adding to said heavy oil an amount of light catalytic cycle oil containing an
effective amount of aromatic polysulfonic acid compounds represented by the

formula:

R-Ar-(SO5 X",

where R is an alkyl group having from 0 to 40 carbon atoms, Ar is an aromatic
ring structure comprised of from 2 to 15 aromatic rings, X is hydrogen or an alkali
or alkaline-earth metal, and n is an integer from 1 to 5 when X is an alkali metal
and 2 to 10 when X is an alkaline-earth meal; and

thermally treating said additized heavy oil at a temperature in the range of
250°C to 500°C for 0.5 to 6 hours to upgrade the heavy oil.

26.  The method of claim 25 wherein the heavy oil is at least one of crude oil,

vacuum resids and atmospheric resids.
27.  The method of claims 25 or 26 wherein the effective amount of additive is
from 10 to 50,000 wppm based on the weight of heavy oil and wherein the

polynuclear aromatic compound is comprised of 2 to 15 aromatic rings.

28.  The product produced by the method of any preceding claim.



