I NHI Bl TOR ENHANCED THERVAL UPGRADI NG OF HEAVY O LS VIA
MESOPHASE SUPPRESSI ON USI NG O L SOLUBLE POLYNUCLEAR
WOROMATI7ES FI ELD OF THE | NVENTI ON [ 0001] The prPE&B®ER1005/016709
invention relates to a nethod for upgradi ng heavy oils
by contacting the heavy oil with an inhibitor additive
and then thermally treating the inhibitor additized
heavy oil. The inhibitor is selected fromoil soluble
pol ynucl ear aromati c conpounds that are capabl e of
suppr essi ng nesophases fornmed by hydrocarbon conpounds
present in heavy oil. The |nv?nt| on also relates to
t he upgraded product fromthée~inhibitor enhanced
thermal treatnent process. BACKGROUND COF THE | NVENTI ON
[0002] Heavy oils are generally referred to those
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distill O Of Crude Or1s that exnrort am APT gravity

| ess than 20 are exanples of heavy oils. Upgradi ng of

heavy oils is inportant in production, transportation
QRE! . An upgraded heavy oil

ﬂ}f* :?BF;%@ .uvjfy@i gher APl gravity and | ower

vi scosity conpared

[0001] The present invention relates to a method for upgrading heavy oils by
contacting the heavy oil with an inhibitor additive and then thermally treating the
inhibitor additized heavy oil. The inhibitor is selected from oil soluble
polynuclear aromatic compounds that are capable of suppressing mesophases
formed by hydrocarbon compounds present in heavy oil. The invention also

relates to the upgraded product from the inhibitor enhanced thermal treatment

process.

BACKGROUND OF THE INVENTION

[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



to the heavy oil that is not subjected to upgrading.

Lower viscosity will enable easier transportation of
W b@s013725 A conmonl y practiced nethod for heavpCDU2005/016709
upgrading is thermal treatnment of heavy oil. Thernmal

treatment includes processes such as visbreaking and

hydro- vi sbreaki ng (visbreaking w th hydrogen

addition). The prior art in the area of thernal

treatnment or additive enhancedvi sbreaki ng of

hydrocarbons teach methods for inproving the quality

or reducing the viscosity, of crude oils, crude oil

distillates or residuum by s#eral different nethods.

For exanple, the use of additives such as the use of

free radical initiators is taught in US Patent No. :
VibAARABES hidrecarbensteachiméthodsrfmimpsowing the qralitys or reducing

ydrogen donors is taught in EP 17551 1; the use of..
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ences teach upgradi ng of petrol eum i d
addeptdredy iaught in USLRatent 0. lﬁ@?,flg% mgthe[p@m@ra, ﬁ}ifglgggn donor

pp. 239-243) and _th | d iti ' )
s?lﬁ/bmsis l(tmglﬁmﬂﬁ ]?gl@;tr %@ééﬁ?@? Zd)%e?g{t%q@%g Ela%ﬁgég%?pemﬁc
ermal t . .af i :
cilp ek SRCTo 1T BT GHORSARTAY T LS EH L7 Qhald mofybdenum
cg’tlé{i}fs%'sr, 2AdoARNNIERE Gnd@%der (US 4,659,543). Other references teach
upgrading of petroleum resids and heavy oils (Murray R. Gray, Marcel Dekker,

1994, pp. 239-243) and thermal decomposition of naphthenic acids (US
5,820,750).

[0003] Generally, the process of thermal treatment of heavy oil can result in an
upgraded oil with higher APL. In some instances, the sulfur and naphthenic acid
content can also be reduced. However, the main drawback of thermal treatment
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-



content can al so be reduced. However, the main
drawback of thermal treatnent of heavy oils is that
WOWwak/1131e¥ eased conversion there is the fornmatPONUSH005/016709
toluene insoluble (TI) material. These tol uene
i nsoluble materials conprise organic and
organo-netallic materials derived fromcertain
conmponents of the heavy oil during the thernmal
process. Cenerally, the Tl materials tend to increase
exponentially after a threshold conversion. Thus, the
formation of Tl materials I|§1ts the effectiveness of
thernmal upgrading of heavy orffs. Presence of TI
material in upgrading oils is undesirabl e because such
TI materials can cause fouling of storage,
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heavy oils. The instant invention addresses this need.
oiks used her ei n, crude oil residuumor resid refers to

resi dual crude oil obtained from atnospheric or vacuum
distillation of a crude oil. SUMVARY OF THE | NVENTI ON
SUMMA R OINTHEFIDVENAION here i s provi ded a net hod

for upgrading a heavyoil conprising the steps of: -
contacting the heavy oil with an effective anount of

[068?)411 nh IIlqlotn% embodiment, there is provided a method for upgrading a heavy

oil comprising the steps of:
- contacting the heavy oil with an effective amount of an inhibitor

additive which is comprised of one or more oil soluble polynuclear aromatic

compounds to provide an inhibitor additized heavy oil, and then

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

heavy oil.

[0005] In a preferred embodiment the polynuclear aromatic compound is

comprised of 2 to 8 aromatic rings.

[0006] In another embodiment the polynuclear aromatic compound contains 2

to 5 aromatic rings.

[0007] In stﬂl another preferred embodiment the polynuculear compound is
selected from the group consisting of 1-methyl naphthalene, 2-methyl
naphthalene, 2-ethyl naphthalene, isoquinoline, triphenylene, and perylene.



additive which is conprised of one or nore oil soluble

pol ynucl ear aronmati c conpounds to provide an inhibitor
wa@ewstiyzesl heavy oil, and then - thermally treBtT/mg005/016709

said inhibitor additized heavy oil at a tenperature in

the range of 2500C to 5000C for 0.5 to 6 hours to

upgrade the heavy oil. [0005] In a preferred

enbodi ment the pol ynucl ear aromatic conpound is

conprised of 2 to 8 aromatic rings. [0006] In another

enbodi nent the pol ynucl ear aromati c conpound contai ns

2 to 5 aromatic rings. [0007], In still another

preferred enbodi nent the poIthcuIear compound i s

sel ected fromthe group consisting of 1-nethyl

napht hal ene, 2-nethyl naphthal ene, 2-ethyl .

0603]t halnesil anctbeppredirieteombodiptest fhesinbbitordditive suppresses

perylene.[0008] In still another preferred.e di ment.
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by hydrocarbon conpounds present in the heavy oil

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0009] Accordi ng
SPRAERIPTION 0f TEIEINVIINTION € i's provi ded

T HEtro0 g_heavy oi1s, such as heavy oils

and crude oil residuum At |east one pol ynucl ear

aromatic inhibitor additive is added to the crude ar

[0008]e oAtcordiighoumef ahbedisenbof thesiniention, dheredp preyided a

ngee‘éggf %o%tu%rgigdilng htegsy r01 Q,gs%cﬁfas %ge(l%z)ycohg and crude oil residuum. At

least one polynuclear aromatic 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. The polynuclear aromatic compound contains 2
to 15 aromatic rings, preferably 2 to 6 aromatic rings, and more preferably from 2
to 4 aromatic rings. 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.



5000C for 30 second to 6 hours. The pol ynucl ear
aromati c conpound contains 2 to 15 aromatic rings,
wee@betakdy 2 to 6 aromatic rings, and nore pre¢EUSIIDY016709
from2 to 4 aromatic rings. The aromatic rings can be
fused or isolated aromatic rings. Further, the
aromati c rings can be hono-nucl ear or hetero-nucl ear
aromatic rings. By hono-nuclear aromatic rings is
meant aromatic rings containing only carbon and
hydrogen. By hetero-nuclear aromatic ring is meant
aromatic rings that contain @ trogen, oxygen and
sul fur in addition to carbon™and hydrogen.[0010]
Non-limting exanples of PNAs suitable for use in the
present invention include: 1-nmethyl naphthal ene
[Go103t hyNomaiphitinglexamplesd RN As aphablelfenvss Bogipiesante
trlphenylene peryl ene[ 0011] Typically, the anount of
inveqtibh tineludetdi ti ve added can be 10 to 50, 000 wppm
preferably 20 to 3000 wopm and nore preferably 20 to
1000 wppm based on the anount of crude oil or crude
oi |l residulim The inhibitor additive can be added as
is or in a suitable carrier solvent. Preferred carrier

, crude oil derivef aronat

Ich as Aromatic 150
y, water, al cohol
. R9E12] Cbntactlng t he~1 nhi b
the heavy oil can be achieved at
1-methyl naphthalene 2-methyl naphthalene

X

2-ethyl naphthalene isoquinoline

triphenylene perylene



any tinme prior to the thermal treatnent. Contacting

can occur at the point where the heavy oil is produced
warooshes7eeser voi r, during transportation or atP@I/US2005/016709

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 mx the heavy oil and additive. Any

sui tabl e m xi ng nmeans conventionally known in the art

can be used. Non-limting exanples of such suitable

m xers include in-line static mxers and paddle

m xers. The contacting of thé;heavy oil and additive

can be conducted at any tenperature in the range of

100C to 9Q0C. After contacting and mxing the heavy
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the additized heavy oil during thermal treatment using
m xi ng neans known to those having ordinary skill in
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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 émde 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-
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.

[0013] Thermal treatment of the additized heavy oil comprises heating the oil
at temperatures in the range of 250°C to 500°C for 30 seconds to 6 hours. Process

equipment such as visbreakers can be advantageously employed to conduct the



Usi ng inert gases such as nitrogen or argon gas in the
reactor vessel can provide such an inert environnent.

W@ 0@34]37Fhe i nhi bitor enhanced thernmal upgradi PgI/US2005/016709
process provides a thermal | yupgraded product that is

hi gher in APl gravity conpared to the starting feed

and | ower in toluene insoluble naterial conpared to a
thermal |y upgraded product that is produced in the
absence of the inhibitor additive of the instant

i nvention. The inhibitor additive of the instant
invention inhibits the formatjon of toluene insoluble
material while facilitating thermal conversion, such

as thermal cracking, to occur in a facile manner. The
thernal 'y upgraded product of the process of the

thefiad teatrnorentlt srprofesred tolmixsthe 20ditized heawy érduring thermal

i nsol uble material conpared to th roduct f
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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

upgfaded heavy oil, the added inhibitor additive and products, if any, formed from
the added inhibitor additive during the thermal upgrading process.

[0015] When the upgrading is conducted in a pre-refinery location, it is
customary to mix the upgraded oil with other produced but not thermally treated

crude oils prior to transportation and sale. The other produced but not thermally



[ 0015] When the upgrading is conducted in a
pre-refinery location, it is customary to mx the
wapgsadses oil wi th other produced but not therp@l/U§2005/016709
treated crude oils prior to transportation and sal e.
The ot her produced but not thermallytreated crude
oils, can be the sane heavy oil fromwhich the
upgraded oil is obtained or different crude oils. The
ot her produced but not thernmally treated crude oils
can be dewatered and or desalted crude oils. By
"non-thermally treated" is g§ﬂerally meant not
thermally treated at tenperai®ires in the range of
2500C to 5000C for 30 seconds to 6 hours. A particular
advant age of the upgraded oil of the instant inventiaqgn
trbgtellbAidd bis,paaderthe sahe heawy atlifuashywhioky therapgraded oil is
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tolnenamsaluibie 61 masprial argblos Al Ang Of S WRStHgT Bjlainf gher oils
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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.

EXAMPLE

[0016] The following examples are included herein for illustrative purposes

and are not meant to be limiting.

[0017] In order to evaluate the effectiveness of the oil soluble inhibitors of the
present invention three model compounds that are known and reported to form
mesophases at temperatures in the range of 100°C to 350°C were used. These
model PNA mesogens and their temperature range of mesophase were:
triphenylene discotic mesophase (68°C-100°C); triphenylene discotic mesophase
(147°C-239°C); and perylene discotic mesophase (140°C-315°C). Differential
scarming calorimetry (DSC) and optical microscopy were used to evalyate the

effectiveness of the inhibitors to inhibit the mesophases of these compounds.



present invention three nodel conpounds that are known
and reported to form nesophases at tenperatures in the
w0 200§213985 1000C t o 3500C were used. These nodePCPBNER005/016709
nmesogens and their tenperature range of nesophase
were: triphenyl ene discotic nesophase (680C- 1 0Q0C);
tri phenyl ene discotic nesophase (147C-239C); and
peryl ene di scotic nesophase (140C- 315C). Differenti al
scanning calorinetry (DSC) and optical m croscopy were
used to evaluate the effectiveness of the inhibitors
to inhibit the nesophases of {hese conpounds.[0018]
The crystalline triphenyl ene”™PNA nmesogen conpound
shows a crystalline to nesophase transition at 670C.
At 990C t he nmesophase to isotropic phase change is
observed. From 670C to 990C i s the nesophase range.

Each .phase change i s associ with a heat cagpacity
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the oil "soluble additives. This evidences_that the
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tlliéqﬁlesophase to isotropic phase transition for all the oil soluble additives. This

evidences that the mesophase of the PNA mesogen is adversely affected by the oil

soluble additives of the present invention.

[0019] It was observed that there was a loss in the mesophase to isotropic peak

at 99°C, which indicates that the mesophase has been completely inhibited by the
use of LCCO.

[0020] The DSC and microscopy for the perylene PNA mesogen was also
obtained. It was observed that the crystalline compound showed a crystalline to
mesophase transition at 140°C. At 315°C the mesophase to isotropic phase
change was observed. The mesophase range was from 140°C to 315°C. Each
phase change was associated with a heat capacity or enthalpy. Light catalytic
cycle oil (LCCO), medium catalytic cycle oil (MCO), and heavy aromatic fuel oil
(HAFO) was added to the perylene PNA mesogen at 4 and 8 wt.% based on the
weight of the PNA mesogen and the DSC recorded. Complete inhibition of the
mesophase for HAFO was observed, but not when LCCO or MCO was used. The
DSC of the perylene PNA mesogen in the presence of 8 wt.% HAFO showed the



use of LCCO [0020] The DSC and m croscopy for the
peryl ene PNA nesogen was al so obtained. It was
woeb®enyses t hat the crystalline conpound showedP@&I/US2005/016709
crystalline to mesophase transition at 1400C. At 315C
t he nesophase to isotropi c phase change was observed.
The nmesophase range was from 1400C to 3150C. Each
phase change was associated with a heat capacity or
ent hal py. Light catalytic cycle oil (LCCO, medium
catalytic cycle oil (MO, and heavy aromatic fuel oi
(HAFO) was added to the peryl8ne PNA nesogen at 4 and
8 W . % based on the weight oVt he PNA nmesogen and the
DSC recorded. Conplete inhibition of the nmesophase for
HAFO was observed, but not when LCCO or MCO was used.
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a heavy oil conprising the steps of: - contacting the

heavy oil with an effective anount of an inhibitor

additive which is conprised of one or nore oil soluble
pol ynucl ear aromatic



conmpounds to provide an inhibitor additized heavy oil,
and then - thermally treating said inhibitor additized
wheass1ed at a tenperature and for a tine sufPCTUSD5/016709

to upgrade the heavy oil. 2. The nethod of claim1
wherein the heavy oil is selected fromthe group
consi sting of crude oil, vacuumresids and atnospheric

resids; wherein the thernmal treating tinme ranges from
0.5 to 6 hours; and wherein the thermal treating
tenperature ranges from 2500C to 5000C. 3. The net hod
of any precedi ng claimwherejn the effective anount of
additive is from10 to 50, 000 "wppm based on the wei ght
of heavy oil. 4. The nmethod of any preceding cl aim
wherein the pol ynucl ear aromatic conmpound is conprised

cPABRMIS® 15 aromatic rings. 5. The nethod of any

=precedi ng cl ai m wherein the pol ynucl ear conpound is at
| east one of 1- nethyl naphthalene 2- et hyl

1???2};2%(9% szﬂl%rh ht hal. clene | sog%hgggpgany
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temperature and for a time sufficient to upgrade the heavy oil.

2. The method of claim 1 wherein the heavy oil is selected from the group
consisting of crude oil, vacuum resids and atmospheric resids; wherein the

thermal treating time ranges from 0.5 to 6 hours; and wherein the thermal treating

temperature ranges from 250°C to 500°C.

3. The method of any preceding claim wherein the effective amount of

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

4, The method of any preceding claim wherein the polynuclear aromatic

compound is comprised of 2 to 15 aromatic rings.

5. The method of any preceding claim wherein the polynuclear compound is

at least one of 1-methyl naphthalene, 2-methyl naphthalene, 2-ethyl naphthalene,

isoquinoline, triphenylene, and perylene.

6. The method of any preceding claim wherein at least one of the (1)

contacting and (ii) upgrading is conducted in an inert environment.



8. The nethod of any preceding claimwherein the

carrier solvent is selected fromwater, aronmatic
woyasocaephon, al cohols and m xtures thereof. 9PCTH82005/016709

met hod of any preceding claimwherein the carrier

solvent is from10 to 80 wt.%of the m xture of

inhibitor additive and carrier solvent. 10. The

upgraded oil produced by the method of any preceding

claimhaving at |east 20 wt. % decreased tol uene

i nsol ubl es conpared to the untreated heavy oi

feedst ock obtained by thermal treatment under

i dentical process condi ti onsi#n the absence of

i nhi bitor.

7. The method of any preceding claim 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.

8. The method of any preceding claim wherein the carrier solvent is selected

from water, aromatic hydrocarbon, alcohols and mixtures thereof.

9. The method of any preceding claim wherein the carrier solvent is from 10

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

10.  The upgraded oil produced by the method of any preceding claim having at
least 20 wt.% decreased toluene insolubles compared to the untreated heavy oil

feedstock obtained by thermal treatment under identical process conditions in the

absence of inhibitor.



