FOULI NG | NHI BI TI ON OF THERVAL TREATMENT OF HEAVY A LS
FI ELD OF THE | NVENTI ON [ 0001] The present invention

WO edoatier26¢ o t he use of water-sol ubl e aromati c PCT/US2005/016710
pol ysul fonic acid salts for inhibiting fouling in
process equi pment used in the thermal treatnent of
heavy oils. BACKGROUND OF THE | NVENTI ON [ 0002] Heavy
oils are generally referred to those hydrocarbon
conprising oils with high viscosity or APl gravity
| ess than 20. Crude oils and-krude oil residuum
obt ai ned after atnospheric or vacuumdistillation of
crude oils that exhibit an APl gravity |less than 20
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I mportant 1 n production, transportation and refining
operations. An upgraded heavy oil typically will have
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the oil. A commonly practiced nethod for heavy oil
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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).

[0003] Primary limitations in thermal treatment of heavy oils, such as
visbreaking, are the formation of toluene insolubles (TT) at high process severities
and reactor fouling. Fouling of the reactor vessel results in down time as well as
energy losses. The instant invention addresses the fouling limitation of thermal
treatment, such as visbreaking and presents a method for improved operability of a

heavy oil thermal treatment facility.



vi sbreaking, are the formation of toluene insolubles
(TI) at high process severities and reactor fouling.
wo-ombsitmg2ef the reactor vessel results in downPCT/D82085016710
wel|l as energy losses. The instant invention addresses
the fouling limtation of thermal treatnment, such as
vi sbreaki ng and presents a nethod for inproved
operability of a heavy oil thermal treatnent
facility. SUMVARY OF THE | NVENTI ON [ 0004] In one
enbodi nent, there is provideda nethod for inhibiting
the fouling of surfaces of process equipnent in
contact with heavy oil during thermal treatnment, which
nmet hod conprises: a) adding to said heavy oil an
effective anbunt of a water-soluble inhibitor additive
SUMMARY(OF FHE ENVENTION| t i zed heavy oil, which
wat er - sol ubl e i nhibitor additive is represented by the
chem cal structure: Ar-(SG3-X+)n where Ar is a
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25000 #4860 Hiddheas aiien PG AToUNL e arbalkatdible inhibitor
additive to provide an inhibitor additized heavy oil, which water-soluble inhibitor
additive is represented by the chemical structure:

Ar-(SO;X"),

where Ar is a homonuclear aromatic group of at least 2 rings, X is a metal selected
from the alkali and alkaline-earth metals, and n is an integer from 1 to 5 when an
alkali metal is used and 2 to 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.

[0005] In apreferred embodiment the aromatic ring structure is a polynuclear

ring structure comprised of 2 to 15 aromatic rings.



[0005] In a preferred enbodi nent the aromatic ring

structure is a polynuclear ring structure conprised of
wWQ@2a06/1152@r omat i ¢ ri ngs. BRI EF DESCRI PTI ON QF TIMET/US2005/016710

FI GURES [ 0006] Figure 1 hereof is a bar graph of

tol uene insolubles (TI) for thermally treated

At habasca bitunmen with no additive | abel ed none and

with two additives | 53,6-NTSS and 2, 6- NDSS [ 0007]

Figure 2 hereof is a is a bar_graph of toluene

i nsol ubles (TlI) for thermall y3“treat ed At habasca

bitumen wth no additive | abel ed none and with the

additive 1,3,6-NTSS worked up according to schene-1
BRIEFSDESCGREPTIONOF FHR FEGURESeof is

thernogravinetry plot of the aromatic polysul fonic

acid salts used in the exanple herein and shows that

t th | y. stabl 5000C. '
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R ARG e et BT SR S B hiives
1 8HINTSEaflPeH-NPISIlegr ade chenical Iy upon heating to
’5000C.” DETAI'LED DESCRI PTI ON OF THE | NVENTI ON [ 0010]

According to one enbodi ment of the invention, there is
provi ded a nethod for_ inhibiting the fouli

f of
(09071 acddgwr Hhereets wigua parestaph & uﬁm’emsoﬂl%les (TI) 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.

[0008] Figure 3 hereof is thermogravimetry plot of the aromatic polysulfonic
acid salts used in the example herein and shows that they are thermally stable up to

500°C.
[0009]  Figure 4 is a Photoacousitic Fourier Transform Spectral of 2,6-

naphthalene disulfonic acid disodium salt before and after the TGA example herein

and shows that the additive does not degrade chemically upon heating to 500°C.

DETAILED DESCRIPTION OF THE INVENTION

[0010] According to one em‘bodiment of the invention, there is provided a
method for inhibiting the fouling of surfaces of process equipment, such are
vessels, pipes, and furnace tubes in contact with a heavy oil during thermal
treatment, such as visbreaking and coking. Non-limiting examples of heavy oils
include crude oil, vacuum resid, atmospheric resids, coal liquids, and shale oils.
The present invention involves adding to said heavy oil, prior to thermal treatment,

an effective amount of a water-soluble aromatic polysulfonic acid. The effective



vessel s, pipes, and furnace tubes in contact with a
heavy oi | during thermal treatment, such as
wor@bnexaké ng and coking. Non-limting exanpl esPOf/Uk®avg16710

oi I's include crude oil, vacuumresid, atnospheric
resids, coal |iquids, and shale oils. The present
i nvention involves adding to said heavy oil, prior to

thermal treatnment, an effective anount of a

wat er - sol ubl e aromatic pol ysul fonic acid. The

ef fectiveamount of the aromatyc pol ysulfonic acid
product is added to the heavy oil followed by thernal
treatment at tenperatures in the range of 2500C to
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chemc structure:” Ar-(SQO3-X+)n where Ar
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netal s, preferably sodi unApJ(S@gﬁXeT%si um and m xtures

thereof. It is preferred that Ar have from2 to 1
WheRg s is a homonuclear aromatic group of at least 2 rings, X 1s se ected 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 (inclusive of 1 and 5) when an alikali metal
is used and from 2 to 10 (inclusive of 2 and 10) when an alkaline earth metal is
used. Preferably X is selected from the alkali metals, preferably sodium or
potassium and mixtures thereof. Itis preferred that Ar have from 2 to 15 rings,
more preferably from 2 to 4 rings, and most preferably from 2 to 3 rings. Itis
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) process with
carbon numbers in the range of Co to Cys, boiling in the approximate 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 and LCCO. LCCO is generally rich in 2-ring aromatic molecules.
LCCO from a US refinery typically comprises 80% aromatics. The aromatics are
typically 33% 1-ring aromatics and 66% 2-ring aromatics. Further, the 1- and 2-
ring aromatics can be methyl, ethyl and propyl substituted. The methyl group is the

major substituent. Nitrogen and sulfur containing heterocycles, such as indoles and

benzothiophenes are also present in minor quantities.



nore preferably from2 to 4 rings, and nost preferably
from2 to 3 rings. It is within the scope of this
wOo pwentizeq t hat the aromatic pol ysul foni ¢ aci dPGHUS®08016710

the present invention be prepared fromthe

pol ysul fonation of a light catalytic cycle oil. Light
catal ytic cycle oil is a conplex conbinati on of

hydr ocar bons produced by the distillation of products

fromthe fluidized catalytic cracking (FCC) process

wi th carbon nunbers in the réﬁge of C9'to C2 , boiling
in the approxi mate range of 34Q0F (1710C) to 7000F
(371C). Light catalytic cycle oil is also referred to
herein as light cat cycle oil and LCCO LCCOis
enerally rich in 2-ring aromatic nol ecul es. LCCO from

[0912F r ambimjting grampley of prplerred podysul tonierakaneatic agid salts of
aromatics ar.e typicall 3% 1-ring aromatics and 66%
thS Brpegt SRSAEON &8 SRR AW he 1- and 2- ring
aromati cs can be nethyl, ethyl and propyl substituted.
e—fRt hyl group is the major substituent. N trogen
And suNf ur contalnlng het erocycl es, such as indol es
Sima are al so present in mnor
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pg+6—@ci d salts of the present
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i nvent
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naphthalene-2-sulfonic acid sodium salt
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naphthalene-1,5-disulfonic acid sodium salt



Na+ napht hal ene-1, 3, 6-trisulfonic acid sodi um salt
ant hr agui none- 2-sul foni ¢ acid sodi um

w@ adosam7bé aqui none- 1, 5-di sul foni c aci d sodi um BEI/USBEN016710
Na+ Na+ pyrene-|,3,6,8-tetra sulfonic acid sodium salt
[0013] The polysul fonic acid conpositions can be
produced from LCCO by a process that generally
i ncl udes the polysulfonation of the LCCOw th a
stoichionetric excess of sulfuric acid at effective
condi tions. Conventional sul fgnation of petrol eum
feedst ocks typically use an excess of the
pet rol eunf eedst ock - not an excess of sulfuric acid.
It has unexpectedly been found by the inventors hereof
that when a stoichionmetric excess of sulfuric acid is
used to sulfonate an LCCO the resulting polysul fonated
product has novel prop¥rties and uses. The aronmatic
pol ysul fonic acid is converted to the aromatic
pol ysul foni c aci d saItV2& treatment with an anount of
caustic to neutral P2 e acid functionality. The LCCO
pol ysul foni c acid conmpasition can best be described as
a mxture of 1- and Z-rimn@ aromatic cores with 1 or
nore sul fonic agre—eoups per aromatic core. The
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anthraquinone-2-sulfonic acid sodium salt
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aromatic cores are nethyl, ethyl, and propyl
substituted, with the nethyl group being the nore
w@e®@baetyed substituent. [0014] Typically, the BPCDUSL00D616710
i nhibitor additive 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 residuum The inhibitor additive can be added as
is or in a suitable carrier sglvent, preferably water
or water-al cohol m xtures as~the carrier solvent.
Preferred al cohols are nethanol, ethanol, propanol and
m xtures thereof. The carrier solvent is preferably 10

to 80 : percentoof the @ xtNaé of additive and
carriey solveqt. y%ctlng t he i nhibitor

addi ti can be achi eved at any
time pN\ nment. Contacting can
occur a [ the heavy oil is produced at
t i Ag traNsportation or at a refinery
| oc ase of chude oil resids, the

i nhi [ acted at any time prior to

nbheg X contacting, it is preferred
to mx t he hea oi | and additive. Any sui tabl e m xing
meatlsaqunensnk, ﬁ@%ﬁ@tlfpylcm@\mdmm $#fe art can be used.
Non-1imting exanples of such suitable mxers include
rgg line static m xers and paddl e m xers. The
abnt acting of the heavy oil and additive can be
conduct ed
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pyrene-1,3,6,8-tetra sulfonic acid sodium salt

[0013] 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



at any tenperature in the range of 100C to 1500C
After contacting and m xing theheavy oil and additive
W b@smriXeare can be cooled fromcontacting tenn@nasumﬁﬁm7m
to anbient tenperature, i.e., 150C to 300C. Further
the additized-cool ed m xture can be stored or ’
transported fromone location to another |ocation
prior to thermal treatnent. Alternately, the additized
and cool ed m xture can be thermally treated at the
| ocation of contacting if so_glesired. [0016] Ther nal
treatment of the additized heavy oil conprises heating
the oil at tenperatures in the range of 2500C to 5000C
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being the more preferred substituent.

[0014] Typically, the amount of inhibitor additive added can be 10 to 50,000
wppm, preferably 20 to 3000 wppm, and more preferably 20 to 1000 wppm based
on the amount of crude oil or crude oil residuum. The inhibitor additive can be
added as is or in a suitable carrier solvent, preferably water or water-alcohol
mixtures as the carrier solvent. Preferred alcohols are methanol, ethanol, propanol

and mixtures thereof, The carrier solvent is preferably 10 to 80 weight percent of

the mixture of additive and carrier solvent.

[0015]  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
Jocation. 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 150°C. After contacting and mixing the



[0018] The fol I owing exanples are included herein for
illustrative purposes and are not nmeant to be

wo evst1131g6 EXAMPLE 1 [0019] 120 g of bitunmen waBCT/Hf1005/§16710
heat ed under nitrogen [350 PSI (2413.17 kPa)] to 7500F
(398.890C) with continuous stirring at 1500 RPM The
bi tumen was al |l owed to react under these conditions
for a period of time calculated to be equivalent to a
short visbreaking run at a tenperature of 8750F
(468.330C) (typically 120 to.480 "equi val ent
seconds”). After achieving the desired visbreaking
severity, the autoclave was rapidly cooled in order to

t f . .
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bBdrbd b nahsidieed Meianie loomest icamather lossitbrmprior tathermal
rates from500 to 6000 ppm based on the weight of the

n{efm&m Alﬁeenaugm, diee additined andcoeled waistus senpsdhepnally treated at
clean with substantjal]|y. ng carbonaceous deposits.

tiedansicn of qoripeing Bisq qsm@@- of Additive [OOgO] Ors1e

requirenent for the additive to be effective was that
it is thermally stable under the thermal conversion

[P ¢ PikEmal BRAFREHRHHEhANitISXPREAVIEST Somprises 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
thermal treatment. It is preferred to mix the additized heavy oil during thermal
treatment using mixing means known to those having ordinary skill in the art. Itis
also preferred to conduct the thermal treatment process in an inert environment.

Using inert gases such as nitrogen or argon gas in the reactor vessel can provide

such an inert environment

[0017]  Practice of the present invention inhibits surface fouling of the internals
of a process unit, particularly the reaction vessel used to thermally convert heavy

oil to light products. Practice of the present invention also substantially reduces the

rate of coking or fouling.

[0018]  The following examples are included herein for illustrative purposes and

are not meant to be limiting.



were conducted and the data for the suite of aromatic
sul fonic acid sodiumsalts revealed (Figure 3 hereof)
W b@sadued i ves are thermal ly stable up to 5000RCEES2005/016710
evi denced by | ess than 10% wei ght | oss. The
Phot oacousti c Fourier Transform Spectroscopy was done
on of 2, 6-naphthal ene disulfonic acid disodium salt
before and after the TGA experinent we observed the
addi tive does not degrade chenically upon heating to
5000C (Figure 4 hereof). Onlylg.oss of water/hydration
I s observed. EXAMPLE 3 Wettabiltv of Steel Surface
[ 0021] Another desired attribute for the additive to
be effectjve is that the wettability of the additive
| on a steel surface be | ower conpared to
the untreated oil. Lower wetting can translate to
| ower surface fouling. This property was observed in
[?mgf ol {9y B9 bithaentweaapaily heatsdtundbi hittogeax{BE6 PSE(2413.17
022] Cold Lake crude oil (20 g) was additized with
kPag,t3-75600 (308, 897€) twith sontimaus shieting et 15UbBPMA JAptbitumen was
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in an ad lzed oil wt
visbreaking severity, the autoclave was rapidly cooled in order to stop any further

thermal conversion. The inside of the autoclave was observed to be fouled with a
carbonaceous deposit when the bitumen was thermally treated as described above.
When the 1,3,6-NTSS additive of the instant invention was used at treat rates from
500 to 6000 ppm based on the weight of the bitumen the inside of the reactor was

observed to be clean with substantially no carbonaceous deposits.

EXAMPLE 2
Thermal Stability of Additive

[0020] One requireinent for the additive to be effective was that it is thermally
stable under the thermal conversion conditions. Thermogravimetry experiments
were conducted and the data for the suite of aromatic sulfonic acid sodium salts
revealed (Figure 3 hereof) the additives are thermally stable up to 500°C as
evidenced by less than 10% weight loss. The Photoacoustic Fourier Transform
Spectroscopy was done on of 2,6-naphthalene disulfonic acid disodium salt before
and after the TGA experiment we observed the additive does not degrade

chemically upon heating to 500°C (Figure 4 hereof). Only loss of water/hydration

is observed.



di spersed additive. The additized oil and untreated

oil were subject to a high tenperature wettability
W e®b/11¥26t eel plate was heated to 2000C and ardir/v§i0e$/016710

of each of the oils was placed on the hot plate using

a mcrosyringe. The contact angle of the oil on the

hot steel surface was neasured by photographing the

droplet. [0023] The untreated oil wetted the steel

surface with a contact angle of 30 whereas the treated

oil was observed to assune a_gpherical shape

indicating |l ower wetting tendency for the additized

oil. The contact angle for the additized oil was

1300C. The observed hi gher contact angl e indicates
IXAMPLE:3 abi | ity for the additized oil.EXAMPLE 4

@ddi tjlve {fla tapcy [0024] Three representative

J , al ene sulfonic acid disodiumsalt

(2,6-NDSS) , 1,3,6-naphthalene tri sulfonic acid tri
sodiumsalt (1,3,6-NTSS) , and 2-naphthal ene sulfonic
(6021 _SOoslhoties dbdirdPathififite farthe ndditiw thdre effectivetiaHiny the

A 0.5 wt % sol ution of each of th &&ditév S was nade h
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surftace tension of

dynes/cm The
[0022] Cold Lake crude oil (20 g) was additized with 1,3,7-naphthalene tri
sulfonic acid tri sodium salt (1,3,7-NTSS) (0.12 g) to provide a 0.6 wt% additive in
the oil. The additive was delivered as a solution in 5 ml of water. The solution was
added to the oil and mixed to form a water-in-oil emulsion. The emulsion was
heated to 100°C to evaporate off the water to result in an additized oil with
dispersed additive. The additized oil and untreated oil were subject to a high
temperature wettability test. A steel plate was heated to 200°C and a droplet of each
of the oils was placed on the hot plate using a microsyringe. The contact angle of

the oil on the hot steel surface was measured by photographing the droplet.

[0023]  The untreated oil wetted the steel surface with a contact angle of 30°
whereas the treated oil was observed to assume a spherical shape indicating lower
wetting tendency for the additized oil. The contact angle for the additized oil was

130°C. The observed higher contact angle indicates lower wettability for the
additized oil.



magni t ude of decrease in surface tension from72 is a
measure of surfactancy. Based on the structure of the
waoddstizzes one woul d expect a maxi mum of 10 dyPeT/c82005/016710

decrease in surface tension. A 30 to 50 dyne/cm
reduction is observed. This is unexpected based on the
additive structure. One would expect a long aliphatic
chain is essential on the naphthalene ring to inpart
surfactancy. Observations are contrary to this
expectation. The unexpectedl yshi gh surfactancy
combi ned with high thermal stability is desirable for
hi gh tenperature surfactancy perfornmance. Table 1:
Addi ti ve Surfactancy Sol ution Surface Tension

Water 72 2-NSS 43. 1 2,6-NDSS 23 .2

,bﬁ;%gl% ila §_2005{ 016710 -13- EXAMPLE 5 [0026] A
Resi due (MCCR) test was conducted on a
vacuum

[0024] Three representative additives 2,6-naphthalene sulfonic acid disodium
salt (2,6-NDSS) , 1,3,6-naphthalene tri sulfonic acid tri sodium salt (1,3,6-NTSS),
and 2-naphthalene sulfonic acid sodium salt (2-NSS) were tested for surfactancy. A
0.5 wi% solution of each of the additives was made in water. The water-air surface

tension was determined for each additive at 25°C using the Wilhelmy plate method.

[0025]  Results shown in Table 1 below reveal the three additives possess
unexpectedly high surfactancy. Water has a surface tension of 72 dynes/cm. The
magnitude of decrease in surface tension from 72 is a measure of surfactancy.
Based on the structure of the additives one would expect a maximum of 10
dyne/cm decrease in surface tension. A 30 to 50 dyne/cm reduction is observed.
This is unexpected based on the additive structure. One would expect a long
aliphatic chain is essential on the naphthalene ring to impart surfactancy. |
Observations are contrary to this expectation. The unexpectedly high surfactancy

combined with high thermal stability is desirable for high temperature surfactancy

performance.
Table 1: Additive Surfactancy
Solution Surface Tension (dynes/cm)
Water 72
2-NSS 43.1
2,6-NDSS 23.2

1,3,6-NTSS 21.2



resid that was treated with the naphthal ene sul fonic

acid salts. As observed in the Table 2 below, addition
w@B00300026vppm of t he napht hal ene sul foni ¢ aci dPEDUR2005/016710

salts lowered the mcro Concarbon residue indicative

of potential to inhibit fouling. Table 2 MCR (wt. %

Heavy Canadi an Vacuum Resid (HCVR) 22.86 HCVR + 3000

wppm 2, 6- NDSS 21. 57 HCVR + 3000 wppm 1, 3, 6- NTSS 20. 77

EXAMPLE 6 Autocl ave Foul i ng Experinment [0027] In a

typi cal visbreaking autocl avgsrun, 120y of Athasbasca

bi tunmen was rapidly heated under nitrogen [350 PSI

(2413.17 kPa)] to 7500F (398.89 0C) with continuous

stirring at 1500 RPM Inside the autoclave was
m 304 steel coupons [(0.5 inch by 0.75 inch)

(1.27 cmby 1.91 cm)]. The bitunen was allowed to

react under these conditions for a period of tine

ul gt ' arS hesttwasi ndeatedran 2 vacuum

(0526F tZ‘n%@Fgofgpgcag?H%\%ggﬂﬁ%?ss ) (typically 120 t

ABOAEAYS weheidtwisk dennshthalsic sulfaribieid sajist As ohsanvedan the
vi sbreaki ng severity, the i acid sodi
Table 2 below, addition of 3000 wppm of the naphthalene sulfonic acid sodium

salts lowered the micro Concarbon residue indicative of potential to inhibit fouling.

Table 2
MCR (wt.%)
Heavy Canadian Vacuum Resid (HCVR) 22.86
HCVR + 3000 wppm 2,6-NDSS 21.57
HCVR + 3000 wppm 1,3,6-NTSS 20.77
EXAMPLE 6

Autoclave Fouling Experiment

[0027] Ina typical visbreaking autoclave run, 120g of Athasbasca bitumen was
rapidly heated under nitrogen [350 PSI (2413.17 kPa)] to 750°F (398.89°C) with
continuous stirring at 1500 RPM. Inside the autoclave was suspended 304 steel
coupons [(0.5 inch by 0.75 inch) (1.27 cm by 1.91 cm)]. 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
test coupons were taken out, cooled, rinsed with toluene and subject to visual
examination. It was observed that fouling was substantially reduced on the
coupons that were subjected to 0.6 Wwt% of 1,3,6-NTSS as opposed to the coupon

run without an additive of the present invention.



autocl ave was rapidly cooled in order to stop any
further thermal conversion. The test coupons were
wo a008n1ed , cool ed, rinsed with toluene and suP{BUS2008016710
vi sual exam nation. It was observed that fouling was
substantially reduced on the coupons that were
subjected to 0.6 wt% of 1, 3,6-NTSS as opposed to the
coupon run w thout an additive of the present
i nvention.CLAIM5S : 1. A nethod for inhibiting the
fouling of surfaces of procegg.equi pnment used in the
t hermal upgradi ng of heavy oils which nethod
conprises: a) contacting the heavy oil with an
effecti ve anount of a water-soluble inhibitor additive
CIoARMY: de an inhibitor additized heavy oil, which
wat er-sol ubl e inhibitor additive is represented by the
chem cal structure: Ar-(SG3-X+)n where Ar is a

hononucl ear, aronat.i.c ' heent used i
tan + Rsgapdpofiiot S i Hla ol FRS pf piecEpE eqfiphfontused in

a I [ .ear mthad éoinprigeger from1l
t@&ﬂg@ﬁ?ﬁggﬁdlggggpfﬁﬁ?gfvﬁh?}ﬂsed and fil?om 2 to 10

whengaRomlalsahi fes leaviytoiletil an affersive;ansountiof arwaterspluple

treating said inhibitor additized jjavy ol | g}fl a Tubl
irihétvipsraalditivee forprotisleramighitor agdtzed heguy 98, Farich watgfssoluble
in%(ietgi\é\cﬁearéld(i)t'ivle its %e%r%sgr%g& %'y the chemical structure:

Ar-(SO5X "),
where Ar is a homonuclear aromatic group of at least 2 rings, n is an integer from 1
to 5, X is selected from the alkali and alkaline-earth metals, and n is an integer from
1 to 5 when an alkali metal is used and from 2 to 10 when an alkaline earth metal is
used; and
b) thermally treating said inhibitor additized heavy oil ata
temperature in the range of 250°C to 500°C for a time between 0.1 to 10 hours.

2. The method of claim 1 wherein the heavy oil is a vacuum resid.
3. The method of claim 1 wherein X is an alkali metal.
4, The method of any preceding claim wherein the alkali metal is sodium,

potassium and mixtures thereof.

5. The method of any preceding claim wherein the number of rings for Aris

from 2 to 3.

6. The method of any preceding claim wherein n is 1.



2. The nmethod of claim1l wherein the heavy oil is a
vacuumresid. 3. The nmethod of claim1l wherein X is an
w@bdoahi37eet al . 4. The method of any precedi ng BCHUS2005/016710

wherein the alkali netal is sodium potassium and

m xtures thereof. 5. The nethod of any preceding claim
wherein the nunber of rings for Ar is from2 to 3. 6.
The net hod of any preceding claimwherein nis 1.7.

The net hod of any preceding claimwherein the

pol ysul fonic aromatic acid sal4 is one or nore salts
sel ected from napht hal ene-2-sul fonic acid sodiumsalt,
napht hal ene- 2, 6-di sul foni ¢ acid sodi um sal t,

napht hal ene- 1, 5-di sul f.oni ¢,_aci di um . : .
TnaphtlibgmaeiBod pLang reqediiy glmlg vg?:q%%nstﬁa ipﬁﬁ%s@%ﬁop}c aromatic acid
nt hr agui nane- 2: i ' hall ic acid sodi It,
STPRNH AGREA SUHANEnREAEALh U Salonic ped sodium
nﬁgﬁ@a%hbaz?;é%ﬁnf&ﬁé acigWotifuih Salaciaphsiedensyi SadisulfBnicTived
thod of "any preceding claimwherein the effective
s@%iunn Ealt}fﬁlapﬂ?ialdr?eelh,[’a ;6—frrs<u§tﬁ|om0: aayd ﬁodmuuza,lfé @n:mag@@oaﬁ-z-

the weight of the heavy qil. 9. e, ret hod, of ..an
Splfeni@_cﬂcgcb_s@umﬁal% ARt R A %m&r?&%?o%mys?lt» and
poih |46 ASolr omr20 Lo ciflntgRm  Pased on the wei gh

8. The method of any preceding claim wherein the effective amount of additive

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

0. The method of any preceding claim wherein the effective amount of additive

is from 20 to 3,000 wppm, based on the weight of the heavy oil.



