METHOD AND SYSTEM FOR CONTROLLI NG THE AMOUNT OF ANTI - FOULI NG ADDI Tl VE FOR
PARTI CULATE- | NDUCED FOULI NG M TI GATI ON | N REFI NI NG OPERATI ONS FI ELD OF THE
| NVENTI ONVvDQODIg423Bhe present invention relates to net ho#sTArsdoosysisens of
controlling the amount of anti-fouli ng‘la'dditive to be introduced in an oil
refining process. BACKGROUND OF THE | NVENTI ON [ 0002] Petrol eumrefineries

I ncur additional energy costs, perhaps billions of dollars per year, due to

foul i ng andMETH@DJANIDSXBSTEMfF(DRI OONTRODLING THEAMOUNE OBul i ng.
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deposi tion of i nSerapre—asphatt -e.

particul ates, salts, etc.). Further t he asphal t enes and ot her organics are
known to YA C rioKe mhen exposed to high heater tube surface
t enper at ure S ote fouling in heat exchangers receiving
petroleun}type process streans can result froma nunber of nechani sns

i ncl udi ng[OUAY CcalThe§reden® Mgvention refdteyto Metrdistandfsystenss dNgontraitihgbl e
inmpurities in the stream and deposit of materials rendered insol uble by

t he t enpethetameunti dffantie fmdingDadditive tebe inthedyneddosm il refianingpioedss. heat
exchanger wall. Naturally-occurring asphaltenes may precipitate fromthe

crude oil _pr a de to forma coke and adhere to
the hot s ﬁ Ir &Tiﬂ\}ﬁN&&% herent in a heat transfer
operation results in hlgh surface or skin tenperatures when the process

stream i S{G(ﬂ)t ']Oduf’@gokﬁgﬁ RerimGsSh ﬁ%lﬁ% ?gy %étgab g’ﬁsrblll’l%ﬁssof o the

preci pi tation I NSO e partlcu at es commo se of fouling is

attri but albRars et heaideeas foulihg and tise rd@arttngcattatdaat arefficivpuidstcaased e. g.
i norgani c contam nants) found in the crude oil stream Iron oxide, iron
sul fi de, bwithe fonling. More particularly, thermal processing of crude oils, blends and

fractions in heat transfer equipment, such as heat exchangers, is hampered by the
deposition of insoluble asphaltenes and other contaminants (i.e., particulates,
salts, etc.). Further, the asphaltenes and other organics are known to thermally

degrade to coke when exposed to high heater tube surface temperatures.

[0003] For example, fouling in heat exchangers receiving petroleum-type
process streams can result from a number of mechanisms including chemical
reactions, corrosion, deposit of existing insoluble impurities in the stream, and
deposit of materials rendered insoluble by the temperature difference (AT)
between the process stream and the heat exchanger wall. Naturally-occurring
asphaltenes may precipitate from the crude oil process stream, thermally degrade
to form a coke and adhere to the hot surfaces. Further, the high AT inherent in a
heat transfer operation results in high surface or skin temperatures when the
process stream is introduced to the heater tube surfaces, which contributes to the
precipitation of insoluble particulates. Another common cause of fouling is
attributable to the presence of salts, particulates and impurities (e.g. inorganic
contaminants) found in the crude oil stream. Iron oxide, iron sulfide, calcium
carbonate, silica, sodium chloride, calcium chloride and other solids have all

been found to attach directly to the surface of a fouled heater rod and throughout



carbonate, silica, sodiumchloride, calciumchloride and other solids have
all been found to attach directly to the surface of a fouled heater rod and
t hr oughouwe 2010itae22860ke deposit. [0004] _The buil dup of i mswlusbéog/ookspDdsits in
heat transfer equi pnent creates an unwdrt ed i nsul ati ng effect and reduces
heat transfer efficiency. Fouling also reduces the cross-sectional area of
process equi pnent, which decreases flow rates and desired pressure

di f f er ent {iRl sok@rdépbsi@uces process efficiency. To overcone these

di sadvant ages, heat transfer equi pnent nust be taken offline and cl eaned
mechanically or chemcally cleaned, resulting in |ost production tinme.
[0005] AcH¥I04] nglThe buiddup oEinsohddel depositsdndwapiransier equipsent cseates ethce of

ticul at . hal t f h t ed f t ent fouling,
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ener gy COfdt&s ARPASSiRIdSste¥durd differcptiaians reduded prockss effR@iely. VBg i ous
met hods have been devel oped to reduce fouling, including

parti cul abeercanhedbese dishdvantagas; heatdrpiséer dquipraenbmast bo takgntdfflinearddi ng a
base crude oil with an amount of hjgh sol vency.di spersive, power . ( HSDP)
crude i s eleared mgghamyc 'YP@&E‘PW@C@B&HFW&d’S@é{n% b‘P fOSF Hf%dr‘-‘%é‘lolnotﬂgf"
Application No. PCT/USO7/ 18403 and U.S. Patent Application Nos.

11/ 506, 9060(;)(9%? 2%%&)@&@@,%&?&’ i§% e to rgaﬁ%t ﬁ%g@]gﬁbni /Sadﬁ%f%nocf ¢ hat

i ncor pora y referen inits entiret so been

addi tion pirtiedlRitds MRBadphafcREPHOASIHRIHAMN S fA B Preventifoulthg 4l | ng
fouling, particularly particul ate-induced fouling. See, e.g. U S

Provi si onb¢forptie asphaltendscare thanigh; degadediostokab, This, wdbiohprovewhé ch i s
her eby i ncor por at e?ﬂfb reference. [Q007] The additign .of addi ivgs, whi |l e
of great DEHPIM3NCE tﬁgdhg@t fransigheqypment, decrease or eliminate schedule

outages for fouling mitigation efforts, and reduce energy costs associated with

the processing activity.

[0006] Various methods have been developed to reduce fouling, including
particulate-induced fouling. For example, it has been found that blending a base
crude oil with an amount of high solvency dispersive power (HSDP) crude is
effective in mitigating fouling. See, e.g., International Application No.
PCT/US07/18403 and U.S. Patent Application Nos. 11/506,901, 12/222,760, and
12/222,761, each of which is hereby incorporated by reference in its entirety. It
has also been found that addition of additives to a process stream is effective in
mitigating fouling, particularly particulate-induced fouling. See, e.g. U.S.
Provisional Application Nos. 61/136,173 and 61/136,172, each of which is

hereby incorporated by reference.

[0007] The addition of additives, while of great utility and value for energy
savings, does have attendant costs, including the cost of the additive itself and
the cost of removing the additive from the process downstream. Accordingly,

there is a need to minimize the amount of additive that is introduced to the



savi ngs, does have attendant costs, including the cost of the additive
itself and the cost of renoving the additive fromthe process downstream
Accor di ngwg,20tinger4i s a need to mnim ze the amount of &duiuseee/00dsal i s
introduced to theprocess in order to achieve the desired reduction in
fouling, i.e., using only the required | evel of additive to achieve the
necessary fouling prevention. SUMVARY OF THE | NVENTI ON [0008] A nethod is
provi ded pricessoimtdrdet togcHieve thedddsired rbdattirpinbfonlingf i.0), ngingramdgske t hat

i ncl udes nmeasuring a |evel of particulate (e.g. the particulate

concent r ateiquitedileved ofradditsee tor ackdene thagicaessagy fnding preveatsni n a

hydr ocarbon refining process, identifying an effective anount of additive
capable o ' LG 0~ ed fouling of process equipnent in
that str *ﬁ$ﬁh Qb@igﬁ t he neasured | evel of the particul ate
In the process stream and, introducing and controlling the amount of
additive to the hydrocarbon refining process to mtigate the fouling.
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relative fouling potential of acrude oil that includes obtaining at |east
two neasucarentratiomhin 4 pratessrsmsam eimehtding tosestansmart hydrogarbon

characteristic property related tg the anmount qf fouling caused by. the
crude oi | rafiningprogsss identsyinggn @éfégm@sn@uaap? aé@utlé(@ec,ap?h@ %@@gHéng
t t of. the character,i.sti f
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to | y t tive fo

t hen conpare enti e rel ul'ing potential of the crude oil.
[0010] Thintiidesipt arabedrtesilingnhebroupt of addisivano slie hydsoeactsmt refinisg st em f or
controlling fouling in a hydrocarbon refining systemthat includes a source
of process to mitigate the fouling.

[0009] In accordance with one aspect of the invention, the effective amount
of additive is identified based, at least in part, on a relative fouling potential of
the crude oil. A method is provided for determining the relative fouling
potential of a crude oil that includes obtaining at least two measurements. The
first measurement is a measurement of a characteristic property related to the
amount of fouling caused by the crude oil in the absence of any measurable
particulate. The second measurement is a measurement of the characteristic
property indicative of the amount of fouling caused by the crude oil in the
presence of a predetermined amount of particulate. The first and second
measurements are then compared to identify the relative fouling potential of the

crude oil.

[0010] The present application also provides an additive control system for
controlling fouling in a hydrocarbon refining system that includes a source of
additive capable of reducing particulate-induced fouling in a hydrocarbon
refining system, a valve to introduce to a process stream of the hydrocarbon

refining system the additive capable of reducing particulate-induced fouling, a



addi tive capable of reducing particul ate-induced fouling in a hydrocarbon
refining system a valve to introduce to a process stream of the

hydr ocar bwo 208fi4mi2ag system t he additive capabl e of redecir$2009/005567

parti cul at e-i nduced fouling, a- - measdri ng device to neasure a |evel of
particulate in the process stream of the hydrocarbon refining system and a
controller to control an anobunt of additive introduced into the process
stream vi ﬁlehﬂﬁiﬂg?_ﬂéﬁc@@éﬁ&aym ldvel bEpatticalatpa theplogtss steadnbéthé n t he
process stream The additives are preferably introduced at a strategic

| ocat i on hydroharbonaefising systernpamdh h @ootrotlaetoachiitral\aa amenntafiddditiess. BRI EF
DESCRI PTI ON OF THE W NGS [0011] The application will now bg described in
conj unct i Birogueced ine the prrsan Firaymdnatheyalve aﬁﬁf Bpon ﬁ}eciév\{:\ko s a schematic

of an exenpl.ar ] ti . ' ] bet

par 1 cul apuugulaERRASTRAIA B Bro@RRaRE R, T AR MBI Y T Ve Cour ce
S. Fi gur ejphBKies®ash sahRgid R4S iR thdBrocesd nlit k@ Enkdticelthwialiliithe's nserted
into a pre-selected algorithmto determ ne valve position for a

hypot het i efféctolieness.but ed control system Figure 1Cis a schematic of a
hydr ocarbon refining system depicting possible |locations for the

introduction of additive. FIG_ 2 is a sche jc of the Alcor Hot Liquid
Process QBR][EEBES\QBIR?W&M.@_l and 2 of this application.
FIG 3 is a graph denonstrating the reduction in the efficiency of an
anti-foul ro 09 . -le]g(?;g,t' 9 ' i.on due to an
i ncrease ﬁjr'?tltl;lie ?n}%uer@&%% h%ﬁrq}”;icu atﬂgg&glrzggé(g@ E@fighe%oé gqugfre aph

denonst raﬁéd@gnﬁgiug,h@g feskingsin Ranth:.cul at es/ sol i ds on

FIG. 1A is a schematic of an exemplary process scheme
demonstrating the communication between particulate measuring device D,

controller C and valve V of additive source S.

Figure 1B demonstrates inputs to the controller which will be inserted
into a pre-selected algorithm to determine valve position for a hypothetical

distributed control system.

Figure 1C is a schematic of a hydrocarbon refining system depicting

possible locations for the introduction of additive.

FIG. 2 is a schematic of the Alcor Hot Liquid Process Simulator

(HPLS) employed in Examples 1 and 2 of this application.

FIG. 3 is a graph demonstrating the reduction in the efficiency of an
anti-foulant from 60% fouling reduction to 40% fouling reduction due to an

increase in the amount of particulates present.

FIG. 4 is a graph demonstrating the effects of particulates/solids on

the fouling of whole crude oil B.



the fouling of whole crude oil B.FIG 5 is a graph denonstrating the
effects of particulates/solids on the fouling of whole crude oil C

DETAI LED WB3CR/RTI2ON OF THE | NVENTI ON DRef i ni ti ons [ 0019PCThisS2400l0b356f ng
definitions are provided for purpose o6f illustration and not limtation.

[ 0020] As used herein, the term"fouling" generally refers to the

accunmul ati on of unwanted nmaterials on the surfaces of processing equi pnent
or the like. [O00ZG.Asisusg@dpheiegichstratifg the sffeprrdfipaviiailetesfsolidednf oul i ng"
generally refers to fouling caused primarily by the presence of organic or
i nor gani ctheaoulinglodiveile crudmoit Goar ti cul at es include, but are not linited
to, insoluble matter precipitated out of solution upon changes in process
condi tion te oncent rati on changes) or a
change inﬁtE.(:.lgA va“%@hﬂg&Iaﬁeaibm+&\é udu& changes due to the
occurrence of a chem cal reaction). Inorganic particulates include, but are

not limted to, silica, iron oxide, iron sulfide, alkaline earth netal

oxi de, sodi gwm chloride, calciumchloride, nmetal silicates and netal

al um nosi — magnesi um chl ori de and ot her inorganic salts. One nmjor
source of these particulates results frominconplete renoval in the

desal ti ng[qu19¢essT W‘ﬂfll@ﬁwiﬁ%hﬁﬁnﬂ%ﬁsi &relprb@ided for putpase @f ¢Hastrdtidd’ald As used
herein, the term "crude hydrocarbon refinery conponent” generally refers to
an appar abetslimitatiost runental ity of a process to refine crude hydrocarbons,
such as an oil refinery process, which is, or can be, susceptible to

foul i . h bon. refi i« ' | ud limted
to hod (IIRE, ovAS BelRaRin Tas i OR T RED EehS kR oS ta B, e 8 cr ute.
preheat er, . &,50k65n BF GRGRALRE mBferBl off tRE Surltsds YShroBedsidg Squpménb8i tom a

debut ani zer- -
the like.

[0021]  As used herein, the term “particulate-induced fouling” generally refers
to fouling caused primarily by the presence of organic or inorganic particulates.
Organic particulates include, but are not limited to, insoluble matter precipitated
out of solution upon changes in process conditions (e.g. temperature, pressure, or
concentration changes) or a change in the composition of the feed stream (e.g.
changes due to the occurrence of a chemical reaction). Inorganic particulates
include, but are not limited to, silica, iron oxide, iron sulfide, alkaline earth metal
oxide, sodium chloride, calcium chloride, metal silicates and metal
aluminosilicates, magnesium chloride and other inorganic salts. One major
source of these particulates results from incomplete removal in the desalting

process and/or other particulate removing process.

[0022]  As used herein, the term “crude hydrocarbon refinery component”
generally refers to an apparatus or instrumentality of a process to refine crude
hydrocarbons, such as an oil refinery process, which is, or can be, susceptible to
fouling. Crude hydrocarbon refinery components include, but are not limited to,
heat transfer components such as a heat exchanger, a furnace, a crude preheater,

a coker preheater, or any other heaters, a FCC slurry bottom, a debutanizer



exchanger/tower, other feed/effluent exchangers and furnace air preheaters
inrefinery facilities, rotating equi pnent such as conpressor conponents in
refinery wacniouers and steam cracker/reformer tubes i nPpetuse@adnis6al
facilities. Crude hydrocarbon refi nery6c'orrponent s can al so include other
process equi pment in which heat transfer can take place, such as a
fractionation or distillation colum, a scrubber, a reactor, a

l'i qui d- ] agkaHatdet/®Wer, othdr #esd/Effluent ek etkigedghdfuthade gialpecheatérsiin

under stood that "crude hydrocarbon refinery conponents,” as used herein,
enconpas sefineny éacilipes irotptingadquiipmenhsiicht dserompressrcompenanss in fefueani sns
that are internal to, at IeaszI %artiall ,constihute or l,n direct

, d/or ar
cont act wiacHIfgsand deaacrackgrgelgrmer tubgss g RetoC Fﬂ’éc%l&g?/‘é‘-t‘ﬁﬁ'nﬁ?rﬁﬂ%d crude

hydr ocar bpn ' L] t

Vit oue. aBBueEatSR EAERPCORbenss PR AR Bioer Uy BpmRRE oy
above. [ O0Q&fdh K& tARRRT cafltakd)BlaRE CiRAlasaPRELEG AtV 6Y divtil@tomcoRingd Of
controlling fouling in a hydrocarbon refining process including nmeasuring a

| evel of asgabbegal@hetor,a Hqpidaeketeditamiara pipestild, -rgokarcmdrovisbegakai.ng
process in comunication with a hydrocarbon refinery CO’UEOﬁg‘-‘;{@ei dentifying
t v

an ef f ect Itig uaderstaodghah derude Wy drQgsabe R rNGTE ¢QBINANCHES t A TCHHuced

fouling based, at |east i.n.pant 0N t o ein
the proceSColRasses E%ﬁﬁ’ I?‘Rfrf%&’ﬁgﬂﬁgaqcﬂgﬂlgf ﬁg%{{esggjagﬁéﬁg eé:?’ g{éﬁ%‘ﬁ{ﬂh \% to the
hydr ocar bag iﬁf‘efrﬁil'tBQatpl'éQ Riby Ebhititates ahBfrfaesid Bffec] QA With #he

enbodi nent the particulate 1 ncludes one or nore of iron oxide, iron

sul fide, pmicessfluichwithpanye ons of itleaabere-mentiened onrdganydrosaboa refinery
preferred enbodi nent, the particulate is iron oxide. In another preferred
enbodi men¢QmpoREIB&rti cul ate is iron sulfide. In another preferred

enbodi nent, the inorganic salt is selected fromsodi umchloride and cal ci um
chl ori de.

[0023] Reference will now be made to various aspects of the present

application in view of the definitions above.

[0024]  One aspect of the present application provides a method of controlling
fouling in a hydrocarbon refining process including measuring a level of a
particulate in a process stream of the hydrocarbon refining process in
communication with a hydrocarbon refinery component, identifying an effective
amount of additive capable of reducing particulate-induced fouling based, at
least in part, on the measured level of particulate in the process stream, and
introducing the effective amount of additive to the hydrocarbon refining process

to mitigate the fouling.

[0025] In one embodiment the particulate includes one or more of iron oxide,
iron sulfide, calcium carbonate, silica, or, other inorganic salts. In a preferred

embodiment, the particulate is iron oxide. In another preferred embodiment, the
particulate is iron sulfide. In another preferred embodiment, the inorganic salt is

selected from sodium chloride and calcium chloride.

[0026] In one embodiment, the effective amount of additive is introduced to

the hydrocarbon refining process in real-time either continuously, periodically,



[0026] In one enbodi nent, the effective anmount of additive is introduced to
t he hydrocarbon refining process in real-tinme either continuously,

peri odi caWbypvos2z2 varyi ng injection rates based at | e&€T/USpoopAaniseon a
real -tinme neasured | evel of the partiCJFate in the process stream
Alternatively, the effective anmount of additive is introduced to the

hydr ocarbon refining process based at least in part on the neasured | evel

of the pagt ia¢vhBlifg ifjettiéh RitesBaedt IERMNIPPEIt on Prealieine Moasdreddeveld. For
exanple, it is generally preferred that the effective amount of additive is
det er m neof thegedtiosate ingthelprodespatreamul Alternatisiely; dit effective grapunidolf at

| east 4 hour.s, or, 8 hour a new

additive Ev?éﬁ @W@WF&@@%%&HQE‘% %&éﬁ%&éﬁ%&g%@%ﬁggfgﬁag% her a
Pl ace. 11 O the AR PERer oF 168 pft e B nplS BT Rt e80T T v "be

determ negretietefrﬁﬁahed #)é%d.bFéﬁéxé}ﬁp@, ita8/gehériBly frefirredf thaeafeéfisttive
particulate. [0027] 1Tn accordance with anot hef "aspect of the invention, the
ef f ect i vearaoonnof additidelis determmeiddmsed bnedebekefipatichzte measuredraveoa a
relative fouling potentjal of a crude qil that Is presen& I n the process
stream i npemrd pf asleastet Boursper B hours or d2douss pr 2¢ howrs. y AltgmatvelY.sur pose of

br ocess. SR atntig dese e L LA ol Emb Rt d ARk A picr 4"
char act er hjckgs ¢dlieh chengY taRBs AIRENGr, Afralvomateithl CRNRES taREs pleeC THEE O |

in the abSence of any neasurabl e partidul ate, obtaining a second
measur ememior®preflrred tizatahe effiestive amodint of additiot berdedermintd ah réaluime,g caused

by the crude oil in the presence of a predeterm ned anount of particul ate,
and conpabased amaraal tise lavghof meesuredipartieHatesecond measurenent to identify
the relative fouling potential of the crude oil. [0028] In a still further

crbod gl b3k BRAR ST Mo RAg phS: QRN B ATEREp Q1€ o 2o
measur emegh LA CdiNFe B ideRt bl Dabdd AOEHR! ih3fadh Siv'6 hefafi9k fouling
potential of a crude oil that is present in the process stream in the presence of the
particulate. Particularly, and for purpose of illustration and not limitation, the
relative fouling potential of the process stream can be measured by obtaining a
first measurement of a characteristic indicative of an amount of fouling caused
by the crude oil in the absence of any measurable particulate, obtaining a second
measurement of the characteristic indicative of an amount of fouling caused by
the crude oil in the presence of a predetermined amount of particulate, and
comparing the first measurement with the second measurement to identify the

relative fouling potential of the crude oil.

[0028] In a still further embodiment, the first measurement and the second
measurement are normalized based on the heat transfer ability of the crude oil
blend. That is, the measurement indicative of fouling is normalized such that
various phenomenon besides fouling that can reduce the heat transfer ability of
the crude oil blend are not allowed to influence the value that is to be indicative
of fouling. For example, environmental conditions (e.g. fluctuating ambient

temperatures) could have an impact on the characteristic indicative of an amount



vari ous phenonenon besides fouling that can reduce the heat transfer
ability of the crude oil blend are not allowed to influence the val ue that
is to be wodbwetsp22e¢ of fouling. For exgnple, environnmentall/userndiodisens (e. g.
fluctuating anbi ent tenperatures) coul'% ‘have an inpact on the
characteristic indicative of an anmount- - of fouling, since a reduction of
heat transfer can be attributable to such environnental influences, and not

to foul i ngf ffulivgatintce aneligcti®s vt Re@NtadsferGantRpdtiibaablegersach By _
normal i zi ng obtal ned val ues by the heat transfer ability of the crude oil

bl end, t henwdfdreuentabinflusnices;@ndrmotite foalingiofheattransfendquapinent (.g.dwapar i son
with other normal jzed val ues. [0029] | n a further enbodi.nent,. . of e present
appl i cat i &ff apggrsgr gc}’ef%m 14%9&3@664 welugs Byélé%{leqtv%f}?if%rﬁ%my %ﬁa’&e oil s,
and the r [ foul Fal: for. .t Iqr Qi) nd is

conpar ed ?@ﬁ%ﬁéﬁ?lgﬁ@tﬁﬁq@%f?e%&f%%oﬂégggﬁg }1%%{&:8@%{%1@6%2@8% 1% ?(ijlge oi | bl end.

The rel at iy@phQstd WahRitheéhhoahaliZdvaigesised for selecting the crude oil to
be used in a hydrocarbon refining process. [0030] In accordance with

anot her aspect of the invention, an additive control systemis provided for
control | i [929pul ilng funther eythosimehbof thefpraseny apphcathon, the prongssites a sour ce

of additive capable of redugjng particuy] ate-induced fouling in a

hydr ocar bsRerteditar aleayts 13&‘“9@?‘3“@3(06{5} and the relatyve %g&gﬂt&lr@am of

t he hydrogar fini V R '

par 1 el a0Ei o eagerflPRag S S5 oaRE Rkl e B pBlehBlth g,

par ti cul ageohfl crhide 61l DIERE Thé eAMiPE folltndyskeAtialRan bealded fod sel¢etiggn and a
controller to control an amount of additive introduced into the process

st r eam vi thetdrade allte beased inpdiydrbearben etfininggaotessul at e neasured in the

process stream In a preferred enbodi nent, the additive is introduced into

the process in a strategic |aqcatiopn and/or manner .t hat erly disperses
the addit 0980 o éﬁw&ﬁ%i%m:% vath aretheraspest 0? theanyention,an @Bﬁ@wp ntrof’

enbodi manéysténq %s &ot"\qge(i]?‘cﬂ'r @o%?f&ﬁﬂg rf&fnliirpf {'a hydrocarbon refining system that

includes a source of additive capable of reducing particulate-induced fouling in a
hydrocarbon refining system, a valve to introduce to a process stream of the
hydrocarbon refining system the additive capable of reducing particulate-
induced fouling, a measuring device to measure a level of particulate in the
process stream of the hydrocarbon refining system, and a controller to control an
amount of additive introduced into the process stream via the valve based upon
the level of particulate measured in the process stream. In a preferred
embodiment, the additive is introduced into the process in a strategic location

and/or a manner that properly disperses the additive to enhance its effectiveness.

[0031] In one specific embodiment, the crude hydrocarbon refinery
component is selected from a heat exchanger, a furnace, a crude preheater, a
coker preheater, a FCC slurry bottom, a debutanizer exchanger, a debutanizer
tower, a feed/effluent exchanger, a furnace air preheater, a flare compressor
component, a steam cracker, a steam reformer, a distillation column, a

fractionation column, a scrubber, a reactor, a liquid-jacketed tank, a pipestill, a



conponent is selected froma heat exchanger, a furnace, a crude preheater,
a coker preheater, a FCC slurry bottom a debutanizer exchanger, a

debut ani 2&0 20oviEe224a f eed/ ef fl uent exchanger, a furnaceparruspooghessser, a
flare conpressor conponent, a steam crdcker, a steamreformer, a
distillation colum, a fractionation colum, a scrubber, a reactor, a

| i qui d-j acketed tank, a pipestill, acoker, and a visbreaker. In a preferred
enmbodi mengokerNgnd & Wikbréakbt OCRY Dpfefe@éd BRIDOIGRABRE e tnide lBydre@drbexn changer .

[ 0032] Exenplary further enbodi nents of the present application are

provi ded tefineny tompohtnisisradliéat exphangeses, and not for purposes of
limtation. Exenplary Control System of the Present Application [0033] FIG

I A i ' f I . h d ' h

communi ol ber AP BEY LT S HUTERN PRI BPP RGO Mor C and
I \Y [ {4 . . kncl ud

Sour ce of Paihed bASAER Tt EIRESRET h T AR ERGREPORENImARRL O |

hydr ocarbon refining system The additive source is in fluid comunication
with the BiespisryControlSystén dhtie PRsbRNAPPlicatidog systenms via a val ve
"V'. As uSed herern, the valve 1s defined broadly and can be any suitable
mechani sm capabl e of controlling the introduction of additive into the
process si0083n THE.dddista sehemgtiscef amexunplary peeaassAchein® t he process is
chosen to,increase it&'ﬁ% ef fecti veness, For exarTPI e, If t.heéﬁgdit've that is
chosen i sdgRenttfaing thgeommupiganey bebyesh Rertculate mpasuang dexicels -t o
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val ve "V' based on particulate |evel information obtained from neasuring
devi ce " Hydmdambonirefining systemdilihg additiveesaurce és imofltidepmormncdtan of a

crude oil esent in the praoces tregm"P", .The contraqller urjn
device antlihdhs Brogess seRuBIRLthe hyArogaban Ffisipg ystems via a valve V™, As '~

used herein, the valve is defined broadly and can be any suitable mechanism

capable of controlling the introduction of additive into the process stream. The
additive injection point location into the process is chosen to increase its
effectiveness. For example, if the additive that is chosen is one that, due to
additive chemistry, requires some time to complete an anti-fouling reaction, the
process flow and piping details should be considered to provide an effective

application such that adequate residence time is provided.

[0034] Controller “C” in Figure 1A controls valve “V” based on particulate
level information obtained from measuring device “D” and/or inputs regarding
the relative fouling potential of a crude oil present in the process stream “P”.
The controller, measuring device and valve are components in a distributed
control system (DCS), and can be modified by one skilled in the art in
accordance with the method and system described herein. Distributed control
systems are available from, for example, Honeywell International Inc.
(Morristown, NJ); Emerson Process Management division of Emerson Electric

Company (St. Louis, MO), including Fisher-Rosemount products (Eden Prairie,



control system (DCS), and can be nodified by one skilled in the art in
accordance with the nethod and system descri bed herein. Distributed control
systens awe awaisbebl e from for exanpl Honeywel | | nt ePOAtISEO02I00356T .
(Morristown, NJ); Enmerson Process I\/anag%ﬁent di vi si on of Enmerson Electric
Company (St. Louis, M), including Fisher-Rosemount products (Eden

Prairie, M\); Yokogawa Corporation of America (Newnan, GA); and Shi nkawa,

SEC of AnRINgaY dk&avra CohsorBaas bf A¥aericd 00éwhad "G Apasd Shittkadey ISBC 6P
measures particulate levels in the process stream"P". The nmeasuring device
"D' is i nAomeran(QeetandsleviBedch, INC)Controller "C', which in turn is in
comuni cation with the valve "V' (discussed bel ow). Exenplary devices that

b in t t appli catd, descri bed, for. le, in U.S.
Catent Nol3p]son isimeasiting ORvie B ngaiires BAGICULE AevsE® U TP her oby
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be conmmer Ci y obtained tro or _ exanp ope- urrey,

Hori ba | nsCr UpRithSin!tifn is(ih'doni@unfeAtioa Rt INetioGA1g V2t @isduSedd Bélomwy), UK) .
[0036] In a non-limting, exenplary enbodiment, the neasuring device "D’
det er m neExempldry\devicss that cainurg usedgnabe presentiapplicasivinuare ciescmbed, ifar a

process streamin ydrocarbon refinin eration. econd exenpl ary
enbodi mengXamRleyiy tr%]-illg”j?ée’&‘gblpé-e‘%gﬁ’s%kgéaﬁs@ @ﬁnaéf(ﬁhgl ’i‘?Pég‘(?ﬁecroscopy
and suita t | [ £ i I t ' nt
and/ or op?':hicg{) ﬁ%ﬁ{ae?%@ @%ﬁﬁé%g@y ?#Slaéﬁ%rg_tl%l%{{g? I_té{s?r.e hghg%gg I#]P%Sl&ﬂ%u _
parti cul aj@gcéOcELEBERNIGE Y SBIRINEBTFOH! flt XAMIPIE, StafhOEe-KRtd €d, and is
not limted. A person of ordinary skill in the art ‘can sel ect the proper
parti cul afSurtey, tHa} H eriba festruonerth én@ g itvine) IGA) ard Nanogighy $itém and t he
crude oil conposition (e.g. a crude oil blend) propensity to foul in the

presence GYalis B%[Sg@-f ic particulate. [0037] In addition to, or in lieu of
receiving the level of particulate in the

[0036] In a non-limiting, exemplary embodiment, the measuring device “D”
determines the level of calcium, magnesium and/or sodium content in a process
stream in a hydrocarbon refining operation. In a second exemplary embodiment
the measuring device “D” makes use of on-line video microscopy and suitable
particle identification algorithms to determine the amount and/or optical
characteristics of the particulates. The specific particulates to be measured by
the measuring device can be varied, and is not limited. A person of ordinary
skill in the art can select the proper particulate to measure based on the particular
refining system and the crude oil composition (e.g. a crude oil blend) propensity

to foul in the presence of the specific particulate.

[0037] In addition to, or in lieu of receiving the level of particulate in the
process stream “P”, the Controller can receive an input based on the propensity
of the process stream to foul. The propensity of the process stream “P” to foul
helps predict how the process stream will react when processed with the
particulate levels measured by the measuring device “D”. For example, it has
been found that some crude oil blends are more susceptible to particulate-

induced fouling than others. When a crude oil blend having a greater relative



process stream"P", the Controller can receive an input based on the
propensity of the process streamto foul. The propensity of the process

st ream " Rvoto10foged24hel ps predi ct how the process streampairius2e0emeiseihen
processed with the particulate | evel s heasured by the neasuring device "D'.
For exanple, it has been found that sonme crude oil blends are nore
susceptible to particul atei nduced fouling than others. Wen a crude oil

bl end havfdiging pstemtislris us¢din whefrefininysyedma gedatésaroant offaddigve efilini ng
system a greater anount of additive will be required to be introduced for
a gi ven pbe requitedite besntodueed farrgpgiven patticulatedgeclons compatedios Fde! y

found to h; | ow. rel at.i ve, fqulin otential. .[0038 ing a
pre-deterﬂ’iﬂ?g‘ﬂ"%aﬁ?r&ﬂ'quts OYKILORAYEr OIQ‘éFe?@IW #‘?“lh@%‘ifkn@si gnal to Valve V
based on one or nore of: (a) the measured | evel of particulate in the
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conponent he "proceSs stream ouli1ng potential of a

crude oil sighﬂf'td Vilgt V basdiboeheor eoretof! (9nhe afeastireddeoelespaticelaty .
Figure I B depicts exenplary inputs to the controller which will be inserted

i nto t he rthegeoeassisireamaangbib)ttherelativie farlmgpotentialef are powiore on as part
of a hypot heti cal d'gﬁ'{ri but ed control stem [ngﬁgé Enbo%gmtants $f t he
present i $RIBRORGIHS L e progesssireyn (a8t thedriative fquiing potentiad 01 21 Z8ds ¢ hns,
whi ch can: ' [ L 1} LIion rQyj he
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i ncorporated by reference in its entirety, can be enployed in the nethods
and syst ealgorifhm e dptessemt thepydlive position gsqeM0df & hypothetiaak distribated

enbodi nent , tqe controller factors both particulate |evel and relative

foul i ng peRTBIR!SYPCIN| t er natively, the controller can control the valve
based on the particulate | evel alone, or the relative fouling potenti al

al one. ThiyR9] SOE Aol AR (i bhdschilidvafiBh bafidisAdhpiy flfcalagor i ¢ hm so

identification algorithms, which can further assist in determining valve position
to provide the desired amount of additive to the refining process. For example,
the algorithms and sensors described in U.S. Patent No. 6,649,416, hereby
incorporated by reference in its entirety, can be employed in the methods and

systems of the present application.

[0040] In one particular embodiment, the controller factors both particulate
level and relative fouling potential. Alternatively, the controller can control the
valve based on the particulate level alone, or the relative fouling potential alone.
The person of ordinary skill in the art can adjust the algorithm so that the relative
contribution of each of the two components is best-suited for the particular
refining process for which it is applied. For example, when field observations
suggest that the control system is not being sufficiently responsive to changes in
particulate level for the particular refining system, the relative contribution of the
measured particulate level factor can be increased. Similarly, when field
conditions suggest that the control system is being overly responsive to slight

fluctuations in the measured particulate level for the particular refining system,



contribution of each of the two conponents is best-suited for the
particular refining process for which it is applied. For exanple, when
field obswovatw@ex4suggest that the coptrol systemis n®@CThSRNY/005567
sufficiently responsive to changes in” B%‘rt iculate |l evel for the particul ar
refining system the relative contribution of the measured particul ate

| evel factor can be increased. Simlarly, when field conditions suggest

that the gentlativevntehuticn SEtHOmMENRITEY 1¢ves O paiticulite iflth@prodessict uat i ons
in the neasured particulate |l evel for the particular refining systemthe

rel ati ve stoeam combesedudedt he neasured | evel of particulate in the process
stream can be reduced. [0041] The Controller "C'" is in comrunication with a

I fl trict AR, I b i tabl hani t hat
¥ equl at cstthedf T et Silsr “FF GiF soRutincation mies ¥eREoR FORILER | no
the pr 0066&7”.5%?%@6&{‘?& Gty sRAMEGnEcRRidm YR e ll%std‘éfsiﬂea an%dﬁﬂs opat e
val ve, check valve, quarter Yarn val ve, sanitary g% ve, solenoid control

val ve, anflo@hhteRtdTaidditave/® B RiteRiucet énfothe Procers sekaineExdmplesf additives
t hat reduce particul ate-induced fouling depending on the form and typical

f 1 ow r at esichidetéhpalhstaivie] bettedlypealvas gatdwvebut, checlevalat) qearier tary walvabl e
speed netering punp can be used to.injegt the additive intp the (gé?qess.
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Sul zer VafotaSad 8tk fRAN rateMoF dad AdditiveAd beiRPddlcdd) Anermativery), aent, the
measuring device’is |ocated i nmedi ately upstream from a heat - exchanger, or
ot her cr udaridblel speal imeteringf purap\caadgusedrtd injeat thecaddatiVe iritp dhe pevdess
refinery conponents that are susceptible to (gart | cul at e-i nduced, fouling.

Si mi | ar | yWhege 8itespreegdithe pump congalled\hased onihe megswedipartigelaty ocess
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Process Industries (Suwanee, GA); United Valve (Houston, TX), and Sulzer
Valves (Rancho Santa Margarita, CA).

[0042] ° In one embodiment, the measuring device is located immediately
upstream from a heat-exchanger, or other crude hydrocarbon refinery
component, particularly hydrocarbon refinery components that are susceptible to
particulate-induced fouling. Similarly, in one embodiment, the additive is
introduced to the process stream immediately upstream from a heat-exchanger,
or other crude hydrocarbon refinery component, particularly hydrocarbon

refinery component.

[0043]  Alternatively, the measuring device can be located directly upstream
from, or otherwise in close proximity to, other hydrocarbon refinery components
such as, but not limited to, a heat exchanger, a furnace, a crude preheater, a
coker preheater, a FCC slurry bottom, a debutanizer exchanger, a debutanizer
tower, a feed/effluent exchanger, a furnace air preheater, a flare compressor

component, a steam cracker, a steam reformer, a distillation column, a



refinery conponent. [0043] Alternatively, the neasuring device can be

| ocated directly upstreamfrom or otherwise in close proximty to, other
hydr ocar bwo 208fd4e28y conponents such ai but not |i m t e#CraS2@9ioesss7
exchanger, a furnace, a crude preheate ?'a coker preheater, a FCC slurry
bottom a debutani zer exchanger, a debutanizer tower, a feed/effluent
exchanger, a furnace air preheater, a flare conpressor conponent, a steam
cracker, gastie@dtioreéslung, a serebiber] 4 ket a ¢ifuidjacketedeinkoa pipestllcal um, a
scrubber, a reactor, a liquid-jacketed tank, a pipestill, a coker, and a
vi sbr eakecokdroaudip vighreakest i vel y, the additive can be introduced i.nto an
upstream process unit such as a desalter to inprove the particul ate renoval

caui pront Tol0iTs 7 alfFPavaltibe agdiine g B9 o ea ol bhie Brgs? "
exanpl e, ﬁgﬂ%ﬁcﬂ% Hldeﬁal?é}%ggn‘sbgﬁéﬂ{é Toitl SIS %Jl%&‘ﬁbf%fncg ¥l fgg val ve to

enhance t operation of a I ng operation. asuri ng 8u i hg and

Det er ni ni pgtifeteahé Youlhgtbffog dfpetithlate ¢iber qOfmentaddvwngreaanbhe
measured, for exanple, by testing a crude oil blend in an Al cor Hot Liquid
Process Sreducitgthe(pdPti®)latergoneentrptienofos esample;water solybloadditives ¢y e 2,
and is co rcially avail abl e . from Al cor Petrql eum Cor por.atj on .(\Westbury,
NY). The gg%ié%‘ii%lﬁgﬁeéﬁ%gfé HiiRg yalvgdospbangg e ppsrat 053314685# a crude
oil blend %'ﬁ gonst ant inlet tenperature. Heat is transferred fromthe rod
(whi ch si 4t'8% a neat exchanger) to the crude oil blend, and the
tenperature of the crude oil blend as it exits the unit is neasured. In
thi s non- Métsuritz Péaliipand Deteihd Relstive Foalingéteatial nmount of
fouling iS € €rence I1n tenperature etween the outlTet crude oi

tenperature at a preselected tinme and the maxi numoutlet crude oil_.
t enper at uf@45hser Feuling canpeimeasyred, fgr example, hiy:testing a crude oil blend in

an Alcor Hot Liquid Process Simulator (HPLS). An example of such a unit is

shown in Figure 2, and is commercially available from Alcor Petroleum
Corporation (Westbury, NY). The device contains a heated rod over which
passes a flow of a crude oil blend at a constant inlet temperature. Heat is
transferred from the rod (which simulates a heat exchanger) to the crude oil
blend, and the temperature of the crude oil blend as it exits the unit is measured.
In this non-limiting example, the characteristic indicative of an amount of
fouling is the difference in temperature (AT) between the outlet crude oil
temperature at a preselected time and the maximum outlet crude oil temperature

observed at anytime during the trial:
AT = (Toutlet - Toutlet max)- - Eq 1

The reduction in temperature, i.e. the reduction in heat transfer from the rod, can

be attributed to the fouling that occurs on the rod.

[0046] As discussed above, the measurement of a characteristic indicative of
an amount of fouling can be normalized based on the heat transfer ability of the

crude oil tested. For example, with reference to Figure 2 and the above-



DT = (Tout et - Toutiet max). Eq. 1 The reduction in tenperature, i.e. the
reduction in heat transfer fromthe rod, can be attributed to the fouling
t hat occuwe 20t0/a4b24r od. [ 0046] As di sc&ngsed above, the meagisc@awnisedf a
characteristic indicative of an anmount “0f fouling can be nornalized based
on the heat transfer ability of the crude oil tested. For exanple, wth
reference to Figure 2 and the above- - described Al cor Hot Liquid Process

Si mul at or déddribe . Alcbe Hop ILiqiid Brocdés"Singilatr ¢ HIPLI, tiwy follbwibg" can be
determ ned as shown below. dimDT = (T out iet -T o utlet max) / (T rod--T

out | et na%dimengiordesshaT don8dimATEcandeadatermined aslshowashelowansfer ability
of the oil tested. The dinDT is a non-limting exanple of a characteristic

i ndi cative of an anoupt fouling t has,.been pormali z ased on the
heat transfer abiqﬁlﬂ‘-\;/llnﬁf( ohlet ¢ e}demys?h{oorﬂ@}let#\ﬂ irst magghaerrent of
fouling can be made using Al cor Hot Liquid Process Sinulator (HPLS) in the

cbsence ofy@ AL AIG B RERA e ASER HRASHGBRLTRL Toul 1o

usi ng the cor I qui I'n the presence of a
pr e- sel ecpAATRTOUHonolimprig Eramplecof £ohpaciestic dhdichtse of wn ammasiyioénent s
provides the relative fouling potential of the crude oil blend. One such
neans of fuding thet hap béen namalized tased ondghebeattransferrahility of thercrude i s
shown bel ow, where dinDT is the fouling neasurenent for a crude oil "A" in
t he absen@ﬁ{of a particulate and di nDT200 is a fouling nmeasurenent for a
crude oil "A" in the presence of 200 ppmof a given particul ate: RFPA =

(01 OT200| g 1OT) BTt o ARl e kncB Skt AN MSKEIGuALS 13

and the above description 1I's prov
syst ens oPrddess Sireefdr (HRIES) inothebserdt of 4 partiedldte, dtecqraparedubar

al gorithns and equations described herein. In various
second measurement of fouling using the Alcor Hot Liquid Process Simulator
(HPLS) in the presence of a pre-selected amount of particulate. Comparison of
these two measurements provides the relative fouling potential of the crude oil
blend. One such means of quantifying the relative fouling potential for a given
oil is shown below, where dimAT is the fouling measurement for a crude oil
“A” in the absence of a particulate and dimAT, is a fouling measurement for a

crude oil “A” in the presence of 200 ppm of a given particulate:
RFP, = (dimAT5g— dimAT) / (dimAT). Eq. 3

[0048] It is noted that Equations 1-3 and the above description is provided by
way of example; the methods and systems of the present invention are not
limited to the particular algorithms and equations described herein. In various
embodiments the algorithms employed are normalized to provide a unit measure

of fouling, as opposed to an absolute value.

[0049] Alternatively, fouling can be measured based on its the fouling rate as
compared to a “standard fouling rate” (e.g., a multiple or fraction of the standard
fouling rate). The standard fouling rate is a unit amount of fouling measured

using a particular fluid (e.g., a specific, defined type of crude oil), run at



enbodi ments the algorithnms enployed are nornmalized to provide a unit
measure of fouling, as opposed to an absolute value. [0049] Alternatively,
foul i ng cso 2ow/aersur ed based on its tE fouling rate agCrarspawactsssd a
"standard fouling rate” (e.g., a nmultipfe or fraction of the standard
fouling rate). The standard fouling rate is a unit anount of fouling
nmeasured using a particular fluid (e.g., a specific, defined type of crude

oi |'), runspdcefiedicons@nt eomditions feonshddifes peadd af sipeeiid a epeqifiedod of tine
in a specified apparatus. The fouling rate can be measured in the presence
and absenagpasitus. Jdetfoulihgrammanhe wieapaediin thapreserespansd abssinge of @050] A
person of or.dig)gry skill in,tqe art can devel op other techniques and

devi ces fPRTHGRLE gt of perticplatedesReEMVELYi ng the foul i ng shown in the

presence and absence of a particulate. For exanple, alternative nethods of

17 om i or MOS0 % PREoH i orBarsRUN e dft LEf o Mo BRR BRI ST d "Fhe

vi sual obggfives formedsufipeolilhg agdwiahtifying the fodltngslidvag én thd gressiteepes can
be commercially obtained from for exanple, O ynpus Corporation (Center

Val | ey, Pdyd abstnvSof ageinticulatsi. dsor ¢ammpla; alteaTanptivé osshgdseiumeaspriigso can be
ascertained by neasurjng the nmass of nmaterial deposi.ted.on a.surface or b
Dy of 1 | ool IR RS bR aseos TeReck o J8CBPTGRES DTG G PugHsgaBes

Measur ene fa: . [ i terial k:ndi gate the
presence Q%lc@gls&h‘glgggpn %ﬁ%%cggé?)ggaﬁgratogcg&z%%éﬁg's{ﬁ%i\§§: agé)é)g@ﬂ? |(%)erﬂeOf(fgrml ein

comonly axsdrifl@dc@fu | DtHeSurpdcRNIMARBY dopRk icef bileondrhérclally 79
(Publication No. US 2006/0014296), which is hereby incorporated by

r ef er enceobtairiedsfremt, foratxample a©lympanCorpotatiendCentar Valley, RA Joarst YOKe
deposited material can indicate the presence or absence of organic
parti cul af echiwleigs AhremonisCeb)scl osed, for exanple in comonly assi gned
co-pendi ng US Patent Application No. 11/173,979 (Publication No. US

2006/ 0014ﬁ)?)@1] Wo‘iﬁ]ing also can be ascertained by measuring the mass of material
deposited on a surface or by profilometry or measuring the thickness of the
deposit on a surface. Measurement of the ash content of said deposited material
can indicate the presence or absence of inorganic particulates, as disclosed, for
example in commonly assigned co-pending US Patent Application No.
11/173,979 (Publication No. US 2006/0014296), which is hereby incorporated
by reference in its entirety. Measurement of the atomic H:C ratio of the
deposited material can indicate the presence or absence of organic particulate
contaminants as disclosed, for example in commonly assigned co-pending US
Patent Appiication No. 11/173,979 (Publication No. US 2006/0014296), which
is hereby incorporated by reference in its entirety. Alternatively, the pressure
drop or flow resistance across a heat exchanger or other crude hydrocarbon
refinery component can be measured, such as by measuring the pressure drop at
a small orifice in close proximity to the crude hydrocarbon refinery component,
and/or by measuring frequency shifts of a resonator near the crude hydrocarbon
refinery component as disclosed, for example in commonly assigned co-pending
US Patent Application No. 11/710,657 (Publication No. US 2007/0199379),



I's hereby incorporated by reference inits entirety. Alternatively, the
pressure drop or flow resistance across a heat exchanger or other crude
hydr ocar bwo 208fi4zeay conponent can be asured, such asPoy/use@owoisny t he
pressure drop at a small orifice in closSe proximty to the crude

hydr ocarbon refinery conponent, and/or by neasuring frequency shifts of a
resonat or near the crude hydrocarbon refinery conponent as disclosed, for
exanpl e i Wwhivhnighetebytinsoeisdtedbyprifelicnge UbitPehtirdty Abolulingtdaaralddobe

11/ 710, 657 (Publication No. US 2007/0199379),- lo - which is hereby

i ncor por ameasurgd neingrachigh temperatushfauwingunitGdTFRD. can al so be measured
using a high tenperature fouling unit (HTFU). [0052J Further, in addition

one or mold033l ¢ rebalEgy i adieonag R bR OETHRIA LB HPES ARG ' Lan be
sel ect ed @é@i@esp@&lﬁﬂgsgﬁgfr?élg* g@wcpﬁéhé br hibrk ¥ tRE Ebof&ﬁemllﬁeth%lﬁk'pons or

pl ates in an autoc e aut ocl ave devices can be enpl oyed,

such as t(ﬂefnéhﬁtﬁgi\éaf(ﬁlli@ veaebeeeketiddesy & peoargll @rdfary skill ar thetaronBbr

Publ i cati on No. 2005/'1 13726, which is hereby incorporated by reference.
Ct her devéxamspleheoupmms dielatsein an antasdataercdrafi-tubetansoslayh desiceneany st ens
of the present application include qrganic deposition uniis, and those

devi ces dPSEMPLAED: SuUEhaht ra“éo‘gf“’? a%‘glﬂ@ﬁ%sgkeﬁquﬁ’gt?‘mﬁ@gq é)l‘?fHandbook by T.
Kuppan, I ( : | ' i r-a : inits
ent | ot y. IremrgoTal Ao N W3 2063 187282 00RH & Kot/ B BR A
limted tRfiRAcHeDisddevicksThat@Esbélisad dsatob@imeewith thearwicistand i ng,

Addi tives of the Present Application [0053] The additives of the present
appl i cat i systemeofjtheeprabént appliohtien inclede grganit dépabidemubis, ansfthose y st ream
and can thus be added directly to. {he process stream 0 of ,I

conbi nat i davioRs: fiseloped “h@&??ﬁe&ésoftthﬁﬁ%%ﬁc pRg ?ﬁléﬁlﬂ?é{a%%g@é'gr foul i ng
or 1 mpr Ovﬁulsof))z%e, @k&%re?g m, \Q/ﬁfc%nﬁth%i'eﬂyin%[)ﬂ%ra{e% &pm&%& B its

entirety. It is understood, however, that present application is not limited to the

devices and methods disclosed herein to measure fouling,

Additives of the Present Application

[0053] The additives of the present application are generally soluble in a
typical hydrocarbon refinery stream and can thus be added directly to the process
stream, alone or in combination with other additives that contribute to either
reduce fouling or improve some other process parameter in order to enhance the

refining process.

[0054] The method and system described herein can be used with any suitable
additives capable of reducing particulate-induced fouling in hydrocarbon
refining systems. For purposes of illustration and not limitation, examples of
suitable additives include polyalkyl succinic acid derivatives, including boron-
modified polyalkyl succinic acid derivatives such as those additives described in
U.S.S.N. 61/ 136,172; and metal sulfonate additives, such as those described in
U.S.S.N. 61/136,173. Each of these applications is hereby incorporated by

reference in their entirety.



refining process. [0054] The nethod and system descri bed herein can be used
with any suitable additives capabl e of reducing particul ate-induced fouling
i n hydr ocsiokzory/mef2dni ng systens. For prrposes of il ust raTiuse00055ADt
limtation, exanples of suitable addil {es include pol yal kyl succinic acid
derivatives, including boronnodified polyal kyl succinic acid derivatives
such as those additives described in U S.S.N 61/136,172; and net al

sul f onat e[(®a] t i vOme cotsdtiafent 608 plesent pplichtiodpfoades a iéthdd of73. Each
of these applications is hereby i ncggor ated by reference in their

entirety. {itnBHjg Oneppropodieradditive based pn dheralataypfduling potepishofdde a net hod
of choosing an appropriate additive based on the relative faqulin otenti al
of the crerddesil orgrude galblgnd egmlaye Wpﬁ’@%@c?ﬁﬁ-t Wgﬁgg’s\?ﬂ%?g%ﬁ‘éﬁml e,
if the relative foulin t i : . Ojyl_ i t] . hi gh,
then pro ptoélimgc}b%%#f%s& r{’ﬁg c_ﬁr}iset @:l §§]}%’Iggﬁggfygﬁgg’ #."8 H—g‘??%#si écc (eég bg.g{:ﬁyt I ve.

Al ternati I\fﬁ?%ustiﬂg thB@sé B atHi¥Rerl pritddaddivenIRmatvdlpeifahe delagié or crude
oil blend 187relatively low, "then a | ower-priced additive can be enpl oyed.

| nf or mat i foulimigqpudtentivd ofithe epideboil bt gruste aihblendiis eelativelydofguhémg t hus can
be used in the selection of a particular additive for a refinj n)g?yp‘gﬁcq)cess in

e

whi ch t helograsduricsid additive fep be caapBebninformatien abeat thesusepibi

present applicati .be provi ded in . | i . ranul es) or
b1 of or abi (18 qrode pldaranyg R s yoedR e spftstiBa Sr albiGeRaadliiey' ol ow
the additj : ; 989najoF BoRipdaEncONPONents to form
a conposi {#ﬁre@?’%ﬁﬁg?ﬁg’ %ﬁ%gqirg&gmsgfﬁt i 2‘(l:ylkj)l g?ei nduged fouling). Any
sui tabl e techni que and nechani sm can be used for introducing the additive
to the pr $ stTieeadditisekobdihe prgsent pppHoatiarf car He paoyidsétiin b sohdt he art in

(0056

view of the process to which it is enployed., [0057%1]{ The additives of the
present affg.inoavdespraranyes) eupieferabbowmyb Bavidotesmy gizgcthy 10, §PrPERas ng,

i nel udi ngstp&rn'gl.i CA”S' r?c}tgd bgﬂ)%:,etﬁe faﬁ%ﬁt{v%g 'cah rE)eaad ie'Eiia gnet, %rtc%%lbined with
other components to form a composition for reducing fouling (e.g. particulate-
induced fouling). Any suitable technique and mechanism can be used for
introducing the additive to the process stream, as known by a person of ordinary

skill in the art in view of the process to which it is employed.

[0057] The additives of the present application are provided in compositions
that prevent fouling, including particulate-induced fouling. In addition to the
additives of the present application, the compositions can optionally further
contain a hydrophobic oil solubilizer for the additive and/or a dispersant for the

additive.

[0058]  Suitable solubilizers can include, for example, surfactants, carboxylic
acid solubilizers, such as the nitrogen-containing phosphorous-free carboxylic
solubilizers disclosed in U.S. Patent No. 4,368,133, hereby incorporated by

reference in its entirety.

[0059]  Also as disclosed in U.S. Patent No. 4,368,133, hereby incorporated
by reference, surfactants that can be included in compositions of the present

application can include, for example, any one of a cationic, anionic, nonionic or



additives of the present application, the conpositions can optionally
further contain a hydrophobic oil solubilizer for the additive and/or a

di sper sanwoforo/abr4addi tive. [ 0058] SuL%able sol ubi | i zePsTamnooveisate, for
exanpl e, surfactants, carboxylic acid solubilizers, such as the

ni t rogen-cont ai ni ng phosphorous- free carboxylic solubilizers disclosed in
U S. Patent No. 4,368,133, hereby incorporated by reference inits

entirety. alPA6R}icAlype ofisudhstahpssek,ifor bkdnpRa MeCutvaeor’ s3TketdPentswidby
i ncorporated by reference, surfactants that can be included in conpositions

of the prEsuusifigppl 19228, Nartbahmerichn fidjtiorg published by MeGutoheonis a cati oni c,
ani oni c, ponioni r- 0. -.anphoterj.c type of syrfactant. , for exanple,
McCut cheo “é‘SIOBefvé@d)ém?@hH#EFﬁﬂrgﬁl?’?’eégm,lg(i‘é?g\?e‘ﬁj?’fsﬁyﬁ\ﬁ%can Edi ti on,
publ i shed:; ) VLSt . | shi t-.QR. Rock,
New JerSeg{%}'%%ggf%l3§d9%é%§g&re%}%%?%ﬂ9¥%g@e Qh?ﬁc%nﬁﬁg ated by
reference in its entirety. [0060] The conpositions of the present

appl i cati [o6ofn T dwnpesitibagal the preséntdpplication samphtherdptivamilyy i ndex

i nprovers, anti-foamants, antiwear agents, denulsifiers, anti-oxidants, and
ot her cormehiden fom¢napapley giscosity mdestimprovers, anti-fpamantshanteveanaggats,ve

I mpact on borpn:containi ng additives. Accordi y, It iLs adyisable to add
bor on- confeMRIsHeTs Rnt-OFitants, aﬁfidﬁﬁgscqrbq,s‘é?? Hﬂgtﬁﬂﬁt Iﬁéﬁ/%OtSHﬁf‘?ﬁ VAT apount
of water. F L r . l.cation can
be added I\/Ivll[ag/ &1(?%' r?er#ggéd gr@r}%g{ﬁ ?%Fte&gg(r}g%ggé\fftéﬁﬁﬂg%dggﬁ?egs ;,,écg:{a E%‘?ler’ cl)g%ems t hat

may presegdvi§date ki@ botdh-aoRfaining faddities it PE6Ess kowtidnk ehatvefa or di nary

skill in the art. Exanples [0062] The present application is further
descr i bedmixyinmed ansowit of lveatexanpl es, presented bel ow. The use of such
exanples is illustrative only and in no way

[0061] Furthermore, the additives of the present application can be added -
with other compatible components that address other problems that may present

themselves in a oil refining process known to one of ordinary skill in the art.

Examples

[0062] The present application is further described by means of the examples,
presented below. The use of such examples is illustrative only and in no way
limits the scope and meaning of the invention or of any exemplified term.
Likewise, the invention is not limited to any particular preferred embodiments
described herein. Indeed, many modifications and variations of the invention
will be apparent to those skilled in the art upon reading this specification. The
invention is therefore to be limited only by the terms of the appended claims

along with the full scope of equivalents to which the claims are entitled.

Example 1

[0063] Fig. 2 shows the Alcor testing configuration used for measuring the
relative fouling provided by a given crude oil in a simulated heat exchanger. The

testing arrangement includes a reservoir containing a feed supply of crude oil.



limts the scope and neaning of the invention or of any exenplified term
Li kewi se, the invention is not limted to any particular preferred

enbodi mrenwe 2degaeizbed herein. | ndeed, ny nodi fi cati ongcan$200a00%67 ons of
the invention will be apparent to tho'sggéki |led in the art upon reading
this specification. The invention is therefore to be limted only by the
ternms of the appended clains along with the full scope of equivalents to

whi ch t heTht @ketbs\@ipty & hédted to asRemdeteindePtard (.91 S FBORRF) FEheAl cor
testing configuration used for neasuring the relative fouling provided by a

gi ven cr ubleusing shell gortaing avedicayorisntdthhented rathelheheated red isangenent

i ncl ud . [ t ai ni f | d i] ,The f |

o heat sdbpiahcrmeddiOmapuban aiet(rgheRed b simyiateni g Biatial el |
o . . _ ! J ol

cont s e e SONBHAPILER JESH s Wy ke ol

exchanger 370%®ebeet)eshd RdintgirRdes shéls edrhyerafat Adring the RFiglS Thetfoser at ur e
(e.g. 370C/ 698F) and mai ntai ned at such tenperature during the trial. The

f eed suppsupply ippumpdd acrassshe heatedaod dt a cdnstantflosnsta(e.gf3.0w rate (e. g.

3.0 nmL/mnute). The _spent feed supply is collected in the section of
the reserdi/minutgy Ehsspent (f@“dij Y}/g/ 9%17%%%%%601)&6%1%9%% reated feed
supply oi]l_hy a | e kSt her ' f eration.
SupPLY. O fesbicl, TR LRI el Y Shirthd B0 Sl SRES T Qi B oL on:
remai n di g9 glsugdigistoRetRirdbyHanbéReng fiff dnRelthrolp®l JRE O CTHE S AESs ar e
recorded for the bulk fluidinlet and outlet tenperatures and for surface
of the ropresfiided] withudiroger (o ad00-500 IBiE)wp eosure geses vemainodissolivedin

parti cul at es { measured as filterable soljds) was neasured. There is a

fouli ng regwit denngtheisst:iTsymogpuplereadingsiarg seosdediy thp bwllofluih HsDP
anti-fouling resi However, whe he rtigyl ates level is increased by
further aﬁ)&%qngiimﬁ}eté%pmegpnaf%s ?%eeof SIRE: foul i ng crude oil bl end,

t he fouling reduction upon the
[0064] Crude A containing 300 wppm of native iron oxide particulates

(measured as filterable solids) was measured. There is a fouling reduction of
about 60% upon the addition of 250 wppm of an HSDP anti-fouling resin.
However, when the particulates level is increased by further addition of 200
wppm of iron oxide to the fouling crude oil blend, the fouling reduction upon the
addition of the same 250 wppm of the same HSDP anti-fouling resin is only
about 40%. If an online monitoring system is in place, the spike of additional
particulate matter will be observed and therefore additional antifouling additive
can be used to maintain the more preferable 60% reduction in fouling levels.

The results are shown in Figure 3.

Example 2

[0065] During the constant surface temperature testing, foulant forms,
deposits and builds up on the heated surface. The organic portion of the foulant
deposits thermally degrade to coke. The coke deposits cause an insulating effect
that reduces the efficiency and/or ability of the surface to heat the oil passing

over it. The resulting reduction in outlet bulk fluid temperature continues over



addition of the sanme 250 wppm of the same HSDP anti-fouling resinis only
about 40% If an online nonitoring systemis in place, the spike of

addi ti onawoparwad4eathat e nmatter will be gbserved and ther eCons2a@daiiseonal
antifouling additive can be used to methtain the nore preferable 60%
reduction in fouling levels. The results are showmn in Figure 3. Exanple 2
[ 0065] During the constant surface tenperature testing, foulant fornmns,

deposits @md RUblilfg eBnehudd) ThicAIdRdtioH th Q@Iﬁ;l)_er'ﬁh&e(vaﬂ&fé refgreed iooas vk t he
foul ant deposits thermally degrade to coke. The coke deposits cause an

i nsul at i noutédtilEpid Mator dddandean be depéndsing woytha typeef emideioilyblehds he surface
to heat the oil passing qQver jit. The resHIti n% reductiﬁn in é)éjtlet bul k
fluid tentsating gpRditions aRdios asherreftects,isugh 38 the prespRce eheals, sedimant o

reduction_jin r . can . hef-gerr. I 4. QUi r dT
and can b%ﬂlareg(glﬁg%r@logr%&%n&ageg%al%f r@%@g ,3PENF§W@§§%IS€”1§%§£C&P gllltgns
and/ or ot {311 88fthifiitSs. T?riéQBtaQ%ﬁH'ﬁg,FHsEiﬁéé‘sQﬁe@B?r?@é tétal FeRllbiBAin B0tlEE her
fouling promoting materials. Typically, the Alcor fouling test is carried
out for I1RQuiditemipesaturbhis referedd tocaasl ATH80 as dFd86ured by the total reduction
in outlet liquid tenperature is referred to as DI180 or dT180. [0066] Al cor
D nensionless Delta T_(D nDT or Dim d‘Ii).. The Al cor fouling test simnulations
provi de al0968kur Mear DimensignlessRekta T (Bimd&Tanr Dimd1)o Theshlerr

depositio

. ;A sinple measure of. this resistan can be obtained frqmthe

o | “out | oty et Ve SnpgeR R icht pf eraramte o RIAGR HSE Al cor
run plott ' ' e 24 & é'?‘% é}lbg X 2 e ws val ue
I s negati @gl%rﬁéﬁ Pgwlggt é %1@193%}%9\;%% ailsfér %SOS?‘%D‘Z"J aongt %rﬁztgﬁst ant
t enper at usig otiflet Ridpiratubie nb¥ed a8 Myf,g ih Egure Thdn e vrdmplepAloordas a sinpl e
way of conparing differences in relative heat transfer resistance caused by
di f f er ent plotted in Fogurex2gtind AT 180sahie wae donnd to ba 43 G.Adiis aake iess deposi t
formed and | ower foul.ing, .

negative and reflects that the foulant layer deposited on the constant temperature

rod after the 180 minute test. The AT value provides a simple way of comparing

differences in relative heat transfer resistance caused by different oils. For

example, a small negative value indicates less deposit formed and lower fouling,

while a large negative value indicates that more deposit formed and higher

fouling.

[0067] When making relative comparisons of different oils, the heat transfer
characteristics (viscosity, density, heat capacity, etc.) of the oils being tested
should be taken into consideration. This is because oils with higher heat
capacities can lead to higher maximum oil outlet temperatures during testing. In
cases with added solids/particulates, the concentration of suspended solids can
impact heat transfer and affect the maximum oil outlet temperatures. Besides
fouling, environmental conditions (e.g., fluctuating ambient temperatures) can
also impact the maximum oil outlet temperatures achieved. By correcting for
these different heat transfer impacts, relative rankings between different oils and
different test runs can be carried out more consistently. This correction is

achieved by dividing the AT, as described above, by a measure of heat



while a | arge negative value indicates that nore deposit formed and hi gher
fouling. [0067] When making relative conparisons of different oils, the
heat trarwbenioaldaa2act eri stics (Vi scosi %3% density, heat pcapmseoovpossetc.) of
the oils being tested should be taken"fhio consideration. This is because
oils wth higher heat capacities can | ead to higher maxi rumoil outl et
tenperatures during testing. In cases with added solids/particul ates, the

concent r afrhfsfefred frmehelesd datihg eackRBxperiacit, Mdth i singilertharned af f ect the
maxi mum oi |l outlet tenperatures. Besides fouling, environmental conditions

(e.g., fltempexatungminbs eraximempontetemperature, shewniinghe Equationdelawim oi |
outl et tenperatures achieved. By correcting for these different heat
transfer inpacts, relative rankings between diIrferent oils and_different
test runs ca&h cartlicsnioutr doveLrrons) Z?Emﬂ y ! OVELEY recti of9-2 achi eved
by dividing the DI, as described above, by a neasure of heattransferred
fromthe rod during each experinent, which is sinply the rod tenperature

m nus max| out pebalRITRE fRfall ValueS S ANN-less, iR rEfitdd Rad@intMMsicHIRsDT =
( TQUTLET - LETMAX) / (TROD - TOUTLETMAX) Eq. 2 [0068] Because the final

val ue is AT dr'idemAT"i dnd can sikebegdfdredad adithe Foulingdssgemial(FP)dFeorDT" and
can also be referred to as the Fouling Potential (FP). For exanple shown in
Fi gure 2, exdmpldishiown niWizuoe2j theadimAT H(evhlue ibealcolasd] toTbe-FP3vdlhge t hat

woul d be noted for this exanmple is 0.53. [0069] The Fouling Potential (FP)
factors fBP viahus that weadd be motedhforghisexampleds €63i ncl ude the effects that

particul ates have on fouling of the hydrocarbon refining system Sone
crudes ha en ~sh to Iy i1l o) 4 y are
Cr e e NeTe" PC ke PETA oEF LR Bl O CHBE il gy, e
provi ded ho{IRMRBRIdeahE ekl thaepaiicMidyhavdsh RO 6F ashyirechrbon testing
with and wthout the solids. A few crude oils have al so beén shown to
exhi bi t nrefining spsgtemn Someanides hhe¢ beemsieovpn ésbatmore sensitive than others

in how they are affected by the presence of particulates/solids. The examples

below are provided to demonstrate this "sensitivity" and support the need for

testing with and without the solids. A few crude oils have also been shown to

exhibit no fouling until particulates are present.

[0070] The FP factors are noted as their final Alcor Dim dT after 180
minutes. The FP factor with added particulates are noted as FP,g¢ and reflect the
final Alcor Dim dT after 180 minutes and reflect the sensitivity of the fouling of

the whole crude oil to the 200 ppm solids.

[0071] The examples described below show the Alcor fouling data from two
crude oils (one moderate-fouling, one non-fouling) that were filtered to remove
native particulates. Results are also included to demonstrate the effects of
including 200 ppm particulates (inorganic). In each case, the fouling is increased

significantly.

Crude B (moderate fouling) FP =0.24 FP,00=0.36

[0072] Note that the fouling is increased by 50% with particulates present and



[0070] The FP factors are noted as their final Alcor DDmdT after 180

m nutes. The FP factor with added particul ates are noted as FP200 and
refl ect twe 20iomabk22Al cor Dim dT after 29 m nut es and r efPCeats2a40m05567
sensitivity of the fouling of the whol& Crude oil to the 200 ppm sol i ds.
[0071] The exanpl es descri bed bel ow show the Al cor fouling data fromtwo
crude oils (one noderate- fouling, one non-fouling) that were filtered to
renove nathevRelpeive F@Uhﬁ%%terﬂ%ldaha)eaqlenalf&d dsr0:b udte resultearershonal i t he
effects of including 200 ppm particul ates (| norganic). In each case, the
foul i ng i kigutedeased significantly. Crude B (noderate fouling) FP = 0.24
FP200 = 0.36 [0072] Note that the fouling is increased by 50% w th

particula S orgigné @n&ths Rel at i quling Poteﬂﬁ e guantified as
0.5. The 3 in Figure Z.Y Crude C ( Eworb ); FP = O
FP200 = 0.33 [0073] Note that the fouling is increased fron1zero to

hi gh-fouling after particulates were introduced. The results are shown in
Figure 5. [0093T74] Netethat tiefaulageidaciehsqibfrohczératte High-feulinteafichas a much
nor e drastlc effect on foulin as conpared to Crude B. [0075] The present

i nvent i onparticnlates wetfelmtmﬁutceg Tdnegcmi@ arg shawnsipddgare:S.enbodi ment s

descri bed herein. Indeed, various nodifications of the invention in

addi tion descri bed herein wi.ll, bego D ent to,those skilled in
the art f @#ﬁlhe 6‘?%8?%@688%0&?ﬁ?#‘&ﬁuﬁﬁquﬁ@&%bﬁ%ﬁﬁﬂﬁlF} %Bres. such
nodi fi cat scope of the appended cl ai ns.
[ 0076] Ithﬁ{g?i g?fﬁ tegﬁ?@ﬁg@ s o sﬂ th?%&é; val ues are approxi mate, and
are provided for description. [0077] Pat ents, patent applications,

publ i cat i f0055] pr oDheprederstcni pitiom is nétrtd berlanitedlis seope by tledspdeificighout thi s

application, the disclosures of each of which
embodiments described herein. Indeed, various modifications of the invention in

addition to those described herein will become apparent to those skilled in the art
from the foregoing description and the accompanying figures. Such

modifications are intended to fall within the scope of the appended claims.

[0076] It is further to be understood that all values are approximate, and are

provided for description.

[0077] Patents, patent applications, publications, product descriptions, and
protocols are cited throughout this application, the disclosures of each of which

is incorporated herein by reference in its entirety for all purposes.



is incorporated herein by reference in its entirety for all purposes.- -
WHAT IS CLAIMED IS: 1. A nethod of controlling fouling in a hydrocarbon
refini ng woeomsE22enpri sing: (a) neasurjing a |level of apPparusc@wiosdse’i n a
process stream of the hydrocarbon refimhg process in comunication with a
hydr ocarbon refinery conponent; (b) identifying an effective anount of
addi ti ve capabl e of reducing particul ate-induced fouling based at |east in

part on tPeHAEPIS'CHAIMED I§: the particulate in the process stream and
(c) introducing the effective anount of additive to the hydrocarbon

refining process. 2. The nethod of claim1, wherein the effective anount of
addi tive is inlrodudenethod dfcintthlingfouling it a hydroqarber sefining psegessi ne
based at |east. in part on a real-tinme nmeasured | evel of the particulate in
the proceS¥MBHFEEmM 3. The nethod of claim 1, wherein the effective anount
of additive is introduced to the hydrocarbon refining process based at

| east in part on HBAS | : i i tdgqh rocess
stream over a pre(égﬁle_r m n%%sg%‘F(iq\(?gl.a %ﬂl#ﬁgté;g{%gg&ggg gﬁrgﬁﬂrﬁ] , g/herei n the
pr edet er nhy@dcddonaefiningprdcessin daamuhidation with Biteydretarbdnatfinesi m 3,
wherein the predeterm ned period is at |east eight hours. 6. The method of
claim 1, odmpenentt he effective anount of additive is identified based at

| east in part on a relative fouling potential of a crude oil present in the

r ream i I n f th rtjcul L= - .
process strea IQbS P&n%f;%sneg ane ect}veearggurgtl St adadtit?ve capable of reducing

particulate-induced fouling based at least in part on the measured level of the

particulate in the process stream; and

(c) introducing the effective amount of additive to the hydrocarbon

refining process.

2. The method of claim 1, wherein the effective amount of additive is
introduced to the hydrocarbon refining process in real-time based at least in part

on a real-time measured level of the particulate in the process stream.

3. The method of claim 1, wherein the effective amount of additive is
introduced to the hydrocarbon refining process based at least in part on the
measured level of the particulate in the process stream over a predetermined

period.

4. The method of claim 3, wherein the predetermined period is at

least four hours.

5. The method of claim 3, wherein the predetermined period is at

least eight hours.

6. The method of claim 1, wherein the effective amount of additive is
identified based at least in part on a relative fouling potential of a crude oil

present in the process stream in the presence of the particulate.



7. The nethod of claim6, wherein the relative fouling potential is

determ ned by a nethod conprising: (a) obtaining a first neasurenent of a
char act erwetzom/i4extscat i ve of an anount of fouling causeacChyseéve/oessetie oi l

in the absence of any neasurable partT%%fate; (b) obtaining a second

measur enent of the characteristic indicative of an amount of fouling caused
by the crude oil in the presence of a predeterm ned anount of particul ate;
(c) comparing yhe fiMhstmémadWIRMER 62RHetde iRl I RASMpERtidlds | denti fy
the relative fouling potential of the crude oil. 8. The method of claim?7,
wher ei n t Hetefmirstd byeamethod composingie second neasurenment are nornali zed
based on the heat transfer ability of the crude oil. 9. The nethod of claim

7, wherein the crude hydrocarb refinery conponent is.sel.ected fram a heat
exchanger, a fur nac&) tainipga F%%%‘S?%F?X’QHESEQFEWQ@IQHﬁ‘&ag&O lurry
bottom a,d g%ﬁﬁ? of %ulﬁg&ﬂﬁgﬁ rb{y the %?t?(ﬁ 8% e A8MEe 0P ah§ RS LfdDIENT
exchanger, a turnace alr° preneatrer, a flare conpressor conponent, a steam
cracker, gagicaperefornmer, a distillation colum, a fractionation colum, a
scrubber, a reactor, a |liquid-jacketed tank, a pipestill, a coker, and a
vi sbreaker. 10. The nethod of claim9, wherein the crude hydrocarbon
refinery conponent {b) ebthiwing esctendmeasurement of the characeristigindioativéher ei n
the particul ate conpri.ses one or nore of .iron axide, iron.sulfide, calcium
car bonat ep#ﬁ%gg}oug P?E%H g caussd bé(lthﬁicﬁ‘(‘gq ‘P‘i?é%ﬁbe, PESERELT 3 an i nor gani ¢
salt.12. Hﬁeﬁ? %dglfnogh%fh&r}i’cu rein the inorganic salt is selected

m- cht or i de“and cal €1 um chlori de.

from sodi

bt

(c) comparing the first measurement and the second measurement

to identify the relative fouling potential of the crude oil.

8. The method of claim 7, wherein the first measurement and the
second measurement are normalized based on the heat transfer ability of the

crude oil.

9. The method of claim 7, wherein the crude hydrocarbon refinery
component is selected from a heat exchanger, a furnace, a crude preheater, a
coker preheater, a FCC slurry bottom, a debutanizer exchanger, a debutanizer
tower, a feed/effluent exchanger, a furnace air preheater, a flare compressor
component, a steam cracker, a steam reformer, a distillation column, a
fractionation column, a scrubber, a reactor, a liquid-jacketed tank, a pipestill, a

coker, and a visbreaker.

10. The method of claim 9, wherein the crude hydrocarbon refinery

component is a heat exchanger.

11.  The method of claim 9, wherein the particulate comprises one or
more of iron oxide, iron sulfide, calcium carbonate, metal silicate, metal

aluminosilicate, silica, or an inorganic salt.



13. An additive control systemfor controlling fouling in a hydrocarbon
refining systemconprising: (a) a source of additive capable of reducing
parti cul ave-2oridderd fouling in a hydrﬁgr bon refining sysramspoodoyssa’ val ve
to introduce to a process stream of t hydrocarbon refining systemthe
addi tive capabl e of reducing particul ate-induced fouling; (c) a neasuring
device to neasure a |level of particulate in the process streamof the

hydrocar bon ref2ni nThe¥sétaod of @laith EDRVhéreirethel iDopguitic alt dnsedeotedt of
additive introduced into the process streamvia the val ve based upon the

| evel of fram saditm chloxide anddaloumichlpndeess stream 14. The system of
claim 13, wherein the level of particulate neasured in the process stream

[ | -tinme. 15, .Th t f claim13.. in.the | | of
par t1 oul at ¢ mekbur o FdiREE EPEEEEY st dofFPrlinBdo A ur enont
obt ai ned i&rocﬁbghqggbﬁ{ggyé?%g%%@%ig% time. 16. The system of claim13,

wherein t control ased on relative fouling potenti al
of a crude oil present in the process stream 17. The system of claim 13,
wher ei n the parti cu(ftesomees of additive\capsblervfacduciag pardcutatermdaopd and
particulate identification algorithms. 18. A nethod of determ ning the
rel ati ve fauingng aplaydracahongeliaing sy$temdi | conprising: - - (a) obtaining a
first neasurenent of a characteristic indicative of an anount of fouling

caused by the crude,qil in the absence of an asur abl e rticul ate; (b)
obt ai ning a second @a?s‘ﬁ?lgﬁéﬂfn%?éq(i’?etocarl%ﬁpﬁg%/se&%@m 8??}.%*1? Orgeon
refining system the additive capable of reducing particulate-induced fouling;

(c) a measuring device to measure a level of particulate in the

process stream of the hydrocarbon refining system;

(d) a controller to control an amount of additive introduced into the
process stream via the valve based upon the level of particulate measured in the

process stream.

14.  The system of claim 13, wherein the level of particulate measured

in the process stream occurs in real-time.

15.  The system of claim 13, wherein the level of particulate measured
in the process stream is based on measurements obtained over a predetermined

period of time.

16. The éystem of claim 13, wherein the controller receives input

based on relative fouling potential of a crude oil present in the process stream.

17.  The system of claim 13, wherein the particulate measuring device

incorporates a microscope and particulate identification algorithms.

18. A method of determining the relative fouling poténtial of a crude

oil comprising:



of an amount of fouling caused by the crude oil in the presence of a
predeterm ned anount of particulate; (c) conparing the first neasurenent
and the swoant/mergurenent to identify_the rel ative foulPCmgspawaniseal of
the crude oil. 19. The nethod of cl ain? 8, wherein the first anount
measur enent and second neasurenent are nornalized based on the heat
transfer ability of the crude oil blend. 20. The nethod of claim18,

wherei n the process(d)obisinai gdirstanesurb@eat of achatiasierisat indicdtiveoks, and
the relative foullngapotentlal in step (c) for the first crude oil blend is

conpar ed awamiognt ef fmiling ¢amsed by thorcandsd eil imtieabsence af any pnqasyrabde t he
second crude oil blend. 2 1. The nethod of claim 18, wherein the relative
foul i ng pPAESHIAE; i s used for selecting the crude oil to be used in a

hydr ocarbon refining process. 22. The nethod of claim 18, wherein an anount

of an additive capa . [ ' ' oy i i .-
Centi 1oy baced ot ttfink %é?%dﬁﬁ{eh%‘ﬁ?éﬁ%‘? PEQ‘%“%ﬁ#f‘%@“ﬁ%‘?‘%‘%ﬁ%f t he

crude oi |l of ZBambifit EFdIThgodauskadibi the crnydeesidimtiesresemuendf f additive is
further identified based at |least in part on a real tinme neasurenent of the

anmount of ptedetepaninédcamaunt ofipartisntatesss st ream of a hydrocar bon refining
process. 24. The nethod of claim 18 wherein the type of additive is

sel ected based on t relative.foulin ot [ il
Pcej comparing the first m%agure?nnéﬁ %Ld ?lfle gehceon(c:irrlrjlg%u%rlnent

to identify the relative fouling potential of the crude oil.

19. = The method of claim 18, wherein the first amount measurement
and second measurement are normalized based on the heat transfer ability of the

crude oil blend.

20. The method of claim 18, wherein the process is repeated for at
least two distinct crude oils, and the relative fouling potential in step (c) for the
first crude oil blend is compared to the relative fouling potential obtained in step

(c) for the second crude oil blend.

21.  The method of claim 18, wherein the relative fouling potential is

used for selecting the crude oil to be used in a hydrocarbon refining process.

22.  The method of claim 18, wherein an amount of an additive capable
of reducing particulate-induced fouling is identified based at least in part on the

relative fouling potential of the crude oil.

23.  The method of claim 22, wherein the amount of additive is further
identified based at least in part on a real time measurement of the amount of the

particulate in a process stream of a hydrocarbon refining process.

24.  The method of claim 18 wherein the type of additive is selected

based on the relative fouling potential of the crude oil.



