WO 2010/ 019548PCT/ US2009/ 053371 METHOD AND APPARATUS FOR REDUCI NG FOULI NG
USI NG RESI D FRACTI ONS OF HI GH TAN AND H GH SBN CRUDE O L FIELD OF THE

| NVENTI ONvpQODId195Be present invention rel ates to procegsrrug2ab/osssol e crude
oils, blends and fractions in refineries and petrochem cal plants. in
particular, the present invention relates to the reduction of particul ate

i nduceMETHORI @ND| APPRBHTYH FORIREDHSPI®a FOETHG | YRINE eRESGP UBRACEIONS OB |HIGH. TARhe

pr esentANDNHEHR P GREPRLES t o0 t he bl endi ng of atnobspheric and/ or vacuum
resid fractions of a high-sol vency-di spersive-power (HSDP) crude oil wth a
base crude oil or crude oil blends to reduce fouling in preheat train
exchangers, furnaces, and other refinery process units. BACKGROUND CF THE

| NVENTI ON [ 0002] Fouling is g Héﬁ?ﬁ@ﬂEQQTQH% accurul ati on of
unwanted materials on the surfaces of processing equipment. in petrol eum
processi ng, [00@]iHg rirssehhievagmnnolats it@prooéssumgwdvttede tryde ods bods bak ed
deposits on heat exchanger surfaces. It has been recognized as a nearly

uni ver sal prfaftiem intefggicgan@peraupenadal pAnef InfRkfidilaothapecspatinasiient cal
processi ng systens, and affects the operation of equipnent in two ways.

First, the fauld @8tﬂeeﬁﬁfcftitiﬁ‘%fﬁaclfti%%{ehﬁﬁd@{jlc ?gﬁﬂ%hl‘ﬁgﬁﬁd a-ggli%aﬁteh@cr eases the
resi stance to heat transfer a reduces the effectiveness t he heat
exchangers. .Second S. 0si tion occurs, .the .cross-sectional. area is
S aea’” il S ou RN Thl B RER b bachP S G SR IR BELARERE 303 heus and

creates inefficient pressure and flow. in the heat exchanger. [0003] Fouling

in heat excHéngehsriaardier vaceamiptith figetions|odghighysdvency wlispsrse@rPa s ul t from a

nunber of mechani sns i ncluding chem cal reactions, corrosion, deposit of
(HSDP) crude oil with a base crude oil or crude oil blends to reduce fouling in pre-

heat train exchangers, furnaces, and other refinery process units.

BACKGROUND OF THE INVENTION

[0002] Fouling is generally defined as the accumulation of unwanted materials on the
surfaces of processing equipment. In petroleum processing, fouling is the
accumulation of unwanted hydrocarbon-based deposits on heat exchanger surfaces. It
has been recognized as a nearly universal problem in design and operation of refining
and petrochemical processing systems, and affects the operation of equipment in two
ways. First, the fouling layer has a low thermal conductivity. This increases the
resistance to heat transfer and reduces the effectiveness of the heat exchangers.
Second, as deposition occurs, the cross-sectional area is reduced, which causes an
increase in pressure drop across the apparatus and creates inefficient pressure and

flow in the heat exchanger.

[0003] Fouling in heat exchangers associated with petroleum type streams can result
from a number of mechanisms including chemical reactions, corrosion, deposit of

insoluble materials, and deposit of materials made insoluble by the temperature



insoluble materials, and deposit of materials made insoluble by the
tenperature difference between the fluid and heat exchange wall. For
exanpl e, wbeoioesisors have shown that a | ow sul fur, | owcadashabsssel (LSLA)
crude oil and a high-sul fur, high asphaltene (HSHA) crude bl end are subject

to a signifigant |ncrease in foul] nin the presence of iron OX|de
(rust) part i@isgpessbetyeensthefiyid pd h@&fa%ﬁﬁelgeﬁv - 68! gy the Inyeiewhathe of
the nore common root causes of rapid fouling, in particular, is the

f or mati on ofshewkéhat hdewsobur, owmhsphalenedé SbiA casipmdlwlémésglas@fwylegbx posed to
heater tube surface tenperatures. The liquids on the other side of the
exchanger arspialehe (TOSH AN ctudabldnbaraMidieet @rdidenificdrs iduchse @sfouting Avhen

rel atively high surface or skin tenperatures. The asphaltenes can
precipitate 1£&1%Br%§k%c9bhr@r{‘9xléé’§ﬁ£t? I‘t'{cﬁl%§ SsRbwi %rfe%ﬁg}e 16\@%@% afPMTTON
cause of rapid fouling is attri to the presence of salts and
partlculateﬁZ Salts/particul ates can precipitate fromthe crude oils and
adhere to thHe hot surfaces of the heat exchanger. Inorganic contam nants
play both an initiating and pronoting role in the fouling of whole crude
oils and blends., lron oxide, iron sulfide, calciumcarbonate, silica,

sodi um and d&g‘b‘imﬁw&f g? PRESCompen Kot Ceeewf piddopling,dn pafigeRed Gfrect 1y to
the surface of foul ed heater rods and throughout the coke deposit. 10005]
Prol onged expusaioa afgokaitiat saenfsaelent angreoibaphelésnes sigavicrsxbgsed o henter

| ate-train exchanger, allows for the thernmal degradation of the organics
and asphal t agessurface efeperatin@s. Ckiediduidonatit sthassidfof s ik étaaperanemush
responsible for heat transfer efficiency |osses in the heat exchanger by
preventing tﬂ&%ﬁfﬁaﬁ aRevihdIOehAE Bt A fe@@lt M ﬂelaﬁ%@'m@l Mi'fa@é’gpsl&ﬁ'e uni t.

Salts, sedlnent an partlculates have been shown to play a major role in

t he foullng n _heat exch f ur.nace

downst r ean nrpEaise ihs alafitS Blp SRR Ko s RS IRB AR I 1 ner s
have to renove such contam nants and inefficiencies often result fromthe
carryover ofSUSEEd- HBREFT cARMOR eayise RbraprlLiguling Is aftgansd 1a BB CRICAidRly of
oils in refineries is common, but certain blends are inconpatible and cause
precipitaticmdqhﬁasbhalSdnﬂswm¢Mawxﬁmrmemmmw@ﬁbmuhepm@ceésmmhuﬂmnemt.

| mproper m xing of crude oils can produce asphaltenic sedinent that is
known t o redueroth@afcdsioliss IRsat &ichhgdce Nayrgaictchatdglindislapbemds idtiating
unprocessed crude oils are not potentially inconpatible, once an

i nconpati bl gl ‘?&ﬂ%ﬂlrﬁ%&petfﬁ ﬁ'@ﬂmh ggf Bfe(%r&d%%ﬂsr&gd%Mdgqm%rtgilﬁéq%nr esul ts

usually requires s |ng |n|ng process In a short 'tine.

To
return the re i tabl.e Ieve ed h changers
need to be CRUHerpici %- &fﬁ o B et aiaroi Eiie SE Rt ings

di scussed bel ow. 10007] Heat exchanger in- Tube fouling costs petrol eum

e her o5 HRBREaearlm b ohRSTcgar fausl Reathrofband dureveou Botcoke
efficiencies, throughput, and additional energy consunption. Wth the

i ncreased cakmoﬂt ener gy, heat exchanger fouling has a greater inpact on
process profitability. Petroleumrefineries and petrochem cal plants al so
suffer high operating costs due to cleaning required as a result of fouling

that occurs [(063]oloRgéd@poRiire ¢@sschRgrfac WhpLRLEEIdehcoiall§ in tlcandraand
fractions in heat transfer equi pnent. VM|Ie many types of refinery

equi pment  arg R fect ity Dyor tﬁé‘ﬂh'eﬂagal de OElat fgﬁ%&%ﬁﬁg%/ &ﬁ&@lﬁ‘ﬁlt&@@fo ctoﬁlﬁ.s

majority of pro |t ‘l'osses occur t e crude oi

| en nd f in pre-h rai.n exch
bl ends and "lEhaeCcto & then'altsRs Gn 1nes?1iatotr aad s Fesgonasll% ISFot heat transfer efficiency losses

in the heat exchanger by preventing the surface from heating the oil passing through
the unit. Salts, sediment and particulates have been shown to play a major role in the
fouling of pre-heat train heat exchangers, furnaces and other downstream units.

Desalter units are still the only opportunity refineries have to remove such



100081 Heat exchanger fouling forces refineries to frequently enploy costly
shutdowns for the cleaning process. Currently, nost refineries practice

of f-1i ne whearwmgs48f heat exchanger tube bundl es by bri rgirnig2ademesizent
exchanger out of service to performchem cal or nechanical cleaning. The

cl eaning can be bhased on schedul ed_ tinme qr usage or on_act ual ni t ored
foul i ng condPpiagHaantssidyn mﬁnﬂ%ﬁéﬂbgﬁﬁu%go & FREYRYST Blsus éril%y%{‘t%ﬁlthhe

| oss of heat exchange efficiency. However, off-line cleaning interrupts
servi ce. Thithe cide b8 fgralst i cul arly burdensone for small refineries because
there will be periods of non-production. 10009] The need exists to be able
to prevent the precipitatationi adherance of particul ates and asphal tenes on
t he heated J0006d&sndief of eild inacfdrics tdomirasn, bancqptatmibierdsf el incompatilde t he
asphal t enes becone thernally degraded or coked. The coki ng nmechani sm

requires bma!ﬂd%@ﬁ@%%{r@éi#'ﬁa@ioﬁ%@ alghaRenct M8t ChidRip[BE FRM pERBsRQuiPnRAL! Y reduced
by keeping the particul ates away fromthe surface and by keeping the

asphal tenes i sol. utign 'of??r%ﬂr(c;ire] oﬁ?fs‘&hcﬁﬂoﬁﬁ‘ce%@ﬁﬁ enll e H0AE 19D Yol QYL T NG W 1]
lead to increased run engtns ( ess' cleani d}, I'mproved performance and
energy efficiency while_al so.reducjng the need for costly fouling
mtigation JpYEHSat tiheied iff%&%wféfm%ﬁ*ir%%ﬁt Blsadcelfumerasersd sTueQile gt ent | y
fol | ow bl ending guidelines to mnimze asphaltene precipitation and the
resul tant f owt paignigdllypneorhpsdibla, pa¢marcigoemppasiblc bisud s aptdinisl, theegpiduggest

bl ending crude oils to achieve a certain relationship between the
solubility kbehei a@ dokmgahatcSRING usndlyi rogdtddBhittihy downiies refihiNg padcebdid bl end.
The SBN is a paraneter relating to the conpatibility of an oil with

di fferent propeftinTodEomh ﬂm@ﬁnéfkovlﬁ&te B Atabl8eva UGl Rfled heat _

t ol uenei n-heptane. The SBN is related to the IN, which is determined in a
simlar manner, as described in,US . Pat. No. 5 871 63 which is

i ncor por at ed RAPECH “8?1‘? Foel?eea%aﬁlgg,_ W§8%‘/%‘faélﬁd PHE™S 6?18%‘@;[1 HOL ¥TYGudt a sBNVIN
blend ratio >1.3 and a delta (Sir, - 1)&l0 to mnimze asphaltene

preci pi tati oHscapIPslON - ng. However, these bl ends are designed for use as a
passi ve approach to m nim zing asphaltene precipitation. 10011] Attenpts
have been made to inprove the nmethod of blending two or nore petroleumoils
that are pot[86@7]dii¢ay cxaheoggran-tiicdovimd @strgictroum nefneromspandisids of miltions
prevent the fouling and coking of refinery equipnent. U S Pat. No.

5,871, 634 digeblsgsach yort destodbstifedichdig, thaighpnc hudledditdaiag emdrgy ng t he
insolubility nunmber GO for each feedstream and determ ning the solubility
bl endi ng. NUNBGLuhR Wit thE ARfoaStd GATLAMER KRk Bl Bl RRLRI FRERCS UCh
that the SRN of the m xture Is greater thari the In of any conponént of the
m x. |In anot.her nethod, U. S . Pat. No. 5 997 723 e bl .endin thod in
wht ch pet r oA SR oG8 Pl uaP A e P 5T sioRTroEHeE TPE o keep
the SBN of the mixture higher than 1.4 tinmes the IN of any oi] in the

mi xt ure. 100v5¢er highpcyiisherstadiciocleing peqrarcd g p resylilof iRplingdbrtiosews wi t h
asphal tene and parti cul at ei nduced/ pronoted fouling. There is a need for
devel opi ng aupmgdicrimakprappsogot wholcadddesiss, hignds ganfractionnorlganiranséand

asphal tene precipitation and thereby mnimze the associated foul ant

deposi ti on aadipaicnbuWhite thany SYMVEFTESiG¥ry Bl phiSMENE la@cted by fouling, cost

estimates have shown that the majority of profit losses occur due to the fouling of

whole crude oils, blends and fractions in pre-heat train exchangers.

[0008] Heat exchanger fouling forces refineries to frequently employ costly
shutdowns for the cleaning process. Currently, most refineries practice off-line
cleaning of heat exchanger tube bundles by bringing the heat exchanger out of service

to perform chemical or mechanical cleaning. The cleaning can be based on scheduled



10013] According to one aspect of the present invention, a nethod for
reducing fouling in a crude oil refinery conponent is disclosed having the

st eps of woaviodiipgysa base crude oil, providing a high seCvarsegdssBper si ve
power (HSDP) crude oil, the HSDP crude oil having an Sbn >90 and a total
acid nunber (TAN) of at | east 0.3 g, distilling the HSDP crude oi
to isolate att%%rplr?égrer%rh%r%etﬂwp sfPtuhIrgrca)@ﬁrteﬁg Sush Sapd YN 48 YSase crude

oil with an effective anount of the atnospheric or vacuumresid fractions
to create a dstasmied byraydiaing thedord of bedticnghange cficemdpdewerte off-lingt o a crude
oil refinery conponent. The crude oil refinery conponent can be a heat
exchanger, fdkanagentetiupisisthvadd. This@ah bapartisalatlpbardense@actod kmall réfitictics acket ed
tank, pipestill, coker, or visbreaker. The effective amount of HSDP crude
oi | rest d fiaehi oMl Bepaiods sRAbnBRRMESH, ve percent (59 of the tota

vol ume of the bl ended crudg . The base crude oil can be one of a whole
crude oil or a blend of at Ieast two crude oils. The HSDP crude oi

at nospheri c r (SBN) of
at T onst 1od0ORHcrSaBEt kP Rd0 By AT BsdPeal beb P ORLIEHIHETE . °Sh of
at least 182. 100141 cco ing to anoth spect of t he present i nvention,

a bl ended criFg&ugites g teB%Sétaﬂihﬁérertef HY aa%‘aesfereéhwaéﬂerreaﬁ%n an

ef fective anmount of an atnDspherrc resid fraction and a vacuumresid

fracti on of raompigfoslongmandahe dipbpkenss becopmwbernidispiRpradedi decaictl, Thehe HSDP
crude oil having an Sbn > 90 and a total acid nunber (TAN) of at |least 0.3
my KOH g. Thekikfreathhviemasiuids both ttibbBaairtiged Gink. Tiestibe facastchobs geany be at
| east about five percent (5% of the total volunme of the blended crude oil.

The base crydg,@j %y%@éﬁt&%ﬂ%ta@esﬁ%@r&ﬁ wiSuPlabe A1d By Blepid R at | east

two crude oils. The crude ol spheric resid fraction can have a

solubility n ast.. 105. oi | vacuum
es d fract RO BoRT R SERNr Repith nEFF YRR or S IR ALE o vt

anot her aspect of the resent i nvention, a systemis disclosed that is
capabl e of dRgErscdfiet lﬁggthé rsrféeaearﬁar impspsdasEoEmancs andrraepsificiasy at e or
asphal tene fouling. The systemincluding at | east one crude oil refinery
conponent , awvdlealiyl wddcingthelnged farenstnfoubitg ontigdtioh ophenscr ude oil refinery
conponent, the blend including a base crude oil and an effective anount of
an atnospheric resid fraction and/or a vacuumres d fraction of a

hi gh- sol venqge )| shgiicsictigeawad ctubde 58iddulces eideendly lfolldvelchi$inl gafdétdecsabl

having an Sbn > 90 and a total acid nunber (TAN) of at |east 0.3 ng KOH g.

The crude Oidlin'ifnf‘zk Q?ﬂlﬁélt?ﬁéﬁ&ﬁr@&ﬁﬂ&ﬁ&%d?& RsNeat fd%fﬁﬁg heat hhinace,

distillation co reactor |qur d- | acke tank pi pesti |
coker, or vrsbreak Thed4@ ective $ d, ﬁ% de oil resid
fracti ons can'PaLf %uglégtu & Ibelftsu?%ei%ﬁﬁ]e 8%8?1 ? 58 ?Ch{eﬁ’g atcgf%lln vol une of
t he bl ended crude oi|. The base crude oil can one of a whol e crude oi

or a bl end oflatipnshinbgtwesibthe solybilisy b@ndlra@uméer(s@ﬁl&r@ larqlu'atlt}w@rt@r. c resid
fraction can have a solubility bl ending nunber (SBN) of at |east 105. The
HSDP crude di) of douklend. 8bi $sf rsacpdramcteareldtagdo dre @Bivaobiligt of @ast witB2.

[0016] According to another aspect of the present invention, a nethod for

on-line cl eanife@nOfroportiond &th @bl oRkht mkirdSu¥h @Qfmwﬂ@ﬁﬂthdpﬁanél Bied ©ised,
havi ng the steps of operating a foul ed crude oi refinery conponent, and

f eeding a_bliepdads & HO%. Qlicil & doEml RULRY SGvAEninly, LEAIRER HATROPRNT , the

bl ended crude oil conprising a se cru ol an effective

anount of a P .resid fractjon .and a.vacu id.fraction of a

i oh sl vendyS arLnarg: yic awoene%rsﬂheérla&af el R P i BB g
an Sbn > 90 and a total acid nunber (TAN) of at least 0.3 ng KOH g. The
crude oi |l reURERSt § Sehpdaehiatioar - Eb@ldaa% t(Sexc hanelo, mminiza@sphalipag i | | at i on
colum, scrubber, reactor, liquid-jacketed tank, pipestill, coker, or

Vi sbr eaker. prre'pieftifoe(ahd\fmlmgoHnWewér, HERPlendschee désligneé%rdtséraaaphsm&: can be
at least five percent (5% of the total volume of the bl ended crude oi

The base crq?gﬂgbﬁup@mnﬁﬁmgggmgmkgﬁwﬂghgm@bﬁde oil or a blend of at Ieast
two crude oi The HSDP crude oil atnospheric resid fraction can have a
solubility blending nunber (SBN) of at |east 105. The HSDP crude oil vacuum
resid fraction can have an Sip,- of at |east 182.



100171 These and other features of the present invention will becone
apparent fromthe follow ng detail ed description of preferred enbodi nents
whi ch, t akerroiomigzsj unction with the acconpanyi ng draw BgI/USRé000SIITAL € by
way of exanple the principles of the present invention. WO
2010/ 019548PCT/ US2009/ 053371 BRI EF DESCRI PTI ON OF T RAWNGS 100181 The
i nventi on wilPP1HgwtaertyBaebasa ﬁ%%ﬁreﬁ%&?%tWQﬁ%%MéHan
drawings in which: [0019] FIG | is a graph illustrating the effects of
parti cul at epetmlcuoudilsrthataic potbBialydnemhepagible, whikO@aintaie compatitalifyrtaph
illustrating the effects of particulates on fouling of a HSHA crude oi
bl end; 1002 IpkenGheJoulngrandrodRihgidfr¢fitcratquigméest.S. @atNos 5 8no6Bag reduced
fouling associated with a HSHA crude oil bl end when bl ended with a HSDP
Crude O i ny@qaat 9m%dvaftbfpentdﬂirgthatnﬁaﬂaé&%temﬂﬁgg’-lheﬁhs%_mbéhi ufhtf gg{

h g o} SLA

illustrating test results show reduced fouling associated wth

?rn\ljgﬁt ?gln_ V\A}gp ea%kl%gedd%g’e% Eurlld 8eteHr§n[1)1F1)ingtHed seoh%iiityl bqel?‘(ﬁggoﬁlgn%]e%%sgg)tfgr etarc]:h S

stream and combining the feedstreams such that the Sgy of the mixture is greater than
the In of any component of the mix. In another method, U.S. Pat. No. 5,997,723 uses
a blending method in which petroleum oils are combined in certain proportions in
order to keep the Sgy of the mixture higher than 1.4 times the Iy of any oil in the

mixture.

[0012] These blends do not minimize both fouling associated with asphaltene and
particulate induced/promoted fouling. There is a need for developing a proactive
approach to addressing organic, inorganic and asphaltene precipitation and thereby

minimize the associated foulant deposition and/or build up.

SUMMARY OF THE INVENTION

[0013] According to one aspect of the present invention, a method for reducing
fouling in a crude oil refinery component is disclosed having the steps of providing a
base crude oil, providing a high solvency dispersive power (HSDP) crude oil, the
HSDP crude oil having an Sbn >90 and a total acid number (TAN) of at least 0.3 mg
KOH/g, distilling the HSDP crude oil to isolate atmospheric and vacuum resid
fractions, blending the base crude oil with an effective amount of the atmospheric or
vacuum resid fractions to create a blended crude oil, and feeding the blended crude oil
to a crude oil refinery component. The crude oil refinery component can be a heat

exchanger, furnace, distillation column, scrubber, reactor, liquid-jacketed tank,



[0023] FIG 5 is a graph illustrating test results show ng reduced fouling
associated with a HSHA crude oil blend when blended with HSDP Crude G| A

i n accor daoceimilp3ast hi s i nvention; 100241 FIG 6 is a graphuseémdmsisrati ng
test results show ng reduced fouling associated with a LSLA crude oil when
bl ended w th HSDP Crude QO in_accqrdance with this invention; [0025]
FIG 7 is aRpaph aketof Vispieaker é@ﬁ e?%%tmetaén%%amél)?mﬁ?éalm ling
associated with a HSHA crude oil when blended with HSDP Crude QI B in
accor dance virachonhéan icray &gast aboyt fiyQ@2eint HQ ofght otal vptuphof the bnded i ng t est
results show ng reduced fouling associated with a LSLA crude oil when

bl ended wi t berid1. rivdgisOctudBoll Ra@ b€ onelaNne &hwletchudelvilsori ablent 6t 1eab0827]
FIG 9 is a graph illustrating test results showi ng reduced fouling

associ at ed - @15k Stphe HystecQld o%ﬁﬁbsﬁh&mﬁgd‘&agg]o@%a}{%ﬂvg YsokdBRRy O ude

Gls (A-Q in accordance wth thisinvention; [ 10 is a schematic

Cnvent ton: - (aded B3R 8 s RIS, FREESPRN Y L PaBH T Lhaning

reduced fouling assocjiated with a crude oil fouling control blend when
bl ended wi t HapSppSey o least 1$%sid fract 011S n accordance with this
i nvention; and

[0014] According to another aspect of the present invention, a blended crude oil is
disclosed including a base crude oil and an effective amount of an atmospheric resid
fraction and a vacuum resid fraction of a high-solvency-dispersive-power (HSDP)
crude oil, the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at
least 0.3 mg KOH/g. The effective amount of HSDP crude oil resid fractions can be
at least about five percent (5%) of the total volume of the blended crude oil. The base
crude oil can be one of a whole crude oil or a blend of at least two crude oils. The
HSDP crude oil atmospheric resid fraction can have a solubility blending number
(Spn) of at least 105. The HSDP crude oil vacuum resid fraction can have an Sgy of

at least 182.

[0015] According to yet another aspect of the present invention, a system is disclosed
that is capable of experiencing fouling conditions associated with particulate or
asphaltene fouling. The system including at least one crude oil refinery component,
and a blend in fluid communication with the crude oil refinery component, the blend
including a base crude oil and an effective amount of an atmospheric resid fraction
and/or a vacuum resid fraction of a high-solvency-dispersive-power (HSDP) crude
oil, the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at least

0.3 mg KOH/g. The crude oil refinery component can be a heat exchanger, furnace,



[0030] FIG 12 is a graph illustrating test results show ng reduced fouling
associated with a crude oil fouling control blend when bl ended wi th HSDP
crude oi Iwoesiobhips4acti ons i n accordance with this i nventcons2a003B111n the
drawi ngs, like reference nunerals indicate corresponding parts in the
different fi ures [0032] Wile the i nis capable of various

modi fi cat i orfSStHREOBERIEFatGTYRboF-GF3RLOT: Q ng'f“‘r tedrite PHEHHIS cPky @of have been
shown by way of the process diagrans and testing data shown in FIGS. 1-12,
and wi | | henrasbicaker.dEaceffdstide modstodiHSDR ¢erudhollrebibacivde cat bod, lcdsbwever
that it is not intended to limt the invention to the particular forns

di scl osed buiboutofive freced® (8% pdfithe tdi viohingdfi the bieBdéddcra@yeil. Ahd base crude

nodi fications, equivalents, and alternatives falling within the spirit and

scope of thgyj &Yl%tdn%fe%vhomraé?é&r Q#@’ér%ﬁ&’%&ﬂ@%@@% Od3éiks defiicnggppy the
appended claims. DETAILED DESCRI P NVENTI ON  10033] Reference

|1 b d h f
The nothod SRRt %@S@%@&Cwli?gg@va” 2@ f E@&ﬁlﬁﬁ% Cogife nBESRESEn EE" o™
conjunction with the detailed description of the conpositions. 100341 The
present i nvdfist 6-wihq HEBR sedeibacnimdesic figetion ean hawe ai Poy of & drveEt3 on

with the figures. The present invent on a ns to reduce fouling in heat
exchangers and ot her conponents located within a refinery. This aimis
achi eved by [80H]ehdtetinateanothed espsict of thihprshent anveobersiagnetbéd forwhdine cr ude
oil, a blend of two or nore crude oils or fractions thereof with a

predet er m negeaaiipifta fofiled chidghilsofivaneymgosdne issdiscdoseoVieridgHEPREpesude oi | .
The addition of HSDP crude oil mtigates both asphaltene induced fouling

and parti cul cﬁote{%tl'n% dysgdd Qﬁl‘ag'ah‘%@'f ﬁe@)?-' kbrﬂ@oneﬂ‘ &nlf 'f&'&m% Oblet RATPuddIFoCT ude

oils allows for the enhanced solubility of any asphaltenes in the rest of
the crude oi]s.a . ved t.o. indic

bresence of ol BLornE i henrERgche Lﬁ&dﬁirwﬁs R A
bl end which prevents themfrom adhering to the heated surface. In order to
achi eve t he Bagierels Bt apgan siipqtiyg amomat tRpSpiErie Fesidieaiion 2Rd ¢ Fagiupt al
acid nunber (TAN) of at least 0.3 ng KOH g. Hi gher TAN levels can result in
i nproved f outsiddrareauefid lwgh aeldenmytdigpatiionpovidnéHEBBRPcodadd, the HMberdude have a
solubility bl ending nunmber (SRN) of at |east 90. Hi gher SBN | evel s can

resul t in i rgrexad 10880 190 bedlyl edthlQRi e ier rTgN? bk leakh 0. 3uak WOH/Qf THSDP
crude oil necessary in the blended crude oil vary based upon the TAN

and/or SBN va) 30211% ?E&E‘cohﬁ@ﬁexﬁrc% eQ'hle kPffan fQEIg ﬁpﬂ{o(ﬁrcoﬁﬁrm val ues

of the HSDP cru ol I ower t e vo une 0 cru e ol |l necessary to

produce a b!sﬁmd?ggr %e?ag e,l 1?931'1%@81%?}84\, {aiI%U[Ing?s 1‘1"lecoa}<e9/o?rxfls%lreai<gratﬁe e%ectlve

asphal tene i

amount of HSDP crude oil resid fractions can be at least five percent (5%) of the total
volume of the blended crude oil. The base crude oil can be one of a whole crude oil
or a blend of at least two crude oils. The HSDP crude oil atmospheric resid fraction
can have a solubility blending number (Spy) of at least 105. The HSDP crude oil

vacuum resid fraction can have an Sgy of at least 182.

[0017] These and other features of the present invention will become apparent from
the following detailed description of preferred embodiments which, taken in
conjunction with the accompanying drawings, illustrate by way of example the

principles of the present invention.



i nduced fouling and/or pronotion in refinery conponents, including but not
limted to heat exchangers and the |ike. The HSDP crude oil preferably
makes up wetemanideree percent and fifty percent of theprcotaskowobisne of the

bl ended crude oil. 100351 The bl ended crude oil is then processed within
the refinery. The blended crude oil exhibits |inproved characteristics over
t he base crude oil. Spe [EE DE F*~=- -8 Rtedc SINGShibits a

significant reduction in fouling over base crude which contain

particul ate 11§, R ¢ I . . fer. w &hi t
exchanger aﬁg“gﬂ{éldﬁ?#%%ﬁwﬁﬁgbgﬁﬁﬁ#ggﬂﬁﬁgéC@%ﬁ@ﬁﬁﬁpvﬁ%$9f@ﬁ%@%m%?%_ 10
depicts an cor testjing arrangenent used to neasure what the inpact the
addi ti on of prgﬁﬂTgk@g'to a crude oil has on fouling and what inpact the
addition of a HSDP crude oil has on the reduction and mtigation of
fouling. The testing arrangenent includes a reservoir 10 containing a feed
supply of crl@@BIdiIG. 1 hegrapb dlustrapng theefieety @bpatirulaten o denlimgef 4 Sd<e crude
oil containing a whole crude or a blended crude containing two or nore
crude oils. cTide dibed supply can al so contain a HSDP crude oil. The feed
supply is heated to a tenperature of approxi mately 150C/ 302T and then fed
into a shell 11 containing a vertically oriented heated rod 12. The heated
rod 12 can Qeoierrred2fiy HprpRiNRRash el offThE ohpatiedatcodn IdhibigBhaisisaa t ube
in a heat exchanger. The heated rod 12 is electrically heated to a

predet er m neg, 4 Lgj.ure and maintained at such predeterm ned tenperature
during the trial. Typically rod surface tenperatures are approxi mately
370C/ 698F and 400C/ 752F. The feed supply is punped across the heated rod 12

at a flowr f I. OXi_ma 3.0 m nute. The ent. feed supply is
col ectod | 1ORp BIGRE S TRk Figboriide FRCEB i Pou iR Fof B bl PR o1y 1 s
separated fromthe untreated feed supply oil by a seal ed piston, thereby

al | owi ng f orVight ESHHY eiwge od &éﬁnétwl%?ﬁ.bquﬁ%d @9%%%&38 Gande Qilrin pererdanes
nitrogen (400-500 psig) to ensure gases remain dissolved in the oil during
the test. Thetlhhcowptwioneadi ngs are recorded for the bulk fluid inlet and
outlet tenperatures and for surface of the rod 12. 100371 During the
constant surface tenperature testing, foulant deposits and builds up on the
heat ed surf g0622]|The. #oud arbh dapesatitstearesiiRehoRing\tcdlegd aslgthgtagscetkal The
coke deposits cause an insulating effect that reduces the efficiency and/or
abi 11ty of i # UKL AL, A00NGAE bREIGT LiRASRIMICANRION b acliRah @Sl 1Y

reduction in outlet uid tenperature continues over tine as fouling
conti nues. Thistreduction in tenperature is refen-ed to as the outl et
liquid AT or"AT"8Ad can be dependent on the type of crude oil/bl end,
testing conditions and/or other effects, such as the presence of salts,
sedi ment or other fouling pronoting nmaterials. A standard Al cor fouling
test is carriP@BIJIO pova g@eﬁ AU e teﬁﬂf@Stﬂ&Sﬁ@WW@dﬁ%@é fopdinggasagidd by t he
total reduction in outlet liquid tenperature is referred to as AT180 or
dT180. [0038yithFa BSHA ande pil Glend. when|bligntded hatht @D P itjyadst Otl ain acherdpnassence of
particulates in a crude oil has on fouling of a refinery conmponent or unit.
There i s an wificth@gigeertionf oul i ng in the presence of iron oxide (Fe203)
particles when conpared to simlar <crude oils that do not contain

particul ates. The present invention will be described in connection with

the use of FohpyEe bWa gllaﬁlﬂvilﬁfs%@l_%%@tereﬁﬂtsls%n OdiR e TR AsdocRiRd a

hi gh-sul fur, high asphal Tene or crude oil bllend as basé crude oi

I
l es. Th ' : d ' [ f -t aj
cl asui 11 cat i ONce by T FHEThERI I RY CREERITAL iPefhoF BIHAR, i gn

reactive sulfur and | ow asphaltenes crude oil. The HSHA bl end crude oi
represents dM6¥{#4B: oil that is both high in asphal tenes and reactive
sul fur. The use of these crude oils is for illustrative purposes only, the

present invention is not intended to be limted to application only with
[0025] FIG. 7 is a graph illustrating test results showing reduced fouling associated

with a HSHA crude oil when blended with HSDP Crude Oil B in accordance with this

invention;



LSLA crude oil and HSHA crude oil. It is intended that the present

i nvention has application with all whole and bl ended crude oils and

f or mul at iwo=o0wfoip3ae same t hat experience and/ or producePCoaiseong/0s337r ef i nery
conponents including but not limted to heat exchangers. The presence of
fouling reduces the heat transfer of the heating tubes qr rods contained
within a healﬁf?%él cﬁ@nééw gy&gﬁ&&%&rﬁvl&%@% 85 ?‘ﬁ@gaﬁ&éﬁ@l@g W51 has an
adverse inpact of heat exchanger performance and efficiency. [0039] The
present i nvenitlor &Shaveudoehwhehblenddrewrl HiSDPoGrude Qal Brimdecosdanchranthiggsa hi gh
TAN and/ or high SBN to the base crude oil reduces particul ate-induced
foul i ng. Thendagioee of fouling reduction appears to be a function of the
TAN measured on the overall blend. This is believed to be due to the
ability of the naphthenic acids to keep particul ates present in the bl ends
from wettingog] @EN9Nd DErabR il RGeS 8T S HE REFIng WRIR] A IRL W &R RELTOT ed

and accel erated foul 1 ng/ coki ng occur. Mst high TAN crude orls al so have
very high SBN,l e , i ch _have bee hown .t 0 ;@b dpi i S§O} Vi

nsphal t enes “wif KL Rt g oSk SicRE& BR RSB G 2 r ket QPR i 5o
reduces fouling that would otherwi se occur due to the inconpatibility and
near- i nconpP&EPHMGeWItlhFIIAYKIo8; | s and bl ends. These crude oils are
classified as high sol vency dispersive power (HSDP) crude oils. There is a
not abl e reduction in fouling when a predeterm ned anmount of HSDP crude oil
i s added to [0028]dd6e 1@ tsdschemais ef amhalcpisopliog sidenlegpr useddn accprdingg witbw as
0.3 ng KOH/ g and a SBN as | ow as 90. The predeterm ned anount of HSDP crude
oi | can nakeh¢ipreasntiowntsn;t hree percent (3% of the total volune of the

bl ended crude oil (i.e base crude oil +HSDP crude oil). 100401 Sanple tests
were perforned to determne the effect the addition of HSDP Crude Gls A

and/or B to [goIpHAGDRS & £Eid I %Ris%atﬂ%%eﬁ%éu'&@ shSWinb R&REd FiinRag@chitdd: The

results arc illustrated in G 3 is avariation of FIG 2 where

t he reductiqp.. | i Soc| | ot term ned
amount of  +ope Brudol S8y IRARLS, Atk bl bRRuAG LBt ® SRS P e
crude oil. Ifn one exanpl.e, the base crude ojl containing HSHA is bl ended
with a HsDP fEactiges igiaccordpicevife bERY@tio8r 2idwent y five percent (25% of the
total volune of the blended crude oil. The HSDP crude oil is |abeled HSDP
crude oil A having an approximate TAN of 4.8 ng KOH g and a SBN of 112. As
shown i n FI ¢00¥)] Gsiléirﬁafgr@ahnllus@@rmgtfp@mewtsﬁmmgqef@eé&uﬁll@gww\m@d
conpared to both base crude oil containing particulates and a base oil

wi t hout par twicluh atuds oil lfoularpatones! Exadphen bichéedoasie HSDPdaudd bil ewitt ai ni ng
HSHA is bl ended with a HSDP crude oil, which accounts for fifty percent
(50% of therdabdd invebaraEnRfwith@idthesdrd crude oil. The HSDP crude oil is
HSDP Crude G| B having an approximate TAN of |I. nmg KOH g and a SBN of 115.
Wil e the inmpact of the HSDP Crude G| B on the fouling of the base crude
oil is not anif | L AS;: ] . il B
nonet hel essalg(r)%i gul@élféé %%nrgl%’eléé %g(f:elrf%ggg%nﬁgﬁ%gdkgﬁ CionggpoO'T;ﬁ g{gﬁg{ggﬂgtrhﬁgde oi |
cont ai ni ng p(ﬁé.ti culates. 100411 Sanple tests were perfornmed to determ ne
the effect tHETTEHUT84'Sh of HSDP Crude G ls A and B have on the fouling of
the base oil. The results are illustrated in FIG 4. FIG 4 is a variation
of FIG 1 where the reduction in fouling associated with the addition of a
pr edet er ni nd8034oWhile Bre ipgpRoR iucieabls opVeiris dneditieptignpabaltormpdiecdoums, | n t he
illustrated exanples, the base crude oil is a LSLA crude oil and is bl ended
W th HSDP CrspdefiOembddimwiisaheracitionn bserf dhownvienyyy &fi the ppecsahidgré@sd9d of t he
total volunme of the blended crude oil. Like the addition of HSDP Crude Q|
A to the HSHAtRGWHR Bblvn iR FEGINI-12,GALYIl Rkt bOfest8bddoMIden@. iIsstRai ved
when conpared to both base crude oil containing particul ates and a base oil
W t hout partj S . i d ase crude
oil is blen élggllvsm?ottoﬁ %@egﬁ%gﬁgﬁpt ]El[eln\t/i\g(lI %ﬂgﬁgéﬁﬁ?@tﬁgrﬁ :%fﬂfa)i?t Rsltlaér?cent
(509 of the total voluyne of the blended crude oil. Wiile the. inpact of the
HODP Or ude GPTESHORHDUE SR EPSHTY. e BATEOR 1y @6t al WO ey, gni fi cant
as the HSDP Crude G| A, the HSDP Crude G| B again produces a marked
decrease i n anwafests pntbalistnagivesidling wilkindhe speoiangdi sapprefghe tnivenficitass. 100421
Sanpl e tests were also perforned to determ ne the effect the addition of
the HSDP Crude G| Ato a base oil containing either LSLA whol e crude oil
or HSHA bl ended crude oil has on the fouling of the base oil, the HSDP A
crude oil having an approximate TAN of 4.8 ng KOH g, and a SBN of 112. The
results associated with the inpact of th& HSDP A on the HSHA blend are
illustrated in FIG 5. The results associated with the inpact of the HSDP A
on the LSLA whole crude oil are illustrated in FIG 6. For both base oils,

Y 1 1NN A o " o 1 1NN



100441 The above illustrative exanples of the benefits of the present

I nvention were based upon the use of exanples A and B crude oils as the
HSDP cr udwoanio/oi1ddae present invention is not intended techaskeoyiossdito only
t hese exanpl es of HSDP crude oils. Qther HSDP crude oils having an

appr oxi mat e @fﬁé 6}%’ | east 0,3 KO -Fg and a SBN of at |least 90 w ||

achi eve red Ctiehsy | aPB?quHQIaHPﬁG 9 illustrates the inpact benefici al

i npact on fouling that the addition of various HSDP crude oils on a base
oil of LSLA whole crude oil. As summrl zed in TabI e | below, the addition
of HSDP crude oils resBETALES TN Oh I Nconpared to base
crude oil containing particul at es. Crude M xture TAN SBN AT180 LSLA Crude
(control)

[0&?;33] Reference will now be made in detail to the various aspects of the present
invention. The method and corresponding steps of the invention will be described in

conjunction with the detailed description of the compositions.

[0034] The present invention will now be described in greater detail in connection
with the figures. The present invention aims to reduce fouling in heat exchangers and
other components located within a refinery. This aim is achieved by a blended base
crude oil, which can consist of a whole crude oil, a blend of two or more crude oils or
fractions thercof with a predetermined amount of a high solvency dispersive power
(HSDP) crude oil. The addition of HSDP crude oil mitigates both asphaltene induced
fouling and particulate induced/promoted fouling. The high Sgx of these HSDP crude
oils allows for the enhanced solubility of any asphaltenes in the rest of the crude oils
and/or blends. A measured TAN is believed to indicate the presence of molecules that
help disperse the particulates in the crude oil blend which prevents them from
adhering to the heated surface. In order to achieve the reduction in fouling, the HSDP
crude oil should have a total acid number (TAN) of at least 0.3 mg KOH/g. Higher
TAN levels can result in improved fouling reduction and mitigation. The HSDP crude
oil should have a solubility blending number (Spx) of at least 90. Higher Sy levels
can result in improved fouling reduction and mitigation. The volume of HSDP crude
oil necessary in the blended crude oil will vary based upon the TAN and/or Spx
values of the HSDP crude oil. The higher TAN and/or Sgx values of the HSDP crude
oil, the lower the volume of HSDP crude oil necessary to produce a blended crude oil

that will reduce and/or mitigate both asphaltene induced fouling and particulate
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induced fouling and/or promotion in refinery components, including but not limited to
heat exchangers and the like. The HSDP crude oil preferably makes up between three

percent and fifty percent of the total volume of the blended crude oil.

[0035] The blended crude oil is then processed within the refinery. The blended crude
oil exhibits improved characteristics over the base crude oil. Specifically, the blended
crude oil exhibits a significant reduction in fouling over base crude which contain
particulates. This results in improved heat transfer within the heat exchanger and a

reduction in overall energy consumption.

[0036] FIG. 10 depicts an Alcor testing arrangement used to measure what the impact
the addition of particulates to a crude oil has on fouling and what impact the addition
of a HSDP crude oil has on the reduction and mitigation of fouling. The testing
arrangement includes a reservoir 10 containing a feed supply of crude oil. The feed
supply of crude oil can contain a base crude oil containing a whole crude or a blended
crude containing two or more crude oils. The feed supply can also contain a HSDP
crude oil. The feed supply is heated to a temperature of approximately 150°C/302°F
and then fed into a shell 11 containing a vertically oriented heated rod 12. The heated
rod 12 can be formed from carbon steel. The heated rod 12 simulates a tube in a heat
exchanger. The heated rod 12 is electrically heated to a predetermined temperature
and maintained at such predetermined temperature during the trial. Typically rod
surface temperatures are approximately 370°C/698°F and 400°C/752°F. The feed
supply is pumped across the heated rod 12 at a flow rate of approximately 3.0
mL/minute. The spent feed supply is collected in the top section of the reservoir 10.
The spent feed supply is separated from the untreated feed supply oil by a sealed

piston, thereby allowing for once-through operation. The system is pressurized with
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nitrogen (400-500 psig) to ensure gases remain dissolved in the oil during the test.
Thermocouple readings are recorded for the bulk fluid inlet and outlet temperatures

and for surface of the rod 12.

[0037] During the constant surface temperature testing, foulant deposits and builds up
on the heated surface. The foulant deposits are thermally degraded 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 time as fouling continues. This reduction in temperature is
referred to as the outlet liquid AT or AT and can be dependent on the type of crude
oil/blend, testing conditions and/or other effects, such as the presence of salts,
sediment or other fouling promoting materials. A standard Alcor fouling test is carried
out for 180 minutes. The total fouling, as measured by the total reduction in outlet

liquid temperature is referred to as AT180 or dT180.

[0038] FIG. 1 and FIG. 2. illustrate the impact that the presence of particulates in a
crude oil has on fouling of a refinery component or unit. There is an increase in
fouling in the presence of iron oxide (Fe,03) particles when compared to similar
crude oils that do not contain particulates. The present invention will be described in
connection with the use of a low-sulfur, low asphaltene or LSLA whole crude oil and
a high-sulfur, high asphaltene or HSHA crude oil blend as base crude oil examples.
These oils were selected as being representative of certain classifications of crude oil.
The LSLA crude oil represents a low Sgy, high reactive sulfur and low asphaltenes
crude oil. The HSHA blend crude oil represents a crude oil that is both high in
asphaltenes and reactive sulfur. The use of these crude oils is for illustrative purposes

only, the present invention is not intended to be limited to application only with
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LSLA crude oil and HSHA crude oil. It is intended that the present invention has
application with all whole and blended crude oils and formulations of the same that
experience and/or produce fouling in refinery components including but not limited to
heat exchangers. The presence of fouling reduces the heat transfer of the heating tubes
or rods contained within a heat exchanger. As described above, the presence of

fouling has an adverse impact of heat exchanger performance and efficiency.

[0039] The present inventors have found that the addition of a crude oil having a high
TAN and/or high Spx to the base crude oil reduces particulate-induced fouling. The
degree of fouling reduction appears to be a function of the TAN measured on the
overall blend. This is believed to be due to the ability of the naphthenic acids to keep
particulates present in the blends from wetting and adhering to the heated surface,
where otherwise promoted and accelerated fouling/coking occur. Most high TAN
crude oils also have very high Sgy levels, which have been shown to aid in dissolving
asphaltenes and/or keeping them in solution more effectively which also reduces
fouling that would otherwise occur due to the incompatibility and near-
incompatibility of crude oils and blends. These crude oils are classified as high
solvency dispersive power (HSDP) crude oils. There is a notable reduction in fouling
when a predetermined amount of HSDP crude oil is added to the base crude, where
the HSDP crude oil has a TAN as low as 0.3 mg KOH/g and a Sgy as low as 90. The
predetermined amount of HSDP crude oil can make up as low as three percent (3%)

of the total volume of the blended crude oil (i.e., base crude oil+HSDP crude oil).

[0040] Sample tests were performed to determine the effect the addition of HSDP
Crude Oils A and/or B to a HSHA base crude oil has on the fouling of the base oil.

The results are illustrated in FIG. 3. FIG. 3 is a variation of FIG. 2 where the

13-



2.5 76 -25 +25% HSDP G 2.8 112 -32 TABLE 1

WO 2010/019548 PCT/US2009/053371

reduction in fouling associated with the addition of a predetermined amount of HSDP
crude is blended with a base crude oil containing the HSHA crude oil. In one
example, the base crude oil containing HSHA is blended with a HSDP crude oil,
which accounts for twenty five percent (25%) of the total volume of the blended
crude oil. The HSDP crude oil is labeled HSDP crude oil A having an approximate
TAN of 4.8 mg KOH/g and a Sgx of 112. As shown in FIG. 3, a significant reduction
is fouling is achieved when compared to both base crude oil containing particulates
and a base oil without particulates. In another example, the base crude oil containing
HSHA is blended with a HSDP crude oil, which accounts for fifty percent (50%) of
the total volume of the blended crude oil. The HSDP crude oil is HSDP Crude Oil B
having an approximate TAN of 1.1 mg KOH/g and a Sgx of 115. While the impact of
the HSDP Crude Oil B on the fouling of the base crude oil is not as significant as the
HSDP Crude Oil A, the HSDP Crude Oil B nonetheless produces a marked decrease

in the fouling of a base crude oil containing particulates.

[0041] Sample tests were performed to determine the effect the addition of HSDP
Crude Oils A and B have on the fouling of the base oil. The results are illustrated in
FIG. 4. FIG. 4 is a variation of FIG. 1 where the reduction in fouling associated with
the addition of a predetermined amount of HSDP crude is blended with a base crude
oil. In the illustrated examples, the base crude oil is a LSLA crude oil and is blended
with HSDP Crude Oil A, which accounts for twenty five percent (25%) of the total
volume of the blended crude oil. Like the addition of HSDP Crude Oil A to the
HSHA crude oil, a significant reduction is fouling is achieved when compared to both
base crude oil containing particulates and a base oil without particulates. In the other
illustrated example, the LSLA base crude oil is blended with HSDP Crude Oil B,

which accounts for fifty percent (50%) of the total volume of the blended crude oil.
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[ 0045] In accordance wth another aspect of the invention, a nmethod is
provided for reducing fouling in a crude oil refinery conponent The nethod
gener al | yworreludesispr ovi di ng a base crude oil and a hi grC3alse@oy3371

di spersive power (HSDP) crude oil, the HSDP crude oil having an Sbn > 90

and a total |d nuynmber st 0.3 The t hod i ncl udes
distilling tW I dyspmpact '\I?‘SPB Qarg%q §61 FPsz”‘g'é‘}%ql}ytg?\BaS\?& rﬂllrléél%l
fractions, blending the base crude oil with an effective anount of the

at rmspheri c aanghoicanbasuberiSEN Arude 45t Aoihs HSPR Cauied)ibBuigendeadueside oi |,
and feeding the blended crude oil to a crude oil refinery conponent. [0046]
Hydr ocar bon rhetestaekse inthe it ingtdTai basdcrud©oil vertiinalg feficuddtedsm or synt heti ¢
sources, are conposed of hydrocarbons and het eroat om cont ai ni ng

hydr ocar bons which differ in boiling point, nolecular weight, and chem cal

structure. "ﬂbm]%'rﬂﬁl@&sﬂ@%é?é als§ b&forRUGS WERFmME g rrlefhe.adkiB e ARt ai ni ng
hydr ocar bons (e g., asphaltenes) arc known to contaln a greater portion of

ot al o 20, RBP4 0100 PR AL Ryd i LSEAS RICENLRRIR) HiRg, | over

boi | i ng poi I ons nomn to fraction the

crude oil into different conpo escr.j bed for exa in U S

Pat ent No. 891%’8 d spugle oflihag gn ghe ﬁabneofa Zlegese Ahthe P %ewgp Pﬁ{hé VIAgEBr pt i on
Process for Res id Upgrading (LAWB15)," the disclosure of which is

i ncor por at ecipheaxapic dpe of # 8ang S*/i(lﬂ/graed eSenot ] 1 Rddi desuits nssodiefeidvath the t hat
mat eri al which does not distill at a given tenperature and pressure.

At nospher i ¢ in@sttfits HRDP A vadid WSHAbl@Tdde illpehico eBIG.thahe 88a8s not
distill at approximately 3000 C at at nospheric pressure. Atnospheric resid

i's further fracidiQnakRthdd Et df%HéJHSD@QQ oﬁ'&?éLfﬁE@%&Ho‘iE‘crh@@&ﬂ dRERuAReddO! |

at greater than approxi mat is called vacuum resi uun1(vacuum

resid fractlo he S TAN 0 ent r not
a crude oil ?)Ign&%%bél)@l ase 6?1 03 %ﬁoﬁ‘gf)gtjgfiw t &3 hs@y% 8ﬁt W th
at nospheric and vacuun1re5|d fractlons of HSDP crude oils bIended W th
known foul i iodycgdesedisHonin kit o define relative performance, as well as
to estimate the preferred concentrations desired to mtigate whol e crude

bl end fouling. 100481 To denonstrate the effectiveness of atnospheric and
vacuum r esi d0043 cAs shosvngh Fa@aS H5BPthe rediistion In fonlingthgthasayl 4sdbd i ng of crude

oil refinery equipnent, |aboratory fouling sinulation tests were perforned
Two control htdngdmindd fnciaeoPHRBP(caidids] Entdnd inftha bttndediciedBbi ntr&)eder e
prepared. Each control blend contained a different |evel of asphaltenes,

but both contained over 300 wopm of particul ates. The particul ates were

filterable g9pi4]STien®dhc flﬁsﬂrﬂWe%%ﬁﬁpfe@%fﬁf%‘ﬂeh@ﬂs BP’éH%rHres%ht 1‘%1%1{%&%&6 ude
oils. Each of the control blends mas tested u5|ng the Al cor fouling

si mul ati on descyi bed, above. and 0049] FIGS.
11 and 12 iﬁase upaotngh?ﬁse Oileé%r%lp%(s)r/ll g SI flsot?tHél[iP g ﬁTI&F usi ng
control blends A and B, respectivel shomn in FIG 1 t the end of
the 180 mi nUFeScREEYeNtofrit pe) m&srl%?fidwﬁzeﬁ%t%@ tp Rk tegecarmlSroRHSOP enleo. As
shown in FIG 12, at the end of the 180 mnute test, control blend B had a
final Al cor aisn®tiEr BSDPrrad: oith aviiTe dnzapporsemita THedof atrlaass drmg KOH/g
characteristics (viscosity, density, heat capacity, etc.) of the oil and
envi r onment aind a@diof aoRSst 00 .vill,achicus todattiond ifi uting SMOER Vallwiases thhat coul d
have a slight inpact on the maxi mumoil outlet tenperatures achieved.

Di mensi onl e, gl RAEAEALIHphA" ntfﬂﬁl%?g t‘ﬂ'atf th@%&cﬂlﬁoﬁ‘@ﬁ&ar{oh@ﬁlﬁflﬁf crh P8 §n aTh' S
correction is achleved by d|V|d|ng T TOQUTLETNVAX)

ity the 169 oLRPERLRHE e R %ﬁﬂﬁl%ﬁ%%déﬁ @%Qee?‘)u’r , Bl '

bel ow. dirndl - (TOTI-TUT - TCUTLETNkX)_/ (TROD - TO TTLLTMAX) .
HSDP crude oils resulted in a reduction in fouling when compared to base crude oil

containing particulates.

Crude Mixture TAN Sen ATI180
LSLA Crude (control) -- -- -23
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[ 0050] Table 2 provides the rel evant physi cal

oi |, having

wi t h t he woesstioi4sventi on.
its vacuum gas oil
resid fraction (6p6
The val ues for
I nsol ubility Nunb

Wth V& 43

properties of an HSDP cr
SBN of 100 and TAN of greater than 0.3 ng KOH g, in accord
Thi s HSDP crude oil

(Ve0, 650 F - 1050 F., 3430 C - 565 C), atmospheric
50 F Q/IQ ("\ Qnrl \th‘ullm r nc| rl 'F ract | on / ’Iﬂl—'\ﬂ . 565
eath fra"?’?\‘()pdi’ﬁmrﬁeq he exenplary HYDP crude gil S \7 and

br (I N25% HSBRoWn i n [Tabl #82. |SBN 1R HSOP COrude O |

+25% HSDP B 1.6 115 -34

+25% HSDP C 1.6 158/127 -7

+25% HSDP D 1.7 93 -8

+25% HSDP E 0.6 120/132 -3

+25% HSDP F 2.5 76 -25

+25% HSDP G 2.8 112 -32

TABLE 1

[0045] In accordance with another aspect of the invention, a method is provided for
reducing fouling in a crude oil refinery component. The method generally includes
providing a base crude oil and a high solvency dispersive power (HSDP) crude oil,
the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at least 0.3
mg KOH/g. The method includes distilling the HSDP crude oil to isolate atmospheric
and vacuum resid fractions, blending the base crude oil with an effective amount of
the atmospheric and/or vacuum resid fractions to create a blended crude oil, and

feeding the blended crude oil to a crude oil refinery component.

[0046] Hydrocarbon feedstocks, whether derived from natural petroleum or synthetic
sources, are composed of hydrocarbons and heteroatom containing hydrocarbons
which differ in boiling point, molecular weight, and chemical structure. High boiling
point, high molecular weight heteroatom-containing hydrocarbons (e.g., asphaltenes)
are known to contain a greater portion of metals and carbon forming constituents (i.c.,
coke precursors) than lower boiling point naphtha and distillate fractions. It is known
to fraction the crude oil into different components, as described for example, in U.S.
Patent No. 6,245,223, filed on May 9, 2000, entitled "Selective Adsorption Process
for Resid Upgrading (LAWE15)," the disclosure of which is incorporated herein
specifically by reference. Residuum is defined as that material which does not distill

at a given temperature and pressure. Atmospheric resid is that fraction of crude
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0O Wth Atnospheric Resid Fraction 105 0 Wth Vacuum Resid Fraction 182 0
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petroleum that does not distill at approximately 300° C at atmospheric pressure.
Atmospheric resid is further fractionated under vacuum and that fraction that does not
boil at greater than approximately 500° C is called vacuum residuum (vacuum resid

fraction).

[0047] The Sy and TAN properties identify whether or not a crude oil is an HSDP
oil. Alcor fouling simulation tests carried out with atmospheric and vacuum resid
fractions of HSDP crude oils blended with known fouling crudes can be used to
define relative performance, as well as to estimate the preferred concentrations

desired to mitigate whole crude blend fouling.

[0048] To demonstrate the effectiveness of atmospheric and vacuum resid fractions of
an HSDP crude oil in reducing fouling of crude oil refinery equipment, laboratory
fouling simulation tests were performed. Two control blends of crude oils (Crude
Blend A and Crude Blend B) were prepared. Each control blend contained a different
level of asphaltenes, but both contained over 300 wppm of particulates. The
particulates were filterable solids known to increase the fouling potential of many
crude oils. Each of the control blends was tested using the Alcor fouling simulation

described above and can be seen in FIGS. 11 and 12.

[0049] FIGS. 11 and 12 illustrate the Alcor fouling simulation test performed using
control blends A and B, respectively. As shown in FIG. 11, at the end of the 180
minute test, control blend A had a final Alcor dim dT of -0.20. As shown in FIG. 12,
at the end of the 180 minute test, control blend B had a final Alcor dim dT of -0.42.
dim dT factors in heat transfer characteristics (viscosity, density, heat capacity, etc.)
of the oil and environmental conditions (e.g., fluctuating room temperatures) that

could have a slight impact on the maximum oil outlet temperatures achieved.
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TABLE 2 [0051] Addition of an effective anount of atnospheric and vacuum
resid fractions of an HSDP crude oil arc shown to be effective to reduce
foul i ng ovoanmitessscrude oil. For exanple, by way of il Pastusatovossdand not
limtation, tests were perforned using about five percent (5% of the total
vol une of HSDP re5|d fractions_and resulted in significant_decreases.in
fouling as SNBWASIORleR dscoractsiog these difterend fgst teysise IBRactsy ogBDeoTEecHAN &Y
control blend A and control blend B was re-tested after blending as five
percent (5%achicvehdyt divadingd Gii¢., dactrof + hdotHSERIAc) ea ontaspes ofl heat
fractions shown in Table 2. As above, any known or suitable technique can
be used to htesfiricléroat tlesphdutite advtl sxpetiment! @#&ictss einpHbDR rod teepRaturaM th a
base crude oil. 100531 As shown in FIGS. 11 and 12, the atnospheric and
vacuum res qn&&gﬁbkgﬁﬁn%hg&&&hﬁg@&&yaggﬁH@pﬁa6@8 foullng of both control

bl ends as effectively as a DP crude oil. Addition of the VA
fraction to each control blend was shomn to |ncrease the fouling of the

bl end. As FIGS. #@BﬁT denon rate erlc and vacuumresid
fractions of an UG - ‘%”E? M&¥) eans to reduce
fouling of a crude oil. Addltlonally, as shomn in FIGS. 11 and 12, the VGO

resid fracti f es not reduce f i S Mﬁth t he
whol o Hsop a0l Eayices dete Bhantamased] ot ioonen A f PRSI he

bl end. [0054] In accordance with another aspect of the present invention, a
bl ended cr udeneifll0p sngTAN efeateatercthemd dana Kt e, wragesdaice veHdtha presetect i ve
anount of an atnospheric resid fraction and a vacuumresid fraction of an
HSDP crude dnVentivhe THSHESOP utlelc 0ill wdsaliititigd amisSlare s SRuamdanoll ANGaS, at | east
0.3 ng KOH g. 100551 In accordance with yet another aspect of the present

i nvention, &:s9yslapbosr,Bugvededsd @ftatrhe% pRARARLR ﬂaicu@ffg@w eNgARQ)f 4idl 1 ng
condltlons aSSOCIated with particul’ate or asphaltene fouling. The system

e e o e RSSOkt She MEL YA BN S g | 1 b

comuni cati on W cru oll’re ery ‘conmponen i ncl udes a

base crude oil ffe anount of an at eric resi ction and
a vacuun1re§?@mpﬂgﬁﬁggﬁ) Y ddpepiebilify Nu H%(aéﬂﬁf &@éngPLk ving an
Sbn > 90 and a TAN of at Ieast 0.3 ng KOH g.

Sen In

HSDP Crude Oil 100 0

With VGO 43 0

With Atmospheric 105 0
Resid Fraction

With Vacuum 182 0
Resid Fraction

TABLE 2

[0051] Addition of an effective amount of atmospheric and vacuum resid fractions of
an HSDP crude oil are shown to be effective to reduce fouling of another crude oil.
For example, by way of illustration and not limitation, tests were performed using
about five percent (5%) of the total volume of HSDP resid fractions and resulted in

significant decreases in fouling as shown in FIGS. 11 and 12 and detailed below.

[0052] Each of control blend A and control blend B was re-tested after blending as

five percent (5%) of the total weight, each of the HSDP crude oil resid fractions
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[ 0056] In accordance with a further aspect of the present invention, a
nmethod is provided for on-line cleaning of a fouled crude oil refinery
conponentwOBhw/areideod i ncl udes operating a foul ed crudePporiusc@biosssry
conponent and feeding a bl ended crude oil to the foul ed refnery conponent.
The bl ended crude oil includes a bl end of se crude oil and an effective
anmount of arf%afvﬁfﬁ% DARIE 2 Asedpye. PRy &pPBA Oaﬁa e\;s@waqﬂercgg.ba uﬁ?date%%w of an
HSDP crude oil, the HSDP crude oil having an Sbn > 90 and a TAN of at | east
0.3 ng KOH ghe pto@spherrantivecun ragidsiof H¥Y eudooth math adiase otndeed- t o use HSDP
crude oil atnospheric and vacuumresid fractions to performon-I|ine

cl eaning of already foul ed crude preheat train exchangers and ot her
refinery cornpossdmsstooni iniGgel hasat 12, flensmesphefit hod exiuasresiddracdenyver ed
furnace coil-inlet-tenperatures (ClTs). CIT levels of both atnospheric and

vacuum pi pe%tlgﬂlﬁcaanP RERRS RUMBuIRREST YoM BchtloPbIcRE! RaFR A AYRL b GAbly when
running a blend inc udlng atnnspherlc and vacuumresid fractions of HSDP

crude oils i r r its as a
Fesul t of  dioban Rl A .Iﬁ%ftﬁé‘%@ﬁf%%%ﬁ ot TR R BEP Gl o

at nospheri c .and vacu mresid fractions of DP crude oil suitab

ef fect i vel y IAfFERGdRS w&ag Pﬁ@ue&ﬂenét ﬁéﬁ@%éé%@ I's dgmensyates Hisiatues %g t he
Al cor testing approach described above. As denonstrated by the Al cor
testing, | owndeveluwn ofsidfraatopher scHERE cvedsimbhare efedivicraa dtSIhsiraamsHSDP cr ude
oil arc effective for mtigating fouling of crude oil refinery conponents.
For exanpl e,redexdbslirpsoflatidsoif.i XedifenaBnhs o%n iafF1GRel It atdal2, el wGge of the

blend are effective. It is contenplated that still |ower concentrations can
be used with.g4lQWEdn 6%‘&%159 'Erdd@ ofllclﬂ)leb &k reliﬁce' ﬁulﬂ{geﬁfs%lﬁmh% WHWL HEbe
at mospheric resid fraction of crude oil has anm SRN of at least 105. It

is preferable that t acuumre |d fracti.on. of ude oil has an SHN
of ht 'l onat T reriB RN f%%t n5ERR 08 of HBSBEki |t ed i n the art
that various nodifications and/or - 20 - varlatlons can be made w t hout
departing fromthe scope of the present invention, i s intended th t al
matter cont a[B Ingceqy a%&c‘,%ﬂ‘pfélﬁﬁ]eﬁaspé’ﬁ‘e‘?ﬁth? H&ﬁq%ﬁwé’ﬁ’é?l}’ advéeqdﬁg ed as
illustrative only and not in a limting sense. Wile the present |nvention
has been degspidyedtdiincludieg e bnscesttideodil airbarhefftctisx emamgfext an atraospbériguesiyl
operation, the present invention is not intended to be so |imted; rather
it is contenmplcabednd habcuuferepiddERfibn bNAMEASDPeride Gl iticalISBPfcauderagiduci ng
and/or mtigating fouling in other refinery conmponents including but not
limted to qbpﬁggéﬂgﬁﬁc>gpgﬁ{§q¢ﬁq t%%ﬁq;§ gﬁp? l'i ke. [0060]
Furthernore, it 1s contenplated t e use o nospheric and vacuum
resid fractions of an HSDP crude oil, as described in connection with the
present inv can be co |ned h t echni for du0|ng
naror m t1 gurrlgneERRiGe SEIoN Rl oy OF e FEN B Righel W Fi Ped <o,
(i) the provisiagn Iom1 y surface nd nmodi fied steel surfaces in
heat exchangg?Vlfi%@@t, lsagp6§> ef?q%rder}cm ogl nga%&r@monéﬁmcegﬁdl%lﬁhg@“ﬂ?ul&r&s.

11/ 436, 602 and 11/ 436, 802, the disclosures of which are incorporated herein
speci fi cal | yrypheéitey ubeg. Thé Jystdneingbdepit lcashonodrudeloedfneni cahponichtr at i on,
as described in U S. patent application Ser. No. 11/436,802, the disclosure
of which i s andedigeriatiRed efunicsiacwith ¢l drydduil fefiheryadagohént JThe bendse of
fluid pu sation and/or vibration, which can be conmbined with surface

coatings, as;dgs&d ]pdgg cfu'ae Yi1and gﬁ%ﬁ’@étleg@ﬂ{duﬁ%f BtNBsphbit ‘?&?d ﬁ‘é&lon a'nhed on
Jun. 19, 2007, entlt ed "Reduction of Fouling in Heat Exchangers, "

di scl osure of_ whi her.e refer e (|v)
the use of & wibVEaeHT SRS SanTLee BaR el P Hamb Ehn b BvbE pF 5E0 gcoatl g
and/ or nodifjcations, as described in U S. Patent Application No.

11/ 641, 754, Yrpadai BANS gt leagf0- 3med#OHe- i ncor por at ed herein specifically by
reference and (v) conbinations of the sane, as described in U S. Patent
Application No. 11/641, 755, filed on Dec. 20, 2006, entitled "A Method of
Reduci ng Hed0036]chaargerdafcuviting finthea aReti ofghg presertienvedingoh.aguetbodfs whi ch is
i ncorporated herein specifically by reference. Thus, it is intended that
the present proviged foe dndpiéel@ningeAdlltd caide ofl ey vahp&idn0Mshomethoeé net hod
herein, provided they cone within the scope of the appended clains and
their equival ents.
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100611 Wiile a particular formof the invention has been described, it wll
be apparent to those skilled in the art that various nodifications can be
made wi t wotothapas48i ng fromthe spirit and scope of thepPCcmusawmwos337{ 0062]
Accordingly, it is not intended that the invention be Iinited except by the

appended cl ai ns. Wil e the pr venti on has b scn
reference. t SIORESSACHGE aw&e@ap ﬁ%@i‘ﬂ)’ﬁ%ﬁ?@}eﬂf Rgm g‘aﬁ?w Ii“p,% art
will recognize that many changes can be nade thereto mnthout departing from

the spirit amdoghofsalagfrefimery gompemmnti hbeblcndad cridesil micludhes bleedbbabasent s
and obvi ous variations thereof is contenplated as falling within the spirit

and scope ofcriidieoitimi diedfdciveitho@i of WhahosbBerigiesitl raction and Headuail reviing
claims. WHAT IS CLAIMED IS: 1. A nmethod for reducing fouling in a crude oi

refinery ConpRRERb af ARPIP Ghdtoil, REOMSBPRGudR J?ﬁl%fvnfg‘ HOGrPk bp and a TAI\PBPV' di ng
a high solvency dispersive power (HSDP) crude oil, the HSDP crude orl

havi ng a to&%km%ﬁ?gpgﬁgggv%(TAN) of at least 0.3 ng KOH g; ~distilling

t he HSDP cr ite at nospheric resid and a vacuum resid
fractions;

[0057] Particularly, it has also been discovered to use HSDP crude oil atmospheric
and vacuum resid fractions to perform on-line cleaning of already fouled crude pre-
heat train exchangers and other refinery components to improve heat transfer
efficiencies and recovered furnace coil-inlet-temperatures (CITs). CIT levels of both
atmospheric and vacuum pipestill furnaces have been found to increase dramatically
when running a blend including atmospheric and vacuum resid fractions of HSDP
crude oils, resulting in energy savings and environmental benefits as a result of

reduced fired heating needs.

[0058] The concentration of atmospheric and vacuum resid fractions of HSDP crude
oil suitable to effectively mitigate fouling of other crude oils was determined using
the Alcor testing approach described above. As demonstrated by the Alcor testing,
low levels of atmospheric and vacuum resid fractions of HSDP crude oil are effective
for mitigating fouling of crude oil refinery components. For example, levels as low as
five percent (5%) of the total volume of the blend are effective. It is contemplated
that still lower concentrations can be used with a lower reduction in fouling. It is
preferable that the atmospheric resid fraction of HSDP crude oil has an Sgy of at least
105. It is preferable that the vacuum resid fraction of HSDP crude oil has an Spy of at

least 182.
[0059] It will be apparent to those skilled in the art that various modifications and/or
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bl endi ng the base crude oil with an effective anount of the atnospheric and
vacuumresid fractions to create a blended crude oil, wherein the effective
anount i swetologasi4ssabout 5 percent of the total vol une eCTiuseomdlosssded base
crude oil and atnospheric and vacuumresid fractions; and feeding the

bl ended crude oil to crude reflner conponent 2. The nethod
accor di ng t 0’364 IE?rFéngP madg “ﬁﬁ‘@&%‘ipﬁ m& EQREhC SEAR @ the PracHimalAR Il 5 resi d
fraction has a solublllty bl endi ng nunber (SBN) of at |east 105. 3.
The net hod adoicodai thet allomalter confeinsfl in Hie age@urediymg spkeifipaionshell één t he vacuum
resid fraction has an SRN of at |east 182. 4. The met hod according
to any one dftetfretcdbeiR@iratdycndy 5 nosie b intitithenbaSehits the raeht insendiog of a
whol e crude oil and a blend of at |east two crude oils. 5. The

met hod accorngipged &bs&”&ed%%h&éon&é%?opfh%%&' O ﬁ%reﬁﬂ&&%@@raﬁbﬁ tg¢ ude oi |
refinery conponent |s sel ected from heat exchanger, furna di'stillation

3?'5 EPE akz‘(r:r uptl)rgs%glt inV&f {:otnolg hotI ﬂl nhed ‘Jo%%l%gthengltetdapal%her 8 %gﬁtlerlnlplate%qhat the and

present invention is suitable for reducing and/or mitigating fouling in other refinery

components including but not limited to pipestills, cokers, visbreakers and the like.

[0060] Furthermore, it is contemplated that the use of atmospheric and vacuum resid
fractions of an HSDP crude oil, as described in connection with the present invention,
can be combined with other techniques for reducing and/or mitigating fouling. Such
techniques include, but are not limited to, (i) the provision of low energy surfaces and
modified steel surfaces in heat exchanger tubes, as described in U.S. patent
application Ser. Nos. 11/436,602 and 11/436,802, the disclosures of which are
incorporated herein specifically by reference, (i) the use of controlled mechanical
vibration, as described in U.S. patent application Ser. No. 11/436,802, the disclosure
of which is incorporated herein specifically by reference (iii) the use of fluid pulsation
and/or vibration, which can be combined with surface coatings, as described in U.S.
Patent Application No. 11/802,617, filed on Jun. 19, 2007, entitled "Reduction of
Fouling in Heat Exchangers," the disclosure of which is incorporated herein
specifically by reference (iv) the use of electropolishing on heat exchanger tubes
and/or surface coatings and/or modifications, as described in U.S. Patent Application
No. 11/641,754, the disclosure of which is incorporated herein specifically by
reference and (v) combinations of the same, as described in U.S. Patent Application
No. 11/641,755, filed on Dec. 20, 2006, entitled "A Method of Reducing Heat

Exchanger Fouling in a Refinery," the disclosure of which is incorporated herein
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specifically by reference. Thus, it is intended that the present invention covers the
modifications and variations of the method herein, provided they come within the

scope of the appended claims and their equivalents.

[0061] While a particular form of the invention has been described, it will be apparent
to those skilled in the art that various modifications can be made without departing

from the spirit and scope of the invention.

[0062] Accordingly, it is not intended that the invention be limited except by the
appended claims. While the present invention has been described with reference to
one or more particular embodiments, those skilled in the art will recognize that many
changes can be made thereto without departing from the spirit and scope of the
present invention. Each of these embodiments and obvious variations thereof is
contemplated as falling within the spirit and scope of the claimed invention, which is

set forth in the following claims.
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WHAT IS CLAIMED IS:

1. A method for reducing fouling in a crude oil refinery component,
comprising:

providing a base crude oil;

providing a high solvency dispersive power (HSDP) crude oil, the HSDP
crude oil having a total acid number (TAN) of at least 0.3 mg KOH/g;

distilling the HSDP crude oil to isolate atmospheric resid and a vacuum resid
fractions;

blending the base crude oil with an effective amount of the atmospheric and
vacuun resid fractions to create a blended crude oil, wherein the effective amount is
at least about 5 percent of the total volume of the blended base crude oil and
atmospheric and vacuum resid fractions; and

feeding the blended crude oil to a crude oil refinery component.

2. The method according to any one of the preceding claims, wherein the
atmospheric resid fraction has a solubility blending number (Sgy) of at least 105.

3. The method according to any one of the preceding claims, wherein the
vacuum resid fraction has an Sgy of at least 182.

4. The method according to any one of the preceding claims, wherein the
base crude oil is one of a whole crude oil and a blend of at least two crude oils.

5. The method according to any one of the preceding claims, wherein the
crude oil refinery component is selected from: heat exchanger, furnace, distillation

column, scrubber, reactor, liquid-jacketed tank, pipestill, coker, and visbreaker.
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