WD 2011/ 014215PCT/ US2009/ 068837 PROCESS USI NG POLYPROPYLENE OR PCLY
(ETHYLENE CO PROPYLENE) SUCCI NI M DE AS ANTI FOULI NG ADDI TI VE | N PETROLEUM
REFI NERY WBQCHBSESs CROSS REFERENCE TO RELATED APPLI CATI @N$/Use@ohyskhe
present application is a continuation-in-part application of U S Uility
Application Serial No. 12/533,465 filed on July 31, 2009, which clains
priority to U S. Provisional Application Serial No. 61/136,172, filed on

AugusprbpES®O8ING %Ldﬂpﬁdmblfl@é oK P?E‘( E?f—lYV_\’ENEkC@rP‘ROWLCEW ?\g@éll\leDE

reference herein in their entlret his invention is o related

o L R TR P ééfﬁ@@%@'@&ﬁ@ PRRCESES 2000, U s

Uility Application Serial No. 12/487,739, filed June 19, 2009, and U. S
Uility Application Serial No. 12/143,663 filed June 20, 2008, the

di scl osures of each of which are incorporated by reference herein in their
entirety. FIELD OF THE | NVENTI ON [ 0003] The present invention relates to
additives to reduce fouling of crude hydrocarbon refinery conponents, and
met hods and systens using the same. BACKGROUND OF THE | NVENTI ON

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation-in-part application of U.S.
Utility Application Serial No. 12/533,465 filed on July 31, 2009, which claims

priority to U.S. Pro.visional Application Serial No. 61/136,172, filed on August 15,
2008, the disclosures of both of which are incorporated by reference herein in their

entirety.

[0002] This invention is also related to U.S. Utility Application Serial No.
12/488,066, filed June 19, 2009, U.S. Utility Application Serial No. 12/488,093, filed
June 19, 2009, U.S. Utility Application Serial No. 12/487,739, filed June 19, 2009,
‘and U.S. Utility Application Serial No. 12/143,663 filed June 20, 2008, the

disclosures of each of which are incorporated by reference herein in their entirety.
FIELD OF THE INVENTION

[0003] The present invention relates to additives to reduce fouling of crude

hydrocarbon refinery components, and methods and systems using the same.
BACKGROUND OF THE INVENTION

[0004] Petroleum refineries incur additional energy costs, perhaps billions per year,

due to fouling and the resulting attendant inefficiencies caused by the fouling. More
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[ 0004] Petroleumrefineries incur additional energy costs, perhaps billions
per year, due to fouling and the resulting attendant inefficiencies caused
by the fowmbizogvoihsase 2009EMB48 particul arly, thermal pPOTAS3000068387 cr ude
oils, blends and fractions in heat transfer equi pnent, such as heat
exchangers, ig @qp red by the deposition of insoluble asphaltenes and

ot her contam nan ? e., particulates, salts, etc.) that may be found in
crude oils. Further, t he asphal t enes and ot her organics may thermally
degrade to coke when exposed to high heater. tube surface tenperatures.
[0005] Fouling in heat exchangers receiving petroleumtype process streans
can resuylt froma nunber of mechani sns including chem cal reactions,
corrosion, depddirtlarbs thegpal prosepsing eberuds ails; Higndr aid feastions in heat sansEam and
deposi t of materials rendered insoluble by the tenperature difference (AT)
between the prBYRBILSHFARFH S ERReThisdpmasieh e fenpgifipn offiproludleanyl e,
natural | y-occurri ng asphal tenes can precipitate fromthe crude oil process
stream thern@fi 9%5@‘1"38@6{ AN (Corertishlatendalts e Hhat may brofeundipf aces.
Further, the hi %h AT found in heat transfer operations result in high
surface or ski’HUt 8ifpdabr Beapadlisnesised pheceesics may drrmaly degrduigcets to t he
heat er tube surfaces, which contributes to the precipitation of insoluble
particul at es. WARRDEREFed R high heates tubs spyface SMPFRYTSs attributable to the
presence of salts, particul ates and: |rrpur| ties (e.qg. |norgan| o

t i t
SR lé“ﬁfﬁ%ﬂ% a;"“}eat e fep iy ing gﬁg&uwmwﬁ%%%rea'ﬁacaea| ¢i um

chl ori de have al f (ﬁ to attach of a foul ed
rom er

heater rod andefl roug @eé%ﬁ?"smaénﬁé)u 'igcgefﬁléal eacoﬁ’"sdc "8?'8" EROSEndy or

enabl e addi ti O? Xi tm 'il I gle impufi tlélgl%tﬁ)e rea nrJostoqu T lsr d i nsol ubl e
deposits in héat 1 1ans ? er eqi’u prent &Y es a unwan?%aa ﬁSLﬂratl ng ef f ect
and reduces t g ficat, WADRICL, ¢! fwe'n@en 5 oGl AOL LSO [ eURE R

cross-sectional "area’ of process q p , geereases oW rat es and

desired pr ess‘é%%ag%%‘g\% % gcgmg %S"%%htanﬁ tplrg:al %qgorngtl on. To

overcone 2 of dvan tra equi pnent

are ordinaril ¥he! c?\hﬁ%ll% ch Qﬁea%ﬁ%ef&xﬁﬁ’h%?mﬁ@%%ﬂ! Ccaolkle Xnaoe{dhgrg?mhg ﬂ(Ltl y

cl eaned, resul l{ ing in Fos‘lt produ
surfaces. Further, the high AT found in heat transfer operations result 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. For example, iron
oxide/sulfide, calcium carbonate, silica, sodium chloride and calcium chloride have
all been found to attach directly to the surface of a fouled heater rod and throughout

the coke deposit. These solids promote and/or enable additional fouling of crude oils.

[0006] The buildup of insoluble deposits in heat transfer equipment creates an
unwanted insulating effect and reduces the heat transfer efficiency. Fouling also
reduces the cross-sectional area of process equipment, which decreases flow rates and

desired pressure differentials to provide less than optimal operation. To overcome
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[ 0007] Accordingly, there is a need to reduce precipitation / adherence of
particul ates and asphaltenes fromthe heated surface to prevent fouling,
and bef orwot2ha/asphal t enes are thermal |y degraded or colke/USTI0D688B7 |

i nprove the perfornmance of the heat transfer equipnent, decrease or
elimnate schegylgdsout ages for fouling mtigation efforts, and reduce
energy costs assoclated with the processing activity. SUM\/ARY OF THE

| NVENTI ON [ 0008] One aspect of the present invention provides a nethod for
reducing fouling in a hydrocarbon refining process. The nethod incl udes
provi ding a crude hydrocarbon for a refining process; and addi ng to the
crude hydrocarbon one or nore additives selected from rein RLis a
branched or sthes§ padvaniages bept Ererfergaupment gre Oﬁln%llk@h‘if‘l °fﬂ‘r“66?)d clepned an
integer from1l1l to 10; R2 and R3 are independently a Cl-Cl0 branched or

strai ght chai ﬂéeahaéro&llx grfdenicaliycleansd, gsultipg indpst PIgdugion tigo9EMB48 R5 and R6
together along with the N atom bound thereto formthe group:

[0007] Accordingly, there is a need to reduce precipitation / adherence of particulates
and asphaltenes from the heated surface to prevent fouling, and before the asphal.tenes
are thermally degraded or coked. This will improve the performance of the heat
transfer equipment, decrease or eliminate scheduled outages for fouling mitigation -

efforts, and reduce energy costs associated with the processing activity.
SUMMARY OF THE INVENTION

[0008] One aspect of the present invention provides a method for reducing fouling in
a hydrocarbon refining process. The method includes providing a crude hydrocarbon
for a refining process; and adding to the crude hydrocarbon one or more additives

selected from:

N_R2 R3 R5
%N/ }N/
H . \Re

wherein R; is a branched or straight-chained C,¢-Cggo alky! or alkenyl group;
n is an integer from 1 to 10;
R; and Rj are independently a C;-C;o branched or straight chained alkylene group;

Rs and Rg are H, or
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wherein R7 is a branched or straight-chained C10-C800 al kyl or al kenyl
group; wherein the N atom bound to the R2 and R3 groups above is optionally
substi t utwo 20n/amEsor nore places with the group: wher eiPnTRB2009/0688€1- C10
branched or strai ght chai ned al kyl ene group; and RO is NH2 or wherein R10
is a branched 8%&@ .ai ght - chai ned C10-C800 al kyl or al kenyl group; and
wherein the R3? group is optionally interrupted in one or nore places
by a heterocyclic or honocyclic cycloal kyl group. In one particular

enbodi nent, the fouling is particul ate-induced fouling. [0009] In certain
enbodi nents, one or nore of the RI, R7 and R10 groups is independently

sel ected from o#x ropyl ene (PP% and pol y(et hyl ene-co-propyl ene) 4 of 68
2009EMB48 ( EP)Rs anhRe tpesithen plopg with Bhe dhviorp Spynd dbsigrp EWm-thas p¥Ropy | ene) gr oups

t hensel ves can contain fromabout 10 to about 800 carbon atons and can have
a nunber average nol ecul ar wei ght ( up to and exceedi ng 10, 000 g/ nol
(assum ng one ol efin unsaturation per \xhain, ag nmeasured by 1H NWR), i.e.,
one or .nore of the RI, R7 and Ri o grou ndi vidual |y have a Mh up to
and exceeding 10,000 g/nol. In one e nt, for exanple, the PP or EP
groups, individually, have a Mi fro bout [300 to about 30,000 g/nol, or
from about 500 to about 5000 g/nol. [O Anot her aspect of the present
invention is directed to a systemfor #efining hydrocarbons. The system

i ncludes at | east one crude hydrocarhk®dn refinery conponent and crude
hydrocarbon in fluid communication with the at | east one crude hydrocarbon

refinery Compangily kMO8 bahihel APl EACALRB) bRakeIFGo@E | east one of

any of the ad I'ves descr erein. I'n one particu di mrent, the
systemis particularly adept at reducing and/or preventing _
parti cul at e- i rehgeedtthe piuatan, pound the Bsafﬁé%tﬁrwls e ispptiensdy PRSI it n a
petrol eumrefining operation.

one or more places with the group:

—Rg—Re

wherein Rg is a C;-Cg branched or straight chained alkylene group; and Ry is NH; or

0

wherein Ry is a branched or straight-chained C,o-Csqo alky! or alkenyl group; and
wherein the R,-NH-R; group is optionally interrupted in one or more places by a
heterocyclic or homocyclic cycloalkyl group. In one particular embodiment, the

fouling is particulate-induced fouling.

[0009] In certain embodiments, one or more of the R}, R7 and Rjo groups is

independently selected from polypropylene (PP) and poly(ethylene-co-propylene)
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[ 0011] Anot her aspect of the present invention provides a conposition for
reducing fouling (e.g. particul ate-induced fouling) that includes at | east
one of thwoabovwa4ziéscri bed additives, and a boronating agenS2aompssexed or
in association with any one of the above-nentioned additives. BRI EF

DESCRI PTI ON OR bl @RAW NGS [ 0012] The invention will now be described in
conjunction w t% t?’ue acconpanyi ng drawi ngs in which: 2009EMB48 show
non-limting injection points for the additives of the present invention.
[0014] FIG 2 is a schematic of the Alcor Hot Liquid Process Simulator
(I-1LPS) enployed in Exanple 2 of this invention, wwth an illustrative data
plot. [0015] FLG S a denonstrating the effects of fouling of a

31 gr.aph
crude oi | strd5h dheralyrepdencand palyEthylens-FoBieRYeRR S1RUBSHeiSHRS G a
pol yi sobutyl succinic acid-polyam ne ester, as neasured by the Al cor HLPS
appar at us depic€htai§ fiof 3P f0do gbou} Y rgibop-pigms Anq can have a{WMbREAYSIEE r ati ng t he
reduction of foulipg achi eved by two ngn-borate caontaining additives and
one borate coft§eHPhYCHdM™m Ytond exrsedinge L0 &Ml dssyping °3s0leihpared to a
control stream containing no additive,, asured by the Alcor HLPS
appar at us depi'BtaEgaton Pes Jgingasoneasyserh by ]‘ﬁﬁﬁrﬁ?’sﬁi@“f‘a‘” Oéi)ﬂfeta"eﬁbkta?‘tti ng the
effects of fouling, as asured b e Alcor HLPS aru epicted in
Figure 2, of ?1%‘8'(5‘?5 8T et Fll?y }Eﬁ"éﬁhn%%IafécLexé?‘FG'"&%Bﬁ%%}"&?‘lﬂtﬂgénd sanpl e
cont ai ni ng a PP-SA- PAM additiv Vi a total .nitrqgen content of 5.83 w %
and a propyl eﬁ@‘be?fﬁ’le?f%?é%aﬁﬁ’leaﬁ'ﬁﬁ)%d’f ggﬁfﬂﬂ’s’ iv'ﬁ*hhﬁ‘.gv%m&?%%bo%i ghts ar e0
based on 1H NVR anal ysis of the allylic _yinyl-term nated pol ypropyl ene
starting mat egﬁgf"s‘%ﬁ%ﬁgrooﬁémf%é’r%ﬁl"é’z?f’ﬁ“éﬁbF@38‘?%8{):8 %/%Eum ng one ol efin
unsaturation per chain), as that synthesis step is described in Exanple 1
bel ow. [0018] ' jng. fouling, as
measur ed by tt{gdlﬁl ég?djﬁfggg{a%g%rpg?%gﬂg\%%ﬁ% 'ggl %c%%ﬁ?é%fgge%f,op%ff Mg‘gntrgl crude
oi | blend sanp| a ' Ml PP- SA- PAM
addi tive hav?ﬁ‘&ﬁécaﬁ%@‘gl Tﬁﬁ&%graggﬁél%ég%%g%tﬂs%@ E"%Wﬁ%@hgg‘g@% opyl ene chain
having a M Ofco%g?rl‘ébﬁ ahd ent gfd_rocammﬂﬁiggommmn ¥t 123 RYstQRe drdad NVR

anal ysis of the IcC vin termnate
hydrocarbon refinery component, wherein the crude hydrocarbon includes at least one

of any of the additives described herein. In one particular embodiment, the system is
particularly adept at reducing and/or preventing particulate-induced fouling, such as

particulate induced fouling in a petroleum refining operation.

[0011] Another aspect of the present invention provides a composition for reducing
fouling (e.g. particulate-induced fouling) that includes at least one of the above-
described additives, and a boronating agent complexed or in association with any one

of the above-mentioned additives.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will now be described in conjunction with the accompanying

drawings in which:

[0013] FIG. 1 is a representation of an oil refinery crude pré-heat train, annotated to
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6 of 68 2009EMB48 pol ypropyl ene starting materials prior to the mal eation
reaction (assum ng one ol efin unsaturation per chain), as that synthesis
step i s deecpilyaekisn Exanple 1 below. [0019] FIG 7 is &Cyrespdny/068837
denonstrating the effects of fouling, as neasured by the Al cor HLPS
appar at us deDiz(Gj&Eﬁst” Figure 2, of control crude oil blend sanples and a
crude oil blend sanple containing a PP-SA-PAM additive having a total
nitrogen content of 2.33 w% and a propyl ene chain having a M of about
2,332 g/nol. Ml ecular weights are based on Ili NWVR analysis of the allylic
vinyl -term nated pol ypropyl ene starting materials prior to the nal eation
reaction (assum ng one. ol efin unsaturation per chain), as that synthesis
step is descriSPeynemlimiingpycstian pripts{pr theddigiyesof the pgssend inyenfionph
denonstrating the effects of fouling as nmeasured by the Al cor H PS

tus depi i 0Fi t cqntrol i |.bl end | d

o de ol | bi eAiPSEElST 2 i Bibenliesd s B S AR SRR R RROOITR Tocal
it tent of 3.38 wt%and a propyl.ene.chai i Mh of about

2. 350 g/ ol WSSt B mP g Vo B BREEEAT iFPRARe ARPDE & of Che allyiic

vinyl -term nated pol ypropyl ene starting materials prior to the nal eation
reaction (assypd . i i [ . hesi
top i 5 desor | BuaP RS2 EnbiuRaRHUNE}HsHsFYs TRl B o Bl dif o URA oS
denonstrating .t f f.aul- ' 3 4 _PS
appar at us degiaccﬁ)‘gia%lnﬁﬁﬁgtﬁe%%dfﬁﬂojéﬂgvgﬁﬁﬁ)g?s@?{i@gg’clnp cct‘ %ﬁ@l@yr?p '8s and a

crude oil bl endesanpl g,coH &EWI%Q}&PEB'(&tﬁ%@QQﬁHi §rehaving a total

nitrogen content of 8.42 wt% and a pol ne- co- propyl ene) chai n havi ng
a Mh of about 828 g/ nol. Ml ecular weights are based on Ili NWR anal ysis of

the allylic vipolet FrY. AiNakash Redonéediny te Rene@mir eRYihg idleved B dwon@nimat eri al s
prior to the nmaleation 2009EMB48 reaction (assum ng one ol efin

unsat uration pRfarcCddaiaMming aaditivRiahd SYBIIRE bentdtifPaddfive 86GE bReMt i N Exanpl e 1
bel ow. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

invention, as compared to a control stream containing no additive, as measured by the

Alcor HLPS apparatus depicted in Figure 2.

[0017] FIG. 5 is a graph demonstrating the effects of fouling, as measured by the
Alcor HLPS apparatus depicted in Figure 2, of control crude oil blend samples and a
crude oil blend sample containing a PP-SA-PAM additive having a total nitrogen
content of 5.83 wt% and a prc;pylene chain having a Mn of about 571 g/mol.
Molecular weights are based on 'H NMR analysis of the allylic vinyl-terminated”
polypropylene starting materials prior to the maleation reaction (assuming one olefin

unsaturation per chain), as that synthesis step is described in Example 1 below.

[0018] FIG. 6 is a graph demonstrating the effects of fouling, as measured by the
Alcor HLPS apparatus depicted in Figure 2, of control crude oil blend samples and a
crude oil blend sample containing a PP-SA-PAM additive having a total nitrogen
content of 5.70 wt% and a propylene chain having a Mn of about 945 g/mol.

Molecular weights are based on '"H NMR analysis of the allylic vinyl-terminated
6 of 68



Definitions [0022] The follow ng definitions are provided for purpose of
illustration and not limtation. [0023] As used herein, the term"fouling"
gener al | ywoeberm4116 t he accumrul ati on of unwant ed mnat eri &CI/USR0MWI06883TUTr f aces
of processing equipnent or the like. [0024] As used herein, the term
"particulate-k&ggégg fouling” generally refers to fouling caused primarily
by the presence ot vari abl e anmounts of organic or inorganic particul ates.
Organic particul ates (such as precipitated asphaltenes and coke particl es)
i nclude, but are not limted to, insoluble matter precipitated out of

sol uti on upon changes in process conditions (e.g. tenperature, pressure, or
concentration changes) or a change in the conposition of the feed stream
(e.g. changes PalyaropyeRerEarinesnates iopfo theymalgtipn cegctiond@stmyg ene plabi gani ¢
particul ates include, but are not limted to, silica, iron oxide, iron

sul fide, al kalipsrationprr dhainyas Biry syathesiowipipfiespiitsd inexamply helew-chl or i de and
other inorganic salts. One major source of these particulates results from

omoving. pr oo 3L FRES el ot iie e By oHnEr D AR B dy bl ends due
caul prent - al 1 KPP OPPFOIGEP R Praeoago! Gaef o BRRL PR AL g
[0025] a5 usod HEPLERM thi &R R i S FAR Al E5 T nEhisvaissehyar ocar bon
Tl ght chai SoMPDO56T R ARLUPRBRE e Rav Bt M SRl e Peler s 1o a
aranged i 1 o BReERaenr werpar o HOMRR oo B e B PR “Ther  orm

"al kenyl" refers to a noval ent . hydrocar bo roup.contai ni ng_ o or nore
doubl e bonds £ﬂ§p§Pﬁgﬁ§§HUWﬂn§mﬁys 5%%3:%PaggrgfaﬁmeﬁgPﬁygfgﬁﬁgﬁnAs used
herein, the abbreviation."PIB" refefps.t ol,yi sohut ¥l en i ncl udes bot h
ot el or " conDeFr Shapreng i W El Qe TR Kl Ot

pol yi sobutyl ene (HRPIB). [0029] As used herein and as woul d be understood

by persons of [6’62‘3! ﬁfﬁ.%ié&ﬂs}éﬂ Jle’?no‘imﬁ'tﬁ.\tiﬂﬂhe ef“f@{t@éfg?lﬂgllgtag)m@asg{&%?ﬂ@ei ng a

particul ar pol'ynmer (e.g., ypropyl ehe, pol y( ene- co- propyl ene) or

Pl B) enconpassfs, RAlpEippaathd Whickah PiglreR! b Bhird¥rddB 8il bRAPSHipi@ndRNOTEY
along with negligible ambunts of other substitutions and/or 'interruptions

al ong pol ymer eRRioh bich sdghedoniitifkSa PP-SAS A G8uifiR 1avih @ Wal RftidReh a
pol ypropyl ene group does not require that the group consist of 100%

propyl ene monQBRES of BBkt aRDY plopNkietBaid hRHRSa MaWPaldul 218308 mol. i MPUri ties or
ot her substituents (e.g. al kylene or al kenyl ene substituents). Such

inpurities or \a§ib&iar MelfitsiateRMdSnTANNMR aRLIGFEMihd dMyli@viadily@lidatdl nor amount s
so long as they do not affect the industrial performance of the additive,

as conpared t QolyRRpSRAEstARIE hiht¥@al P &) e RdlchttR rERENLG@ESuME Ak YI¥ER
substituent with 180@6pur|ty. '

unsaturation per chain), as that synthesis step is described in Example 1 below.
[0021] FIG. 9 is a graph demonstrating the effects of fouling, as measured by thé
Alcor HLPS apparatus depicted in Figure 2, of control crude oil blend samples and a
crude oil blend sample containing a EP-SA-PAM additive having a total nitrogen
content of 8.42 wt% and a poly(ethylene-co-propylene) chain having a Mn of about

- 828 g/mol. Molecular weights are based on "H NMR analysis of the allylic vinyl-

terminated poly(ethylene-co-propylene) starting materials prior to the maleation
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[ 0030] As used herein, a "boronating agent” include conpounds enconpassed

by the formula: 2009EMB48 (R1-0) (R2-0) (R3-0)B ; R100 2)R2 00
R30 0 Rs)WO 2011®)14215 PCT/US2009/068837
2009EM348

reaction (assuming one olefin unsaturation per chain), as that synthesis step is

described in Example 1 below.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0022]' The following definitions are provided for purpose of illustration and not.

limitation.

[0023] As used herein, the term “fouling” generally refers to the accumulation of

unwanted materials on the surfaces of processing equipment or the like.

[0024] As used herein, the term “particulate-induced fouling” generally refers to
fouling caused primarily by the presence of variable amounts of organic or inorganic
particulates. Organic particulates (such as precipitated asphaltenes and coke particles)
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
and other inorganic salts. One major source of these particulates results from
incofnplete solids removal during desalting and/or other particulate removing
processes. Solids promote the fouling of crude oils and blends due to physical effects
by modifying the surface area of heat transfer equipment, allowing for longer holdup
times at wall temperatures and causing coke formation from asphaltenes and/or crude

0il(s).
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OH wherein R, R2, R3, R4, R5, R6, R7 and R8 are independently C3 to C20
hydr ocar byl groups. Exanples of these materials include MbiladTM C 700 and
Mobi | admwQ@201/018248i | abl e from ExxonMobi | Cheni cal Co., PEOOES2@9/0688X) .

[ 0031] As used herein, a "boronating agent” al so includes conpounds

di sclosed in 5&%ﬁ%3§tional Publ i shed Application No. PCT/1JS96/ 13618
(publ i shed as 7/011220), applied for by Mbil G| Corporation and
hereby incorporated by reference in its entirety. Accordingly, boric acid
can be used as a boronating agent: organic borates, particularly

ort ho-borates, neta-borates, trialkyl borates can also be used in

addi ti ve-contai ning conpositions of the present invention. Suitable

net abor at es | r{E?ZéJng ugsdthersing the ggrmy ‘Plf’f'b"t”é‘?fprf‘ &a T‘P'?%‘FWW diogarbeshFrathe
(trimethoxyboroxine), triethyl netaborate, tributyl metaborate, Suitable
trialkyl bor atcegtainmsmaéeublwrttﬂeiaporrdis and agranggq in ﬁnbraﬁﬁheﬁyr stipighs phain.

triethyl borate, triisopropyl borate (triisopropoxyborane), tributyl borate
(tributoxybor tri ut As used herein,
a "hydrocar byl B%}gﬁﬁsﬁdé‘lﬂgws 6é/r5.‘n &ﬁﬁf‘%éf%ﬁ? ?glé\i/i%&'glhg'%ﬂ%a{ LR i ved from
a hydrocarbon, incl udi ni val e K r oups

0035] e useioh@pinno Syl oruE Send oty Pt BBReRUr BN st onen:
generally refers to an apparatus or |nstrunentallty of a process to refine

crude hydr 0canbenp asakheth, 18 8h!-skEHINERY BRORES Sl @Rabiin giipoan be,

susceptible t ude hydrocarbon refinery conponents |ncFude but
are not |imte ntfaﬁ’nn 'B%@Br %&@'&é&b {(bo%m%ﬁ%g%dwgﬁaﬁc%e@o&%%h ghanger, a
furnace, a cru I Eheat ter, preheater, or any other heaters, a FCC
slurry bottom a debutanlzer exchanger/tomer ot her feed/effl uent

exchangers andods] A3GSdHerein) iR ABBIEALtRoni“PIE GEfeRES Yoll BSUukyldre@Rd intluadse
conpressor components in reflnery facilities and steam cracker/reforner

tubes in petragheibrsalor fFaaldntibhaSpol{FdbdE 1Ay Hdat@iPpRactive pbRRbbut@eEponent s
can al so include other instrunmentalities in which heat transfer can take

pl ace, such asupmpigyacti onation or distillatioh colum, a scrubber, a
reactor, a liquid-jacketed tank, a pipestill, a coker and a visbreaker. It
i s understood that "crude hydrocarbon refinery conponents,” as used herein,
enconpasses t ybex9] Apiugddrigreirbaiifab esuldbel undelserod py peses of paiieposkill imgichani sns
that are internal to, at least partially constitute, and/or are in direct
fluid comuni cat tefarensk tdg graupybedrzer mfticulepaypoerde. pepdlymomdener ude hydr ocar bon

refinery conponents. [0034] As used herein, a reduction (or "reducing")
parti cul at e- i nbly¢eblyléretdoi pnepylene)ye PEB)anbgmmstes palpdersihancantan prhdrily the of
particulates to adhere to heated equi pment surfaces is reduced, thereby
m tigating thekespeitiveaohoner aldng withowgligite aroduntsiod ofhgusubstijutisins endiete oi | (s),
bl ends, and other refinery process streans.

interruptions along polymer chain. In other words, reference to a group being a

polypropylene group does not require that the group consist of 100% propylene

monomers without any linking groups, substitutions, impurities or other substituents

(e.g. alkylene or alkenylene substituents). Such impurities or other substituents may

be present in relatively minor amounts so long as they do not affect the industrial

performance of the additive, as compared to the same additive containing the

respective polymer substituent with 100% purity.

[0030] As used herein, a “boronating agent” include compounds encompassed by the

formula:
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2009EM348 [0035] For the purposes of this invention and the clains thereto
when a polyner is referred to as conprising an olefin, the olefin present
in the povoreriiigzishe pol ynmeri zed form of the ol efin. [@0364]S2089/06888T

herein, a copolynmer is an polymer conprising at |east two different nononer
units (such agmgﬁﬁgmlene and et hyl ene). A hono-polyner is an pol yner
conprising units of the sane nononer (such as propyl ene). A propyl ene
polymer is a polymer having at |east 50 nol e% of propylene. [0037] The term
"vinyl termnation”, also referred to as "allyl chain end(s)" or "vinyl
content"” is defined to be a polyner having at |east one term nus

represented by fornmula I; allylic vinyl end group where the "" represents
t he pol yner chain. [Oé§BPXBﬁO 1BBer r edRertho ﬂﬁ@df*?ﬂ@}ngyl chain end is
represented by the formula Il1: allylic vinyl end group [0039] The anpunt
of allyl chaiqtgnds (also callggd %vinyl termnation) is determ ned
2
! \\\\B///O\\\B///
R40 OR
l l RN N
\S\B/// B B
|R3o . R50 RGO . and
X
R
8 O/A\T/A\\O
O B/
\
OH

wherein Ry, Ry, Rs3, Ry, Rs, Rs, R7 and Rg are independently Cs to Cyg hydrocarbyl
groups. Examples of these materials include Mobilad™ C-700 and Mobilad™ C-

701, available from ExxonMobil Chemical Co., Houston, TX).

[0031] As used herein, a “boronating agent” also includes compounds disélosed in
International Published Application No. PCT/US96/13618 (published as
WO/1997/011220), applied for by Mobil Oil Corporation and hereby incorporated by
reference in its entirety. Accordingly, boric acid can be used as a boronating agent:
organic borates, particularly ortho-borates, meta-borates, trialkyl borates can also be
used in additive-containing compositions of the present invention. Suitable
metaborates include, but are not limited to, trimethyl metaborate
(trimethoxyboroxine), triethyl metaborate, tributyl metaborate. Suitable trialkyl
borates include, without limitation, trimethy] borate, triethylborate, triisopropy! borate

(triisopropoxyborane), tributyl borate (tributoxyborane) and tri-t-butyl borate.
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using 1H NVR at 120C using deuterated tetrachl oroethane as the solvent on a
500 MHz machine and in selected cases confirnmed by 13C NVR Resconi has
report ed woavoniaaid car bon assi gnnents (neat perdeut er aP€l/US2009/068837
tetrachl oroet hane used for proton 2009EMB48 for carbon spectra; all
spectra were r, ded at 100C on a Bruker AM 300 spectroneter operating at
300 MHz for proton and 75.43 MHz for carbon) for vinyl term nated propyl ene
polymers in J American Chem cal Soc 114 1992, 1025-1032, hereby

i ncorporated by reference inits entirety, that are useful herein. [0040]
"Isobutyl chain end" is defi ned to be a polyner having at |east one

term nus represent ed by ornmula: mi sobutyl end group where M
represents thd%43dl 9%?3‘1&?&'% a ‘hydrgcashyd} gepr gfahtsodlynasivalent rdicplstByt yl  chai n
end is represented by one of the follow ng fornulae: where Mrepresents the
pol ymer chai n dedAT arihdrqsarber itchgéineamivakeinlippiand aed gelalsy! sraunget er mi ned
using 13C NVR (as described in the exanple section of 12/488,066, filed

June 19, 2009)[0(%99Ag nseed %Qr%m, t%ealterm “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 in refinery facilities, flare
compressor components in refinery facilities and steam cracker/reformer tubes in
petrochemical facilities. Crude hydrocarbon refinery components can also include
other instrumentalities in which heat transfer can take place, such as a fractionation or
distillation -column, a scrubber, a reactor, a liquid-jacketéd tank, a pipestill, a coker
and a visbreaker. It is understood that “crude hydrocarbon refinery components,” as
used herein, encompasses tubes, piping, baffles and other process transport
mechanisms that are internal to, at least partially constitute, and/or are in direct fluid
communication with, any one of the above-mentioned crude hydrocarbon refinery

components.

[0034] As used herein, a reduction (or “reducing”) particulate-induced fouling is
generally achieved when the ability of particulates to adhere to heated equipment
surfaces is reduced, thereby mitigating their impact on the promotion of the fouling of

crude oil(s), blends, and other refinery process streams.
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shift assignnents in Resconi et al, J Am Chem Soc. 1992, 114, 1025-1032
for 100% 13 of 68 2009EMB48 propyl ene polyners and set forth in Figure 2
for E-P pabDywnev@E42150042] The "isobutyl chain end to all yCiraseeoapbssgr oup
ratio” is defined to be the ratio of the percentage of isobutyl chain ends
to the percentggeyof allylic vinyl groups. [0043] A reaction zone is any
vessel where a reaction occurs, such as glass vial, a polynerization
reactor, reactive extruder, tubular reactor and the |like. [0044] As used
herein, the term"polyner"” refers to a chain of nonomers having a Mh of
100g/ nol and above. [0045] Reference will now be nade to various aspects of
the present invention in view of the definitions above. [0046] The

t echni ques pr dW3gkEorks RUrppses of thingention and theelpims thepgie Wherghpalypesisact i ons
between the antjfouling addjtives according to the invention and the
materials in CHER BAT CMprigng an elefip. dhreolelty rEeseridn thepplymgr iséheg. | particul ate
i npurities/contam nants and asphal tenes. The interaction can be of physical
or chenical n@alEeutrdforasofdbsdititi on, association, or chenical bonding. The
fouling materials can be rendered nore soluble in the crude oils as a

result of int ,on with the antifouli addi ti.ves, therefore the foulin
on ?he excLangégghéf5$%%8Fwa%g?°@ IrBg“b@g@@&@hﬁb¥g$Pﬂ?ﬁg?gdmﬁfﬁﬁ47] Ig o
accordance with one aspect, of th resent invention, a nethod is provided
for r educi ng. BaPTEARECHH BipripEnbind plenstid fiyetsype ou RO Fr om

ouring i
comprising units of the same monomer (such as propylene). A propylene polymer is

a polymer having at least 50 mole% of propylene.

[0037] The term "vinyl termination”, also referred to as “allyl chain end(s)" or "viny!
content” is defined to be a polymer having at least one terminus represented by

formula [:

allylic vinyl end group
where the "eee¢" represents the polymer chain.

[0038] In a preferred embodiment the allyl chain end is represented by the formula II:

AN

allylic vinyl end group

[0039] The amount of allyl chain ends (also called % vinyl termination) is determined
using 'H NMR at 120°C using deuterated tetrachloroethane as the solvent on a 500
MHz machine and in selected cases confirmed by '°C NMR. Resconi has réported
proton and carbon assignments (neat perdeuterated tetrachloroethane used for proton

spectra while a 50:50 mixture of normal and perdeuterated tetrachloroethane was used
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2009EM348 wherein Rl is a branched or straight-chained C10-C800 al kyl or
al kenyl group; nis an integer from1l to 10; R2 and R3 are independently a
Cl - G o breiochadier15st rai ght chai ned al kyl ene group; R5 &ndl/ul@ooanesssy or R5
and R6 together along with the N atom bound thereto formthe group:

wherein R7 is %Em\%ched or straight-chained C10-C800 al kyl or al kenyl
group; wher ei # atom bound to the R2 and R3 groups above is optionally
substituted in one or nore places with the group: -R8- RO wherein R8 is a
Cl-d o branched or straight chained al kyl ene group; and RO is NH2 or

for carbon spectra; all spectra were recorded at 100°C on a Bruker AM 300
spectrometer operating at 300 MHz for proton and 75.43 MHz for carbon) for vinyl
terminated propylene polymers in J] American Chemical Soc 114 1992, 1025-1032,

hereby incorporated by reference in its entirety, that are useful herein.

[0040] "Isobutyl chain end" is defined to be a polymer having at least one terminus

represented by the formula:

isobutyl end group { )
where M represents the polymer chain. In a preferred embodiment, the isobutyl chain

end is represented by one of the following formulae:

/\/\/w//ﬁ/ﬁ/\‘/

isobutyl end group
isobutyl end group

WW

isobutyl end group isobutyl end group
where M represents the polymer chain.
[0041] The percentage of isobutyl end groups is determined using BC NMR (as
described in the example section of 12/488,066, filed June 19, 2009) and the chemical
shift assignments in Resconi et al, ] Am. Chem. Soc. 1992, 114, 1025-1032 for 100%
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2009EM348 wherein Rio is a branched or straight-chai ned C10-C800 al kyl or
al kenyl group; and wherein the R2-NH R3group is optionally interrupted in
one or nowe 2pliamensby a heterocyclic or honocyclic cycl earkyskoognesspr The
addi tive can be added to a crude hydrocarbon process streamin a variety of
| ocati ons andzggaq?rs as described in order to reduce various types of
fouling. In one partlcular enbodi nent, the foullng is particul ate-i nduced
fouling. [0048] In certain enbodlnents one or nore of the RI, R7 and R10
groups is independently selected fron1po|ypropy|ene (PP) and

pol y(et hyl ene-co- propyl ene) (EP). The pol ypropyl ene and

pol y( et hyl ene- co- propyl ene) groups thensel ves can contain from about 10 to
about 800 car PPy ErOPRIYAgiE andsat ferly in Eewn 2 i FrBraln@eexceedi ng 10, 000 g/ nol ,
i.e., one or nore of the RI, R7 and R10 groups can individually have a

nmol ecul ar wei ght Q cee 0, .000 used, above, numnber
aver aged nol eg{’h‘ﬁr? |i§’ﬁ‘t‘t¥l C?‘R/I‘?)e“g ‘%ﬁ%@ay oq‘Pﬁ%t' éssA%ﬁ'BTdi tSReg‘F %Re ol efi n
unsaturatlon chai one enbodi nent,

the PP or Q’?Bﬁﬁgfceflt?ﬁiu ?/lsa‘a}tﬂé i;c"q f%& ée Rﬂ"?’?"@ﬁ#’gggﬁ% V%‘o‘%’?‘@ about 30, 000

g/ nol , or fron1about 500 to about 5000 g/ mol. In one enbodi nent, the PP or

EP groups (i. ‘10043 Rerea%‘florp?ong S an R’%’gﬂ Ia{h’ere%breﬁpgré%grs gsﬁlayﬁsg\ﬂaspgl\(ﬁea a M,

i ndi vidual Iy, ‘ranging Fom ab fol ecul ar 16

of 68 2009'3\%"1&@ e fémeaé{ ferathOS%Q?ﬁﬁer At £ 16%'0&"’}’ u%ﬁﬁ(egl ol or a

nmol ecul ar wei ron1a OUT o dbout or a nol ecul ar
wei ght of from about 2000 to about 2500 g/nol. As used above, nunber

averaged nol eqpdaay AVBAMERin( m}erﬁr“solgf'ﬁ&eqef@r@ 1d PéhafSTHBRbM&S nifingone ol efin
unsaturation per chain, as neasured by 1H NWR

Mn of 100g/mol and above.
[0045] Reference will now be made to various aspects of the present invention in

view of the definitions above.

[0046] The techniques provided herein are based, at least in part, on interactions
between the antifouling additives according to the invention and the materials in crude
oils that are prone to cause fouling, e.g., particulate impurities/contaminants and
asphaltenes. The interaction can be of physical or chemical means such as absorption,
association, or chemical bonding. The fouling materials can be rendered more soluble
in the crude oils as a result of interaction with the antifouling additives, therefore the

fouling on the exchanger metal surfaces can be reduced or eliminated.

[0047] In accordance with one aspect of the present invention, a method is provided

for reducing fouling in which one or more additives are selected from:
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[0050] In a further enbodiment, R2 and R3, as defined above, are
i ndependently a Cl-CH) straight chained al kl yene group. |In another
enbodi nerwoabiliaas one of R2, R3 and Rg, as defined ab@¢e/use@9manss37
unsubstituted ethyl ene group. In one enbodi nent, a piperazine group can
interrupt the &gé 8R8 chain. [0051] In sonme enbodi ments, the additive is a
famly of conpounds represented by pol ypropyl ene succini ¢ anhydri de
pol yam nes ( PP-SA- PAMs) and pol y(et hyl ene-copropyl ene) succi ni ¢ anhydri de
pol yam nes (EP-SA-PAMs). This class of antifouling additives are based on
atactic or isotactic pol ypropylenes (PP) or poly(ethyl ene-copropyl ene)
(EP), which i's functionalized with a polyam ne (PAM group in the chain end
and a succinimde group as the linkgr. These functionalized pol ypropyl enes
or poly(ethylene-co-propylene) (e.d., with ethylene content of 10 to 90
w% or 20 to 50 wt% can ini be prepared by netal |ocene-catalyzed
pol yneri zati on of propylene orja m rey eth¥ ene @nd propyl ene, which
are then terminated with a high vingl gro ~1n the chain end. The
nunber - aver aged nol ecul ar wei ght ) of t\he PP I KPP can be from about 300
to about 30,000 g/nol, or from aboyt 500 to about " 5080 g/ nol , as determ ned
by 1HNMR spectroscopy and assunrngcpne ol efin unsaturation per chain. The
vinyl -termnated atactic (i. ., random y distributed) or isotactic
pol ypropyl eneg ,( iy opy!l ene)
(v-EP) sui tablwe eb"r}?'zz' g‘r)ﬁag%r hstd% Oﬂ%h@gg a%#dxraﬁ%gﬁf%q o‘ﬁ)rr n the
af orenenti oned 17 of 68 2009EMB48 refinery foulrng mtigation can have a
mol ecul ar wei @Hs any iteperdiosr bteil®at el y from about 300 to about 30, 000 g/ nol,
or from about 500 to 5000 g/ nmol as determ ned by 1H NWMR spectroscopy and
assum ng one @®,@hd R; MBERAERHHANLIPA (RLT,, ErRdhéd or Bhgight@hiihétipdlkyddnefgidupgr oup can
be a vinylidene group or an allylic vinyl group. In certain enbodinents,
t he term nal M e, al C Vi r s froma
vi nyl i dene gro éﬁﬁgfglugr¢5eaﬁgr tog‘fthé/ra e mtﬁ)a@ b %%Iquogx@h%@ Oc%{ng)ﬁr% rich PP
or EP di scl osegoupn co- pendi ng application, U S App 12/143 663 can be
used, which application is hereby incorporated by reference inits
entirety. [0052] In another enbodinerd, one or nore of the R, R7 and R o
groups is independently sel ected fronm\{he groug consi sting of propyl ene
pol ymers conpri sing propyl ene and | ess ~57W % conmononer, preferably O
wt % conononer, wherein the polyner hag' i) Jat | east 93% allyl chain ends
(preferably at | east 95% preferabtyNat |east 97% preferably at |east
98%; ii) a nunber average nol ecul ar i (M) of about 500 to about
20,000 g/ nmol, as neasured by 11-1 NWR /assum ng one ol efin unsaturation per
chain (preferably 500 to 15,000, pref&rably 700 to 10,000, preferably 800
to 8,000 g/nol, preferably 900 to 7,000, preferably 1000 to 6, 000,
8; ngr ?g't ?/Olgoolwre%g g g%n%h'e'_q' %stgpghlt Sty ghain end, Lo ably! e vinyl

wherein the N atom bound to the R and R3 groups above is optionally substituted in

one or more places with the group:

Rg—Rq

wherein Ry is a C;-C;o branched or straight chained alkylene group; and Rg is NH; or
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iv) less than 1400 ppm al um num (preferably |less than 1200 ppm preferably
| ess than 1000 ppm preferably |ess than 500 ppm preferably |ess than 100
PPm) . [ 008820118216t her enbodi nent, one or nore of the RCT/URZo0a0683R! O
groups is independently selected fromthe group consisting of propyl ene
copol yners ha%PBPMﬁa vnh of 300 to 30,000 g/nol as neasured by 1H NMR and
assum ng one olefin 18 of 68 2009EMB48 unsaturation per chain (preferably
400 to 20,000, preferably 500 to 15,000, preferably 600 to 12, 000,
preferably 800 to 10,000, preferably 900 to 8,000, preferably 900 to 7,000
g/ nol), conprising 10 to 90 nol % propyl ene (preferably 15 to 85 nol %
preferably 20 to 80 nol % preferably 30 to 75 nol % preferably 50 to 90
nol %9 and 10 to 90 nol % (preferably 85 to 15 nol % preferably 20 to 80
mol % preferably 25 to 70 nmol % prefergbly 10rj,0 50 nol % of one or nore

al pha-ol efin conmononers (preferably et , butene, hexene, or octene,
preferably ethylene), wherein the_polyner has at |east X% ally! chain ends
(relative to total unsaturations), wh 1) X =(-0.94 (nol e% et hyl ene

i ncorporated) + 100{alternately 1.20 (-0-94 (nol e% et hyl ene incorporated) +
100), alternately 1.50(-0.94 (nol e% etfyl ene incorporated) + 100)1), when
10 to 60 nole% ethylene is present in @he co-polyner, and 2) X = 45
(alternately 50, alternately 60), when greater than 60 and | ess than 70

nol e% et hyl enewH.ex%ilpl’iﬁ%eamraricﬂedcn%trﬁgﬁtn:miiﬂmm-%?glkgl)or%lkin)(l 3roRp"anli Mol €%
et hyl ene incorporated) -83, {alternately 1.20 [1.33* (nole% ethyl ene

ST e, i ek SHEBS Sy o enhd et SR SN SRR o
- , en i r.
Alternately X. s 80% or, nore,,. pref bly 85% or,. nore,, preferably 90% or
Tor 6 ot of or AR 8 hafieacieR BRI Ardbe, Nas st e elFafedi6 A gnts,

copol yner has

| t 80% i sobutyl .chai d based the. f
cobut vl and ASBPEROT R HEEA AR Y GhAgs o oy S BPAEP § SeTRRLT 5506

i but vlI hai f | t. | 4 90% i.sobut yl ,.chaj S. .
Aot erv G BaRoRE FaRubats HanEol p SR Peo B PeBlRaR o oup

ratio of 0.8:1 to 1.35 1, referably 0.9:1 to 1.20:1.0, preferably
0.9:1.0 to 1. f?‘i’?ﬂ?te['%%%ﬁ)fbflﬁnganot her enbodi ment, one or nore of the R, R7
and R10 groups is

[0048] In certain embodiments, one or more of the R, Ry and Ro groups is

independently selected from polypropylene (PP) and poly(ethylene-co-propylene)
(EP). The polypropylene and poly(ethylene-co-propylene) groups themselves can
contain from about 10 to about 800 carbon atoms and can have a Mn up to and
exceeding 10,000 g/mol, i.e., one or more of the Ry, R7 and R0 groups can
individually have a molecular weight up to and exceeding 10,000 g/mol. As used
above, number averaged rﬁolecular weights (Mn) are based on the assumption of one

olefin unsaturation per chain, as measured by 'H NMR.

[0049] In one embodiment, the PP or EP groups, individually, have a Mn from about
300 to about 30,000 g/mol, or from about 500 to about 5000 g/mol. In one
embodiment, the PP or EP groups (i.e., one or more of the Ry, R7 and R groups)

have a Mn, individually, ranging from about 500 to about 2500 g/mol, or a molecular
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2009EM348 i ndependently selected fromthe group consisting of propyl ene
pol ymers, conprising nore than 90 nol % propyl ene (preferably 95 to 99 nol %
pr ef er ablwo28i1ttaa4Asnol %9 and | ess than 10 nol % et hyl ene pCprustenwabdsy7 1 to 4

nol % preferably 1 to 2 nol %, wherein the pol yner has: at | east 93%
allyl chain en E&?‘{sef erably at |least 95% preferably at |east 97%
preferably at Teast 98% ; a nunber average nol ecul ar wei ght (M) of

about 400 to about 30,000 g/nol, as nmeasured by NVR and assum ng one ol efin
unsaturation per chain (preferably 500 to 20,000, preferably 600 to 15,000,
preferably 700 to 10,000 g/nol, preferably 800 to 9,000, preferably 900 to
8,000, preferably 1000 to 6,000); an isobutyl chain end to allylic vinyl
group ratio ofveighgefifranyabputxiOto pbougsid g/mol or amelesulenweight oG HOBFRPHEBIM num
(preferably I ess than 1200 ppm preferably |less than 1000 g)m preferably

[ 6ss ¢ han 500 it FOBERClisiTy maksyiar naiaht b GOB3AY 2pRiB@pout Aok edrhler

enbodi nent, one or nore of the RI, R7 and RLO groups is independently

sel ect ed fromASHESdAY8Yf NeBPRE pYeragse "@fecﬁﬁro‘ﬁ‘iigtéh&rﬁéfeyt?i‘é“rdso“ébﬁhpri si ng:

at least 50 (preferably 60 to 90, preferably 70 to 90) nol % propyl ene and
from 10 to 50 pymefiat efiong olefin prsatieation perchyiniss neasyrad by 30NMBY % et hyl ene,
wherein the pol yner has: at .l east 90% al lyl chain ends (preferably at

0
: 222: géég ) pr Eif)(%rO]at{LXfua erI eemabso%irr%%a/ol{z nrdel{3,e£sa theda z}bol/e?g'lfsetinc%gg@dermy%f&t ably at

Co straight chained alklyene group. In another embodiment at least one of Ry, R3 and
Rg, as defined above, is an unsubstituted ethylene group. In one embodiment, a

piperazine group can interrupt the R;-NH-R3 chain.

[0051] In some embodiments, the additive is a family of compounds represented by
polypropylene succinic anhydride polyamines (PP-SA-PAMs) and poly(ethylene-co-
propylene) succi‘nic anhydride polyamines (EP-SA-PAMs). This class of antifouling
additives are based on atactic or isotactic polypropylenes (PP) or poly(ethylene-co-
propylene) (EP), which is functionalized with a polyamine (PAM) group in the chain
end and a succinimide group as the linker. These functionalized polypropylenes or
poly(ethylene-co-propylene) (e.g., with ethylene content of 10 to 90 wt%, or 20 to 50
wt%) can initially be prepared by metallocene-catalyzed polymerization of propylene
or a mixture of ethylene and propylene, which are then terminated with a high vinyl
group content in the chain end. The number-averaged molecular weight (M,) of 'the
PP or EP can be from about 300 to about 30,000 g/mol, or from about 500 to about
5000 g/mol, as determined by 'H NMR spectroscopy and assuming one olefin
unsaturation per chain. The vinyl-terminated atactic (i.e., randomly distributed) or
isotactic polypropylenes (v-PP) or vinyl-terminated poly(ethylene-co-propylene) (v-
EP) suifable for chemical functionalization and invention .in the aforementioned

17 of 68



an Wn of about 150 to about 20,000 g/ nol, as neasured byNVMR and assum ng
one ol efin unsaturation per chain (preferably 200 to 15,000, preferably 250
to 15, 000wopnafasabl y 300 to 10,000, preferably 400 to 9CHAB2000/06488T abl y
500 to 9,000, preferably 750 to 9,000); and an isobutyl chain end to
allylic vinyl 2&}'9?M948r atio of 0.8:1 to 1.3:1.0, wherein nononers having four
or nore carbon atons are present at fromO to 3 nol % (preferably at |ess
than 1 nol % preferably less than 0.5 nol % preferably at 0 nol%.
2009EM348 [0057] I n anot her enbodi nent, one or nore of the RI, R7 and R O
groups is independently selected fromthe group consisting of propyl ene
pol ymers conprising: . at least 50 (preferably at |east 60, preferably
70 to 99.5, préfrepAbulipggutigasiongan ves eolepilyr verieht VO @pBPximetels fimppy| ene,
fromO0.1 to 45 (preferably at |east 35, preferably 0.5 to 30, preferably 1
to 20, prefer&bpyf340 B apeut 30,0, ot ﬁweg&\'} 5¢He 5pPbegrmol as detgrmingdobyef er abl y
0.5 to 3, preferably 0.5 to 1) nmol % C4 to C12 olefin (such as butene,
hexene or oct eH&YMR spectipssppy/ang assapdng ongplefie ppsatuppsiop p¢rycheip. Ragsterminal gt

| east 90% al |yl chain ends (preferably at |east 91% preferably at |east
93% pr ef er abloFliaErquaat bersoigyliders aspupsirgn allylica it grogngln certain - 3 nunper
average nol ecul ar wei ght (M) of about 150 to about 15,000 g/nol, as
nmeasured by 1KBMRRAIMSHE hessiHpH gledin groyp ésrtheallyHe winyrieyre Whish diteersdfyqm a
(preferably 200 to 12,000 referably 250 to 10,000, preferably 300 to

10, 000, pref erVHHF‘Qe“&@E?“POI@gGG‘?gaﬁ?S e &rapmalaligbovipy eoupaish PBrosEBrably 750 to
9, 000); and ) an i sobutyl chain end to allylic vinyl group ratio of :
0.8:1 to 1.35diclgsed[ipespinding applisetion Ue%ﬁ@ailﬁélﬁg,ﬁ%?ﬁé bgusedpvbichf the R, R7
and Rl o groups is independently selected fromthe group consisting of
propyl ene pol ylﬁgrcgthpd Ry 1ﬁ<§>_rporated by reference in its entirety.

[0052] In another embodiment, one or more of the R;, Ryand Ry groups is
independently selected from the group consisting of propylene polymers comprising
propylene and less than 0.5 wt% comonomer, preferably 0 wt% comonomer, wherein

the polymer has:

i) at least 93% allyl chain ends (preferably at least 95%, preferably at least
97%, preferably at least 98%);

ii) a number average molecular weight (Mn) of about 500 to about 20,000
g/mol, as measured by 'H NMR, assuming one olefin unsaturation per
chain (preferably 500 to 15,000, preferably 700 to 10,000, preferably 800
to 8,000 g/mol, preferably 900 to 7,000, preferably 1000 to 6,000,
preferably 1000 to 5,000);

iii) an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.3:1.0;

iv) less than 1400 ppm aluminum, (preferably less than 1200 ppm, preferably
less than 1000 ppm, preferably less than 500 ppm, preferably less than 100
ppm).

[0053] In another embodiment, one or more of the Ry, R7 and Rjo groups is

independently selected from the group consisting of propylene copolymers having an

Mn of 300 to 30,000 g/mol as measured by 1H NMR and assuming one olefin
18 of 68



at least 50 (preferably at |east 60, preferably 70 to 99.5, preferably 80

to 99, preferably 90 to 98.5) nol % propyl ene, fromO.1 to 45 (preferably at

| east 35,wpnrefianatisy 0.5 to 30, preferably 1 to 20, prefreraisk§oohess3to 10)

nol % et hyl ene, and from0.1 to 5 (preferably 0.5 to 3, preferably 0.5 to 1)

nmol % di ene (s C4 to A 2 al pha-onega di enes (such as but adi ene,
ootardfe)

hexadi ene, nor bor nene, ethylidene norbonene, vinyl norbonene,
norbornadiene and dlcyclopentadiene), wherein the pol yner has: at
| east 90% al |yl chain ends (preferably at |east 91% preferably at |east
93% preferably at |east 95% preferably at |east 98%; a nunber

aver age nol ecul ar wei ght (WMh) of about 150 to about 20,000 g/nol, as

measur ed by 1unsetuspyiRn perchais Sprateraglyotde tQR&P00nprefershty H0A 4 bﬁqooﬁepref?rﬂéﬁ)’n
(preferably 200 to 15, 000, lE)lref erably 250 to 12,000, preferably 300 to
9t

10, 000, pref eﬁﬁ%toyn@@@, Areferablg 360 top‘roéloé,rrmfl?fyblwgo t0c3 @M@@feraplyé’p@ﬁcabl y 750 to
9,000); and an i sobutyl chaln end to allylic vin Proupratlo of 0.7:1to
M)

1.35:1.0. 2009efBa®!) comgisingrd{ to90 mplde mweéme Iiyde 85 meBpar ed herein

preferably have | ess than 1400 ppm al umi num prefer abI | ess than 1000 ppm

al um num  pr efPeafamly 2Q O3 mA%nPS @bbp}%t&VﬁWPP}e)»rWefW'éYéga’o‘?(&lﬂ@%@g“q han 100

ppm al um num pref erable/ | ess t han 50 pm al um num_pref erabl %/l | ess than 20
Pr ¥

ppm al umi num 1Bietlpel (prafesady Bhient 55"?5ﬁnprﬁfe[ﬁﬁ‘iyr?t9rf9 8¢ G‘GE’@]PWIFPF@ @ i nal

vinyl functionali ty in PP or EP can be nmaleated with excess maleic

anhydri de (1. G9me!%s, ryefaghiyV Aite st ©917hef arseti mespalplielefimemegoysrge t he
correspondi ng pol y%ropyl enes or poly(ethyl ene-co-propylene)s with 0.8 to 2
succi ni ¢ anhy dPF@Ee W&H&’ﬂqnéﬁﬂe"iﬁ thFé‘fé‘eior'iO?‘ﬁ%e pRErablyestlyleneh @ hersinghs i on st ep
can be a thermal process, or alternatively a catalyzed process with the use
of suitable LEAVECHRASat least 5]’@%‘51 C}P&%P‘Q%ﬁrﬂ@geﬁ%ﬂ?%b“@féfaw% v 0 Xengt h and
nunber of am ne functional group can be used to react with the succinic

anhydri de gr odg&-9(molfee phy g ipgorrizish +e1r98{a“F'ﬁat§]r¥r1‘E20érPo%dFW£¢rﬁ s, the

pol yanm ne has the structure wherein R12 is Xdro gen or a Cl-10 ar anched or
strai ght chai f89eaf ipgerrypetich % ;f"tg'ﬂbt%lﬁ’lltsﬁf 8d B?OISﬁéthdfe“ﬁﬁ‘F%‘p%rme b gr oups,
R13 is a Cl-C10 branched or straltght chai ned. al k Iene ﬁ]% —Afj X is an
i nt eger bet weeROD: 3fhen 1hoioq@raler ybﬁ(‘éﬁﬁfseé‘%‘"d}?e h&S Pncl ude, but
are not limted to Iene mne msrss s di et hyl triam ne
(DETA), triethy Yeé‘}‘?ﬁ’fye{or g‘?ﬁ"??ée 5) i Hap H§P'Iéﬁ8ﬁé‘?ﬁ‘a¥ﬁm ier;/e FEpRye
pent aet hyl enehexam ne (PE hex thyl ) ( HEHA gher ‘
mol ecul ar wei dwrefbtéﬂf}%s"o%f“@ﬁ a&‘i?) Fégggo(ﬁf‘))iﬁ%tgﬁﬁrﬁﬁﬁﬁo ”ﬁ? t’ggre of
various {alternately 1.20 [1.83* (mole% ethylene incorporated) -83], alternately 1.50 [1.83*

(mole% ethylene incorporated) -83]}), when 70 to 90 mole% ethylene is present in

the copolymer. Alternately X is 80% or more, preferably 85% or more, preferably

90% or more, preferably 95% or more.

[0054] Alternatively, the polymer or copolymer has at least 80% isobutyl chain ends
(based upon the sum of isobutyl and n-propyl saturated chain ends), preferably at least
85% isobutyl chain ends, preferably at least 90% isobutyl chain ends. Alternately, the
polymer has an isobutyl chain end to allylic vinyl grou;) ratio of 0.8:1 to 1.35:1.0,
preferably 0.9:1 to 1.20:1.0, preferably 0.9:1.0 to 1.1:1.0.

[0055] In another embodiment, one or more of the R, R7 and Ry¢ groups is
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2009EM348 linear, cyclic, and branched structures. The pol yam ne can
provi de overall functional ized pol ypropyl ene succinic anhydri de pol yam nes
( PP- SA- PANB20twmo1p1aby ( et hyl ene- co- propyl ene) succi ni ¢ anirgarisd@opaedsgan nes

( EP- SA- PAM5) conposition, as schematically illustrated bel ow for PP-SA- PAM

vinyI-terninasageﬁ&%propylenepolypropylene pol ypr opyl ene (v-PP)succinic
anhydri desuccini ¢ anhydri de (PP-SA) pol yam ne (PP-SA-PAM [0061] In the

above reaction schene, upon the reaction between the vinyl term nated

pol ypropyl ene with mal ei c anhydride, the term nal double bond of the
allylic vinyl group shifted, resulting in a bond between the original alpha
carbon of the vinyl terminated PP with the succinic anhydride unit. [0062]
By sel ecting vidspindenslysplaetedliom dieyerupsonsistiag olatropyileng gplymersrionwesingr wei ght s
and pol yam nes of different chain | engths and nol ecul ar conposition (i.e.,
et hyl eneani ne Mt PaePEmal™y propyleperpictrablyctsin P& met % Hpaferetud BrpNmple)- CH2 CHe-
NH2 or propyl eneam ne polyners with a formula of

H2N-= ( CH2CH2 mzwmeﬁ@@w pibplengHercéerahl] tp 4 mol¥g preferably 1t02 ) - t he

pol ypr opyl ene- based additives can be nol ecul arly designed to have different
amount of basi®olh)vhdaeEhedolMeERba: and hence varyi ng degrees of dispersancy.

[0063] In a preferred enbodi nent, the synthesis processes described herein
are 23 of 68 at least 93% allyl chain ends (preferably at least 95%, preferably at least 97%,

preferably at least 98%); _

a number average molecular weight (Mn) of about 400 to about 30,000 g/mol,
as measured by '"H NMR and assuming one olefin unsaturation per chain (preferably
500 to 20,000, preferably 600 to 15,000, preferably 700 to 10,000 g/mol, preferably
800 to 9,000, preferably 900 to 8,000, preferably 1000 to 6,000);

an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, and

less than 1400 ppm aluminum, (preferably less than 1200 ppm, preferably less
than 1000 ppm, preferably less than 500 ppm, preferably less than 100 ppm).

[0056] In another embodiment, one or more of the Ry, R7 and R groups is
independently selected from the group consisting of propylene polymers comprising:

at least 50 (preferably 60 to 90, preferably 70 to 90) mol% propylene and from
10 to 50 (preferably 10 to 40, preferably 10 to 30) mol% ethylene, wherein the
polymer has: '

at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
preferably at least 95%, preferably at least 98%);

an Mn of about 150 to about 20,000 g/mol, as measured by 'H NMR and
assuming one olefin unsaturation per chain (preferably 200 to 15,000, preferably 250
to 15,000, preferably 300 to 10,000, preferably 400 to 9,500, preferably 500 to 9,000,
preferably 750 to 9,000); and

an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.3:1.0, wherein
monomers having four or more carbon atoms are present at from 0 to 3 mol%

(preferably at less than 1 mol%, preferably less than 0.5 mol%, preferably at 0 mol%).
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2009EMB48 conti nuous processes. As used herein the term continuous neans a
systemthat operates without interruption or cessation. For exanple a

cont i nuousopnogasast o produce a pol yner woul d be one whece/ush@9esssdt ant s
are continually introduced into.one or nore reactors and pol yner product is
continually wz{)@gﬁ(‘g‘wﬂ [0064] A few representative exanples illustrating
the effects of nol'ecul ar wei ght variation, type of polyam ne used and
stoichionetry to give PP-SA-PAM conpositions different |evel of theoretical
basi c nitrogen content are shown in the follow ng Table 1. The |evel of
basic nitrogen can be controlled to provide a wi de range of values from
about 3 to 9% on a weight basis in the resulting dispersant additives.
Table 1. DiffdP&¥I Ifl@e’gllefse"éﬁOdtnFﬁébPEftfPf@&Feﬁféﬁ‘? Ri: v erbyegrawBhFent as obt ai ned
by varying the stoichionetry of PP-SA and pol yam ne. Entry NVR-averaged MN
of v-PP a (g/ riefleperdaniiyiselppiediiont the gooym coprshipg of RIapygag ptymers comprising:

at least 50 (preferably at least 60, preferably 70 to 99.5, preferably 80 to 99,
preferably 90 to 98.5) mol% propylene, from 0.1 to 45 (preferably at least 35,
preferably 0.5 to 30, preferably 1 to 20, preferably 1.5 to 10) mol% ethylene, and
from 0.1 to 5 (preferably 0.5 to 3, preferably 0.5 to 1) mol% Cs4 to C,; olefin (such as
butene, hexene or octene, preferably butene), wherein the polymer has:

at least 90% allyl chain ends (preferably at least 91%, preferably at least 93%,
preferably at least 95%, preferably at least 98%);

- a number average molecular weight (Mn) of about 150 to about 15,000 g/mol,
as measured by 'H NMR and assuming one olefin unsaturation per chain (preferably
200 to 12,000, preferably 250 to 10,000, preferably 300 to 10,000, preferably 400 to
9500, preferably 500 to 9,000, preferably 750 to 9,000); and

an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0.

[0058] In another embodiment, one or more of the Ry, Ry and Ryo groups is
independently selected from the group consisting of propylene polymers comprising:

at least 50 (preferably at least 60, preferably 70 to 99.5, preferably 80 to 99,
preferably 90 to 98.5) mol% propylene, from 0.1 to 45 (preferably at least 35,
preferably 0.5 to 30, preferably 1 to 20, preferably 1.5 to 10) mol% ethylene, and
from 0.1 to 5 (preferably 0.5 to 3, preferably 0.5 to 1) mol% diene (such as C4 to Cy2
alpha-omega dienes (such as butadiene, hexadiene, octadiene), norbornene, ethylidene
norbornene, vinyinorbomene, norbornadier;e, and dicyclopentadiene), wherein the
polymer has:

at least 90% allyl chain ends (preferably at least 91%, preferably at least'93%,
preferably at least 95%, preferably at least 98%);

a number average molecular weight (Mn) of about 150 to about 20,000 g/mol,
as measured by '"H NMR and assuming one olefin unsaturation per chain (preferably
200 to 15,000, preferably 250 to 12,000, preferably 300 to 10,000, preferably 400 to
9,500, preferably 500 to 9,000, preferably 750 to 9,000); and

an isobutyl chain end to allylic viny! group ratio of 0.7:1 to 1.35:1.0.
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[0059] Any of the propylene polymers prepared herein preferably have less than 1400
ppm aluminum, preferably less than 1000 ppm aluminum, preferably less than 500
ppm aluminum, preferably less than 100 ppm aluminum, preferably less than 50 ppm
aluminum, preferably less than 20 ppm aluminum, preferably less than 5 ppm
aluminum,

[0060] The terminal vinyl functionality in PP or EP can be maleated with excess
maleic anhydride (1.0 to 5.0 equivalents) between 180 and 225 °C to give the
corresponding polypropylenes or poly(ethylene-co-propylene)s with 0.8 to 2 succinic
anhydride functionalities in the chain end. The maleation step can be a thermal
process, or alternatively a catalyzed process with the use of suitable Lewis acid
ca‘talyst. Polyamines having varying chain length and number of amine functional
group can be used to react with the succinic anhydridg groups in the PP or EP cﬁain

end. In some embodiments, the polyamine has the structure

R
H 13
N NH,

X
R12

wherein R is hydrogen or a C.j branched or straight chained alkyl optionally

+ substituted by one or more amine groups, R;3 is a C;-Cjo branched or straight chained
alkylene group, and x is an integer between 1 and 10 inclusive. Examples of the
polyamines include, but are not limited to, ethyleneamine polymers such as
diethylenetriamine (DETA), triethylenetetramine (TETA), tetracthylenepentamine
(TEPA), pentaethylenehexamine (PEHA), hexaethyleneheptamine (HEHA) and

higher molecular weight species, which can also contain a complex mixture of various
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linear, cyclic, and branched structures. The polyamine can provide overall
functionalized polypropylene succinic anhydride polyamines (PP-SA-PAMs) or
poly(ethylene-co-propylene) succinic anhydride polyamines (EP-SA-PAMs)

composition, as schematically illustrated below for PP-SA-PAM.

o]

[Iéo D HN N NH, 0

CHs CHy 0 H CHs N NH
HM\/\ 2 HM T H = ‘f/\HT\/ 2

n 190 °C n o) xylene, 140 °C . n o) m
m=0,1,23,4,.)
vinyl-terminated polypropylene polypropylene
polypropylene (v-PP) succinic anhydride succinic anhydride
(PP-SA) polyamine

(PP-SA-PAM)

[0061] In the above reaction scheme, upon the reaction between the vinyl terminated
polypropylene with maleic anhydride, the terminal double bond of the allylic vinyl
group shifted, resulting in a bond between the original alpha carbon of the vinyl

terminated PP with the succinic anhydride unit.

[0062] By selecting vinyl-terminated polypropylenes of different molecular weights
and polyamines of different chain lengths and molecular composition (i.e.,
ethyleneamine polymers with a general formula of HZN—(CHzC;HzNH)m—CHZCHz—
NH, or propyleneamine polymers with a formula of H;N—(CH2CH,CHoNH)m—
CH,CH>CH;—-NH; where m=0, 1, 2, 3, 4, ...b), the polypropylene-based additives can

be molecularly designed to have different amount of basic nitrogen contents and

hence varying degrees of dispersancy.

[0063] In a preferred embodiment, the synthesis processes described herejn are
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continuous processes. As used herein the term continuous means a system that
operates without interruption or cessation. For example a continuous process to
produce a polymer would be one where the reactants are continually introduced into

one or more reactors and polymer product is continually withdrawn.

[0064] A few representative examples illustrating the effects of molecular weight
variation, type of polyamine used and stoichiometry to give PP-SA-PAM
compositions different level of theoretical basic nitrogen content are shown in the
following Table 1. The level of basic nitrogen can be controiled to provide a wide
range of values from about 3 to 9% on a weight basis in the resulting dispersant

additives.

Table 1. Different levels of theoretical basic nitrogen content as obtained by varying
the stoichiometry of PP-SA and polyamine.

Entry | NMR-averaged MW of PAM® PP-SA ¢ : PAM Theoretical Basic
v-PP? (g/mol) .| Nitrogen Content (wt%)
| 983.0 TEPA 2:1 3.0
2 983.0 PEHA 2:1 3.6
3 570.7 TEPA 2:1 4.7
4 570.7 PEHA 2:1 5.6
5 983.0 TEPA 1:1 5.6
6 983.0 PEHA 1:1 6.5
7 570.7 TEPA 1:1 8.3
8 570.7 PEHA 1:1 9.5

a: v-PP = vinyl-terminated polypropylene

b: PAM = polyamine, TEPA = tetracthylenepentamine, PEHA =
pentaethylenehexamine

¢: PP-SA = polypropylene succinic anhydride
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[0065] In one embodiment, at least one of Ry, R7 and Ry, as defined above, is

polyisobutylene. In one embodiment, the additive is selected from

O ,
N/\/ \/\”/\/ \/\NHZ
PIB
0]
O 0]
H H
N/\/N\/\N/\/N\/\N
PIB : PIB

O )

@)
O — H
N \ ./
PIB
PIB 0

)

O
O
N, N
N/\/N\/\N/\/
PIB
g
@)

NH,

PiB
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c: PP-SA = pol ypropyl ene succinic anhydride 24 of 68 2009EM348 100651 In
one enbodi nent, at |east one of Rl, R7 and R10, as defined above, is
pol yi sobuwgl2enén1431n8 one enbodi ment, the additive is sel ecras2dmonssP! B H 4H

NN. ., - NNnu H

2009EM348
@)
@)
‘ H
N/\/N\/\N/\/N
PIB
PIB o)
0]

'
CF:;_/V/O 4_

.[0066] It will be understood by persons of ordinary skill in the art that, for example, _
the PIB group, as shown above, can be linked to the succinic anhydride group via an
alkyl or alkenyl linking group. For example, when highly reactive polyisobutylene
(HR-PIB) is employed having a terminal vinylidine terminal group, the following

additives are provided, shown with a C4 alkenyl linking group:

O
H H
HsC CHs CH; N/\/N\/\N/\/N\/\NHQ
H = H
n - 0
O O
) H H
H = H NN H
n O o] n
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7 /\ § )
N H3C H-C CH
CH; CH N NN 3C H3C CH,
HH3C i 3 N/\/ \ / S H
n O © "
@)
7 H C
H3C H3C CH
H 7 d n
n O
NH,
O'
7 H C
H3C H3C CHs
HH3C CHa CHs N/\/N\/\N/\/N = H
=
. 5 n
n . O H O
N
© CHs;
\ CHs;
CHj;
H
)

wherein n is from 1 to 200, or from about | to 100.

[0067] In one embodiment, any one of the above-described additives are associated or

complexed with a boronating agent. In one embodiment, the boronating agent is
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PIBH O PIB O PIB 100661 It will be understood by persons of ordinary skil
in the art that, for exanple, the PIB group, as shown above, can be |inked
to the swoinileisaikydri de group via an al kyl or al kenyl pcirniseeng/oegsssup. For

exanpl e, when highly reactive polyisobutyl ene (HR-PI B)

i s enpl oyed having a

term nal vinyI'@Ep@wterninal group, the follow ng additives are provided,
al ke

shown with a

nyl |inking group: 26 of 68 WO
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selected from boric acid, an ortho-borate, or a meta-borate, for example, boric acid,
trimethyl metaborate (trimethoxyboroxine), triethyl metaborate, tributyl metaborate,
trimethyl borate, triethylborate, triisopropy! borate (triisopropoxyborane), tributyl

borate (tributoxyborane) and tri-t-butyl borate.

[0068] Another aspect of the present invention provides a system for refining
hydrocarbohs that include at least one crude hydrocarbon refinery component, in
which the crude hydrocarbon refinery component includes an additive selected from
any one of the above-described additives. The crude hydrocarbon refining component
can be 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 ﬂaré compressor component, a steam cracker, a
steam reformer, a distillation column, a fractionation column, a scrubber, abreactor, a
liquid-jacketed tank, a pipestill, a coker, and a visbreaker. In one preferred
embodiment, the crude hydrocarbon refining component is a heat exchanger (e.g. a

crude pre-heat train heat exchanger).

[0069] Another aspect of the present invention provides a composition for reducing
fouling that includes at least one of any of the above-described additives, and a .
boronating agent. The boronating agent is selected from boric acid, an ortho-borate,
or a meta-borate, for example, boric acid, trimethyl metaborate (trimethoxyboroxine),
triethyl metaborate, tributyl metaborate, trimethyl borate, triethylborate, triisopropyl

borate (triisopropoxyborane), tributy! borate (tributoxyborane) and tri-t-butyl borate.
[0070] Exemplary further embodiments of the present invention are provided below
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wherein nis from1 to 200, or fromabout Ito 100. [0067] In one

enbodi nent, any one of the above-described additives are associ ated or

conpl exedwai2oti/a4ti6r onat i ng agent. I n one enbodi ment, tReThse@watssdy agent
is 27 of 68 2009ENB48 selected fromboric acid, an ortho-borate, or a
neta-borate, fon exanple, boric acid, trinmethyl netaborate
(trlnethoxyborOX|ne triethyl netaborate, tributyl netaborate, trinethyl
bor at e, trlethylborate, triisopropyl borate (triisopropoxyborane), tributyl
borate (tributoxyborane) and tri-t-butyl borate. [0068] Another aspect of
the present invention provides a systemfor refining hydrocarbons that

i nclude at | east_one crude hydrocarbon refinery conponent, in which the
crude hydr ocar®dHusratiYerRuFRPSEotdIRERE P?%@F%‘tfé'é“‘éﬁo‘addi tive sel ected from any
one of the above-described additives. The crude hydrocarbon refining
conponent can be selec ed f . crude
preheater, a QRBIEAUQNS forine Y¥zer exchanger,
a debut ani zer tower, a feed/effluent exchanger a furnace air preheater, a

flare conpr esj@(ﬁlﬁﬁi@?&&ﬁ%s ﬁhesérgs%ﬁ? &wﬁﬁ&e{m gé?iex%hf?tg%ﬂlg nd Jhilal &

distillation rac ionation colum, “a a’'reactor, a

I quid-jacket g‘gf‘tﬁgﬂ’&’" r QA ugllnl hdc tﬁlgi% hadde@d ecqlly\fc &Qg?o%gsg strea one

preferred enb rocarbon re ng conponent I's a heat
exchanger (e. Qond of fn%gﬁbﬂgtﬁmhﬁa{[ otﬂerr %d(]ﬂ\t}? fifat &%QJ\@&QQ l?()ull %qug‘lg]‘ venot her
aspect of the present |nven |on provi des a conposition f JLC|ng foul i ng
t hat |ncIudesSg&eB$%§£ y of the above-descri bed additives, and a
boronati ng agent Por atlng agent is selected fromboric acid, an
ortho-borate, or a neta- borate for exanple, boric acid, trinethyl

met aborat e (trpemy MRX¥ARIVEXEanB) intlotiicRl, Y exBRpIBNYPE@ath frdrh tHRphiticulaet abor at e,
trimethyl borate triethyl borate, trllsopropyl borate

é tri It Sopr opoXx kgt Ap@bearbdni rblitell corPodngs)(E &l AnshQx¥RBEANR) wiagit fsidesifed but y|
orate.

to prevent fouling (e.g. particulate induced fouling). Alternatively, the additive can be
added to the crude oil prior to being introduced to the refining process, or at the very

beginning of the refining process.

[0073] It is noted that water can have a negative impact on boron-containing
additives. Accordingly, it is advisable to add boron-containing additives at process

locations that have a minimal amount of water.

[0074] While not limited thereto, the additives of the present invention are
particularly euitable in reducing or preventing particulate-induced fouling. Thus one
aspect of the present invention provides a method of reducing and/or preventing, in
particular, particulate-induced fouling that includes adding at least one additive of the
present invention to a process stream that is known, or believed to contribute to,
particulate-induced fouling. To facilitate determination of proper injection points,
measurements can be taken to ascertain the particulate level in the process etream.

Thus, one embodiment of the present invention includes identifying particular areas of
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[ 0070] Exenpl ary further enbodi nents of the present invention are provided
bel ow 2009EMB48 for illustrative purposes, and not for purposes of
limtati omo 20pplieaati ons for the Pol yal kyl Succini ¢ Anylrganisd@omBedsgam ne
Addi tives [0071] The additives of the present invention are generally
soluble in a typigal hydrocarbon refinery streamand can thus be added
directly to the process stream alone or in conbination with other
additives that either reduce fouling or inprove sonme other process
paranmeter. [0072] The additives can be introduced, for exanple, upstream
fromthe particul ar crude hydrocarbon refinery conponent(s) (e.g. a heat
exchanger) in which it is desired to prevent fouling(ge.g. particul ate

i nduced f oul i #g§fining Rresepsthitipaysrelativedy ﬁabjp%m%ateclavﬁl%én Hdog ahpore s crude oi
prior to being introduced to the refining process, or at the very beginning
of the refi ni A J9riduess thepneyyms]inveptigngn plggeIOIREY 19 {ATSE Areas(§-endPe a negati ve
i npact on boron-containing additives. Accordingly, it is advisable to add
bor on- cont ai niYAYreald? the geea idgptifisdgs badng 'B%‘h?ﬁ“ﬂﬁﬁ‘g’“’tlﬁ S‘have a mini mal amount
of water. [0074] While not limted thereto, the additives of the present

i ti i cul suitable i dyci 9! i
bar 1 cul at o 1 TSl s abseaieh B greschs bR B Ahe B RER o0 gt  on
provi des a net hod

f reducing. and/ ting. i ticul
par ti cul at e- | RAICE] “PBRIFTHG T RAA™ HerhUESbdsaont A AT S ai ¢ ve of
th t i tion t reamthat is k bel i eved t
cont 11 but 6t o, BaFE TP aeR Fean LT e coromlealhy Pl aBips B EL | on of
t ce

a a r
proper injection i.nts, urenents. ¢ be,taken to a rtain the
par t1 cul at e | AUSPTHTY RBHISHE Gihedishfies Jippulighgnts hd ordsfle

particulates. In another embodiment of the present invention, a method to reduce
fouling is provided comprising adding any one of the above-mentioned additives to a
crude hydrocarbon refinery component that is in fluid communication with a process
stream that contaips at least 250 wppm (or 1000 wppm, or 10,000 wppm) of

particulates, including organic and inorganic particulates, as defined above.

[0076] In one embodiment of the present invention, the additives of the present
invention are added to selected crude oil process streams known to contain, or
possibly contain, problematic amounts of organic or inorganic particulate matter (e.g.
1-10,000 wppm), such as inorganic salts. Accordingly, the additives of the present
invention can be introduced far upstream, where the stream is relatively unrefined
(e.g. the refinery crude pre-heat train). The additives can be alsoladded, for example,
after the desalter to counteréct the effects of incomplete salt removal or to the bottoms
exit stream from the fractionation column to counteract the high temperatures that are

conducive to fouling.
[0077] Figure 1 demonstrates possible additive injection points within the refinery
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a refining process that have relatively high particulate |evels, and addi ng
any one of the additives of the present invention in close proximty to
t hese ar ew® 20H/034215] ust upstreamto the area identifi edpPa3/usanonessd’ gh
particul ate levels). [0075] In one enbodi nent of the present invention, a
met hod to redgggEﬁgallng is provided conprising addi ng any one of the
above- nent i onéd tives to a crude hydrocarbon refinery conponent that is
in fluid communi cation with a process streamthat contains, at |east 50
wppm of particul ates, including organic and inorganic partlculates In
anot her enbodi nent of the present invention, a nmethod to reduce fouling is
provi ded conprising adding any one of the above nentioned additives to a
crude hydrocaﬂﬂ@ﬁPﬁéﬁmﬁﬁﬁwbéﬁﬁﬁﬁh@ﬁﬁOfﬁaPmﬁ§tWﬁmﬁpmﬂﬂwﬁﬁmﬁﬁﬁ?@%¥?bn with a
process streamthat contains at |east 250 é 1000 wppm or 10, 000
wppn) of par t icHelFaieRrgsent hrgt xghangersr @hﬂlO(‘Y"a‘h\AﬁgWﬁ haadditivsaranteul at es, as
defined above. [0076] In one enbodi nent of the present invention, the
addi tives of tHEdpseddresindy siragstanks angd & saged lpcations iy thepreleattFaitie S | process
streans known to contain, or possibly contain, problematic anobunts of
organi c or |nd‘i‘fdj‘§1ﬁ¥@f“ﬁ‘a€r"fqe§mf§% @%ea?@? very beginningof thrrsudgpptieat ©3iph a
inorganic salts. Accordin the additives of the present |nvent|on can be
i ntroduced f arnd(pistefasamd f\%ﬁb‘?‘%d?SH'éﬁrs%“P@éYﬁth%boﬁt@WaﬁtFe@é‘l fomyp lashidid (e. g. the
refinery crude pre-heat traln) The additives can be al so added, for

nteract the effects of in nplete salt

|l e, aft
(ra)éﬁoneaf o? t grw(ﬁéﬁ;gesa %?faég':il(‘é%?%q‘era drdithe Foéﬁﬁsls%??gﬁagﬁocol um to
t t th t th t f | 0077
Fgure 1 demoietraputSgiEEeh b akuEH ﬁ’ﬁﬂgn?"u‘?’"ﬁv‘*e‘“g b} @deode 0077
refinery 200%5@?&%%1@%’%@“@&}seaggeadttf)i roclgss T eFoar‘ggal.n%pll Y& a(aIim%"ganpr esent

i nventi on, epr esent éxchan ers. shown
in Figure 1, the s._can he |ntrod d _i.n_.cr S and at
several |ocat |b8r'ﬁlg&gﬁuct ﬂéa Iy Ensspraion uﬁon l|'§m|'snz(’: ou%p%ke ﬁ%’ rasg)g char ge
punp (at the ver nln the ¢ , gpﬂ{ efore and
after the desaﬂ 0 agglpvet%n%ﬁoé(tjgﬁs&s@ng lgtf?rre(%%#‘gz ﬂi‘ as g{?}% [ 0078]

The total am)un;tlcu e ld{gl %tlrééren hQ At}eas QFF] wifh t]ﬁe&%n%t%?ﬁ%&sﬁr{dqgﬂ%%g&mm up

determ ned by h person of ordinary I'n one

to about 1000 m of r Ss stream For exanple
the additive c\gﬁ gre&%qghé%% d nsv %Sjgtﬁﬁe %Ogh(%fglﬁetéragﬁﬁgn upon addition, is
about 50 ppm 250 ppm or 500 ppn1 More or |ess additive can be added

dependi ng on, 6@9!}?5@53&&@@5 Sk ﬁE@%HﬂBvlelorp@aﬁtbb Q&Heatnrﬁa iohidide p‘é@vﬂ@@iﬂ the AT
associ at ed W|th the particular process and t degree of fouling reduction

desired in vi eg%rfﬁfes)td?‘ﬁq@lg?(;rranlreEti}ﬁtoMréde%estrea[nQOXQJneHHerdimlvé itnees of the

present inventlon can be inasolid (e.g. powder or granules) or

liquid form dlae@méswaﬁsbgdaed m&cmﬂ@tr{e@woﬁsrmh@mdfalwe ‘the
additives can be added al one, or conbined with other conponents to forma

conmposi tion f Qomp&kibai tBdred RingifOling €e.£l-paRtidiilhte GhtuddEfol Ny CARY fudwble ng) . Any
sui tabl e techni que can be used for adéJ ing the additive to the process

stream as KnQ¥hnidVe nfe SATor@lddmp ienadivivetsithd prodess @ardfds khdwivbyeav of t he
process to which it is enployed. As a non-limting exanple, the additives

can be i ntrodyeRen ¥f ddihty ekitlidthe bR & viak bpne ploddss SoMRitiCit @rimpioyxd.ngs of t he
additive and the process stream btaining the Additives of the Present

I nvention [ 008{h-liwatidedixBmflBQRe AdititEedan &6 dnlotives viafinjtdiien fiaesieis fomvent i on
can be obtained from

sufficient mixing of the additive and the process stream.

Obtaining the Additives of the Present Invention

[0080] Certain (non-borate) additives of the present invention can be obtained from
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2009EMB48 commrerci al sources. For exanple, certain additives of the present
i nvention can al so be obtained from Chevron Oronite Conpany LLC (San Ranon,
CA), inclwaizng/nni teTM OLOA 11000. These products ar e PA@AS2é09AGRSAT usef ul
as additives for gasoline and natural gas engines as well as additives for
gear oils and &é @ g4l ic fluids. Additive of the present application can

al so be obtai ne rom I nfineum Co. (Oxfordshire, UK and Linden, NJ),

i ncl udi ng I nfi neumM C-9230. 100811 In certain enbodi nents, the al kyl group
on additives of the present invention is polyisobutyl ene (Rl, R7, and/ or

Ri o as defined above). The pol yi sobutyl ene (PIB) can be normal PIB (i.e.,
"conventional ") and/or ghly Reactive PIB (HRPIB). HRPIB is generally
charact eri zed CH@?eWé’\PFWe& Warsyainie sertamdditecneibe RIBSRIdATeNtiPEN AUt 1% t o
about 100% and can be obtained from for exanple, BASF (Ludw gshafen,

Ger nany) . Cbté’FﬁPtﬁlj‘e‘BfS?‘Bﬁé‘FYfﬁ'goﬂﬁ‘éﬁpgmB%“YtLH@ (SprRamen, Appindedingon [ 00821
Boronating agents f use in the present invention can be aobtai ned by

per sons of orcﬁ?’ﬂ’&@“ Qkpﬁllppp tﬂ’@s%i?’?d“F?séfﬁ"(?ﬁﬁ‘rWE‘F%ﬁ‘éF lasipddipees fon- 1 i i ti ng
exanpl es of vendg‘rs i nclude products avail abl e from ExxonMbi | Chem cal Co.
(Houston, TX) Saifes arﬂﬁ@tu’%ﬁqﬂ&mewwéﬁeﬂd“w for &gar a1y spdipdrenlisfiAsc- 700 and
Mobi | adTM C- 701 100?@1 Boronaltll n‘% agents of the _present invention can also
be synt hesi zed\44{/ivparBepesey anplicating F3p %%lquObﬁaWe? ﬁ@méPffneu'i“r?‘\/l ew of, for
exanpl e, the r eacti on be disclosed in U S Patent Nos.

5, 804, 667, 5, géépgjﬁ%“’yﬁkoaféi “ﬁ’ ) d?"Lgi“ MG, 6393830, each of which is
hereby incorporated by reference in thelr entirety. Preparing

Bor on- Modi fi e(foo‘équlntée%ﬁ er%t)oc}lrrr]lgntf Iiheesa‘lzi(n grAQIP on ao%Etlv(e)sn of%ge presentglnvenpogENB48

is polyisobutylene (R;, R7, and/or Ry as defined above). The polyisobutylene (PIB)
can be normal PIB (i.e., “conventional”) and/or Highly Reactive PIB (HRPIB).
HRPIB is generally characterized has having a vinylidene double bond content from
about 1% to about 100%, and can be obtained from, for example, BASF

(Ludwigshafen, Germany).

Obtaining Boronating Agents of the Present Application

[0082] Boronating agents for use in the present invention can be obtained by persons
of ordinary skill in the art from commercial vendors. Non-limiting examples of
vendors include products available from ExxonMobil Chemical Co. (Houston, TX)

under the “Mobilad”™ brand, particularly Mobilad™ C-700 and Mobilad™ C-701.

[0083] Boronating agents of the present invention can also be synthesized by persons
of ordinary skill in the art, in view of, for example, the exemplary reaction schemes
disclosed in U.S. Patent Nos. 5,804,667, 5,936,041, 5,026,495, 5,788,722 and
6,030,930, each of which is hereby incorporated by reference in their entirety.

Preparing Boron-Modified Additives of the Present. Application
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[ 0084] The boron-nodified additives of the present invention, i.e. an
additive conplexed or in association with a boronating agent, can be

pr epar ed W9 20mtariexdisci ng (e.g. m xing) a non-borate addi PCTASAMINGCES3T
boronating agent. Preferably, the mxture is heated (e.g. heated up to
about 80C) fon,g, ?4, 1-2 hours to obtain the boronconpl exed additive.

[ 0085] Alter natl vely boron-nodified additives of the present invention can
be directly purchased from conmercial vendors. For exanple, various
boron-contai ning succinic acid ester additives are available fromthe

| nfineum Co. (Oxfordshire, UK and Linden, NJ), including InfineumrM C 9230.
Bor on- cont ai ni n(g addi tives c?n al so be obt ai ned from Afton. Chem cal Co.

(Ri chnond, VAN0Eak hheRoroerpagitipd 3ddiivR GARRreseHaBEN o -2 RRAMIEYf a

bor on- modi fi ed additive of the pres i nvention, shown solely for
illustrative SAPPEXELringsipcipgen ’f”&'? EWP%%ggeaf o] ‘?ﬁ&r%ﬁafeﬂr?y "i‘té‘}ég‘ﬁﬁ%m bel ow.
OHOH/ B 0, p HO1 OHNHEN O 13 /\1

(¢.g. mixing) a non-borate additive w1t a oronating agent. Preferably, the mixture is
heated (e.g. heated up to about 80°C) for about 1-2 hours to obtain the boron-

complexed additive.

[0085] Alternatively boron-modified additives of the present invention can be directly
purchased from commercial vendors. For example, various boron-containing succinic
acid ester additives are available from the Infineum Co. (Oxfordshire, UK and
Linden, NJ), including Infineum™ C-9230. Boron-containing additives can also be

obtained from Afton Chemical Co. (Richmond, VA) such as Afton Hitec™ 643D.

[0086] An example of a boron-modified additive of the present invention, shown

solely for illustrative purposes, and not for purposes of limitation, is shown below:

OH
h o
7\
O\ ,O B
SN HO/'\OH
\ / \ /
0] O
N fs/
OH

[0087] One embodiment of the present invention provides boron-modified additives

_ with a particularly high boron content (e.g., above 1 wt%, 2 wt% or 5 wt% boron).
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4110 OH [0087] One enbodi nent of the present invention provides
boron-nodified additives with a particularly high boron content (e.g.,
above 1 woop/om2Zsor 5 wt % boron). 33 of 68 2009EM348PTo/Usetmomess3t hese
relatively high amounts of boron, it is possible to introduce a

comrerci ally gyailigdg! € boron-containing additive with a boronating agent to
further increase the boron content of the additive. [0088] Wile not being
bound by any particular theory, it is believed that the pol yam ne group and
the borate group conplex together to forma strong polar network that
significantly contributes to the further increase the anti-fouling effects,
as conpared to the additive w thout the borate group. [0089] In one

embodi ment of TPWéh‘E‘feé%"éﬁfe'qt‘l"i?/'éﬁté’ihéﬁwu‘itﬁ%ftl%‘?"o’r’i ispoesille odntsRf¥FEd ve cont ai ns
at least 1 w% or at least 2 w% or at |east 5 w % boron. We ht ratios
of nitrogen: bGPBREERHY P‘éﬁﬁ]@@eP?’SPnc%%iﬁ'Pg gddifiveyvithiadigronating agppit fusthelt er apl v

fromabout 1:2 to 2:1,
increase the boron content of the additive.

[0088] While not being bound by any particular theory, it is believed that the
polyamine group and the borate group complex together to form a strong polar
network that significantly contributes to the further increase the anti-fouling effects,

as compared to the additive without the borate group.

[0089] In one embodiment of the present invention, the boron-modified additive
contains at least 1 wt%, or at least 2 wt%, or at least 5 wt% boron. Weight ratios of
nitrogen:boron can range from about 1:5 to about 5:1, more preferably from about 1:2

to 2:1.

Compositions for Reducing Fouling

[0090] The additives of the present invention can be used in compositions that
prevent fouling, including particulate-induced fouling. In addition to the additives of
the present invention, the compositions can further contain a hydrophobic oil

solubilizer for the additive and/or a dispersant for the additive.

[0091] Suitable solubilizers can include, for example, surfactants, carboxylic acid
solubilizers, such as the nitrogen-containing phosphorous-free carboxylic solubilizets
disclosed in U.S. Patent No. 4,368,133, hereby incorporated by reference in its

entirety.

[0092] . Also as disclosed in U.S. Patent No. 4,368,133, hereby incorporated by
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Composi tions for Reducing Fouling [0090] The additives of the present

i nvention can be used in conpositions that preventfouling, including
particul ave-2onduend fouling. In addition to the additivesTafS2eecgssEsent

i nvention, the conpositions can further contain a hydrophobic oi
solublllzer f Qpeokfisgaddi tive and/or a dispersant for the additive. [0091]
Sui tabl e solublqlzers can include, for exanple, surfactants, carboxylic
acid solubilizers, such as the nitrogen-containi ng phosphorous-free
carboxylic solubilizefs disclosed in U S. Patent No. 4,368,133, hereby
incorporated by reference in its entirety. [0092] Also as disclosed in
U.S. Patent No._ 4, 368, 133, hereb% i ncorporated by 2009EMB48 reference,
surfactants tﬁg%mﬂﬁnmﬁ%“FH%W@H@H f includ B§PTW§H§m%9ﬂ?%%e$P%§ﬁﬁPm]nventlon
can include, for exa any one of a cationic, anionic, nonionic or
anmphoteric t yﬁé“ tpeludsy ‘?%é‘f’%ﬂ? anggRe o PG?t“’@iFai‘ﬁﬁ‘P"éc NRRIER|E RIATHROETIC BRE o gent s
and EnuIS|f|er 1978, Narth Anerlcan Editjon, published. y”N%) tcheon's
Di vi si on, B‘Ffaﬁ‘ﬁi“n&eﬁé?rﬁé%&'? dficCuighgop Pd%ﬁ%efgwnﬁéf%‘

i ncl udi ng pag 7-33, whi.ch is he i nc raft ed b grence inits
entirety. [00 %ﬂ’é"r'{,‘@hﬁﬁg‘?’b P%’éh%‘ﬁ’ % 8 Q% 'Vi'sr‘RPe ﬂ‘é’fg further

i ncl ude, for exanple, 0 i_ndex_inprovers, anti- nt.s ntlmear

agents, demul RO, IC( %&N%‘éiﬂ?@ey’ Hr‘ﬁg‘? ot Rling gaeey L7- g‘ﬁ erﬁ |'T)E’etr?) [ 0094]
Furthernnre t.he addltlve th resent invention can be added mnth ot her
conpati bl e codﬁ@ﬁ?ﬁ??”?ﬁ% mHﬁHP§§§t5?Her probl ens that can present

thenselves in an oil refining process known to one of ordinary skill in the

art. Exanples [0093] The compositions of the present invention can further include, for example,

viscosity index improvers, anti-foamants, antiwear agents, demulsifiers, anti-oxidants,

and other corrosion inhibitors.

[0094] Furthermore, the additives of the present invention can be added with other
compatible components that address other problems that can present themselves in an

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

Examples
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2009EM348 100951 The present invention is further described by neans of the
exanpl es, presented bel ow. The use of such exanples is illustrative only
and i n novoayiliimiss the scope and neani ng of the i nvenPCorseso9mbtssany
exenplified term Likew se, the invention is not Iimted to any particul ar
preferred ean&]gﬁptss descri bed herein. Indeed, many nodifications and

vari ations of e Tnvention will be apparent to those skilled in the art
upon reading this specification. The invention is therefore to be Iimted
only by the ternms of the appended clains along with the full scope of
equivalents to which the clains are entitled. Exanple 1 - Synthesis of
Various Additives of the Present |nvention £0096] Several commercially

avai | abl e Pl B$MOPhherresspt ipyegtienis Surther ¢5s5rihRd Ex)weaaisrqf ﬁgemm PAM Est er
products nmade from either_conventional PIB or Reacti ve- P B (HR- Pl B)
were bl ended WFSHNISHRGIN- hB(b‘Fea‘lféECha‘txa'@P'éi/‘éﬂléﬂ“‘tt\éfﬁﬁélb’ ahdiinde Way i m a series
of new products with high _boron content in the follow ng rmanner: Exanple A
Synthesi s of Afefcﬁcwe\ﬁédmearp%ﬁﬁf'}e igyengoperptanyxemplitideit i ldkewise, the

bor on- cont ai ni_.ng succi ni m de/ succinic acid ester di spersant r%l nfineum
C-9230 with 1.IHUIBBYOMiEHE 2 paripwsrire Poykamedimtal crsarps Bl | abl e from
I nfineum Co.) were mxed wth 12 grans an or anlc boron additive

[ Mobi | ad G 70(5“‘168d &NaRY MePibicRipns E‘ﬂrﬁ?’ﬁ?ttﬂ“éi’%e %N%[I“P&M‘é ¢ PR B bi | _
Chem cal ton, TX)] and the viscous m xture was heated to 80 C for
about one houﬁm?‘ﬁ@t?%ﬂwpfﬁdwgﬁa?SPQH gaLien-y H"YFBB‘PW ‘ﬁﬂ’ef OrS\tq ‘ht browni sh

l'iquid [el enrental al ysi s % nltrc % . Exanple
B. Synthesis H'F"‘t,&ijja'ir‘]]‘?"bgg‘eéerm?GB%EWﬁSg’efd ﬁalﬁﬁ{‘ ?E‘i”efr’o‘f? on-free,
succi ni m de/ succinic acid. e g di sper. (1 nf| neum 9268, 1.2 wt%

ni trogen) was SGUEHeHISIO “Qﬁﬁ?c T'B'ﬁla'ier‘fﬁt“}gent

Example 1 — Synthesis of Various Additives of the Present Invention

[0096] Several commercially available PIBSA-PAM-Ester products or boron-
containing PIBSA-PAM-Ester products made from either conventional PIB or Highly
Reactive-PIB (HR-PIB) were blended with organic borates at elevated temperatures to

form a series of new products with high boron content in the following manner:

Example A. Synthesis of Additive A

[0097] 37.5 grams of a commercial, boron-containing succinimide/succinic acid ester
dispersant (Infineum C-9230 with 1.3 wt% boron and 1.2 wt% nitrogen commercially
available from Infineum Co.) were mixed with 12.5 grams of an organic boron
additive [Mobilad C-700, 5.6 wt% boron, commercially available from ExxonMobil
Chemical Co. (Houston, TX)] and the viscous mixture was heated to 80 °C for about
one hour. The resulting final adduct upon cooling is a light brownish liquid

[elemental analysis, boron: 2.56 wt%, nitrogen: 0.83 wt%].

Example B. Synthesis of Additive B
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Exanple C. Synthesis of Additive C [0099] 37.5 grans of a comerci al,

bor on-cont ai ni ng succi ni m de/succinic acid ester dispersant [Afton Hitec
643D wi t hwO.281vit193150r on and 1.6 wt % ni t rogen, commer ci alPCy/tse@dloetsBe f r om
Afton Chem cal Co. (R chnond, VA)] were mxed with 12.5 granms of an organic
boron additi Vg %E{Q?}sl ad C-700] and the viscous m xture was heated to 80 C
for about one ‘RBHY ®The resulti ng final adduct upon cooling is a |ight
browni sh Iiquid [el enental analysis, boron: 2.36 w% nitrogen: 1.1 w%.
Exanpl e D. Synthesis of Additive D 37.5 granms of a conmerci al

succi nim de/ succinic acid ester dispersant [Oonite OLOA 11000 with 3.2 wt %
nitrogen, commercially avail able from Chevron Oronite Corp. (San Ranon,

CA)] were mixed with 12.5 grans of an organi c_boron additive [Mbil ad
C-700] and t hd0@98k Acammercial hpren-fige, shesitimulesseccipds acidaster dipRstRant . 5 hour. The
resulting final adduct upon cooling is a dark brownish, very viscous |iquid
[ el ement al andInfiggum 938y b wt% nitrogewywas psed g¢p preant-fodingragendi s of Additive E
2009EMB48 100100125 grans of a commercial succinim de/succinic acid ester

di spersant [Oronite OLOA 11000 with 3.2 w%nitrogen] were mxed with 25
grams of an orgﬁﬁmmh WEMbil ad CG700] and the viscous m xture

was heated to 80 C for about 1.5 hour. The resulting final adduct upon

cooling is a E wni she very vi S |i gﬁk | . liy¥§ks, boron:
375w oh . EeargrR) & LR Rra K lE RNl i 5l B FIBG Bhn B
boron-free, s ud?s%'er@almﬂigi%{n%?e% eI 15 with IO.q; v@ts/ot l%rrondflnﬁq%rv%%nﬁitrogen,

commercially available from Afton Chemical Co. (Richmond, VA)] were mixed with

12.5 grams of an organic boron additive [Mobilad C-700] and the viscous mixture

was heated to 80 °C for about one hour. The resulting final adduct upon cooling is a

light brownish liquid [elemental analysis, boron: 2.36 wt%, nitrogen: 1.1 wt%].

Example D. Synthesis of Additive D

37.5 grams of a commercial succinimide/succinic acid ester dispersant [Oronite
OLOA 11000 with 3.2 wt% nitrogen, commercially available from Chevron Oronite
Corp. (San Ramon, CA)] were mixed with 12.5 grams of an organic boron additive
[Mobilad C-700] and the viscous mixture was heated to 80 °C for about 1.5 hour. The
resulting final adduct upon cooling is a dark brownish, very viscous liquid [elemental

analysis, boron: 1.2 wt%].

Example E. Synthesis of Additive E
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(Afton Hitec 638, 2.0 wt% nitrogen) was used as the anti-fouling agent.
Exanple G Synthesis of Additive G 100102125 grans of a commerci al,

bor on- corwaizniwvg4macci ni m de/ succi ni ¢ aci d ester di sper 2amtuspooafsEssaum
C-9230 with 1.3 wt% boron and 1.2 wt % nitrogen] were mxed with 25 grans of
an organic borg E@glgl tive [Mbilad G701, 2.9 wt% boron] and the viscous

m xture was heated to 80 C for about one hour. The resulting final adduct
upon cooling is a dark brownish liquid [el emental analysis, boron: 2.3 w%
nitrogen: 0.3 wt% . Exanple H Synthesis of Additive H [00103] A comerci al
di spersant nodified organic borate additives, succinimde/succinic acid
ester dispersant, (Infineum C9230, 1.24 wt%nitrogen, and 1.3 wt % boron)
was used as adOUQP) - f oLddignsR@semmescighpicginjmideggnseinis srid egier digpgisttve |

[ 00104] 20 grans of a commercial succinimde/succinic acid ester dispersant
[Oronite OLOAPMEOOKCAN 180OwWiKh 342 t¥orndteRest] Whss Bixss véh 20RRms302yr ans of an
38 of 68 organic boron additive [Mobilad C-700] and the viscous mixture was heated to 80 °C

for about 1.5 hour. The resulting final adduct upon cooling is a dark brownish, very

viscous liquid [elemental analysis, boron: 3.5 wt%].

Example F. Synthesis of Additive F

[00101] A commercial boron-free, succinimide/succinic acid ester dispersant,

(Afton Hitec 638, 2.0 wt% nitrogen) was used as the anti-fouling agent.

Example G. Synthesis of Additive G

[00102] 25 grams of a commercial, boron-containing succinimide/succinic acid
ester dispersant [Infineum C-9230 with 1.3 wt% boron and 1.2 wt% nitrogen] were
mixed with 25 grams of an organic boron additive [Mobilad C-701, 2.9 wt% boron]
and the viscous mixture was heated to 80 °C for about one hour. The resulting Iﬁnal
adduct upon cooling is a dark brownish liquid [elemental analysis, boron: 2.3 wt%,

nitrogen: 0.3 wt%].

Example H. Synthesis of Additive H

[00103] A commercial dispersant modified organic borate additives,
succinimide/succinic acid ester dispersant, (Infineum C9230, 1.24 wt% nitrogen, and

1.3 wt% boron) was used as an anti-fouling agent.

Example 1. Synthesis of Additive I

[00104] 20 grams of a commercial succinimide/succinic acid ester dispersant

- [Oronite OLOA 11000 with 3.2 wt% nitrogen] were mixed with 30 grams of an
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2009EMB48 organi c boron additive [Mbilad C 700, 5.6 wt% boron] and the

vi scous m xture was heated to 80 C for about 1.5 hour. The resulting final
adduct ups0200d1#21§ is a dark browni sh, very viscous |i garaS2eeanssse J.
Synt hesis of Additive J [00105]30 grans of a conmerci al

succinim de/sg&gkm“g acid ester dispersant [Oonite OLOA 11000 with 3.2 W%
nitrogen] were mxed with 20 grans of an organic boron additive [Mbil ad

C- 700, 5.6 w% boron] and the viscous m xture was heated to 80 C for about
1.5 hour. The resulting final adduct upon cooling is a dark brownish, very
viscous |liquid. Exanple K Synthesis of Additive K [00106] 20 grans of a
commerci al succinjmde/succinic acid ester dispersant [Oonite OLOA 11000
with 3.2 wt % RIEepisGemp additive [Mokia Gu70¢ Stovir barenl pad havisequs JyHs Way| ene and
30 granms of an organic boron additive [Mbilad C- 700, 5.6 wt% boron] and

t he vi scous mhi%‘ﬂ‘%é 80els fon abpus &> theurg d herepwiingy il pddpctsipRp eroling i dads ul t i ng
final adduct upon cooling is_a dark brownish, very viscous |iquid. Exanple
L. Synthesis &FOWA#; Yery wSqous liquid.

Example J. Synthesis of Additive J

[00105] 30 grams of a commercial succinimide/succinic acid ester dispersant
[Oronite OLOA 11000 with 3.2 wt% nitrogen] were mixed with 20 grams of an
organic boron additive [Mobilad C-700, 5.6 wt% boron] and the viscous mixture was
heated to 80 °C for about 1.5 hour. The resulting final adduct upon cooling is a dark

brownish, very viscous liquid .

Example K. Synthesis of Additive K

[00106] 20 grams of a commercial succinimide/succinic acid ester dispersant
[Oronite OLOA 11000 with 3.2 wt% nitrogen] were mixed with 10 grams technical
grade xylene and 30 grams of an organic boron additive [Mobilad C-700, 5.6 wt%
boron] and the viscous mixture was heated to 80 °C for about 1.5 hour. The resulting

final adduct upon cooling is a dark brownish, very viscous liquid.

Example L. Synthesis of Additive L
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2009EMB48 [00107] 25 grans of a commercial, boron-containing

succi ni mde/succinic acid ester dispersant [Infineum C9230 with 1.3 wt%
bor on andw0.281wvt19818i t r ogen] were m xed with 25 grans of pam/use@ansss3bor on
additive [Mobilad C 700] and the viscous m xture was heated to 80 C for
about one hour, 091-{“?48r esulting final adduct upon cooling is a |light brownish
liquid [el emen? anal ysis, boron: 3.5 wt% nitrogen: 0.4 w% . Exanple M
Synt hesis of Additive M[00108]37.5 granms of a conmercial, boron-containing
succi nim de/ succinic 1 acid ester dispersant [Mbilad C 200 with 1.8 wt %
boron and 1.6 wt% nitrogen] were mxed with 12.5 grans of an organi c boron
additive [ Mbil ad C-?OS?{]j and the viscous m xture was heated to 80 C for
about one houd009fe re Igt"imﬁgOfﬁlCﬁ'ame@diéll!i’é'tontﬁﬁ'éihmt!‘é@vqcﬁ‘gmIds/swcﬂw%ldorovvnl sh
liquid [el enental analysis, boron: 3 W% nitrogen: 1.2 w% . Exanple N
Synt hesi s of Agféi ctlspe’éaW[ngﬁf*?@(gwdnﬂM%ézowar@ﬁ%%éu“é% nitgRgeRYED Nt ai ni ng
succi ni m de/succinic acid ester dispersant [Oonite CLOA 11000 with 3.2 wt%
ni trogen] wer énixgdosth 24 aramoef ag eegagic oprop AdBi G obilasdy dA0laad heiveo S Vobi | ad

C- 701, 2.9 wt % boron] and the viscous m xture was heated to 80 C for about
1.5 hour. The "a&iswashepted R0 “aivabeut apsdieve odreireryiting figalgdduet BrBwni sh, very

viscous |liquid [el enrental anal YSI s, boron: 2.1 w% nitrogen: 2. 2 wt%
cooling is a light brownish liquid [elemental analysis, boron: 3.5 wt%, nitrogen: 0.4

Wt%].

Example M. Synthesis of Additive M

[00108] 37.5 grams of a commercial, boron-containing succinimide/succinic
acid ester dispersant [MoLilad C-200 with 1.8 wt% boron and 1.6 wt% nitrogen} were
mixed with 12.5 grams of an organic boron additive [Mobilad C-700] and the viscous
mixture was heated to 80 °C for about one hour. The resulting final adduct upon

cooling is a dark brownish liquid [elemental analysis, boron: 3 wt%, nitrogen: 1.2

wt%].

Example N. Synthesis of Additive N

[00109] 25 grams of a commercial, boron-containing succinimide/succinic acid
ester dispersant [Oronite OLOA 11000 with 3.2 wt% nitrogen] were mixed with 25
grams of an organic boron additive [Mobilad C-701, 2.9 wt% boron] and the viscous
mixture was heated to 80 °C for about 1.5 hour. The resulting final adduct upon
cooling is a dark brownish, very viscous liquid [elemental analysis, boron: 2.1 wt%,

nitrogen: 2.2 wt%]}. -

Example O. Synthesis of Additive PP-SA-PAM and EP-SA-PAM
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Exanmpl e 0. Synthesis of Additive PP-SA-PAM and EP- SA-PAM 2009EMB48
[00110] (a) Mal eation of vinyl-term nated pol ypropyl ene or pol y(ethyl ene-
co- propylwoepitta4nbt ai n pol ypropyl ene succi ni ¢ anhydri deCTRR2@4)68387
pol y(et hyl ene- co- propyl ene) succinic anhydride (EP-SA) [00111] A m xture of
vi nyl -t er m nat Fquﬁngypr opyl ene (NVR averaged nol ecul ar wei ght 570. 73,

erl

assuni ng one % unsaturation per chain) (10.00 g, 17.52 nmmol) and

mal ei ¢ anhydride (8.59 g, 87.60 mmol, 5.0 equiv.) was heated at 190 C (oil
bat h) under a nitrogen atnosphere for 22 hr. The m xture was allowed to
cool to roomtenperature, diluted with hexanes, filtered, and concentrated
to give a brown oil. This crude product was then heated at 110 C under high
vacuum t o r endQM 18l c es JahMaleptiomefyjrmltetminatedpdyprgpylendnranoly(ethyleneto. 5 q) .
The structure and purity of the crude product was established by 'Hand 13C
NVR (CDC13, 4@0-pserylepextojppgain pelypropyleneiugyinicanhydridedRPiSA®8 conpl et e
conversion of the termnal vinyl group to the correspondi ng succinic
anhydri de gr owgly(ethyleneorpropylens) sucginiq anbydride GP84A) | de content of 1.457

nol /g based on el enental analysis. [00112] A mi xture of vinyl-term nated

Cnsaturat i on ARITERS) /% Bl ofvioy ganifeoaisy st IR KA do (1. 68 o,
L oL i Ve i o ah e SRR R B e GOSN, o
Thi & orude pr Al Raee e Ea0 e G Btr N B GaBu b0 crove
as . succi ni GO PR ArTa sRTOHPoIoT 18 ol g Buts bRl B e O
anal ysis. room temperature, diluted with hexanes, filtered, and concentrated to give a brown oil.
This crude product was then heated at 110 °C under high vacuum to remove excess
‘maleic anhydride to provide a brown oil (10.5 g). The structure and purity of the
crude product was established by 'H and >C NMR (CDCls, 400 and 100 MHz,
respectively), which confirmed complete conversion of the terminal vinyl group to the

corresponding succinic anhydride group. This product has a succinic anhydride

content of 1.457 mol/g based on elemental analysis.

[00112] A mixture of vinyl-terminated polypropylene (NMR averaged
molecular weight 944.67, assuming one olefin unsaturation per chain) (5.40 g, 5.72
mmol) and maleic anhydride (1.68 g, 17.13 mmol, 3.0 equiv.) was heated at 190 °C
(oil bath) under a nitrogen atmosphere for 24 hr. The mixture was allowed to coql to
room temperature, diluted with hexanes, filtered, and concentrated to give a dark
brown oil. This crude product was then heated at 110 °C under high vacuum to
remove excess maleic anhydride to provide a dark brown oil (5.3 g). This product has

a succinic anhydride content of 1.198 mol/g based on elemental analysis.
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2009EMB48 [00113] A mi xture of vinyl-term nated pol ypropyl ene (NVR aver aged
nol ecul ar wei ght 2331. 69, assum ng one ol efin unsaturation per chain)

(10. 00 g,we.22p/0mm) and nmal ei ¢ anhydride (2.10 g, 21.42cCmruskgooBes33Bqui v. )
was heated at 190C (oil bath) under a nitrogen atnosphere for 96 hr. The

m xture was ag&)mﬁgsto cool to roomtenperature, diluted with hexanes,
filtered, and concentrated to give a dark brown oil. This crude product was
then heated at 110 C under high vacuumtd renove excess nal ei ¢ anhydride to
provide a dark brown oil (8.6 g). This product has a succinic anhydride
content of 0.481 nol/g based on elenental analysis. [00114] A m xture of
vinyl -term nated pol ypropyl ene (NVR averaged nol ecul ar_ wei ght 2331. 69,
assumi ng one (W‘Bﬂ?ln unga e PoHnyderminpadpplyprey ot GMB awgagstol ) and mal eic
anhydride (4.21 g, 42.93 mmol, 5.0 equiv.) was heated at 190C (oil bath)
under a ni t r ofiofcalenpEpNas &l §% pssumipeRpe olefipunsatiiatipepanglain(j Gk 428 cool to
roomtenperature, diluted with hexanes, filtered, and concentrated to give
a dark brown @moD apgimaleiq aphudrisie 6211¢ 8. 2048 MRl hedivelvastheaadatd?® fder hi gh
vacuumto renmpve excess nal ei ¢ anhydride to provide a dark brown oil (21.5
g). This prodi®itbafnder agrrogs Amaspisafarde he oHedmixtug Was afo%ehigcry 'hased on
el enrental analysis. [00115] A m xture of_ vinyl-term nated

pol y( et hyl ene R BFBPFLEnEYuIRdNKiER hevaneadlirerond concsptraigditg Rive 898k assuni ng
one ol efin unsaturation per chai nngé%¥and mal ei ¢ anhydri de

(1.065 g, 10. SR ,Thﬁ.caldsamdw)nw)as\ééﬁﬁ%é%gdéa?afﬁ@d NP under a
o o L i B T G LI b,
510 2 it 8o S O R R R G5 81
additional 48 42 of 68 2009EMB48 hr. The m xture was allowed to cool to
room t enper at gé(ﬁilﬂdi I Ut/ggni&r%ngﬁ%(lthr%%ﬁa gliplrg)ﬁyg)&g) {enmgﬁoﬁg%hrat ed to give

a dark brown ke pr cru 4 en heated at 110 C

d hi gh . . mal ei i i k b
under i g Va?nuolﬂergggp\yéglg?g?ﬁgggﬁgl u8?51&@29@%%&8@#&%@% g&%q;ﬁar rown

gel -1i ke product succi ni ¢ anhydri de cont ent of

2.22 mol /g ba%n%ol?%d%a%@%%%rio%qakYg,i4%:93 mmol, 5.0 equiv.) was heated at 190 °C

(oil bath) under a nitrogen atmosphere for 106 hr. The mixture was allowed to cool to
room temperature, diluted with hexanes, filtered, and concentrated to give a dark
brown oil. This crude product was then heated at 110 °C under high vacuum to
remove excess maleic anhydride to provide a dark brown oil (21.5 g). This product

has a succinic anhydride content of 0.723 mol/g based on elemental analysis.

[00115] A mixture of vinyl-terminated poly(ethylene-co-propylene) (NMR
averaged molecular weight 828, assuming one olefin unsaturation per chain) (3.00 g,
3.62 mmol) and maleic anhydride (1.065 g, 10.86 mmol, 3.0 equiv.) was heated at 190 '
°C (oil bath) under a nitrogen atmosphere for 24 hr. Additional maleic anhydride
(1.065 g, 10.86 mmol, 3.0 equiv.) was added and the mixture was heated at 190 °C for
an additional 24 hr. After this period additional maleic anhydride (1.78 g, 18.15

mmol, 5.0 equiv) was added and the mixture was heated at 190 °C for an additional 48
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[00116] (b) Synthesis of pol ypropyl ene succinic anhydri de pol yam ne (PP-

SA- PAM and pol y(et hyl ene-co- propyl ene) succini c anhydri de pol yam ne

( EPSA- PANVO 200l A%AFA m xt ure of pol ypropyl ene succi ni ¢ aomjuseéodmcss37? 89 g,
5.67 mml, 1.45 equiv.), tetraethyl enepentam ne (0.738 g, 3.90 mol, 1.0
equiv.) and XxyleRGsdk4o M) was heated at reflux (oil bath tenperature 170
C) under a nitrogen atnosphere for 24 hr. A Dean-Stark trap was used to
collect any water forned in the condensation reaction. After the reaction
was conpleted, the m xture was allowed to cool to roomtenperature, and
excess xylene was renoved initially on a rotary evaporator fol |l onwed by
heati ng under h| h vacuumto afford a viscous brown oil 98 g) as crude
product. Thi s hprigembxtunyes allqwsd 49 cqf torragya fFmpsiatusn dilged B‘tBQCWeS% The
structure and purity of the crude product was established by 1H and 13C NWR
(CDC13, 400 arﬁ"éfef%(?“ﬂ/f*&"ce‘rt@?ﬁé%g‘lv?/éF’%f)‘ brayys; gehlikedriequetred lf%w&déctconver si on
of the succinic anhydride group to the correspondi ng succinimde |inkage.
The anti - f oul Mg ther f\:@&d@ &ﬁ% Crinderdyigh erHan fodeBAGIRCHMEF PR IEIBI ¢ hi s
application. [OO118] A m xture of paoly | ene SUCCInIC anhydrlde (10.62 g,
12.72 mol , [P?Z'déc?d’ia(}‘ orowg %ﬁt‘ﬂl&%f’mlr%??evpe%t ahis Reodpot hasa gyecinig aayoptn) | 1. 0
equi v.) and xylene (45 2009EM348 m ) was heated at reflux (oil bath

t enper at ur e 17@"t€f)t°ﬁ%a%i”°5g?ﬂs? ‘Hb%ﬂ"%‘f%‘?&ﬁ@re for 36 hr. A Dean-Stark trap

was used to collect any water forned in the condensatlon reaction. Af ter
the reaction onp fur e 8Qn1

t enperature, i&g g‘xcess"ig?"éthees's 0’}1 oyé’ﬁ%p\f\éaesu t"? PP‘)‘/VdC}'ﬁleé’Oi af"ary evapor at or
fol loned by h% di) glr)O uqulﬂﬁlﬁ?lel\{eag(y-gmg%faﬁgssuccldlc a C :j'%ggg‘rl;ukne {quvn oi |

(11.5 g) as cru ot'8l n content of -
5.70 wt. % EQF? ture and purity of the crude product was est ablished by
11-1 and 13C % | 3, 400 and 100 MHz, respectively), which confirned
conpl ete conversion of the succinic anhydride group to the correspondi ng

succi ni m de ligdage-  The nfdlibre of PoIY Ao &L kRC Ik Mhydrlie g3 851glistdMBmbis Shown i n
Figure 6 of thls application.

1.45 equiv.), tetraethylenepentamine (0.738 g, 3.90 mmol, 1.0 equiv.) and xylene (45
ml) was heated at reflux (oil bath temperature 170 °C) under a nitrogen atmosphere
for 24 hr. A Dean-Stark trap was used to collect any water formed in the
condensation reaction. After the reaction was completed, the mixture was allowed to
cool to room temperature, and excess xylene was removed initially on a rotary
evaporator followed by heating under high vacuum to afford a viscous brown oil (3.98
g) as crude product. This product has a total nitrogen content of 5.83 wt.%. The
structure and purity of the crude product was established by 'H and ">C NMR (CDCl;,
400 and 100 MHz, respectively), which confirmed complete conversion of the
succinic anhydride group to the corresponding succinimide linkage. The anti-fouling

effects of this additive is shown in Figure 5 of this application.

[00118] A mixture of polypropylene succinic anhydride (10.62 g, 12.72 mmol,

1.22 equiv.), tetraethylenepentamine (1 .97 g, 10.41 mmol, 1.0 equiv.) and xylene (45
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[00119] A m xture of pol ypropyl ene succinic anhydride (3.71 g, 1.78 mmol,
1.22 equiv.), tetraethyl enepentamne (0.277 g, 1.46 mmol, 1.0 equiv.) and
xyl ene (Asorb)r/omessheated at reflux (oil bath tenperat uPeTURR00QessaTer a

ni trogen atnosphere for 24 hr. A Dean-Stark trap was used to collect any
water formed ipokhgscondensation reaction. After the reaction was
conpleted, the mxture was allowed to cool to roomtenperature, and excess
xyl ene was renoved initially on a rotary evaporator followed by heating
under high vacuumto afford a viscous brown oil (3.5 g) as crude product.
This product has a total nitrogen content of 2.33 wt.% The structure and
purity of the crude product was established hy 1H and 13C NMR (CDCI 3, 400
and 100 MHz, raspesciertgeptysiluxdpil beth taperafuie t70c bhpndst enitaganaimBesaherdf t he
succi ni ¢ anhydride group to the correspondi ng succinimde |inkage. The
anti-foul i ng” dPF38df-sAdteaq-Riagk tapdyasivgd tp solleriah watsr forged 8 the of thi s
application. [001%%%A m xture of pol ypropyl ene succinic anhydride (4.00 g,
2.892 nmmol, SousEvHEorBreaction. Afen e jeactiop ageantpleteds Bis arirtrs was aflovelsog, 2. 37
mmol, 1.0 equiv.) and xylene (50 m) was heated at reflux (oil bath
tenperature 17801ty rogmdeRPesatifies I8 GEIFSNRDE Plradfeoy et inifigliyion a @tampan- St ark trap
was used to collect any water fornmed in the condensatjon reaction. After
the reaction M@Omwée"ééu}w heatingnder pigh yaeuums fq ffpedia Yiscaus dark PEowidim
tenperature, and_excess xylene was rempved initially on a rotary evaporator
fol | owed by héht? B GHYePoARh ThiS BiedvRt 125 adpirbiidossn gordes a85-BY Wiwd: difF (3.8 g)
as crude product. This product has a total nitrogen content of 3. .38 w.%
The struct ur e SEHAUTR A AW theudeRiopuctyvas gsfetlishrddye Braad | MM (6YCEH and 13C
NVR (CDC13, 40

and MHz, respect]vely), ich confirmed conplete
conversi on of 48%@“%@@3?%@6“8%%?}3 ‘CBFGT%%‘"?‘E@W@%WV‘\?%B%‘;?IQ succi ni ni de
| i nkage. The anti-fouling effects of this additive.is sh i.n. Figure 8 of
this applicat isb‘i‘ffn"[ﬁ‘gl‘%f%ﬂmlw}? {]}F éOquSP%‘S]r\ﬁG%%CHW@ﬁEﬂ%g-p%P%ﬂ‘é)“ succini c
anhydride (2.6 . J7,mol., 1.22 equiv.), .tetraethyl enepentam ne (0.895
g9, 4.73 mol , e%?%s @3@?6@%@5*&%&@%@ 03‘}%"}5 FRUHT ed at refl ux (oil bath
tenperature 170 C) under a nitrogen atnosphere for 52 hr. A Dean-Stark trap

was used 1o cbyqh{ any, WALk of QHOBGhe LS SONAENRRYL PNe eAGhGD. AT ter

the reaction s conpl et t he o] ["to rbom

ol Lowed by’ haatiy dnaue i ERplaRERIP L) vBId LR Pl RV B (S LOPP ™
(2.8 g) as Crqlq?wgsrf%gtgggt'reﬂ_lm[@ilg?ﬂgﬁrgntercaméléﬁ)grtggﬂder E'hi%g&%ngﬁ‘ﬁﬁi_rgm of 8.42

Ww.% The structure and puri rud Ct was esta ed by 11-1

and 13C NVR ( iGhdr. AR @000 .vbés'%sedrtﬁg@t}?tynywe} forffd flneont i r med

conpl ete conversion o e succinic an e group to the correspondi ng

succi ni m de | icpkagGion &AL AREAHE leddiof WabEdnip1Qld, tHRimsix@AslMBwiProShown i n

Figure 9 of this application.
cool to room temperature, and excess xylene was removed initially on a rotary

evaporator followed by heating under high vacuum to afford a viscous brown oil (3.5
g) as crude product. This product has a total nitrogen content of 2.33 wt.%. The
structure and purity of the crude product was established by 'H and 13C NMR (CDCl;,
400 and 100 MHzgz, respectively), which confirmed complete conversion of the
succinic anhydride group to the corresponding succinimide linkage. The anti-fouling

effects of this additive is shown in Figure 7 of this application.

[00120] A mixture of polypropylene succinic anhydride (4.00 g, 2.892 mmol,
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2009EMB48 Exanpl e 2-- Foul i ng Reduction Measured in the Al cor HLPS (Hot
Liquid Process Simulator) [00122]FIG 2 depicts an Al cor HLPS (Hot Liquid
Process Svoubatwuldist esti ng apparatus used to nmeasure wha&CTiuseommpssst t he
addition of particulates to a crude.oil has on fouling and what inpact the
addi tion of an,addikive of the present invention has on the reduction and
mtigation of ?ou Ing. The testing arrangenent 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 bl ended crude
containing two or nore crude oils. The feed supply is heated to a
tenperature of approximately 150 C/ 302 F and then fed into a shell 11
containing a Jeleawy)siraghyieppeamss (b 37 mmolTh@equint ad Y58 @9 i s for med
from carbon-steel (1018). The heated rod 12 sinulates a tube in a heat
exchanger. Thélheahegted gdeflux (pikbath emperatusg |45 "o widste pigogenipespaze
tenperature of 370C /698F or 400C/ 752F and nai ntai ned at such tenperature
during the trif¥fl72hrpd Deansgtaek fp1Wes peed o pol et aa% was formed Rdhet ed rod 12 at a
flowrate of approximately 3.0 nL/mnute. The spent feed supply js

col lected in fw@eﬁsaﬁorsréeCE'PBnAﬁ?rﬂewéaqnegmeﬂ"ip'%& the RS et Qupply is
separated fromthe untreated feed supply oil by a seal ed piston, thereby

al | owi ng for GRRI&R TORMJEIBRFrasEraRel P¥fess *v'ﬂf@w%feg%v%mw@s %884 with

ni trogen (400-500 si(g? tQ epsure gases renain c%i siol ved Ln thﬁ ?hl during
the test. Ther¥PeBRpIAlowed by hrghngpmier igh yapudm fotardi vistaUk ORPdiod (Al et and
outlet tenperatures;and for_ surface of the rod 12, 3 ring the

const ant sur f & & FERENEy Q‘Stpé%’f’i’tﬁ@?afofﬂ.',lPﬁrﬁge"d’é’ﬂﬁgﬁ[‘ggﬁgﬁéﬁ'@éuheds up on the
heat ed surface. The foul ant deposits, are therpplly degra o} e. The
coke deposits S'(E‘é“lﬂ‘é’%a'égr?“i”ﬁ's‘lfltha"t‘lfr)‘f% pé‘?dfuétc‘t’asteﬁétflgﬁeé’ cglfg?hg:e"g\dki(gﬁg:ﬁt:y and/ or
ability of the surf 0 heat. the oj Si over it. The_.resulting
reduction in éﬂ‘?f“@tl%ﬁﬁfl&z’ﬁeépiff“’%g’ WB@B@%@‘P%%YW ?oé‘ﬁffélP'éP{JtF"é conti nues
over time as fouling continues. This reduction.i enperature is.referred
to as the out ISEFMS %‘l‘]?’cg%ﬂ?mé’?%’&?e SOTEF SR '"58“&5\6’8@8@H@Snﬁehaélgf@%'@gof crude
oil/blend, testin ondi tions and/or. ot her. effect such as the presence of
salts, sedi neﬁ%fje%ﬁ?(’fg'f'ﬁg‘id%tfv(?dﬁ ?hﬁﬁnﬁ}%ﬁﬁfggﬁgthﬁaﬁpgﬁﬁag%. A standard Al cor
fouling test is carried out for 180 m nutes. The total fouling, as measured

on the v axi 4008 @ At aFbor QAR L R EI e U A PE 2 B Der et ur

on the y- axi | G served outl et tenperature

i( IO g}}iee; %Sg"ngg%g;nngﬂﬂﬁ?i éE;dWh)E’ﬁéﬁ%lYﬁ&eBéﬁMnﬁﬁe DRY5 &, ATPXmiB, ¢ BUHRD)) ¥ndichi eved
y foullng).
xylene (45 ml) was heated at reflux (oil bath temperature 170 °C) under a nitrogen
atmosphere for 52 hr. A Dean-Stark trap was used to collect any water formed in the
condensation reaction. After the reaction was completed, the mixture was allowed to
cool to room temperature, and excess xylene was removed initially on a rotary
evaporator followed by heating under high vacuum to afford a dark brown oily solid
(2.8 g) as crude product. This product has a total nitrogen content of 8.42 wt.%. The
structure and purity of the crude product was established by 'H and 'C NMR (CDCl;,
400 and 100 MHz, respectively), which confirmed complete conversion of the

succinic anhydride group to the corfesponding succinimide linkage. The anti-fouling

effects of this additive is shown in Figure 9 of this application.
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1001241Figure 3 illustrates the inpact of fouling of a refinery conponent
over 180 mnutes. Two streans were tested in the Alcor unit: a crude oi
control wvOhloutoiasaddi ti ve, and the sanme stream wi t h 2B0TaASR009/06483T | Nneum
C9268, a connercially avai | abl e pol yi sobutyl succinic acid-pol yam ne ester.
As Figure 3 dg &ates, the reduction in the outlet tenperature over tine
(due to foulln&? |s Iess for the process stream containing 250 ppm of
additive as conpared to the crude oil control w thout the additive. This

i ndi cates that Infineum C9268 is effective at reducing fouling of a heat
exchanger. 1001251Figure 4 denonstrates the results of the sane test,

except that two non- boron addi tives, one boron contalleg addltlve and a
control bl end ExampleqZs 2 Jgdyction, Megsyred in othey Alger X1 Liquidyi e,
inter alia, ﬁ@&ﬁ&iﬂiuﬁﬂit boron has on foul i ng reduction. Nbre

For mil at+ on, 193850om arCabiPRIE o 3ho S Fi féﬁmi@mcsﬁ?&gnwtaﬁéeee@%eB‘E)‘Lf‘éfe
Feduci ng f oul ® ﬂ%ara‘%’%ﬁﬁ e BuFonEa srap s SEURPTY e ERBY AR cduced
demonetrates (R wé"%?aﬁ B Gt R S O P BT R4 GBS ol o
added 1 ron ox BT fe%%ﬁ"*‘gsﬁg lgz{w&oﬁgog% | Thsfne é’rﬁ%?g?'ﬁé’n?%% P th 50

wppm of a PP—SA—TEP |t|ve ayin en caon f 5.83 wmt %
and a ponpropngﬂg C %}%m" lppgfﬁcm embj%ggwﬁgg?ﬁ? COP &' Al cor HLPS

appar atus depicted in Fi t|ve e 5 clearly
2Pow that adaicfieraLhesnds 0%%‘1\&‘“'3%%“?% B DR ER LT, SR o

fouli ng. [ 8Péﬁglnore%lfﬁd% oﬁs.%g?egé Eup% ?héape% thl {e?rﬁ)%lsatu% offagbl oklﬂﬂte%f 5(60nt rol

crude oi

°C /302 °F and then fed into a shell 11 containing a vertically oriented heated rod 12.
The heated rod 12 is formed from carbon-steel (1018). The heated rod 12 simulates a
tube in a heat exchanger. The heated rod 12 is electrically heated to a surface
temperature of 370°C /698°F or 400°C/752°F and maintained at such temperature
during the trial. 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 supplﬂy is separated from the untreated feed supply oil
by a sealed piston, thereby allowing for once-through operation. The system is
pressurized with 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.

[00123] 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
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sanpl es (Crude Blend Control 7 and Crude Blend Control 9, both containing
200 wppm added iron oxide particles) and a crude oil blend sanple treated
wi th 50, &6 2and14255 wppm of a PP- SA- TEPA addi ti ve havi RgTAISC@VALSSAT t r ogen
content of 5.70 wt% and a pol ypropyl ene chain of about 945 g/nol, as
measured in thgoAisQr HLPS apparatus depicted in Figure 2. The conparative
results of Figure 6 clearly show that addi ng the PP-SA-TEPA additive was
effective for reducing fouling. [00128]Figure 7 denonstrates the effects of
fouling of control crude oil blend sanples (Crude Blend Control 1, Crude

Bl end Control 2 and Crude Bl end Control 3, each containing 200 wpopm added
iron oxide particles) and a crude oil blend sanple treated with 50 and 25
wopm of a PP- SRIGRIPRCTaQicORtipEeRYG] tee 2 foding icominpeso ddis reBstant of 2. 33 wt %
and a pol ypropyl ene chain of about 2,332 g/nol, as neasured in the Al cor
HLPS appar at usSRREFEE isdetermedHp goithe ogtlet giud g@ﬁbéiré{“i'?ﬁé‘bﬁ@%ltﬂ“f‘@te‘f‘hlti gure 7
clearly show that addi ng the PP-SA-TEPA additive was effective for_reducing
foul i ng. 200@B@Qﬁ%’”‘i@@%@%‘ﬁ?@'ﬂﬂg&coﬁd‘%ﬁﬁ%@r%%Eff‘ECi‘FeS‘é’fPF‘%@F 8reginc oful i ng of
control crude il Qlend s ng%gf (Crude Blend Control 7 and Crude Blend
Control 9, botHScHAMENIT g“e IR AP NgdRAtsTIabn AosiandardgMrqrifeylvgyesdfd a crude

oil blend sanple treated wi.th 50 25 and 12.5 of a PP-SA-TEPA additive
having a tot alcarHch? E%rﬁ%a}ﬁ"é%t%&rmtélf%%“'\& %"éer‘?\éﬂ?g‘{n?%tlh?/m%ﬁiﬁf‘@f?é ®hai n of
about 2,332 g/nol, as nmeasured in the Al cor HLPS apparatus depicted in

B our e 2 The OUBIATa o e S ONer Bt PPtiehon th oruanl G AGH ERAE i ng t he
PP- SA- TEPA addi hi ve was effective f?r Seduci nqnfoul i ng. 1801 OJl.Fi gure 9
demonst r at es THES SFPE] QUlist EPRRTPIE | Teyr) BUTHE TSR OBerveR PRI Tetenpl os
(Crude Bl end Corztrol ér q@.udg.Bl end Contr ol 21 Crude Blend Control 5, Crude
Bl end Control ™7 PESUTERYBCURYEI Bh1E Aencs ok Ay feplingd Bl end Control 9, each

cont ai ni ng 200 wppm added iron oxide particles) and a crude oil bl end
sanple treate ! hSO@@p P- SA- TEP, j td. v V] I

ni trogen cont iondt%gf 8. \A{%/g %ﬁtgatéaé ﬂfoeg ﬁ{‘;e?to ﬁ?ﬁfe?%e&gd?%{}@p%ﬂ%ﬂ%& g%egi n of
about 828 g/ I . p t L i in Figure
e 2o 11 TR S LB A O AL SR ASH,

EP- SA- TEPA add) Lid( o o] LREL4S LA 905HHUr il ioDes, . 100A3LLTDe present

invention is not to be limted in scope by the speci ts

descr ! bed et @ik BATRbun! e AitCacRHfah il s RS CFighil8 deRY RO 1

addition to those d econe appdrent to those skilled in

the art from the fQneHel Rkt tRmerhRl bRPHAD L RPRAGES TRRYMNEe fbgiy es. Such

modi fications are Intended to %glLF W tﬂi n@jtuhe socg%g o?ggtte aﬁgopended cl ai nms.
stream containing 250 ppm of additive as compared to the crude oil control without

the additive. This indicates that Infineum C9268 is effective at reducing fouling of a

heat exchanger.

[00125] Figure 4 demonstrates the results of the same test, except that two non-
boron additives, one boron-containing additive, and a control blend (no additive)
were tested in the Alcor unit to determine, inter-alia, the effect that boron has on
fouling reduction. More particularly the control stream was modified by adding, in
three separate formulations, 250 ppm of additive B, 250 ppm of additive H and 250
ppm of Additive F. As Figure 4 indicates, all three additives were effective at

reducing fouling, and the boron-containing additive (Additive H) reduced fouling to

47 of 68



1001321It is further to be understood that all values are approxi mate, and
are 2009EM348 provided for description. 1001331Patents, patent

appl i cat iwoopminsi ty docunents, publications, product Pdgdiseéosssas, and
protocols are cited throughout this application, the disclosures of each of
which is incoraggg%gd herein by reference in its entirety for all purposes.
*  CLAI M5 1.& net hod for reducing fouling in a hydrocarbon refining
process conpri sing

the greatest extent.

[00126] Figure 5 demonstrates tﬁe effects of fouling of control crude oil blend
samples (Crude Bleﬁd Control 1 and Crude Blf:nd Control 2, both containing 200
wppm added iron oxide particles) and a crude oil blend sample treated with 50 wppm
of a PP-SA-TEPA additive having a total nitrogen content of 5.83 wt% and a
polypropylene chain of about 571 g/mol, as measured in the Alcor HLPS apparat.us
depicted in Figure 2. The comparative results of Figure 5 clearly show that adding the

PP-SA-TEPA additive was effective for reducing fouling.

[00127] Figure 6 demonstrates the effects of fouling of control crude oil blend
samples (Crude Blend Control 7 and Crudé Blend Control 9, both containing 200
wppm added iron oxide particles) and a crude oil blend sample treated with 50, 25 and
12.5 wppm of a PP-SA-TEPA additive having a total nitrogen content of 5.70 wt%
and a polypropylene chain of about 945 g/mol, as measured in the Alcor HLPS
apparatus depicted in Figure 2. The comparative results of Figure 6 clearly show that

adding the PP-SA-TEPA additive was effective for reducing fouling.

[00128] | Figure 7 demonstrates the effects of fouling of control crude oil blend
samples (Crude Blend Control 1, Crude Blend Control 2 and Crude Blend Control 3,
each containing 200 wppm added iron oxide particles) and a crude oil blend sample
treated with 50 and 25 wppm of a PP-SA-TEPA additive having a total nitrogen
content of 2.33 wt% and a polypropylene chain of about 2,332 g/mol, as measured in
the Alcor HLPS apparatus depicted in Figure 2. The comparative results of Figure 7

clearly show that adding the PP-SA-TEPA additive was effective for reducing fouling.
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provi ding a crude hydrocarbon for a refining process; adding an additive
sel ected from wherein Rl is a branched or straight-chained C10-C800
al kyl or wbkenydi4gsoup; n is an integer from1l to 10; RPCan$2009/068387

i ndependently a Cl1-Cl10 branched or straight chained al kyl ene group;

R5 and R6 ar e Mo Pl and R6 together along with the N atom bound thereto
formthe group:

[00129] Figure 8 demonstrates the effects of fouling of control crude oil blend
samples (Crude Blend Control 7 and Crude Blend Control 9, both containing 200
wppm added iron oxide particles) and a crude oil b.lend sample treated with 50, 25 and
12.5 wppm of a PP-SA-TEPA additive having a total nitrogen content of 3.38 wt%
and a polypropylene chain of about 2,332 g/mol,-as measured in the Alcor HLPS
apparatus depicted in Figure 2. The comparative results of Figure 8 clearly show that

adding the PP-SA-TEPA additive was effective for reducing fouling.

[00130] Figure 9 demonstrates the effects of fouling of control crude oil blend
samples (Crude Blend Control 1, Crude Blend Control 2, Crude Blend Control S,
Crude Blend Control 7, Crude Blend Control 8 and Crude Blend Control 9, each
containing 200 wppm added iron oxide particles) and a crude oil blend sample tre;ated
with 50 wppm of a EP-SA-TEPA additive having a total nitrogen content of 8.42 wt%
and a poly(ethylene-co-propylene) chain of about 828 g/mol, as measured in the Alcor
HLPS apparatus depicted in Figure 2. The comparative results of Figure 9 clearly

show that adding the EP-SA-TEPA additive was effective for reducing fouling.

[00131] The present invention is not to be limited in scope by the specific
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.

[00132] It is further to be understood that all values are approximate, and are
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wherein R7 is a branched or straight-chained C o-C800 al kyl or al kenyl
group; wherein the N atom bound to the R2 and R3 groups above is
opti onal lwoheligubasi t uted in one or nore places wth thecyrusamw/6ssR8- RO
wherein R8 is a Ci-C o branched or straight chained al kyl ene group; and RO
is NH2 or WiREfkis R0 is a branched or straight-chained C10-C800 al kyl
or al kenyl group; and

provided for description.

[00133] Patents, patent applications, priority documents, 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. '
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wherein the R2-NH-R3 group is optionally be interrupted in one or nore

pl aces by a heterocyclic or honocyclic cycloal kyl group. 2. The nethod of
claiml, wbergin4as | east one of RL, R7 and R10 is pol yipsohiseglomssss7 WO
2011/ 014215PCT/ US2009/ 068837 3. The nethod of claim1l, wherein R2 and R3
are independently a G -C o straight chained al kl yene group. 4. The nethod
of claim3, wherein at |east one of R2, R3 and R8 is an unsubstituted

et hyl ene group. 5. The nethod of claiml1l, wherein the additive is selected
fromQ CLAIMS

1. A method for reducing fouling in a hydrocarbon refining process comprising
providing a crude hydrocarbon for a refining process;

adding an additive selected from:

N_R2 R3 R5
¢
H a \R6

@)

wherein R, is a branched or straight-chained C;4-Csqg alkyl or alkenyl group;
n is an integer from 1 to 10;

R; and R; are independently a C;-C o branched or straight chained alkylene

group,

Rs and Re are H or Rs and Rg together along with the N atom bound thereto

form the group:
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wherein n is independently from1l to 500 inclusive. 6. The nethod of claim
1, wherein the additive is associated or conplexed with a boronating agent.
7. The nawbaduafi4nbai m 6, wherein the boronating agent PSTASk@Owes$3Tr om
boric acid, an ortho-borate, or a neta-borate. 8. The nethod of claim?7,
wherein the boronating agent is selected fromboric acid, trinethyl

nmet aborate (trinethoxyboroxine), triethyl netaborate, tributyl netaborate,
trimethyl borate, triethylborate, triisopropyl borate
(triisopropoxyborane), tributyl boratg (tributoxyborane) and tri-t-butyl
borate. 9. The nethod of claim5, wha&xein the additive is associated or
conpl exed with a boronating agent. 10N\Jhe Rvod of claim9, wherein the
boronating agent is selected from bori 7 an ortho-borate, or a

nmet a- borate. 11. The nmet hod of c&=a+Hm 10, erein the boronating agent is
selected fromboric acid, trimnethyl aborate (trinmethoxyboroxine),
triethyl netaborate, tributyl netaboratg;, trinmethyl borate, triethyl borate,
triisopropyl borate (triisopropoxyborgre), tributyl borate
(tributoxyborane) and tri-t-butyl bor@te.

wherein R is a branched or straight-chained C;4-Csqg alkyl or alkenyl group;

wherein the N atom bound to the R, and R; groups above is optionally be

substituted in one or more places with the group:

—Rg—™Rg

wherein Rg is a C;-Cjo branched or straight chained alkylene group; and Ry is

NH; or

0]

wherein Ry is a branched or straight-chained C;o-Csgo alkyl or alkenyl group;

and

wherein the R,-NH-R3 group is optionally be interrupted in one or more places

by a heterocyclic or homocyclic cycloalkyl group.

2. The method of claim 1, wherein at least one of Ry, Ry and Ry, is

polyisobutylene.
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12. The method of claim1l, wherein the fouling is particul ate-induced
fouling. 13. A system for refining hydrocarbons conprising;, at |east one
crude hydwocariamisefi nery conmponent; and crude hydrasardonsssn fl ui d
conmuni cation with the at | east one crude hydrocarbon refinery conmponent,
t he crude hydrocarbon conprising adding an additive selected from o
Ri,,..,_ NR .( ......... -<NHO

3. The method of claim 1, wherein R, and Rs are independently a C;-Cy straight

chained alklyene group.

4, The method of claim 3, wherein at least one of R;, R3 and Rg is an

unsubstituted ethylene group.

5. The method of claim 1, wherein the additive is selected from
O
H H
H;C CHs3 CHj N/\/N\/\N/\/N\/\NH2
H y H
n O
O O

H H
HsC CHsz CHg N/\/N\/\N/\/N\/\N H3C H3C CH.
H ) H
n O O
7 /\ N 3
N
HC CHs CHy AN NI T HsCHSG CHy
N —/ N H
H z
n
n ) ©
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wherein R1 is a branched or straight-chained C o-C800 al kyl or al kenyl
group; nis an integer froml to 10; R2 and R3 are independently a Cl-Cl0
branched wo 28twaEizght chai ned al kyl ene group; R5 and R6 a&ca/ud2am/0RB3and R6
together along with the N atom bound thereto formthe group: wherein R7 is
a branched or straight-chained C o-C800 al kyl or al kenyl group; wherein the
N at om bound to the R2 and R3 groups above is optionally be substituted in
one or nore places with the group: - R8 - RO wherein R8 is a Cl-Cl10
branched or strai ght chai ned al kyl ene group; and R9Ais NH2 or wherein R10

is a branched or straight-chgyned Cm C800 al kyl or group; and
wherein the R2-NH R3 group i optlon ly be |nterru kg m% I_g;re

pl aces by a h cthe grou ) 4. st em of
claim 13, mheF%| e&%% at® IleastN'one crdﬁéyaeroc i ent is

sel ected frohh r, a furnace, crude reheat er, coker
preheater, a RCC slurry bott a debut angzer exchanger, a debut ani Yer
tower, a feed/ ef f| uBnt ~excha er, a furn air preheater, a flare

conpressor conponent, a steam cracker, a 'St'‘@amreforner, a distillation
colum, a fractionation colum, a scrubber, a reactor, a |liquid-jacketed

tank, a pipestill, a coker, and a visbreaker.
O
7 H
H3;C H3C CH
H,C CH3; CH3 N/\/N\/\N/\/N « 3H
H = 4 N
n 0] O
N
@)
CH5
\ CH3
CHj
H
2

wherein n is independently from 1 to 500 inclusive.

6. The method of claim 1, wherein the additive is associated or complexed with a

boronating agent.

7. The method of claim 6, wherein the boronating agent is selected from boric acid,

an ortho-borate, or a meta-borate.

8. The method of claim 7, wherein the boronating agent is selected from boric acid,

trimethyl metaborate (trimethoxyboroxine), triethyl metaborate, tributyl metaborate,

54 of 68



15. The system of claim 14, wherein the additive is selected from O
wherein n is independently from1l to 500 inclusive. 16. The system of

cl ai m 15, wotherigiimishe additive is associ ated or conpl ex@dTmiSeénoacssaer onat i ng
agent. 17. The system of claim 16, wherein the boronating agent is
selected fromboric acid, trinmethyl netaborate (trimethoxyboroxine),
triethyl netaborate, tributyl netaborate, trinmethyl borate, triethyl borate,
triisopropyl borate (triisopropoxyborane), tributyl borate

(tribut Oxyb()tlr‘i%l%ﬁ?yl %grgltet, {rie]‘.ﬁﬂl?ol“{r%%! trll%soorp%peyl bOSr%teO(ftriiESSOBpropoxyborane), tributyl

borate (tributoxyborane) and tri-t-butyl borate.

9. The method of claim 5, wherein the additive is associated or complexed with a

boronating agent.

10. The method of claim 9, wherein the boronating agent is selected from boric acid,

an ortho-borate, or a meta-borate.

11. The method of claim 10, wherein the boronating agent is selected from boric acid,
trimethyl metaborate (trimethoxyboroxine), triethyl metaborate, tributyl metaborate,
trimethyl borate, triethylborate, triisopropyl borate (triisopropoxyborane), tributyl
borate (tributoxyborane) and tri-t-butyl borate.
12. The method of claim 1, wherein the fouling is particulate-induced fouling.
13. A system for refining hydrocarbons comprising;

at least one crude hydrocarbon refinery component; and

crude hydrocarbon in fluid communication with the at least one crude
hydrocarbon refinery component, the crude hydrocarbon comprising adding an

additive selected from:

N—R,
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18. A conmposition for reducing fouling, conprising: wherein RL is a
branched or straight-chained G o-C800 al kyl or al kenyl group; nis an

i nteger fworni/ae2130; R2 and R3 are independently a Cl- €CO/Use@aobssd? or

strai ght chai ned al kyl ene group; R5 and R6 are H or R5 and R6 together
along with the N atom bound thereto formthe group: wherein R7 is a
branched or straight-chained G o-C800 al kyl or al kenyl group; wherein the N
atom bound to the R2 and R3 groups above is optionally be substituted in

one or nore %e@g’lgi{l\% 5 B0 S QRS ohi-cfBned &%—Cgoo alkyl or alkenyl group;
g y

n is an integer from 1 to 10;
R; and R3 are independently a C;-Co branched or straight chained alkylene group;

Rs and Re are H or Rs and Rg together along with the N atom bound thereto form the

group:

0]

wherein R7 is a branched or straight-chained C;-Csoo alkyl or alkenyl group;

wherein the N atom bound to the R, and R3 groups above is optionally be substituted

in one or more places with the group:
—Rg—Ry

wherein Rg is a C;-Cjo branched or straight chained alkylene group; and Ry is NH; or

0]

56 of 68



wherein R8 is a G -C o branched or straight chained al kyl ene group; and RO
is NH2 or 59 of 68 wherein R10 is a branched or straight-chained G o-C800
al kyl or wbkenydi4gsoup; and wherein the R2-NH R3 group PSTasRéoonessBy be
interrupted in one or nore places by a heterocyclic or honocyclic

cycl oal kyl group; and (b) a boronating agent associ ated or conpl exed
with the additive defined in section (a). 19. The conposition of claim18,
wherein the boronating agent is selected fromboric acid, an ortho-borate,

or a neta-baorate. , 20. .The.c Qsi-ti.on of ajm 19. . wherein the boronating
agent T selTEl Rt Bih BaReEe Qe R aden S b byt TGRSl
(trimethoxyboroxine), triethyl netaborate, tributyl netaborate, trinethyl
borate, tri etiwtihaicaReNH-RE g®apigtionbidy B¢ @itdrivptddsiaphopoxpboplags)by at ri but yl
borate (tributoxyborane) and tri-t-butyl borate. 21. The conposition of

clal m 20, k@b cli bdycUE clGosIRY1 i from 0 WO
S0 01401 AL ckOe: RIALECHE ) SoRy IR

14.  The system of claim 13, wherein the at least one 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.

15. The system of claim 14, wherein the additive is selected from:
O
H H
H4C CH3 CH3 N/\/N\/\N/\/N\/\NH2
H = H
n O
O O
H H

HaC CHj CHs N/\/N\/\N/\/N\/\N H3C H3C CH:.
H ) H
n ) O
7 /\ N 3
N
HaC, CHa CHs AN NI HsCHSG CHg
N —/ N H
H Z
n
n ) ©
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wherein n is independently from1 to 500 inclusive. 22. The nethod of
claim1, wherein one or nore of Rl, R7 and R10 groups independently

conpri se wopolyimezissel ected from pol ypropyl ene and PCT/US2009/068837

pol y(et hyl ene-copropyl ene). 23. The method of claim?22, wherein one or
nore of Rl, R7 and R10 conprise polypropylene. 24. The nmethod of claim 22,
wherein one or nore of RlL, R7 and R1O conprise poly(ethyl ene-co-propyl ene).
25. The nmethod of claim 22, wherein the polypropylene is terminated with an
allylic vinyl group with the carbon on the al pha-position bonded to the
succinic anhydride unit. 26. The nethod of claim1l1l, wherein the additive
is selected from HH o

H H3C H3C CH
H;C CH3 CH3 N/\/N\/\N/\/N « 3H

NH,

O

O

H H3C HsC CH
H,C CH3; CH3 N/A\V/N\V/A\N/A\V/N « 3H

H 7 d 0
n O O

N

O

CH5
\ CH3
CHs

H
2

wherein n is independently from 1 to 500 inclusive.

16. The system of claim 15, wherein the additive is associated or complexed with a

boronating agent.

17. The system of claim 16, wherein the boronating agent is selected from boric acid,
trimethyl metaborate (trimethoxyboroxine), triethyl metaborate, tributyl metaborate,
trimethyl borate, triethylborate, triisopropyl borate (triisopropoxyborane), tributyl
borate (tributoxyborane) and tri-t-butyl borate.
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....<HNH2 o wherein R11l, R 2, and R13 independently conprise a pol yner

sel ected from pol ypropyl ene and pol y(et hyl ene-co-propyl ene). 27. The system
of cl ai mwB,20masmsn the additive is selected from 63Pafi/US8009/06438T ei n

R11, R 2, and R13 independently conprise a polyner selected from

pol ypropyl ene and pol y(et hyl ene-co- propyl ene). 28. The conposition of claim
18, wherein the additive is selected from

18. A composition for reducing fouling, comprising:

)

N—R, R; Rs
éN/ }N/
H a \R6

@)

wherein R; is a branched or straight-chained C;-Csoo alkyl or alkenyl group;
n is an integer from 1 to 10;
R, and R; are independently a C;-Cy, branched or straight chained alkylene group;

Rs and Rg are H or Rs and Rg together along with the N atom bound thereto form the

group:

0]

wherein R7 is a branched or straight-chained C;-Csoo alkyl or alkenyl group;

wherein the N atom bound to the R, and R3 groups above is optionally be substituted

in one or more places with the group:
—Rg—Ry

wherein Rg is a C;-Cj( branched or straight chained alkylene group; and Ry is NH; or
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64 of 68 wherein R11, R 2, and R13 independently conprise a polyner
sel ected from pol ypropyl ene and pol y(et hyl ene-co-propyl ene). 29. A conpound
useful fowoantidieaisi ng of a crude oil refining process, PpTASaNQM68s37 t he

met hod conpri sing: (a) reacting pol ypropyl ene having a
nunber - aver aged nol ecul ar wei ght of about 300 - 30,000 g/nol and having an
allylic vinyl termnal group with mal ei ¢ anhydri de; (b) reacting the
product formed in (a) with a polyam ne represented by

0

R1o
—N
o]

wherein Ry is a branched or straight-chained C;¢-Csggo alkyl or alkenyl group; and

wherein the R,-NH-R3 group is optionally be interrupted in one or more places by a

heterocyclic or homocyclic cycloalkyl group; and
(b) a boronating agent associated or complexed with the additive defined in
section (a).

19. The composition of claim 18, wherein the boronating agent is selected from boric

acid, an ortho-borate, or a meta-borate.

20. The composition of claim 19, wherein the boronating agent is selected from boric
acid, trimethyl metaborate (trimethoxyboroxine), triethyl metaborate, tributyl
metaborate, trimethyl borate, tricthylborate, triisopropyl borate (triisopropoxyborane),

tributyl borate (tributoxyborane) and tri-t-butyl borate.

21. The composition of claim 20, wherein the additive is selected from:

O
H H
H y H
n O
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R13)." NH2 )( R12 wherein R 2 is hydrogen or a C1_10 branched or
strai ght chained al kyl optionally substituted by one or nore am ne groups,
R13 i s a vwh20udimrianched or strai ght chained al kyl ene giPouS2@m®68837 s an

i nteger between 1 and 10 inclusive. 30. A conmpound useful for reducing
fouling in a crude oil refining process, prepared by the nethod conprising:
(a) reacting poly(ethyl ene-co-propyl ene) having a nunber-averaged nol ecul ar
wei ght of about 300 - 30000 g/ nol and having an allylic vinyl term nal
group with mal ei ¢ anhydri de; (b) reacting the prod%st formed in (a)
w th a pol yam ne represented(%y RlSLf, NH2 X H

H;C CH3 CH3 N/\/N\/\N/\/N\/\N HsC H;C CH-
H H
n O O
7 S\ H 3
N~ HsC H,C CH
CHj CH N N N 3% N3G CHy
HH3C 3/ 3 N/\/ \ / S H
n O © "
o)
7 i
H3C H3C CH
P H L 0
n O
NH,
O
7 H
H3C H3C CH
I_IH?,C CH3 CH3 N/\/N\/\N/\/N . 3H
b
O
n O rJ O
N
0)
CH,
\ CH3
CHs
H
%,
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R12 wherein R 2 is hydrogen or a C1_10 branched or straight chained
al kyl optionally substituted by one or nore amne groups, R13is a CG-Co
branched wo 28twaight chai ned al kyl ene group, and x is amCiraiSegenscssset ween 1
and 10 inclusive. 31. The conmpound of claim 30, wherein the

pol y(et hyl ene- co- propyl ene) contains about 1 to about 90 nole % of ethyl ene
units and about 99 to about 10 nol €% propyl ene units. WO

2011/ 014215PCT/ US2009/ 068837 67 of 68

wherein n is independently from 1 to 500 inclusive.

22. The method of claim 1, wherein one or more of Ry, R7 and Ry groups

independently comprise a polymer selected from polypropylene and poly(ethylene-co-

propylene).

23. The method of claim 22, wherein one or more of R;, R;7 and R;¢ comprise

polypropylene.

24. The method of claim 22, wherein one or more of R;, R; and Ry comprise

poly(ethylene-co-propylene).

25. The method of claim 22, wherein the polypropylene is terminated with an allylic
vinyl group with the carbon on the alpha-position bonded to the succinic anhydride

unit.

26. The method of claim 1, wherein the additive is selected from:

@]
Ry
H
N N H
/\/ \/\H/\/N\/\NH
7]
[e]
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O
[0}
Riq
H R
N N H 12
/\/ \/\H/\/N\/\N
e}

O

o o
R11
, \ N R12
NN NS T
© o
o)
o)
R11
H R12
N/\/N\/\N/\/N\/\N
o]
o
NH,
o)
o)
R11
q Ria
N/\/N\/\N/\/N\/\N

wherein Ry, Ri2, and R;3 independently comprise a polymer selected from

polypropylene and poly(ethylene-co-propylene).

27. The system of claim 13, wherein the additive is selected from:
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(6]
Ry
N NN
N NH,
O
o]
R @]
11
H R
H 12
N/\/N\/\H/\/N\/\N
(o]
[e]
2 o
R11
/ \ H R12
NN N=" T
(o]
R @]
1
N Riz
N/\/N\/\N/\/N\/\N
o]
o]
NH,
(o]
R @]
1
R Riz
N/\/N\/\N/\/N\/\N
(o]
o]
N 0
Oﬁ
R13

wherein Ry, Ri2, and R;3 independently comprise a polymer selected from

polypropylene and poly(ethylene-co-propylene).

28. The composition of claim 18, wherein the additive is selected from:

(@]
Ry
H
N N H
/\/ \/\H/\/N\/\NH
7]
[¢]
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H
H R
N/\/N\/\N/\/N\/\N =
H
(o]
[e]
2 0
R11
’ \ R12
N
Nee N N T
o o
[o]
o]
R11
Iy R12
N/\/N\/\N/\/N\/\N
(o]
(o]
NH,
(o]
o]
R11
N Riz
N/\/N\/\N/\/N\/\N

wherein Ry, Ri2, and R;3 independently comprise a polymer selected from

polypropylene and poly(ethylene-co-propylene).

29. A compound useful for antifouling of a crude oil refining process, prepared by the
method comprising:

(a) reacting polypropylene having a number-averaged molecular weight of
about 300 - 30,000 g/mol and having an allylic vinyl terminal group with maleic
anhydride;

(b) reacting the product formed in (a) with a polyamine represented by
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R1z
wherein Ry, is hydrogen or a C;_jo branched or straight chained alkyl
optionally substituted by one or more amine groups, Rz is a C-Cy branched or

straight chained alkylene group, and x is an integer between 1 and 10 inclusive.

30. A compound useful for reducing fouling in a crude oil refining process, prepared
by the method comprising:

(a) reacting poly(ethylene-co-propylene) having a number-averaged molecular
weight of about 300 - 30000 g/mol and having an allylic vinyl terminal group with
maleic anhydride;

(b) reacting the product formed in (a) with a polyamine represented by

R
H 13
N NH,

X
R1z

wherein Ry, is hydrogen or a C;_jo branched or straight chained alkyl
optionally substituted by one or more amine groups, Rz is a C-Cy branched or

straight chained alkylene group, and x is an integer between 1 and 10 inclusive.

31. The compound of claim 30, wherein the poly(ethylene-co-propylene) contains
about 1 to about 90 mole % of ethylene units and about 99 to about 10 mole%

propylene units.
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