TI TLE Asphal tene Di spersant Contai ning Lubricating Conpositions
5BACKGROUND OF THE I NVENTI ON [0001] The present invention relates to

| ubri cat iwgQ 20id10ezamposi ti ons and in particul ar to | ubri eatriusgoiiok4255
conpositions suitable for nmediumor | ow speed diesel engines, such as

mari ne di esel engines, including the four-stroke trunk-piston engine.

10[ 0002] Lubricating oils for such engines are known and typically contain a

range of additives which will performa variety of functions. However
contam nation of these l|ubricating oil conpositions w th unburned residual
fuel oil is a problemrecognized in the industry. This |eads to severe

engine cleanliness problens in servicermhiech is sonetines referred to as
"bl ack paint" of asphal - 15 tene de803|ts The problemis Earticularly
wi despread in nari AePipléens Dispgisaptis( orsta@hneguhﬂe%tm@ompaﬁ OB st on engi nes
where dirty cam boxes and crankcases are encountered, and 2-stroke
cross- head engi nes which usually use two separate lubricating oils, one for
t he crankcase and one for BAEKGROWND OH THESINVIENTEOBI ankcase of these
2-stroke engin where there. is potential for these heavy 20deposits to
occur . [ooo% W o Eegrw@@am&ﬁlﬁpw?ka&%ﬁﬁo Hﬁﬁ%P{]qusﬁéﬂnSaﬁ’dir’é‘ss t he
asphal - teng.adlior o Mhifdach '&tl"coﬁjr?p%gﬁiotns'iﬁﬁﬂéﬁﬁe fURT AR [RORG, S66M 1N
mari ne di esel engines wt reducing the lubricating conpositions
per f or mance diescbtchgmesr ab, asi metine idngcvegintd, iddtdmgehe yfou2 SSUNMEARYK-OF THE
| NVENTI ON [0004]The present invention provides a lubricating conposition,
such as a néP§88688%§e| engi ne lubricating conposition, conprising: (a) an
oi | ofgl ubri oeo ng YuB6O&IdeYsild Ror ﬁi&h&ﬁ%hﬁésta%'%ngiw%pﬁ{ds tcallQra¥nksihng an
am de group; éa%ta detergent deriv froman al kyl eno 30[ 0005] The
asphal t ene crraegfeﬁ 1gvesf whi erhk/mrfqrcna VA tyde fanctadeeHgW@w camt:ﬁnmay al so

contain a Succinj ?)p one enQodlne S the § are used
mation n%:'l (ng I Catl 01 cl_?n}pto 10118 unbur e {Ghs f aﬂ fu 01 IS
in conbi nati on w W Share 85 phaloane i'spersants

ni t r ogen- conrablRin @edoyalded ﬁneeﬁgﬁﬁu@tr Thragelcadditb | Rnate aﬁsgaheloumeness

di spersants al so include a su00|n|n1de group. These addi ti onal

asphal t ene dflrg%‘@%dﬁt%’f‘ﬁﬁ?“ﬂeCfd&$Wlm?&)¥ﬁf@ﬁ%‘1 ihpyeblgelo nping opf asmiahy
asphal ¢ ene t hat
Tho i do_arsioTaane S THe Rk R g b B R srpound
closing a risnghthatstakeaturd- pib‘e)noqn(gines viead giroy pam \Bbixbeambtranksdsemgret 0 be
bound by theory it is gglleved t hat nce benefits of the

f
i nventi on ar@BrYeidedns r-gEe %ﬁ%%&%@ﬁflglrnsgqﬁéh ASPHAY PenEVeisspERant s

that incl Udﬁlu@ﬂcaﬁfﬂgd&l%f&i@f&“@le%hﬂ&a@@hé'o%f% fRnhal Gligdsuce N [H fig group.
However, in other enbodi nents the perfor- 10 nmance benefits of the

i nvent i on arezankcevd @édhépe 2heokorbgmasiwincrofthetveisappthatitlefre thespbesant s
t hat Lncl ude, an . ngde group and the additional asphaltene dispersants that
contatth a nidPEYENCH S ni ng cyclic headgroup.

[0003] There is a need for lubricating compositions that address the asphal-

tene and/or “black paint” deposit issues, such as those seen in marine diesel
engines without reducing the lubricating compositions performance in other
areas, including overall detergency.

25 SUMMARY OF THE INVENTION

[0004] The present invention provides a lubricating composition, such as a
marine diesel engine lubricating composition, comprising: (a) an oil of lubricat-
ing viscosity; (b) an asphaltene dispersant comprising an amide group; and (c) a
detergent derived from an alkyl phenol.

30 [0005] The asphaltene dispersants of the invention include an amide group
and may also contain a succinimide group. In some embodiments the disper-

sants are used in combination with additional asphaltene dispersants that



[ 0006] I n sone enbodi nents the conpositions of the present invention:
contain a mninmum anount, such as |east 1 weight percent, of the alkyl
phenol 15vOoebevgesit; further conprise (d) a salicyl ate @erarsgant242éher ei n
some maxi mum anount, such as 50 percent or |ess, of the total base nunber
(TBN) of the overall conposition is delivered fromthe salicylate
detergent; or conbinations thereof [0007] The invention further provides
met hods of using such conpositions 20in the operation of engine,
particul arl Yeoll arilil e 1iroeslel1 orelltr:%lilines' 1 Tl'lb‘l IdE% DES%I %Tgéa\llticg: lTHEhI l%{lEeNTI N
[ 0008] Vari ous eatul e E N erBodrnelit's O EREP nvéhtd 81 Wt BEEESCT i bed
bel ow by wawigferids hiafiatldon@clddeusiucainimide 2lipe AspdatdieioaalDisphehsant
[ 0009] The conpositions of the present invention contain an asphaltene
di spersant ciwpTsathganpeeriged Jranphe anidcderopa cortnipgsAlicaa A1IPFrf ur t her
i ncl ude at | t dji . r.o: [ I I.sper sant
cont ai ns atEﬁ@%épg%ﬁ%ﬁ%ﬁ?%gggggdgggga%%gﬁggéSgP%gﬂ%ﬂgfﬁggagg%ﬁ@ff%#ﬁfde
group.5 | n sucith enbhdi nrdgenvdi@nertdeat cotpotuomisowentlasing aarin@hadergiteup and
a succinimde group.it. may also contain. at |east one additional pitrogen
atom and | ineawelCASIET R OYMHH ek i FORa OHP@i)d-tﬂe%ré’n”é% SiHevah some
enbodi ment s e di SRESSARke H3nPESEMhel iMyentBn b Brof d IR LdeSmBMagy €
these other additives are additional asphaltene dispersants that contain at
| east one amcitnbyhkadgphalipne dispersheta digatongpdgampindd g erdupaagroliph nory
conbinationslther%of, and.n%ﬁ al so ingl ude a.sugciniq%%g gro%g. Ig?sone
Sembodi ment 154 RGP SN THC efde HHCY Pond O sHat aUmE & B p &Rkt
contai@s a frhmeenBmBELs ¢ 1AG.inPerFioh- T8 HREVidEd BY th®Eo@8HIIBAIFARS affiRI-eOf .
[0011] I n ot her enbodinents the conpositions of the invention include the
asphal t ene digpalispgrrantothti isrhige aan amilde geowupndnidicarddivomt aaphpld¢noy or
essentially fre | i r ts it i ncl ude a
ni t rogen- conilg?e%?a%s %?8%?:[?1?% i@%%ﬁ?gégte%@ﬁgrcy%‘%gﬁéag ggoul%PCi ni m de headgr oup.
These headgriogs] ar & deser teddiakave tindoapakitiodd dfothd pedsuste isatdbm M de
groups, which may be present in all asphaltene dispersants described
herein. |n SOREIRRIBHIRMEA ¥NOYHe fUdLRS g | Mgt dorenkl ofthe @Heyl ghenol
asphal ¢ ene dj a r i p Lt gl
i SporSant s AFSEERS TR ERllee @) WRIEPAROALLL AL, LRECASRIR biRGmum
amount, such as 50 percent or less, of the total base number (TBN) of the

overall composition is delivered from the salicylate detergent; or combinations
thereof.
[0007] The invention further provides methods of using such compositions

20 in the operation of engine, particularly marine diesel engines.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Various features and embodiments of the invention will be described
below by way of non-limiting illustration.

25 The Asphaltene Dispersant

[0009] The compositions of the present invention contain an asphaltene

dispersant comprising an amide group. The dispersant may optionally further

include at least one additional heteroatom.

[0010] The asphaltene dispersant contains at least one amide group and may
30 also include a succinimide group. In such embodiments where the compounds

contains an amide group and a succinimide group it may also contain at least

one additional nitrogen atom, and in some cases two or three additional nitro-



15 cyclic headgroup represent |ess than 50% 25% 10% or even 5% of the
asphal tene di spersants. |In other enbodi nents the nitrogen-containing cyclic
head- gr owoasphabilene di spersants represent | ess than l®Cofuseére/oaephal t ene
di spersants present, where these percent values may be applied on a wei ght
basis. In still other enbodi nents the conpositions of the invention are
free of asphaltene 20di spersants that include a nitrogen-containing cyclic
headgroup. [0012] More specifically, asphaltene dispersants that contain an
am de group syl taple {oLousect Rl FOMROSIELANS ARG IBLNDS 0f, (e pr esent
i nvention i rclhude §Onpouﬂﬁ% represented by Prg ?o1|%mnng fof mi*ai™ o 0 R2
N [R3-111] ladB3iWNs, WhefSthddeldthet addilives 2eWiklitedral hophal@hedispefshnts taach Rl

i s independently a hydrogen or. a hydrocarbyl group containing 1 to 250
carbon at onEconEpN [2p sheNGemiEAs theaderom, Yga ACAJeIPBR agWydige Sgpderedrh R2 is
i ndependent | . gr  ni t car bon
at ons; each‘%éﬁPQM?%%gggﬁggﬁﬁ|%*ghﬁ§§?%¥gFg$#§ﬁéugggﬁgwgd%?%%nﬂﬁd$ fom1 to
10 carbon atemmidimants, B hardprodgpeittesnt hddidomldisphardnygl digyaasgmt contadisni ng
from1l to 50 carbon atops; x.is an integer fromQ to 6; is an integer
from1 to 4;2 HAgrmeEmher ing mssﬁgm%ﬁaﬁan@, PCBNDBEBRASPFIFGome enbodi ment s
one Rl is hygppgen, mvolrd: hbodthests Re bempssitiyad of HAMMRhYbS YL yd ape, and
in sone enbodi nents from pol yi sobutyl ene havi ng a nunber average nol ecul ar
wei ght of 508phdteds00isp&Bantt co@POingonn everdef prmplodd 4ro WBEGNtIEAEhoR2 nmay
be a hydrogen or. drocar byl . group,.containing.1 to 4, .1 to 2, ar.even 1
car bon at ome Y HeCe hie SRR YR A 0T e gefP EaIE Re rmy
be a hydr ocayybt eRedgoapRik&@Nihah N Becidigiid ht@ddoud tihede h@ad@s@l@s grecar bon
atonms and in sone of these enbodinments is a |inear hydrocarbyl ene group.
Each R4 may dsscrabddy abvwicarnsly hgajn olopnelohichidei sugcinimidel giappgowhicht magde 8 to
28, 10 to 28 r 4. t in so i may be
2 i near hydra B GRB bR R s e g e RORTE TBRPATERYS 57
to 3, 2 to 3yhd@r cewddlerthg the 2otaDlandunh ofaidphhBerrdtgenentsSprewdlitl @ yharay be
an integer fromlto 4, 1to 3, 1to 2 or even_ 1l in various enbodinents,
while z nay 98Msition: eiher anhgheee (dspersapty gha inclyde 3 npregenscondingigen 0,

1, 2,(0or 3 i B i s . hges oghi, sum of
< and' 2y BeiFhERMFoRTRALIRIAS b 30T 2T, A 0P ST T the shit
enbodi ment s tené diPersyniss In othdremihodimen®R1thiesnihpdevgemanting eythe hovdher R1
is derived fr

om pol yi sobutyl ene, each R2 is drogen, eac is.a

hydr ocar by| éigujyR teesrﬁléemaﬁ& Bt it 155 egﬁ%ﬁﬁwﬁg? d4HE each R4
i's a hydrocaggl @i PwhORHALR RYcddt AT uke thfy B a0 at@iTBht fARLSInThe
conpositions of the invention may further conprise additional

still other embodiments the compositions of the invention are free of asphaltene

20 dispersants that include a nitrogen-containing cyclic headgroup.
[0012] More specifically, asphaltene dispersants that contain an amide
group suitable for use in the compositions and methods of the present invention

include compounds represented by the following formula:

O
R1 R2 Oﬁ/ R R2
oo o)
X y z
R1
© M
25 wherein for formula (I), each R' is independently a hydrogen or a hydrocarbyl

group containing 1 to 250 carbon atoms, so long as at least one R1 is a hydro-

carbyl group; each R is independently a hydrogen or a hydrocarbyl group

3



25 asphal tene di spersants, where these additional dispersants contain at

| east one am di ne headgroup, urea headgroup, guani di ne headgroup, or

conbi nat iwo0thwweaef, and rmay al so i ncl ude a succi ni m decgrusap2/0k42550ne
enbodi ments, the headgroup of these additional asphaltene di spersant
contains a five-nmenber ring, a six-menber ring, or conbinations thereof. In
t hese enbodi nents the 30conpositions and nethods of the invention may
further include conmpounds represented by the followwng formula: R2 1Y
R2I" I R11 m erein, for each of th ormul,as (L1} and,.(1]] each Ris
independentﬁ?néuﬁygﬂ&aéHp%yg%pﬁ?ﬁ?bggﬁbélmdPgﬂﬁmgS% %?%ﬁﬁ%mfﬂ%%mﬁ%o car bon
at ons each Rikois comdependent | Yo a0 kytoacashy, cagh ®Rips t@iEpendendlg alhyideo10
carbon atons; each R2 is 5independently hydrogen, a hydroxy alkél group, or
a hydr ocar byderlyf gupur epntainingirag hta 80 SprbenakIns:at Briw: integes frane@idbn at om
or a nitrogep; i 2; i 016] I n sone

enbodi mnts?g%ﬁﬂkg@gk@nﬁ%@é g’cag} y ﬁ%ﬁ#&%’t@?ﬁﬁg a sufficient nunber
of carbon at[0083]t 0 frender théodiommosideoR! -is diydbbgen, | witht therothér R' is

enbodi ments, R is .a hydraqcarbyl containing 8 or nore g¢arbon atons, or 8 to
250 carbon Hepred fTam SBRES AN FEdnoER RIOPUITETEY (OB, BP0 DH PRl

cont ai ni NG ThatthBaGAMIRR ALRIR: mbidAld ALRPRE 300, 390, s(patPopo@t @M 1 n
sonme enbodi ments each R2 Is a hydroggn or "a hydrocarbyl ‘group containing 1
to 4 carbon cxcorfsom TWEOHy dirSd6aribydh BT owysbga dydnigenrprt hbydrocanblybgrdver ei n

15 tain het t di nbodi nent s .h .
Stoh s R AP THE GROLE Paddh Dot eRB(CFE)SR AR D LB mPE HAEE his 0
to 249y or T%abtR RZ49 hydfogdh. IRRAR Tmal 80 b7l ydro 826 BERESl pY&IHL SiniddBom

addi ti onal asphal tené dispersants useful i'n the 1nvention include conpounds
represent ed bip 4ny tof2, hevED 2 earbery afosrsrendisn sepRPT these embodiments is a

linear hydrocarbylene group. Each R* may be a hydrocarbyl group containing
from 1 to 30, 1 to 24, 8 to 28, 10 to 28, or even 12 to 24 carbon atoms, and in
some embodiments may be a linear hydrocarbyl group. X may be an integer
15 from0to4,0to3,1to3,2to3,oreven0, 1, 2, or 3 in various embodiments,
while y may be an integer from 1 to 4, 1 to 3, 1 to 2 or even 1 in various em-
bodiments, while z may be an integer from 0 to 4, 0 to 3, 1 to 3, 2 to 3, or even
0, 1, 2, or 3 in various embodiments. In some of these embodiments the sum of
x and z may be from 1 to &, 2 to 6 or even 3.
20 [0014] In still other embodiments x is 2, yis 1, z is 1, one R' is hydrogen
while the other R! is derived from polyisobutylene, each R2 is hydrogen, each
R3 is a hydrocarbylene groups containing 2 to 4 or even 2 carbon atoms, and
cach R4 is a hydrocarbyl group containing from 12 to 24 carbon atoms.
[0015] The compositions of the invention may further comprise additional
25 asphaltene dispersants, where these additional dispersants contain at least one
amidine headgroup, urea headgroup, guanidine headgroup, or combinations
thereof, and may also include a succinimide group. In some embodiments, the
headgroup of these additional asphaltene dispersant contains a five-member
ring, a six-member ring, or combinations thercof. In these embodiments the
30 compositions and methods of the invention may further include compounds

represented by the following formula:



(V) RRR2 N 5 (V) (V) wherein, for each of the formulas (1V),
(V), (M) and (V1) above, each Rl is independently a hydrocarbyl ene group
conpri si MyoRot2oo0d1car bon at ons; each 10R2 is i ndependerCiryuskgidnegseh or a
hydr ocar byl group conprising 1 to 50 carbon atons; each R3 is independently
a hydrocarbyl group containing 1 to 50 carbon atons; R4 is a hydrocar byl
group containing 1 to 200 carbon atons; and X is a hydrocarbyl ene group
derived froman am ne or a polyam ne conprising 1 to 20 carbon atons and 1
to 5 nitrogen atons; 15[RH18]1n sone enbodi nents, each Rl is a
hydr ocar byl ene group con aining 1 to 6 carbon atons, 1 to 2 carbon atons,
or 1 carbon atom In othg¢r enmbodiments at |east one R group contains 1
carbon atom In sone e ts each R2 is a hydrogen or a hydrocar byl
group containing 1 t8%%4 car Enptons In sone enbodi &nts each R3 is a

hydr ocar byl group contai ni ng or nore //JL\\
2 0
FQ\\*N N//,R

%
2 R? 2 am

wherein, for each of the formulas (IT) and (I11), each R’ is independently a

=

hydrogen or a hydrocarbyl group containing 1 to 250 carbon atoms each R is
independently a hydrocarbyl group comprising 1 to 10 carbon atoms; each R? is
5 independently hydrogen, a hydroxy alkyl group, or a hydrocarbyl group com-
prising 1 to 50 carbon atoms; Y is a carbon atom or a nitrogen atom; n is 1 or 2;
and mis 0 or 1.
[0016] In some embodiments, cach R is a hydrocarbyl group containing a
sufficient number of carbon atoms to render the compound oil-soluble. In other
10 embodiments, R” is a hydrocarbyl containing 8 or more carbon atoms, or 8 to
250 carbon atoms. In some embodiments each R' is a hydrocarbyl group
containing 1 to 6 carbon atoms, 1 to 2 carbon atoms, or 1 carbon atom. In some
embodiments each R? is a hydrogen or a hydrocarbyl group containing 1 to 4
carbon atoms. The hydrocarbyl groups present in the formulas herein may
15 contain hetero atoms, and in some embodiments hydrocarbyl groups such as R’
may be groups such as —CH,(CH;),,OH or —CH»(CH,),,NH; where m is 0 to
249, or 7 to 249, or at least 7.
[0017] In some embodiments, the additional asphaltene dispersants useful in

the invention include compounds represented by any of the following formulas:

R2 R2
R2 R2
N R2 N
J\ s '!l J|\
R2 N R R? N R2
I I
20 R R av)



carbon atons, 8 to 30 carbon atons, 12 to 24 carbon atons, or 12 to 22
carbon atons. In other enbodinents at | east one R3 group contains a

suf fi ci erworrore®e3iof carbon atons to render the conpounaCoius2&ieiogdzse. | n
sonme enbodi ments R4 is a hydrocarbyl group containing 20 to 200 carbon
atoms or 50 to 150 5 carbon atonms. In sone enbodi ments X is a
hydr ocar byl ene group derived froman am ne or a polyam ne conprising 2 to
10 carbon atons, 4 to 8 carbon atonms, or 6 carbon atons in addition to 1 to
5 nitrogen atons, 1 to 3 nitrogen atons, or 2 nitrogen atons. [0019]1n sone
enbodi nents at | east one R2 group present in any of the 10 conpounds

descri bed above is a nonounsat urated hyd?ocarbyl group. In sone

enbodi ments, the R4 group, of forng;a 1), §§ derived from

pol yi sobutyl ene. I n sonme enbodi nent's< erived froma pol yal kyl ene

pol yam ne. In sone enbodi nents Z is derive fron1a pol yal kyl ene pol yam ne.

[ 0020] As not ed above, in sone enbodi hese additional asphaltene 15

di spersants are present in conbi naR#0On h TRe am de group contai ning
asphal tene di spersant. In sonme enbodi nen S t he performance benefits of the
present invention are provided primaril yby the aiiyde group contai ning
asphal tene di spersant while in other enbodi nents the performance benefits
of the present invention are provided by the conbination of the am de group
contai ning 20 asphal tene di spersant wth tgese additional asphal tene

di spersants. In sone of these enbodi men\g”t he anount of additional

asphal tene di spersants present is limtdd, and nmay be limted to | ess than
have of the total amount of asphaltenegjk§ gﬁ?ants present in the
conposition, or even to a maxi num of 2% 1% or even 0.5% by wei ght of the
overal I conposition, or even still fufther]enbodi- 25 ments in anounts such
that the weight ratio of the anobunt: fgroup containing asphaltene

di spersant to the anount of additional dsphaltene dispersants is no nore
than 1:1, 2:1, 5:1 or even 10:1. By 10: R? the ra qulndicates that there
are at Ieast 10 parts of am de group containing asphal tene dispersant to
every 3 part of additional asphaltene dispersants. 30[0021]Wth regards to
all of the asphal tene dispersants di scussed aboyge, the various hydrocar byl
groups described for the f or mul asQabove nay confain hetero atons as well as
cyclic groups, including cyclic gr Lﬂ?d the linking of two or nore
hydr ocar byl groups present in,the/c ound, hpg aring. In sone

enbodi ments the hydrocarbyl grouRs off t he fo nul s above contain an al kyl
am ne and/ or a hydroxy group. addi to the conpounds descri bed
above, the asphaltene disper- 5 sants Rl so iYigl ude conpounds cont ai ni ng
five nmenber ring ureas, i ni dazol Rhes, im dazol es! t et (dHYl es, tetrazolines,
tetrazol ones, |actans, sultans, thloureas, triazoles, triazolines,

pyri dones, pyrim dones, or conbi nati ons t her eof [0023] Still other exanples
of compounds, &, FECARE PURSRRMUIA (108 d@?pgaﬂ) andQViBNSodl Spgh gang s of the
present invention iInclude dihydropyr t et rahydropyri m di nes,

pyrazol e, i nhdgwodeméy a diyyodrdyyyenengrdiipooeprismigalzionH) caibhydtamhs;leazh ne,

tetrahydrotrjzazi.n t hi adi, azol e, di hydr ooxadi

iyl bt adk a3ongipeBr At BB bR FHUPEERS! EOUBACTIE bbhaf olifarbon

di spersant cRGROUNLE RIS Giddperld @RRVELh Yy ch8yHSRd p Lol @MiRg Atol 30 &@H&I Nat i on
with one another. The A kyl Phenol Deter F 0825 The conp03|t|ons of the

present i nvesemerRi ivcd udlsoearbisk @ruogewon@emng|1\ﬁec200rcarhqai1natanﬂsy4mqoxeﬁ@|

hydrocarbylene group derived from an amine or a polyamine comprising 1 to

<

20 carbon atoms and 1 to 5 nitrogen atoms;

15 [0018]  In some embodiments, each R' is a hydrocarbylene group containing
1 to 6 carbon atoms, 1 to 2 carbon atoms, or 1 carbon atom. In other embodi-
ments at least one R' group contains 1 carbon atom. In some embodiments
each R? is a hydrogen or a hydrocarbyl group containing 1 to 4 carbon atoms.

In some embodiments each R is a hydrocarbyl group containing 8 or more



[ 0026] Sui t abl e al kyl phenol detergents include phenate detergents, such as
20 phenate sul fides, including calciumphenate sulfides. In sone

enbodi merwe 20teetogalici um phenate sul fides are neutral dePrergsnei2/2e8s in

ot her enbodi nents the cal cium phenate sul fides are overbased detergents.
The phenate may be a sul phur-contai ni ng phenate, a nethyl ene-bridged
phenate, or m xtures thereof. In one enbodi nent the phenate is

sul phur-cont ai ni ng phenate. 25[0027]1n sonme enbodi ments the al kyl phenol
detergent is _present ig.t C 0Sitio of, ,th resent | nthon.at 1

er cent by et g B8 P PRBCE0kIar? Qoo SR of B REP22R8 menc s
the al kyl phesaak. detgligenibddmprgsentasaionkaaSirodp dntadns & sufficdénthinper cent
by weight in the overall conposition. [0028]1n sone enbodi nents, the alkyl
phenol ~ det erls&f caion\aioms & rqndss thesgpmppusdraibaluble. tRsonENepbetingats by

detergents i : %ﬂﬂg {1 0 : r r o) t
overal | conﬁg%?$?0 ) |%%Pg%gﬂﬁwﬁﬁ$ﬁ¥§%¥%22Updggﬁggﬁﬁ%s%é?%d%?gbgéd“gfher
addi t i ¥es whachomagmie IpreserdmbddimontyeX iearbodionerlytenichgoap Hyitiv@heoml
detergent delivers at |east. 60 percent 79 percent, 75 Pe%cea%; 90 percent
or 95 per cert! BRIEIE aAWATR iGN QBSHENE L0 181008 2s of 1¢ R&atRoaralpmms.
COMPOSI {1 ON-orlqleihbA bioAITE aNRAFIATPR § nfiRS,FOTRAS! | IPB%RgdiiRopl eent
invention are substantially free of other detergents such t%at al kyl phenol
5det er gent s Heitiogen atomae t han 99 percent, nore than 99.5 percent, or even
100 percent he TBN provided by detergents..ln still further
erbod nont s, (0PHY"a1 & PoBR GBS HmEkgin g™ Rovitald dreiahat 59, ot 75,
90, 9%y or ev@mpblddPacseited Abotdes BN MRUNSthra@ld hjBoaber gebs MrLBsRNt in
the overall conposition. &pOZQ]The phenat e detergent nay be a neutral or

1

over based nemehadamentsy the-R7 gravias ef formude (X, isgdaibiodi fsem mefl yseladyleac as
over based ory_s . .are . I i I hase 0 eneous
a2 e S S R Vi O L el

woul d be necssisalinchierZ neddrival iffoh agdlpteyeskd palybmiide stoi chionmetry of the
nmetal and the zarticular aci dic organic conpound reacted with the netal.
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detergents mtat?ﬁ}in%odrsﬂﬁﬂtéﬁ¥ (fiﬁ?e%ainrt]go an ghbyheeitional asphaltene disper-

sants is no more than 1:1, 2:1, 5:1 or even 10:1. By 10:1, the ratio indicates
that there are at least 10 parts of amide group containing asphaltene dispersant
to every 1 part of additional asphaltene dispersants.

30 [0021] With regards to all of the asphaltene dispersants discussed above, the
various hydrocarbyl groups described for the formulas above may contain

hetero atoms as well as cyclic groups, including cyclic groups formed by the



an al kaline earth nmetal base and sulfur, typically carried out in the
presence of a pronoter solvent to forma sulfurized netal phenate. The

al kyl phermsb=01es@path i n t he present invention are of thePConsadia/oR286H4) OH
where R is a straight chain or 5branched chain al kyl group having from8 to
40 carbon atons and preferably from 10 to 30 carbons, and the noiety (C6H4)
is a benzene ring. Exanples of suitable alkyl groups include octyl, decyl,
dodecyl, tetradecyl, and hexadecyl groups [0034] The al kali ne earth netal
base can be l%kbasefg)f %ffllngoirurflgdlpacraiburp ol nerseise-ntum andorisltoré)nrat ifurrrlnlinPraef erred
are calciun1anén%ﬁgﬁ% UM TR st I% useénfﬁ%%seg are thesxi des
and hydr oxi d@gg. ofInt fifn@kew dift@k sthe Uphirésarbal gioufs fi te, feralutisuibove

hydr oxi de, barium oxi de, barium hydroxi de, magnesi um oxi de, and the |ike.
Cal ci um hydreegfai an @HaigR1YC ard/Ped hgwrtEeupi me, is nost commonly used.

[ 0035] The pr er 0 ﬁﬁ@ﬁﬁ{ r t ol vent ,
can be any Jﬁg%pe oﬁggﬁﬁgg?fﬁhﬁhc C agsgg%ﬁéﬁﬁgﬁﬂgeggﬁﬁ%EF%@35F§r t he
al kal i he earshhtslihayretsal inblage, cotfpoualkydbthemod fivamderhbie g fittrak zedidart al
phenate interpediate, Suitable solvents j.nclude glycols and glycol

monoet her s SUESadMedarplsnetcrgss:, tofrago [Fan B BlON i d e 2t 588 of
ethyl ene gl ¥6RJurea3UCH 235100 NAAES IS, S8 HToncFONREBUbn&L NEF ; cdthBinatihOne
enbodi ment the solvent Is one or nore ‘vicinal glycols and in anot her

enbodi ment tthereebl vent incl udes ethyl ene glycol. 20[0036] The sul fur used in

t he reaction,is,el e t sul fur and may b sed in the form of | t en
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al kyl benzene sul fonates, hydrocarbyl substituted acylating agents such as
pol yi sobut erffppwiteedingss pyhgelei desdezsling @apdropmtmisiieeion tiagiecdidhber sant s
such as polyj ut eny ceini.m.des. it e fonates,. i ncl u syl.fonic
acid salts ##%%?%BG?O%W%HX%kﬁgﬁ%%%i86(ﬁaﬁ%?%cgﬁgéwﬁgggﬁﬁh @%Pé%ﬁ%?ﬁebf nor e
than 400 obtdhyadthiydiszdlé onadonitgnalidkislthbeozenes derived from ol efins or
polymers of C2-CA4 olefins of chain I ength C15-C80 and al kaline earth netal s
such as cal dP0%4] badhewsphrdighe disnerwnt comprundy desspbedirbare AysdBBsqdnel ude
and/ ofz may j : , i y itself be derived from300 to
5000,{%r 50gﬁ?%ﬁé%%%$n&?ﬁ%&%ﬁ?ﬁﬁfggghgﬂﬁggr aver age nol ecul ar wei ght

pol yi sobut ylI'HreeAlkyl Phenol Detergent

[0025] The compositions of the present invention include a detergent de-
rived from an alkyl phenol.
[0026] Suitable alkyl phenol detergents include phenate detergents, such as

20 phenate sulfides, including calcium phenate sulfides. In some embodiments the
calcium phenate sulfides are neutral detergents, and in other embodiments the
calcium phenate sulfides are overbased detergents. The phenate may be a
sulphur-containing phenate, a methylene-bridged phenate, or mixtures thereof.
In one embodiment the phenate is sulphur-containing phenate.

25 [0027] In some embodiments the alkyl phenol detergent is present in the
compositions of the present invention at 1 percent by weight or more in the
overall composition. In other embodiments the alkyl phenol detergent is
present at least 2, 3, 4, 6, 8 or 10 percent by weight in the overall composition.
[0028] In some embodiments, the alkyl phenol detergent delivers at least 50

30 percent of the TBN provided by detergents in the composition, or even with
regards to the TBN of the overall composition, including any TBN provided by

dispersants and other additives which may be present. In other embodiments



WO 2012/ 109311PCT/ US2012/ 024255 [ 0038] As not ed above, these phenate
detergents may be overbased by reacting themw th carbon di oxide gas in the
pr esence WO 2atdiopilonal al kaline earth nmetal base, typi caCuseon2iobespr esence
of a pronoter solvent. [0039]1n one enbodi ment, the phenate sulfide
detergents of the conposi- 5tion can be represented by the fornul a:

wherei n the nunber of sul phur atons y can be in the range from1l to 8,
prefer- ably 1 to 6 and even nore preferably 1 to 4; R5 can be hydrogen or

hydr ocar byl .gro LIS dra .or.a S) ¥nlinka er m.nati.ng_in
nyar ogen,”arttr S en b AR SSRERD T A iS40 P RRoU PR RES Bt eger

fromO to 4;9 cdtics Irysirogrvf the TBNefoa @ftcicABt 8t tHcONBNaGT thgwRBtalim i on
and m xtures thereof. [0040] When Mis an equivalent of a nmetal ion, the
nmetal can beEORISURN. | et stildj othre pmbadimgntsefirc spmppsitighe Piothes pEgschiet al s.

When monoval;ent i dnh gfﬁ{,ﬁ@%t?{g{iﬁ% e 80 g é?ahét]@%&%le su%{;’ glgfrtaﬁlkkll ' HED

sodi um potassiumor co tions thereo n ent; the netal M
can be5 an aldcadrpaes eliivhr metralthans 92 Ipeaentragoesiham 99calperasm, dragvienn Odr

m xtures of such nmetals, \Wen trivyalent, the net M.can be al umi num In
one enbodi TERECPhT ﬁ@_@ AiB Pravdad b doteeatet Hnn%ﬁqurahﬁ_qu%@ﬁ@Pﬂ@r the
enbodi ment  tfigynpi ol E@g&%ﬂ;' My dGOdL] kN, (OSOBET £5, Uy [69 @ Sbh Uiur e

(VII'l1) conmbineg in suc h 20 itself x nunmber of times to form
ol i gomer s ofpchgait of drdol/B Npdferbodf theldetpugerts peasentdegbe pbhedllamngiosdron,

trimers, tet rs, pentaners and hexaners en x is_.equal to. 0, 2, 3,
bnd 4. Typ: OPEST IR MEER SeRBenDEHRE S el e e B malifiabn OVt e
rangeid rom Gaked HhteR4lSf 8itRbhksclrcf@rdd tdisCoRiBiselaly Yupkrbfie8,saBYERrdTOr €
even nore preferably 2 to 6 and even nore preferably 2 to 5. Typically 25an

ol i gomer i s genewédlyt singlesplpsif hemagenpountNawtesians systomese Aharaetcupes Ay etnabove
0.1 wt % pra%floed’n%b&y egpeos\éem%ta\{\'tth% %vqlqcﬁvv%gulgof)g Ipercggs%}‘?‘ t}lo}/ n%%%\éﬂsa%io% %

according to the stoichiometry of the metal and the particular acidic organic
compound reacted with the metal. The amount of excess metal is commonly

15 expressed in terms of substrate to metal ratio. The term "substrate to metal
ratio" is the ratio of the total equivalents of the metal to the equivalents of the
substrate. A more detailed description of the term metal ratio is provided in
“Chemistry and Technology of Lubricants”, Second Edition, Edited by R. M.
Mortier and S. T. Orszulik, pages 85 and 86, 1997.

20 [0030] The overbased alkali or alkaline earth metal phenate detergent may
have a metal ratio of 0.8 or 1.0 to 10 or 3t0 9, or 4 to 8, or 5 to 7. The phenate
detergents may be overbased with calcium hydroxide.

[0031] In different embodiments the alkali or alkaline earth metal phenate
detergent may have a total base number (TBN) of 30 or 50 to 400; or 200 to 350; or

25 220 to 300, and in another embodiment 255. In other embodiments the phenate
detergent has a TBN in the range of 30, 40 or 50 to 220, 205, or 190, and in
another embodiment 150. In still other embodiments the phenate detergent has
a TBN of 300 or more, 350 or more, or 400 or more, or from 300 or 350 to 400,
and in another embodiment 395.

30 [0032] More detailed descriptions of suitable alkali or alkaline earth metal
phenate detergents are found in US Patent 6551965 and European Patent publica-
tions EP 1903093 A, EP 0601721 A, EP 0271262B2 and EP 0273588 B2.



Typically an oligomer is present in trace anounts if concentrations are

|l ess than 0.1 w 9% for exanple, oligonmers with 11 or nore repeat units nmay
be preserwo 2@l y in at | east 50 percent of the nol @CHIUS3012024285 2 or

hi gher. I n sone enbodi nents the overall sulfur-containing phenate detergent
contains | ess than 520 percent by weight dineric structures. [0042]1n
Structure (VII1), each R5 can be hydrogen or a hydrocarbyl group contai ning
4 to 80, 6 to 45, 8 to 30 or even 9 to 20 or 14 carbon atons. The nunber of
R5 substitu (W) <0 ( than hydrogen on each omat I.C ring,c be in the
Fange from Q0pEle.” STRUTEphIRL HSROAS S RTGRES TG s RReRt
hydrocar byl rOkfimeasagth ph@siEidse tahe ulfgy tPscilne csaisd @t idithd eresdiceaid t he

m ni nrum t ot al nunber of carbon atons present in the hydrocarbyl

subst i t uent PTOMOET poly e to forgsa sylfiraad megal phpnade| T plkylphenodnussduldn e 9. The
preferred c I d - t gggﬁ I i Ni Dy . gL oups
with the nuﬂgggﬁg cgé ohH%§%ﬁ§@%%%&géﬁ' éﬁgﬁia?&?g$q%%éﬂ%ﬁ%hg¥LTb§Pll,

12, 133 14 dmehdicdkchaiealkyb gidwprleeingThem4£: &l 4y tabed aphanomldsprefepbéa by

contain sul phur at sition 2. The nate detergent represented b
structure (\A |®)f%5%3@wydah%@0wg€§1ﬁé%é CHERG1n W%H’l%%? élar%ﬁ‘ net al
base, such agigalsipd My R/ d6cyl Q043N RetR0E) 1 SIHAGRK AR Sorbliss Phenat e

detergent used in the presernt inventioh is an ‘overbased giﬁfurized al kal i ne
earth metal [R)3#locadby hlkpheneardy, m&al hdse cin bay bagtdfeakiuny, heumpdiaghesd by t he

i ncorporation of at |east gne carboxylic acid havi t he formul a:

R OH RL) - oot b Seonsit Pacleed s sira ipd Piskec i FrcRy ey ases re i s
hydr oggn, orpagdy aBhuéiokirs Ahd asidfixiddiesredt Bueh nRyvas Bageds phienat egidery be
prepared by reactin (a) a non-overbased sul furized al kaline earth netal

hydr ocar byl slarmbedisidgsbiinberidatvrien (syoxide. deatsine cside; Mdedike2s base
whi ch b d i i t . i | vhydr i
ool B GBARE A fud ik ably Ll AGAATRTRe, i ShoibhppuRE Y Y ATLE

an al kyl ene (90350l Thkptontitérablvent, alspabiyialityd emerdlty aoh naltil lsolRtdesan (d) a
| ubricating oil present as a diluent, (e) carbon dioxide added. subsequent
to each addibii®w wble orgsBielituiq Bhichapes BIpEGcidl pajubifily for thealkelingearth

car boxylic i i V. G, . t he
earthf%etalqﬁgg% %gE%?@ggggggﬁggiggggg%ﬁ%one %ﬁ%@%ﬁ%@%?@ﬁ¥§9§5?@?ﬁﬁf
hydr oxi de. SdBcABLR¢1OOZEACENUSRRDP MOA4EBE s [0 e Ghplponglytol( ¢ Y4-breyne
suitably be gither a. dihydric al cohol, for exanple ethylene glycol or

pr opyl ene g|<§%ﬁr}({ drivaty iqff&}ﬁ%leaalwhév,ch POMOBNARBY eCt ry@@rlget Lethgle di - or

tri-(C2 to (4. 18l e UmBBAIMSH th@Rb N cleis &Ink NErmstcelibnhien§c Al ¥6@lin @hother
triethylene glycol. The al kyl ene glycol alkyl ether or " polyal kyl ene gl ycol

al kyl 5 et hembpdymenithcatwlyenbmcbides etbylicoe phycal: R(OR1) XOR2 where Ris a Cl to

C6 al kyl gr Rl is an.al kyle ro . i s hydrogen or Cl tq. al kyl

and il s andfielge, e AR S Ga%e skt ot S PR Bl wied iRt Ce t ne

nononet hyl abrlloPBiolt¥h si@kfrer s of et hyl enegl ycol, di et hyl ene glycol,

triethylene[gagcol or tetraethylene glycol. A particularky‘suitable sol vent
1

is methyl di 71 M Ja sares cbodjimeats| the anenate detergent is prepared in the presence

of a co-surfactant. Suitable co-surfactants include low base alkylbenzene sulfonates,
hydrocarbyl substituted acylating agents such as polyisobutenyl succinic anhydrides

25 (PIBSA), and succinimide dispersants such as polyisobutenyl succinimides. Suita-
ble sulfonates include sulfonic acid salts from sulfonic acids having a molecular
weight preferably of more than 400 obtained by sulfonating alkyl-benzenes derived
from olefins or polymers of C2-C4 olefins of chain length C15-C80 and alkaline
carth metals such as calcium, barium, magnesium etc. Suitable co-surfactants

30 include and/or may be derived from PIBSA, which may itself be derived from 300 to
5000, or 500 to 3000, or 800 to 1600 number average molecular weight polyisobu-
tylene.

10



10 glycol ethers may al so be enpl oyed. In sone enbodi nents the glycol or

gl ycol ether is used in conbination with an inorganic halide. In one
enbodi mrerwg 20mpesient (c) is either ethylene glycol or merhyskoidiogess the
latter in conbination with amoni um chloride and acetic acid. [0046]1n sone
enbodi nents, conponent (f), the carboxylic acid used to 15 nodify the
phenate has an R group that is an unbranched al kyl group, which may contain
from10 to 24 or 18 to 24 carbon atonms. Exanpl es of suitable saturated

car boxylic i i ngl ude capric,aci lauric acid ristic acid almtic
cel . St ear 10, AR ERL Q0P Psan Bl it I ob e e
M xtures of thghasth@ybaotl &oxide ganpl thy pebserlcb oF @ddltiodal alkalihdeathinttaDbast0, the
carboxylic acid, 20there nay be used the acid anhydride or the ester
deri vati ves tgpictlheingbe presgicepbp aMIoteh®hgdl.d anhydri de. 1n one enbodi ment
the acid us k& St I | O 0 ogli , l.p, .
addi ti onal ﬁgo%ﬂat g??ggégﬁ%gggéﬂf%%%bagéﬂgﬁugg%ﬁgﬁgﬁgﬁéényﬁﬁgH@%médded to
t he refcti onion snurerepidsenteddgtthofordader i bed above nmay be carried out in
the presence of a catalyst. Suitable catalys i ncl ude 25hydrogen chl ori de,
cal cium chl ori de, annnﬁ%@n1chloride, um num|chl oOMie and zi nc chloride
itigns off the present invention
Ilcyl(ésgy ent .(Syypi call salicyl ate detergents

are netal overbase
substituent to pro
aci ds can be prepar by the redqcpi/on of]the
reaction of an al ka
hydr ocar bon subst i nt can be Rﬁgﬁscribed f canp®Xyl ate or phenate
detergents. [0049] e particuldrly, hydrocar on-substituted(§§hjcylic
acids may be represented by the formula 5 CH _COCH
wherein the number of sulphur atoms y can be in the range from 1 to 8, prefer-

ably 1 to 6 and even more preferably 1 to 4; R® can be hydrogen or hydrocarbyl
groups; T is hydrogen or an (S), linkage terminating in hydrogen, an ion or a
10 non-phenolic hydrocarbyl group; w can be an integer from 0 to 4; and M is
hydrogen, a valence of a metal ion, an ammonium ion and mixtures thereof.
[0040] When M is an equivalent of a metal ion, the metal can be monova-
lent, divalent, trivalent or mixtures of such metals. When monovalent, the
metal M can be an alkali metal, such as lithium, sodium, potassium or combina-
15 tions thercof. When divalent, the metal M can be an alkaline earth metal, such
as magnesium, calcium, barium or mixtures of such metals. When trivalent, the
metal M can be aluminum. In one embodiment the metal is an alkaline earth
metal and in another embodiment the metal is calcium.
[0041] The monomeric units of structure (VIII) combine in such a way with
20 itself x number of times to form oligomers of hydrocarbyl phenol. Oligomers
are described as dimers, trimers, tetramers, pentamers and hexamers when x is
equal to 0, 1, 2, 3, and 4. Typically the number of oligomers represented by x
can be in the range from 0 to 10, preferably 1 to 9, more preferably 1 to 8, even
more even more preferably 2 to 6 and even more preferably 2 to 5. Typically
25 an oligomer is present in significant quantities if concentrations are above 0.1

wt %, preferably above 1 wt % and even more preferably above 2 wt %.

11



(R (I'X) wherein each Ris an aliphatic hydrocarbyl group, and y is

i ndependently 1, 2, 3 or 4, with the proviso that R and y are such that the
total numverowfioganbon 10 atons provided by the R group®Crasatizioeass 7
carbon atons. In one enbodinent, y is 1 or 2, and in one enbodinment y is 1.
The total nunber of carbon atons provided by the R groups may be 7 to 50,
and in one enbodinment 12 to 50, and in one enbodi nent 12 to 40, and in one
enbodi nent 12 to 30, and in one enbodinment 16 to 24, and in one enbodi ment
16 to 18, anlld iigalpnalen elrirboonqierrrientr 1151 12n0 toeazrﬁ"unltgli cno%cgﬁr[botgoi msa%l sgtiasn 1 and
R is an al ky ypgr oﬁ'p CONEA i ﬁé’ TN B & HPREH B SRSB4l e 524 Icylic
aci d det er geoit svtandfdrhiampi, eRoaidro Wit Bl 80t Bgtat Onigy gAY & sletaitl in
U.S. Pat. No. 3,372,116. [0050]1In one_enbodi nent, the netal salt is

| nfi neum Mz X@enehiplis i jag least SO0ppggentt ofs thspMiodasubsp. Knksi Aeirhighy. P sogEnt i fi ed
as a calciu i t i persed. i.n: ol i | ci um
content of 6. o%@y\}\tgitg%;a 'fléléﬁ %I{S’?%S&el%ﬁﬁg%ﬁ%éﬁggiﬁ?e rrgiﬁlhloc%fn(t)%ﬁgbe‘%g B@W ght.
[ 0051]3 n sor® mrbadibyentight dihecrkadtiucyiras.e det ergent delivers no nore than

50 percent of e TBN_ of the qverall conposition. In other enmbodi nents the
salicylate d@?iﬂgenln SerPvEr 6V HD- farie R an &d@é?%eélnqr,ag@drﬁ@?%@ﬂg@@s _
percent, 25 1QtREmEENto 80, & thAC8NL Af of BEenlBNo @ &84 RYBA! dtomQMPAR! T ON.

In still other errbodismant s the conpositions of the present invention are
subst ant i al Inunflrezeofdt” suistityydnét 6vilether gleant Bydnagbn ohatack alromyliatrmgdetner gent s
deliver no re than O. ercen f the TBN of the qvetall conposition, or
even' 0 per cdlh ofie Bzt ARG ok Bto ther SU8t 11'P 4 Ghpos IGH VP B
enbodigrent s HydeoabylCyloabs 4ré ReesenhePthdy REHCOSMRS ok i ARSr&f dd¥etHy esent
invention at such anounts that no nore than 30 percent, or 25 percent, of
the TBN of tr@isyer @it morhsssiftdadion gopsarpstad ibha hedrgedrbyplsubstitugatser gent .
The G| of bri cati.ng. Viscosjty. 52] The in LO u I nc es an
S of 1 o i Y° bildy Jorqttecdl SRRBRR a8 bYCOE bOIrHUAG 4 OFhHS!
synthetic oidests Bicluddeslatigdattd @ichiyldrcdataciki ngkylhydupgenet thenaumber of

hydr of i ni shing, unrefined, refined and re-refined oils and m xtures
t her eof . carbon atoms between 9 and 14, for example 9, 10, 11, 12, 13, 14 and mixtures
15 thereof. The 4-alkylated phenols typically contain sulphur at position 2. The
phenate detergent represented by structure (VIII) above may also be overbased
using an alkaline earth metal base, such as calcium hydroxide.
[0043] In some embodiments the phenate detergent used in the present
invention is an overbased sulfurized alkaline earth metal hydrocarbyl phenate,
20 which may optionally be modified by the incorporation of at least one carboxylic
acid having the formula: R-CH(R")-COOH where R is a Cj to Cyq straight chain
alkyl group and R' is hydrogen, or an anhydride or ester thereof. Such overbased
phenates may be prepared by reacting: (a) a non-overbased sulfurized alkaline
carth metal hydrocarbyl phenate as described above, (b) an alkaline earth metal
25 base which may be added as a whole or in increments, (c) either a polyhydric
alcohol having from 2 to 4 carbon atoms, a di- or tri- (C; to C4) glycol, an alkylene
glycol alkyl ether or a polyalkylene glycol alkyl ether, (d) a lubricating oil present as
a diluent, (e) carbon dioxide added subsequent to each addition of component (b),
and optionally (f) at least one carboxylic acid as defined above.
30 [0044] Component (b) may be any of the earth metal based described above

and in some embodiments is calcium hydroxide.

12



[ 0053] Unrefined oils are those obtained directly froma natural or
synthetic source generally without (or with little) further purification
treat mentwo20100084] Refined oils are simlar to the unrefiused20p4285 except

t hey have been further treated in one or nore purification steps to inprove
one or nore properties. Purification techniques are known in the art and

i ncl ude sol vent extraction, secondary distillation, acid or base
extraction, filtration, percolation and the I i ke. 15[ 0055] Re- refi ned oils

oo aLo0 kIR Bl ALIEY AR Bk O BT B IS

addi tional | yet 1@@@@5&61 By pt §6oldioF acthﬁ ﬁd)albemyadr Sfanghentycedi tives
and oil breakdown products. p Nat ur al s useful in naklnq t he
90

i nventive | tBri Ebwds—or ﬁta(GdéOéh cob mnay wa blyebe chbtredigthyleng eglycol ‘érastor

oil, lard oi; e | u s and
sol vent trea%é y’l"én’% %L?g 1t rggl%egi ne@g{;&l Pegget?ldr{g&q%]aﬁléﬁgﬁerg e&g}é? f| ni c,
napht he&ni c cnthdmmze}dsmeabai foe mfahaef@ﬂmlhenR(:ORyp@R anlqbrel Rsisdel i wel; dlkgim coal

or shale or m xtures th 57 etic I bri g oils are usefu
and i ncl ude 89 b B%H n§g psglésé’g)gﬂ%q% i © Hﬁi MR EBI P8R, sed
ol efins (e.gn.thPpin %Q‘ﬂdﬂlqnﬁ% FS%tXtHE %Eé(&?l%%%ncl@&&ﬂ%'rﬂ&ﬁ}n%%mo}" d&hé&hyl
copol yners); pol y(I-hexenes pol y( enes), poly(1l-decenes), and

m xtures thentlews oél ﬂwlémtneéle(helegc gi@@técymdjbﬁzmgtywﬂ ety emlmshytb@wzenes,
di nonyl benz 2-.et hyl hex - .benzenes .0 .

bi phenyl s tlbilentr gy S s Ry Tan BeaY BIRMES ofifhih ndet ner s
and ajkyl at egiywlehﬁﬁyﬁlawls@m&@ﬁg 4L e 48T MabodBRntsanal | andlyhernol ogs
t hereof or m Xxtures thereof 012/ 109311PCT/ US2012/ 024255 [ 0058] Ot her
synthetic | uhdrciatised ioi Fembhetigdewblutanainergisic halider edntancl Papbpdinsnters of
phosphor us- res h h oct vil. S-
phate, and tcg)%@ngb%&)% ﬂﬁer e l?}g%nec%lxkocl %oﬁs{%ﬁ@n(?%&a?ged att&r n 9 po H&%agr%l c

tetrahy- drobigh amsnonPymtdhédride aid scctfeycibe produced by Fi scher Tr opsch
reacti ons and 5typ| cally may be hydroi sonerised Fi scher-Tropsch
hydr ocar bond 0846 ]vvaxB’sSO][“@O@QI]’O@H%tsefCOFIm?P%tafﬁ)anEjlevP?gé%Ylt‘yaélénu@lds'@ be

define i C t Ql

| nter cﬂangezﬁg@!ﬁ% tﬁ%glhglﬁtt?glgé\% g“‘-? g%%ase ol ‘#‘ﬂ}glﬁdélﬁ%'sa a‘( lpfbhp E@V? FCh

G oup | (sulmpiurcontant émm 0. ©324or %8 and# orark@0 atom %o §ahnmp&tsecsf smtabhaom ty
i ndex 80-120); Grou (sul.phur content 10 <0.03 % .and > %

sat ur at es, #@%gf @5@@&&&% de @pBaFeId |1attr1§uﬁ%uﬁ’yem&% wgﬁﬁ@ >

and >90 wt %sAtULAL §8id Xﬂa@l‘ﬁﬁ?d SMd' Bgf'e)ﬁl? &&Q)and(ﬁwehy Ac@l.| Mixtures of
pol yal phaol efins (PAOs)}: and Group V (all others not Included in Goups I,

Il, 111, or dc\ds mTnelsoi be edplayodi dmwatbomwoosadﬂqunotrmrthcse@banylmDamd} oup I,

e R e
Goup I, GhobRd hdhyirlde ams ofid éﬁl%b@ﬁnétﬁ@lﬁ@ﬁ)éfld ubBd & g@éa@ﬂ‘c%@bl y the oil of
| ubricating [0047] In some embodiments, sulphur additional to that already present by way
of component (a), may be added to the reaction mixture. The reaction described
above may be carried out in the presence of a catalyst. Suitable catalysts include
25 hydrogen chloride, calcium chloride, ammonium chloride, aluminum chloride and

zinc chloride

The Salicylate Detergent

[0048] The compositions of the present invention may further include a
salicylate detergent. Typical salicylate detergents are metal overbased salicy-
30 lates having a sufficiently long hydrocarbon substituent to promote oil solubili-
ty. Hydrocarbyl-substituted salicylic acids can be prepared by the reaction of

the corresponding phenol by reaction of an alkali metal salt thereof with carbon
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viscosity an APl Goup |, Goup Il, Goup IIl oil and m xtures thereof. The
Lubricating Conpositions [0060]As described above, the conpositions of the
present iwoentziwe120conpri se: (a) an oil of | ubricati ngpPerasesi2ng425§ b) an
asphal t ene di spersant conprising an am de group, and which may in sone
enbodi nents al so include a succinimde group; and (c) a detergent derived
froman al kyl phenol. [0061] I n sonme enbodi nents the conpositions of the
present invention have a TBN of at |east 25. In such enbodi nents, the
anount of T i . V. of the
nininun1perE%%%géégﬁégg%%F%gggghggga&ﬁgagﬁgﬁﬁg%%o |§%ﬁfg§egﬁgodﬁgﬁﬂ¥.of TBN
del i vered fridwneiselcsapentyl at e detergent can be any of the maxi num

percent ages [g@$9y i b&thraboirBeulbBOE6 Al AR -8ITRARIIEREECYIRE abidBI heAtdcng
conpositions of the present invention are marine diesel” engine |ubricants.
30[0063]CbnﬁBW@ﬁ?“?%%Ytﬁ%g“?ﬂ%?icating oil, may be present in the

| ubricating conpositions of the present invention at 55 to 99.9, 60 to 98,
65 to 96, or 67 to 94 percent by wei@ht. Conponent (b), the asphaltene

di spersant, may be present in the luljricating conpositions of the present
invention at 0.1 to 6.0, 0.2 to 5 9 ?ﬁ\ﬁLé?iﬁ 4.0, or even 1.0 to 4.0 or
3.0 percent by weight. Conponent |[c e al kyl phenol derived detergent,
may be present in the lubricating|c itions of the present invention at
0.5to 30, 1to 25 2 to 22, ong 5 percent by weight. \Wen present,
conponent (d), the salicylate d%tergent, may bélXPpresent in the |ubricating
conpositions of the present invention at greater than O to 10, 0.1 to 8, or
0.5 to 5 percent by weight. The ranges provided herein for the asphaltene
di spersant ricrpi@ espIR B @lnhw@cé@gmmtéﬁ@rwm pad yantindapepdsing Zad ani de

gr OED, or i(rjbroat,h\%{thQﬁbwbma_ttﬁatnnyan*aey %Pfg'sh@[gtﬁé? th@gotﬂap nﬁﬁfollsgi ré;atciaﬂlsbnof
asphnal L ene I spersants, conprising an a e_Jgroup and a addl t1 ona
aspham ene (ﬁt%‘gépé%dégd ﬁl’ggf‘ehtgr?‘%i’stlﬁé‘t ﬂg‘&ﬁ%g?&%rﬂtomﬁ 2‘%/ PR e%‘ijﬂ ent,
enbodi nent s i hel barrgand 6n cnbendsliakhenes di Spey eagit npniea clechredow®nmy be

applied independently, to the asphaltene.di spersants _conpr.i am de
group and a r%@aﬁb?/o“ﬁ%?‘ %YQBR%F% ﬁ)ee ngtosBg’rasanltnsonﬁreen%té%{%eﬂ?mgo g@’rr%néisi tion
15 [0064] The @unpobpdinoms IGf td HE, pnésenind embndinomt ntedy tac At and iadelict i onal
per f or mance Agdinks16 R4 A8 il bitbAT CRIPANERIA dud)enffimKien
present these additional additives may be present i'n the lubricating
conpodd ti ons20oto 2he Iipoasentbodipentt ydn 1 @14 Rap aelkylagiony contaipingi fe® at 0
to 10, 0.1 ti® darb&a dtdn®s. SOVErbAYENsalick/Hc AcREd&@EpenRYantetheittproparhiien axer al |

| ubricating gconposj- 20tion. [00 di {1 onal rformance additives may
al so be pre§%ﬁg%WﬁhPH§e?ﬁBEW@éﬂPﬁgéégﬁp§@iSggagﬁéescribed her ei n,
especi al ly t[005¢] adth tohewesntbdiatchauwle metal salt is Infineum M7101 which is a
product supplied by Infineum USA LP identified as a calcium salicylate dis-
20 persed in oil having a TBN of 168, a calcium content of 6.0% by weight, an a

diluent oil concentration of 40% by weight.
[0051] In some embodiments, the salicylate detergent delivers no more than

50 percent of the TBN of the overall composition. In other embodiments the
salicylate detergent delivers no more than 40 percent, 30 percent, 25 percent,
25 10 percent or 5 percent of the TBN of the overall composition. In still other
embodiments the compositions of the present invention are substantially free of
salicylate detergents such that salicylate detergents deliver no more than 0.5
percent of the TBN of the overall composition, or even 0 percent of the of the
TBN of the overall composition. In some embodiments the salicylate is present

30 in the compositions of the present invention at such amounts that no more than
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been used in marine diesel cylinder |ubricants. Anong known | ubricant addi -
tives are netal salts of a phosphorus acid, including netal conpounds
repre- 25senvexiopsait he fornmula: (X) [0066] where the R6 a&nu/uRZoigioe4rps are

i ndependently hydrocarbyl groups that are typically free from acetyl enic
and usually also fromethylenic unsatura- tion. They are typically alkyl,
cycl oal kyl, aral kyl or al karyl group and have 3 to 20, 3 to 16 or 3 to 13
carbon atons. The al cohol which reacts to provide the R6 and R7 groups can
be a m xture,0f a econdar al coho al cohol t.ance,
mxcure of 2GS Neganon st 5f BRORBNGR PR AR Ke Faf ey i Aol GRBIr e of
secondary ahﬁ@bamgﬂﬁeemuﬁgmﬁ propanol and 4-nethyl - 2- pentanol Such
materials are often referred to as zi nc dial kyl di t hi ophosphates or sinply
zi nc dit hi opHs@Hafd4ib CORY | known and readily available to those
skilled int rt T sal t
of a phosph pgsﬂaC| elH&%@%ﬁgPﬁL HHP%%%&P&?%QP ?@% tscggﬁﬁpgggét may
be 0.15to0 1(d¢ dIsSirtcbude, neturd. #ifd 'rspntheﬁ& QB (De]n'delbyed/\ércginthydrocracklng,
[0067] Addi ti perfor ce addi tives which rese

conposi ti ond! gfo%%‘é“%e fof PH&EH& St H}ﬂdud@gﬂnﬁ%t and deactind: o % Jand

di spersant s, ,Alll-0¥lLast s, antiwear agents, corrosion inhibitors,
antiscuffing agents, extreme pressure agents, foam i nhibitors,

demul si fi er 40053l ct Umneﬁhmdli dilsesrs thedesusinty dirsciip diofn e mafurploenr symohaitc
depressants and nlxtur f ul for Iate | ubricating
o P i1 corpares Bt B S Rgi Rt pbdBUEE kinbier i FRvBLRE; 0oeg] vet a
deact j(yat or J00BY| beRrRrigsLBils ian€ kil 0tot@k | MREiYRB o0 cR&Pt tRGL ﬁéw'ihz@ée%,
1,2,4-triazol es, benzim dazol es, 2-al kyl dithiobenzi m dazol es, 2-

al kyl di t hi oferthet Wéz@ iregne or PRIrNpY APKAIGStER ScaBanDyNg DEmost m‘@ﬁtﬂ es,
2,5- bis(al oIe

- bi S(N, N-di E{Yeﬁyr di't %g%lcoér%Cﬁmﬁﬁ%’g %% ?‘h tIgedlgli';%zao elél Cludec? olvent extrac-

2-al kyl di t hitforseedmRp) aisthiacigh azeilias:. bdse anacesmofitriioh, hhieonkioal and

deact i vat or |s 5- nethylbenzotrlazole (tolyltriazole). [0069] Addi ti onal

di spersants,t hgiikeerent from the asphal tene di spersants 25 described above,
may bes pres ncl gdi I s such
e pol Y1 sondtt the. SidE o, e b SY e b AR e
aver age nol exdloatainei @hpro’a&ssdsesimﬂmgm Bb0c isebd0Obtam et ®1BCMA. oftam one
enbodi nent the |nvent on furt rlse at |l east o spersant. derived
from pol yi sBae§ ﬂlélﬁaa Y eIy 3118%%6? rre%ﬁt@y \RE! WLV Sonunber
average nol gl Af b8kdWn bibdul&. range 350 to 5000 or 500 to 3000. Another

cl ass of ashless dispersants is the Manni ch bases. Manni ch di spersants
[0056] Natural oils useful in making the inventive lubricants include animal

20 oils, vegetable oils (e.g., castor oil, lard oil), mineral lubricating oils such as
liquid petroleum oils and solvent-treated or acid-treated mineral lubricating oils
of the paraffinic, naphthenic or mixed paraffinic-naphthenic types and oils
derived from coal or shale or mixtures thereof.

[0057] Synthetic lubricating oils are useful and include hydrocarbon oils

25 such as polymerised and interpolymerised olefins (e.g., polybutylenes, poly-
propylenes, propylencisobutylene copolymers); poly(1-hexenes), poly(1-
octenes), poly(l-decenes), and mixtures thercof;, alkyl-benzenes (e.g. do-
decylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)-
benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls);

30 alkylated diphenyl ethers and alkylated diphenyl sulphides and the derivatives,

analogs and homologs thereof or mixtures thereof.
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are the reaction products of alkyl phenols with al dehydes and am nes where
the al kyl group typically contains at | east 30 carbon atons.

[ 0070] Antwoxhtzmpd 1may be present, includi ng di phenyl amPoggis2imieesed
phenol s, nol ybdenum dit hi ocar bamat es, sul phuri sed ol efins and m xtures 5

t hereof Phenolic antioxidants include butyl substituted phenols containing
2 or 3 t-alkyl groups, especially t-butyl groups. The para position of the
phenol nmay al so be occupied by a hydrocarbyl group, including an

est er-cont ai gr bl‘l t aronmat i Sl i dant s
al so incl ude[ﬂb%%orrap%er nﬁleegl SBrlﬁat 95%‘219 ¢ ]ét R TR telhn;}]?%dmtngq%ﬁ%h as
nonyl at ed dld@tb@wk@mfbsyﬁlorﬂ,@c@miﬂmd% lagldm(xtgqrte&r@fyl @hommyd atieetyaphoe and
nono- nonyl at ed ami n sul furized efins, such as nono-, or disulfjdes or
m xtures t hehass anﬁﬁ@e f&ﬂﬂ%cféﬁ‘@m ﬁﬁ%f—‘ump THESE g PalyS EisrteEahYe ot her
functions ag S i We itors may
be present, |¥1\ﬁ{r%% gggtnl}l%ﬁg%ggl ts a@g?ﬁé %9%.%&%9 glé Cﬁgﬁéﬂmr}g b

octyl am ne agplanbﬁmy(mmdrarxbnmls@d Flsohen-mto@sdt bydrocatboncondersat i on

products of cen ccinic.acid or anhydri fatt cjd such as
ol eic acid v{ﬁﬁﬁ&l ﬁwﬁ% érw%ﬁbg KPS RS Eal & 5rbe 3%%@1 w%ﬂ%dcnhé}eds with
al kenyl ~cont gi\p}ipgh PeliBledth GASRAR BAPIBEBLEAEiEdn M4 dHAnROANIGlY eRlielines.

[0072] Antiscuffing agents may be present including organic sul fides and 20
pol ysul fi desThestieh bas: biérzglui @Ilaﬁlfdﬁpwbl §¥<(1q:hl mwanquln)euﬂl%miom de,

di butyl tetrasul fide I-tertiar ut yl d fur ermol
sulturi zeq riaos - Lpeds spiehtadiuy ifity K2k @fw”fdr{éwk; U SORERE | ed
di pentgne, sd §3wit28dah@0ONRs 95 YuthitbidsZ Sakcbkig) %d%xd@ol Iﬂ I-

sul fenyl N N-dial kyl dithiocarbamates, the reaction pro uct o yam nes

wi th pol ybadiher genignps0.83tvetr%, anh00 w%wtué@@ssrvsmﬁlty index >120); Group

2, 3-di brono yi f ce x th t o]

di t hi ocar baﬁlrvg%aﬁél 8?%atf§ﬁ%létﬁ%sx§ Qyﬁ eégs@ X} a@? hogfé%rsn IEI:Ota(?i%i i%d 1&1

m xtures theg@abs I[ 00731, Bt r\e)re TIBree@ls Wfﬂubﬁ&)tl@ei’sbﬁsmjayoﬂﬁpn@ése&eI’API
including oil soluble phur- and chlorosulphur cont ai ni ng EP
agents, chl cﬁﬁ%ﬁtb&w@rﬂc&r%m IEP FoHD N SUEINER Nhos pdr Bax tEres g eros.

[ 0074] Foam '#}Qgﬁ%ﬁlgaﬁ mﬁbﬂéeﬁﬁ‘%nfls&& Fyud RO1 e 1oGRId AOBESuPHEN S
pol yacet at e Ti'cone ysi | oxanes, acrylates or mxtures

t her eof Exanplomp OF dlbandlmhdtmies ahsreofic| Mabec splréﬁecajnrhﬁsthe pol y)feluhlytatargr yl at e,

copol yners o\{ %peotsgglépa%l{lhéat e a%d%ﬁ ﬁlt ?%I he 031 ryl a'{xti%g?lgqrcofpol ynmers of
et hyl acryl a I
[ 0075] Demul sifd efisidieine &Ry &$§ats | ncl udi ng derivatives of propylene 5

oxi de, ethyl'ene oxi de, polyoxyal kyl ene al cohol s, al kyl am nes, am no
al cohol s, dil@fbbles o pgﬂcyﬂmdne@weeat@tedomp@mtmms alfl shewipréscat hw@tteanoxi de

or substituted et hyl e xi,de m xtures t.hereqf. Exa Ies f

Gl 2011 or SOmEItadEl raplly P dRbiibe s SRpue iy in aPRRYES) Slspersant

pol yet hyl eneogirfl@sy aPahids giipeasd wlgemay(lﬁtsbwe%ﬁﬁbwihﬁﬁrswwmm oxi de)
pol ymers and m xtures thereof. 10[0076] Pour poi nt depressants may be
present i ncl wcrignme@t gioyp odndhig) éld@tqgﬁydieméd dror epellydpbryater s;

pol ymet hacfﬁ'uﬁ& S pPLYRCLY ?hﬁﬁem?ﬁlé’@oﬁﬁ s?tnan% %th&@?&%ﬁt ALLOR IPEQ\%““S of
hal opar af fi es an aronatrc co oxXy ate po(f ners; and
t er pol ynmers aDTBNI @ff deykast Qgariatsash embﬁﬁimfﬁﬁi ehe aﬁnfouflﬁ(t)ﬁ TBNCdldev,ered from

et hyl ene Vi ng acet ate copol yners, al kyl phenol. fornal dehyde
25 ¢ alkyl phenol detergent can be ary of the minimum percentages described

above. In such embodiments, the amount of TBN delivered from the salicylate
detergent can be any of the maximum percentages described above.
[0062] In some embodiments the lubricating compositions of the present
invention are marine diesel engine lubricants.

30 [0063] Component (a), the lubricating oil, may be present in the lubricating
compositions of the present invention at 55 to 99.9, 60 to 98, 65 to 96, or 67 to
94 percent by weight. Component (b), the asphaltene dispersant, may be
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15condensation resins, alkyl vinyl ethers and m xtures thereof

[0077] Friction nodifiers may be present including fatty am nes and esters
i ncl udi ngwglzyrerediiest ers such as gl ycerol nonool eate, poratSed2gb4gser ol
esters, fatty phosphites, fatty acid am des, fatty epoxides, borated fatty
epoxi des, al koxylated fatty am nes, borated al koxylated fatty am nes, netal
salts of fatty 20 acids, sulfurized olefins, fatty im dazoli nes,
condensati on products of carboxylic acids and pol yal kyl ene- pol yam nes, and
am ne salts of alkylph hor.i c acids..[ 0078} Vi scosi t di f i be
resent | nottity Tyl SRERaib DRYRSHg Ry UREH (TReh kBT S0,

et hyl ene- pr apy k&30, aapmb Y68l , orpdleyi SOhotienes 3.m}¢@lrcegem>amqght. Compo-

25st yrene-i soprene polynmers, hydrogenated radical isoprene polyners,

pol ynet hac- 1pf &pde thic F‘ﬁ‘%@h@%@,d%’dle?é’@ﬁ%}fg@‘itenw ke mEsetsin the|lyBrigaing

t e | o 9 i
styrenes yc%éxﬁ%gfoﬁﬁfofa[hﬁ?(E:‘ér’s%@{rb()en%’ﬁ‘lalja%tf% 36l ffbezﬁoi’% gﬁ}egiss to 20

pol yol ef i ns, yl nmet ates, esters of mal el ¢ anhydri de-styrene
copol yirer s grdcamit biyuw@ght. hetheofpredend ushrpoakntA@lp) theatlioyl atc30JtOQ €L, Ty
| ubri cati ng conposition of_ the. resent.anen%ion is useful for an internal

conbust i on effgPirecntyigy the 4hpring semneesifignt s PIORNeHYAEON ShER U a

power statiQRat@RU$D] BN &RNG! BE:0. 9 16l LHElcchtB) WD oRNITREG: rafc SRS RIVIN&
fuelled engine, a natural gas fuelled engine or a m xed gasol | ne/ al cohol

fuel | ed engiheecinifpr theeasphbloaticnd sirersdng niayt ler milicddniibs tédnltengdsecisgnta

& LD A0 R U SRS TS it S ERRAC ISR T (e

invenig on aleemtingidides ABhieds afspORekBt ddiegp eIt RS amSMC Rrasp ARA| 1 di esel
engi nes and power station conbustion engine, by Tubricating themwth the
conposi t i ondditiameé aspedtone diapapantyoresthese thet ¢roapositiet. uda sl oheps of

operating a I S I t osi.tion scrip bove .to the
engi ne. 10] Wuﬁgg%ﬁge erﬁﬁgédﬁr@%}es?s%th %fe%ggeo?fp{@sggli%g I?toﬁlgovg#edt %Sejm%r @égnlie
invention argpliséindpcadaist @nthoiakplan@dhodispeaaktasiniding An antiae greipdi esel
engine. In sonme enbodi ments, the conpositions of the present invention are
not marine dindsay addginel asnhalaes dispersants prepeat Wohe ¢eBYOPKORar i ne di esel

engi n as Lnder +QL | a i ol i £+ use
ot oh Fhe CorBbeRIot ThE iRty SRSl Spi Bl 586 SRRl SR BhaoP
Sui t abl e engienfesmiancd wdditdes sthaokee t dififtkerpi fbon cengionestsa&)wa).l &6héd- st r oke

cross-head engines that utilize a systemoil. The use of .the lubricating
oi | conposi tnrg%?neélh%ierﬂ&&ﬂteor%@dé%mﬁﬁrreaﬁg?ﬁei%%e@\t/éa tBy SEISaBgsC PRI Eas ed
cyl i nder weafons'dHe §eesdfPRehSo R d B R tcIPLAESMBAICRS at BUYb19; WP to

7, 0.2 to 5,0or even 1 to 5 percent by weight of the overall lubricating composi-
20 tion.

[0065] Additional performance additives may also be present in the

lubricating compositions described herein, especially those additives that have

been used in marine diesel cylinder lubricants. Among known lubricant addi-

tives are metal salts of a phosphorus acid, including metal compounds repre-

25 sented by the formula:
6
R°0 §
Mt
- A
R7O/

2 (X)
[0066] where the R® and R’ groups are independently hydrocarbyl groups

that are typically free from acetylenic and usually also from ethylenic unsatura-
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20[ 0083] The invention al so includes a process to prepare the lubricating
conpositions of the present invention, conprising mxing: (a) an oil of

| ubri catiwgQ 2ixwexilty; (b) an asphal tene di spersant compcirdisag2am2as de
group, and which may in sonme enbodi nents al so include a succini m de group;
and (c) a detergent derived froman al kyl phenol. The m xing conditions are
typically 25 15C to 130C, 20C to 120C or even 25C to 110C, and for a period
of time in the range 30 seconds to 48 hours, 2 mnutes to 24 hours, or even

5 mnutes tq.16 urs: and at ssures;in t an 86.4 kPa t.q 266 kPa
(650 mm 1. 2150008 e TRy BREREYGRLYE 4Byl BEGR b ol bt 1oy
or even 95. kokiBa3tie 1533 ka1l éddbonmitdigs.t Thd QRBhoMwhikph. readk 09 BAdvibie thy ocess
optionally includes m xing other performance additives as described above

into the corfpodid Romreupsvien beag mingirg @diar eonrdary shodiot aneé e epaysare-
descri bed a%\f,efor T&Ft‘arfb%t h?xﬂ%ur@ 6F E%ﬁ%ﬂgﬁn%g gh{ gléggﬁ) ltog,eal?quﬁfively, a

sequentially, separately or as a concenfrate. e present

i nventd on i amixturthef seromdefy alcobolesnichabe 2¢popeaivlcand demethybi2redhtaviol h
additional ojl .to for in whole or in part, .a finished |ubricant), 5the
Fatio of eactebfMeKEakyHG R Bhel <ipd 5gws%3ﬁ%k,yl<a§h%hlqsp§§t%toﬁéﬁ')neldnpo-

nents, to dijiye 'arithmﬂhoisﬁlatt%spi &l Yark "wi D &o@RIEn® freﬁﬁlﬁ Qvdiibl0:1§Anb

wei ght. Preparation of ‘Asphal tené D spersants [0086] The exanpl es bel ow

provi de speckilial enthedirhehtisbrfant Hernaslphah t e amoundi sfpdicsmatias salt of e

present invention as .l as t hods of .pr ri.ng, the sanme. 10These net hods
b “or epar | ngTeOeIPRNArE eocom ehy Junun B Dak Gy LReSEB Rt Uh Pkt e
part of the present, dryentd ens P37 bTarcigmst ance, the additives of the
present invention may derived fromthe reaction of a conpound containing at

| east one - 88K Igr oupdstidonal cearforpynne asdditvbsnivhirhamayehet preswnt nint thegen
atons where the nitr t £e ated t r.thr n at ons
and where chtlellﬂrP Ogg}oélg%%%l %é}%%%gfﬂg%?}éﬁﬁ@ép%% mg‘?é%&\é?‘)“\aﬁt%r?’ grlg{}&i%é@?’ude one

or nore het em@ioaldf®s, ah@R8S] dgens0BBrresibadhBRbE, bhes CeNPOURchts Sex@Rfieved
froman acid, such as a carboxylic acid, reacted wiith a conmpound contai ni ng
at | east twPTRISUFOJEANEL SAsMwWHRRItATRe damuiliens. dtisHRn apaddiepar BsedPiy two

or thige Cartggﬁfi%lls(,)nﬁourl Point depressants and mixtures thereof. Typically, fully-
formulated lubricating oil will contain one or more of these performance
additives.
[0068] Metal deactivators may be present including derivatives of ben-
zotriazole, 1,2,4-triazoles, benzimidazoles, 2-alkyldithiobenzimidazoles, 2-
20 alkyldithiobenzothiazoles, 2-(N,N-dialkyldithiocarbamoyl)benzothiazoles, 2,5-
bis(alkyl-dithio)-1,3,4-thiadiazoles, 2,5-bis(N,N-dialkyldithiocarbamoyl)-1,3,4-
thiadiazoles, and 2-alkyldithio-5-mercapto thiadiazoles. In one embodiment the
metal deactivator is 5-methylbenzotriazole (tolyltriazole).
[0069] Additional dispersants, different from the asphaltene dispersants
25 described above, may be present including N-substituted long chain alkenyl
succinimides such as polyisobutylene succinimide derived from polyisobutyl-
ene with a number average molecular weight in the range 350 to 5000 or 500 to
3000. In one embodiment the invention further comprises at least one dispersant
derived from polyisobutylene succinimide derived from polyisobutylene with
30 number average molecular weight in the range 350 to 5000 or 500 to 3000.

Another class of ashless dispersants is the Mannich bases. Mannich dispersants

18



20 sone enbodi nents the carboxylic acid used to prepared the substantially
| i near conpound has the structure: R -0-C(0)-R where each R and R is

i ndependewOl2g12z210b34dir ogen or a hydrocar byl group, |n sompCeardsediziess R
contains froml to 250, 5 to 200, 10 to 50 or 16 to 20 carbon atons. R may
be derived fromoleic acid or tallowic acid. In sone enbodi nents the
nitrogen 25 contai ning conpound reacted with the acid has a structure:
(R)(R)NR'- N(R)-R'-Y where Yis -N(R)(R) or -OR and each R is

i ndependent | hydr ogen_ or y carh r.ou and each R i

| ndependent 15° St GRS P D AaRieRt s LB R PG, PR Daiss fhsze 6ot wae
di et hyl enet rdliyti digup aypicwdlyeddmydin€hhrag 3ntaiBon Nobhsdi met hyl ami nopr opy!

am nopropyl am ne, a poly- 30 isobutyl ene succini m de di spersant and

conbi nat i ond 00F¥r eoANfiaXKBRES EYMyobE sptestt Heludpysliphsrylapings.ubwderad t he
preparati on gf e di tS:d - ca i I l,n 40

enbodi nent s p’?ﬁgglgi s%léﬁggﬁf?ﬁ?sabt?@ﬁg? eg er%n%@ﬁﬁéy%grea %gérfglsdiaﬁ%r g{u{ ?/S aci ds,
or a nd xt ur ehefeofroRbaar leanyilok tlaat idsludndudylmabstaatedpheBuistcahtanidigPesr aci ds

include fatty diner acids, that is dimer acjds containin re than 8

carbon ato VB enpsin e inoed o ot wk Pagiias SRS ERol Svand

contain froMidy bo teufed By0f hENSRat] GRERON LA anTBﬁéﬁcéﬂQﬁ%%gF@% al so
oxy [10089

be applied to the nonocar I'c aci'ds used in the invention. [ In
sone enbodi mert graupebodgpgumed rnohic vegs. f rormoxidmhpelsndncldt aprvinmgicat

| east two nitr.ogen ons \Ml%r,e tdhﬁi Hitro%en atons are separated by two or
three car borf e &4t 8d W B ‘i PECI YRR oMY i BLERD SRS AR t r ogen
cont aj®i Ng GAFMAHRINTIRYrdeof dRAbYARIdACam FHC In @ ndNb-n&iBEHed iRk OBuldne- 1, 3
-diamne, 1 -(3 -am nopropyl)-imdazole, N-tallowpropyldiam ne,

Ndodecy! pr opyacdnelaéins.oruchomthi manporyy difelfisles orhaixgwsegeheisofit aichimmdyeonmpound
may generally hav e str re. 0- - . Q R re R is
hydr ogen or &éenﬁlg%ldg%%gorlbnydls' gﬁéﬁpﬁatﬁ%@ E)E}%( %)rg% %g@r%{l %@%Jsgars Yal’agr(ll\%%r\?’s is a
hydrogen or aatitwedr agaithyl group. Suitable exanples include glycolic acid,
15 diethyl carbonate, and even pol yi sobutyl ene succini c anhydri de,

guani di ne” cdPBdHat e Corraionombititars ohy Prarewnt. NObIMASIHBE saltalwbart he

i nventi on proyi P S [ i : i .t hat
el udes t hotyHEcRRGRAGE By AP ARG Gl ATRANE RIR f ARAIAEALANT e
di sper sant tdoaticicanbaipnsdats bfdsdecemp nictindgecdidatrambydtiés en®@ fatte anidt r ogen
atons are separated by two .Qr three carbo tons with (ii) a carboxylic
acid, resul tYf a?qu%%ﬁ sl it el HiryBer Shba st Q&ﬁ&eaaf? ARG, The
i nvention alggn BIRULO&HtdiRngdS B 98859 oWAESHs taetdesth hbBLIfeact i on may al so
produce asphal tene dispersants where the conpound reacts Wwith itself to
forma ring [8072ct uhatisarffiagndgegtst heytlwopsacat mcdudgerrgtnasulfsleshandnat t he

25 | ti i t i . | i t Ci i.Si
2o 6628 oup DRSS sk BREe HSLURNERD Rk RlsE A SRl EORE g Be, "
wher ei n sai deh@AdGIQURI-ERTLA Nty WRoljshIRBeNs@dfigied kpARLloine st@@giddons

descri bed above may be carried out at elevated tem peratures, optionally
in the presdnetbybester gbplanacisyshliagzedbplisdiengk, sulfotisgeddepcstrnst sdiu-vacuum
stripped and/or, fil e L e, .u d ta The L im
compounds. a7t cutdBe T oy Kt S N RHRE Cod ARE, AN sfenl B o

t hensel ves, dillsecaabargiteyatied réastipar ptadues,ofl psktiing iwitha pol yigsit rautt ur e
contain- ing conpound, thus providing the additional asphaltene

di spef3ant s s rshigbatybatersopfolp Alibipsrepraresiispbuf Hee e nacotorpapesbylr by

and " hydr 0cay iyl eRelia@s) YRRH Mlhit SRREGhd L RyMQURS1 ALTorSURRIddHRNT S are

used in their ordinary’sense,
acids and mixtures thercof.

[0073]  Extreme Pressure (EP) agents may be present, including oil soluble

sulphur- and chlorosulphur-containing EP agents, chlorinated hydrocarbon EP
30 agents and phosphorus EP agents.

[0074] Foam inhibitors may be present including organic silicones such as

polyacetates, dimethyl silicone, polysiloxanes, polyacrylates or mixtures
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5 which is well-known to those skilled in the art. Specifically, these
ternms all refer to a group having a carbon atomdirectly attached to the

r emai nderwof20t2@93mnl ecul e and havi ng predom nantly hydr @caruson2obesact er .
Exanpl es of hydro carbyl and hydro carbyl ene groups include: hydrocarbon
substituents and/or connecting groups, that is, aliphatic (e.g., alkyl or
al kenyl), alicyclic 10 (e.g., cycloal kyl, cycloal kenyl) substituents, and
aromatic-, aliphatic-, and alicyclic-substituted aromatic substituents, as
wel | as cycljc substituents erejn.the r.i is.conpleted through,another
por ti on of thERbr aartes o5 TOERTRLtiRg: (b0 S FOTR RS, S 4 lEy
substi t ut ed doydyacas bortislRstyility AL D-cthpRexRicrydalshnd berdlsmeandfaithying

non- hydrocar bon groups which, in the context of this 15 invention, do not
alter the prasadaicnarthyhexrgybtoomd oYV BydRCEAE. substituent (e.g., halo
(especially ro fil: 0 r al C. AP apt o,
nitro, nitrdgg?ﬂandﬁggvg%gg§;%ﬁ'tégogé%%g&#%%éﬁ?%?E%ﬁgﬁggg,&iﬁﬁggﬁ%ﬁ%nts
whi ch, 5 whi | eoxtideyictigylenpoeidonpsigokyatkyiyok acahbenalklhaadisar amino iloehaont ext
of this inveption, contain other than carq n ig ri ng or chaiE ot herwi se
conposed 20 BFMERS RSO BHESS Frckidoasmtia He VA< RYIFr o PXidg,af gaRstitiiad ogen,
and enconpasghALRS bkiddeal nidfurbV iHetddr Eii¥iles bPUEMUIsi AR il daz@dlr 1n
general, no nore than two, preferably no nore than one, non-hydrocarbon
subst it uent phiolsphdses, modgethylehorglyods, ypalpethglenbanxidasompslyipnopendpardssar by
group; typicall there will be no .non-hydrocarbon substituents in the

hydr ocar byl C %f%@@ﬂyhﬁnei%l‘iﬁmy?%ﬁta”@m? S#f?ée‘?#at erials described
abovejgray i noerect PBut Bink i depteskAtEUhAf bepresttindudidpe sRIPFanisiof the
final formulation may be different fromthose that are initially added. For
i nstance, nendydiignstygeie cepelymess; dpelemgdincyylegn pobrardates opheerydei dic or
anionic sites.of. ot | ecul.es. ts. for ereb { hel,udi ng
thepr oduct SRR a5 o R A, Bt BN bRE Lol

i nvention i nihjlscdrbé:enaectholg@ersiayd népobenabsteRilkbl tuirtdra®8syingessteispt i on.
Nevert hel ess, all such nodifications and reaction products are included
within the Hogéyoicidnethylesentnyl peetwts @ﬁpolryﬁ@rSpraégﬂnph¢WJﬁmaﬁehyde

enco sses L SRR 1: %4 onponent s descri bed
abovreTP %xxano“%@ge‘%ﬁgggfﬁ%%%}%em |1%ghé\/?mylaﬁéjg1é§{fu3%t%§fw?'l | ustrated by the

fol |l ow ng eqafprles, Factibn ciodfes mhay bh pascnt ¢adlading fady antiage ond esters

enbodi nents.. While the exanples are provided to illuystrate the present

i nventi on, tlﬁ%@r‘d’a{’rgeglﬁfﬁ?mi( At SR & @Wﬁ?rp mqnoe;éarﬁpft@r?fe [EOesEY LA Lers,

asphal t ene %ﬁ?%%ﬂhit&?“ﬁaﬁ&”éé]& Anl¥cX! Wits, %fpogfd%_@,eb&%@&{s @ cpbRidis N9 a
cyclic headgroup and disperSants containirg an amde group i's pre- 10 pared
by char gi ng abkeiydatadifetty Biggsatejated alkoapktddrtiyramm)s,andtaNsal{Sef fatty

di met byl am no- propy.l).- py opane- 1, 3-di am ne (29.6 rans) to 0 round
ot ot 11 asRo Al oY SRERE b Al ishete e R ST braclaR i Pl
heating mantir, adifer4macpsIRhyldaeaivpiminks ! haP andhersafk®Jres kopndspaeic and
nitrogen inlet. The materials are mxed in the flask at 250 rpm and war ned
to 100C. 15 @Fk.mixture is held with mixing for 1 hour and then warned to
110C and hel pit h . xi n ef. pi he i ; IS then d 20C and
hel d with m@?#‘;‘ £ on 1spopgy, Mot Thay Bttt dhudife %%{%%Et%ﬁn%}t’r 81
hour, war medutalid@dbabband, &talldnwiptdpyidne dogobresri @idisovasns dhydrodedfedand
held with mxing for 1 hour, warmed to 150C and held wi th m xi ng overnight.
The 28 r eactStYRNGHSOPIAIE Nodymerenhxbpeedtedriagdior] BapEne dobingisy RbERchRe
weekend. Th ' L Xt [ h d | i Xi ng
For 1 hour . g€ o bt el T R, ko S e hir ke B8
and hel d w talkenykiang domju@bedhdiens.copblynreescidlpeictiss, martylbyledtineryllReshecki ng
for a large anidefgg K mﬁtg anidine gea shoulger at 1646 cm . The

col | ect ed prifit? o iy gy RS Capobanes ¢af U iiFtrof-0096] The
col | ected prigduGtial 8dptciodms) is then charged to a 250 nl 3- neck round
bottom flask (Flrask B), equi pped with Dean-Stark trap and water cool ed
conded&er, rAORt i cTheilvbreqatingeaninogitivened theamesenherventoups esefahtbr an

internal combustion engine, for example stationary combustion engine, such as

a power station combustion engine; a diesel fuelled engine, a gasoline fuelled
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nitrogen inlet. The material is warned to 200C with m xing at 100 rpm and
30 held for 0.5 hours to allow the systemto equilibrate. The material is
t hen war 0 202/@20C and held with m xing for 1.5 hours. PChaSc@ieedi2as i s
allowed to cool to roomtenperature overnight and then is warnmed to 220C
and held with mxing for 4 hours. The material is then cooled to 100C and
coll ected. The process is nonitored by IR checking for an increase in peak
intensity at 1615 cml (for the am dine) and a decrease in peak intensity

at 1646 le gnoe ana mrI ?el-erh% res%lrtl 0 te“n? e].lé ol gg %891 1|nS a

vi scous cl ear orange Bt & uth %1 PRaIC BaS &S e‘(/ Rﬁ% o@u q n% koH g.
The resul ting gmt@hibadiment the internal combustion engine is a 4-stroke and i 1n another

cont ai nsa2- al kyl -t etrahydro-pyrim di ne, speC| fically2-ol eyl-1-

di met hyl ani fopRaskpent a 225tmke cngtiica s Bybedimenheic @ﬁ%ﬁ%ﬁu%ﬂeﬂ 61[89@@175] An

asphal t ene d{fﬁgﬁﬁgaggse g ning a mxture of dispersants con- 10 tanming a
cyclic headgroup an dl&%t‘rsants contai ning an am de group is prepared by

char gishg ol §008@ci dTh2-pr2scny dinvenyioat dlyd antlndgs eicklyddsarfi dperbBidg %ﬁggfea,ms) to
a 250 m fl ask, as Fl ask B descri bed abov The nmt er i's war ned
to 200C wit r?ugle.aﬁqvﬁpﬁeagleﬁ}oe%mwd POBCTHHANQN CYROUMARTL FRENC; Ytl‘i%fh war nmed
to 220C and heghd t%ﬂlhwﬁhxﬂhggcofrﬁos?tlcnﬁu&stheTﬁ‘l%s&?ttﬁ'ifbﬁ’tlloﬂ s Tlbovednd g 15

cool to roomtenperature overnight. The material is then warnmed to 220C and
hel d wi t h miir¢lugde ftbe stephonfr eperdimeg pataginad and stup@yingodicecornposi@@C derd

coll ected. The, progcess i.s nonitored by IR checking for an increase in peak
intensity at® CT@%@S Welto(tﬁﬁjlenglﬁg ani dine) and a decrease in peak intensity

at 1659 cm L0068pr t hesant debodihients et%@'&oh’iliﬂ)sffﬁin@rdf&he prRcht BveRBdn ke @

vi scous clear orange oil 20with a TBN of The resulting
materi al corsad is aasydtemn ol and/af geansriseeqil $1pécmﬁ1i1@%1|dle>sel engine. In some

2-ol eyl-1- ((Z:egt‘%’ QXY R ﬁYe zo#{wgas?%?' bP e e&é@‘&fﬂ'lﬁvg’nno[ Qr%sxld“'}n%%%“aets&”e

di sper sant ai ni'ng di sp con-

headgr oup al‘ﬁiﬁgdiesc@efnﬁaﬂbﬂs g hiRdi ot ﬁllgecaﬁl aatide dgafseluﬁlglﬁespfsesyhaaerp@l[sed
according to the procedure of Exanple 1, except that

N1-tal | ow prl8fdHe1, §Uﬂi1'%lﬁ1fﬁéﬂl(1“5(9h?jrehﬁ§¥lne§ cfpuélﬁ@ W@sl@ the LREPOsHIPNgI bl i ¢
acid (41.75 Igﬂﬁaﬁ @rtﬁi\cg}@g&%ddré ok [}1%@9?%&?3& fhasgkole Jaglﬁe'srﬁ%hﬂ%rﬁ of the

process int ask system result 22 grans a waxy solid. The
second part sofokt hmn;krp)steamgurestabewdﬂ asR-sBoky st@sthendsubines ithmt3dili32 agr ans

of a 1-al kyl -tetrahydro- y di. ne, cificall -tallow1,4,5
, 6- t et r ahydrigpiyr fildi ezuss?l fn%‘? H]‘é‘?fé‘?a““@éﬁﬁ‘?@?asm[’%(9%@]1%31350&%{?&%1%@
di sper sant Cd?frlht%'r@x'zéagcl@arﬁﬁfc%é Hbéfb&%%dgfyﬁﬂﬁeﬂ wedt! %tﬁk@&' d'@}!os%adnﬂ' fluced

pol yi sobut yl ene succi ni ¢ anhydride (PrBSA), defived from pol y i sobutyl ene
havi ng a nurthéackepeentidaildalpecul ar wei ght (M) of 2300, (502.5

20 [0083] The invention also includes a process to prepare the lubricating
compositions of the present invention, comprising mixing: (a) an oil of lubricat-
ing viscosity; (b) an asphaltene dispersant comprising an amide group, and
which may in some embodiments also include a succinimide group; and (c) a
detergent derived from an alkyl phenol. The mixing conditions are typically

25 15°C to 130°C, 20°C to 120°C or even 25°C to 110°C; and for a period of time
in the range 30 seconds to 48 hours, 2 minutes to 24 hours, or even 5 minutes to
16 hours; and at pressures in the range 86.4 kPa to 266 kPa (650 mm Hg to
2000 mm Hg), 91.8 kPa to 200 kPa (690 mm Hg to 1500 mm Hg), or even 95.1
kPato 133 kPa (715 mm Hg to 1000 mm Hg).

30 [0084]  The process optionally includes mixing other performance additives

as described above into the composition as well as the additional asphaltene
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5 grans) toa l litre reaction flask, equipped simlarly to Flask A

descri bed above. The material is heated to 150C under nitrogen with m Xing
at 350 r pwo 2012(@93mi nopr opyl) -i m dazol e (22.8 grans) i sPChars2@addestsso the
flask dropwi se over 0.5 hours. After the feed is conplete, the reaction

m xture is held at 150C for 3.5 hours. The reaction is nonitored by IR
checking for a large 10im de peak at 1702 cm 1. The resulting materi al
(515.5 grams) is a dark brown materi al andcont ai nsal

-al kylim da ) i f aI I i sobut enesucci ni m ro zol e.
Exampl e 5 WFE%% Scal{lspelq Vﬁep@‘}% LR PRI oag&sdd%\é{) a% %ﬁ am de
group is 15 s@q@@ﬁfaﬂd agfralymg MNoneest@atpr opane- 1, 3- di am ne (55 36 gr ams)
and diethyl carbonate (29.45 grans) to a 250 ml reaction flask, equipped as
Flask A desdPPBdd abfobe pravsat Hventipl 15 i thefoun of ¢ coooentiniaéwhinht Gegden vvlth

m xing at 3

hours and |20%{Iiltgﬁ%va&?tﬁe dﬁ&%@@% hﬁhﬂ %W%S{Eﬁcﬁfn@ ><I"J’j(1 Eﬁg awéélgg%%?lgaﬁt hen
war meds t o 158€r20o aficcablelod the tahond-xiengohed ddplemsans.asTwell ris xdtherecorspa-hen
cooled to roomte ature and t hen _ war ned 0C hel d th m xing
for 16 hour St (ks sonigeky anierarer o %)%%ﬁ]twﬁ@%fbyrwgl burs, then
warmed to 1996, a9doh ek A shhiibn®kispdsf Q5 1 hour. The reaction is nonitored

by IR The resulting material (51.09 grans) is a white, soft waxy solid and
contains a 1088yl -Tﬁsteaamalwdxeh}my)mwddspﬁ@ﬁonmbOmets pt did %phaltene

1- coco-tetrahydro- di one. Exanpl e.6 0100] An _asphal t

i spersant | UMy aEy Bhts, ERGY P SaeBr e O Ba9s G PEES e AP acet i
acid (®28.9 H{eﬁgﬁﬂeth@di%mhﬁﬂ%%moad@lﬂvés%é’y Be gbhdrBlizdPundaRbhm s | ask
equi pped with a nechani cal overheard stirrer, thernmo- 30 couple and heating
mant | e, sub-ufef as @ariaftbypiesepangentidine, and Dean-Stark trap with
condenser. yd| i S h

heat ed, w tﬁﬂﬁ |]rr| Eg%n%a%f%. é@%ﬁd tlvfggg%geuér%g{fﬁgvgr%t% qn& 86 %feﬁo el d at
150C for 2 hadksactiohest hebslpatind o&kiafratig 4t feabobiis -COGR gfﬂ@llqdaﬁd al& for
1.5 hours, then held at 170C for 1.5 hours, then held at 180C for 1.5
hours, then MSRd eANt3IBDE flofcast sWAGLIEEeR RMhaYEratho 20Eogsy atphaifr s, and
then peld at I t ture
ner eges. | HREra B o s, EliBbh lldrh o i BB e Dyd BERE oFla
over ni ght rlg&lmnamlgyltgneumexmchlatyayamddde oRae npﬂ‘emteterd'lamnnesul t| ng mat eri al

(1175 gramns) cool ed and 0I | ecte .01 An asphal t

di sper sant thff]epa&lbﬁorf}?/e afigvﬁgsglfo BT it %@@%a@ﬁﬁﬁsyu_

et hyl ene gl YaCQzltrb() {c Qe 38%ked Yith 3- ddnﬁﬁdunﬁ%ﬂ?l@alﬁﬁ? omdal@sko GbpRed as
described in Exanple 5 above. The material is heated to 105C with stirring.

Et hyl ene cardtomatee(GLC. B7peésamdvede ovparatbdtigumwont threchearbpx atomes. In

th ' to 108C. ..Th t at 10 f 1
hour 20 hen refs SroasBEspant safBay B il e a¥parah e bk Ralaty Bkal, s
The m xture dotngoan NACHHMEh&hid: Idoat(HBRT wRstcahRUt R- And Rarisfigge-3 hours
in order to renove the ethylene glycol solvent. The flask is allowed to

cool and is neadenthy ayAydiogsn pui At Bydeesthyteroum estinisprict prabediztengaR at t he

sEilgeongi gt ' c-ldrﬂ?anrlseﬁrglx“ Pc92§'@,t56{0' %O,(I%qg%OSOrglr@t@O éa%bgﬁ) Qéo?rgs. aIQd mcagll‘t!eeCt ed.

derived from oleic acid or tallowic acid. In some embodiments the nitrogen
25 containing compound reacted with the acid has a structure: (R’)(R’)N-R’’-
N(R’)-R’’-Y where Y is -N(R’)(R’) or —OR’ and each R’ is independently a
hydrogen or a hydrocarbyl group, and each R’’ is independently a hydrocarbyl
group. Examples of suitable compounds include diethylenetriamine, ami-
nocthyl ethanolamine, N,N-dimethylaminopropyl aminopropylamine, a poly-
30 isobutylene succinimide dispersant and combinations thereof. In some embod-
iments the carboxylic acid used in the preparation of the dispersants is a mono-

carboxylic acid. In other embodiments the dispersant is prepared from one or
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20[ 0102] An asphal tene di spersant containing a m xture of dispersants con-
taining a cyclic headgroup and di spersants containing an amde group is

pr epar ed W9 20teamogiing di et hyl enetri am ne (164. 65 grans) &od/usedeeesy 350 m)
toalliter reaction flask, equipped simlarly to Flask A descri bed above.
The m xture is heated to 100C with m xing. The m xture is then heated to
135C 25 and oleic acid (151.11 grans) is added dropw se over 5 hours. The
m xture i s then heated to 135C and held, with mxing, for 17 hours. Excess
t ol uene and di eet C]ﬁl ne. és vacuu sotnrol Qr%lod 1flc om it a% 41%55 ay 135C
and about -d"9% bar overy§ Suf's? et Padkenos wed“'t'd 8 4“1°8 hel d

at various Riifibfe OMRFMAGI indl@fufatigdinhe dedd, tﬂaylsadlntehac&ana)manﬁig The
resulting material 30(169.9 grans) is cool ed and col | ect ed. nple 9

[0103] An ™ aspReict B &.@ﬁ&*}sam%oﬂwth?rn@maomww éuaﬂblsu@ms%m%a@on-
t
aining a cyglj *Aﬁadc% W e 1o g AF?’%S@B}%V&?QE)%&PBJ??M%%S ?ﬁgcgse%ﬁgg) S0 a

pre- pared by c arg|ng e|c aci gr ams uene gra
1 1itef 5 rensyilsobklappkicd enthcppetbcartuxydiclagidsaisEd asﬁleAnden;tmn bed above.

The m xture | eated to 125C th stirring and. ani noet ethanolamne
(110. 6 gransljlﬁ?*QI Salaaeﬁn%@fgm%whwr conpunds i £51YF m@ecqrgpq

heated to 13{%%@&% higl18ast Wvbhiffb %érf‘ Qtorﬁsoisvhgrehﬂ’ﬂé Mitro 5 Qe RoRRAER A ch RralcOC Over

1 hour, collecting and renoving distillate fromthe system then warmed to
210C and hellg, twé toln thost a;arbomglorn@rre@tehbméx an lpaygéreavetdiniog 205Qoand. hel d,

ith sti i f h Th t th distilled
o' 5126 mnd Hisonfinging S gnink o BOTd, SPaLs 4 Ton b Pug E ST Fh26t hrey

is copped ar}ﬂoﬁaieLﬁgtcﬁsﬂmu@61D(QLanﬁﬁprdﬂ}lpﬂﬁﬁazaépﬂadatlswgrdijﬁmﬁﬁ@éﬁtN

containing a mxture of dispersants con- 15 tamng a cyclic headgr oup and
di spersants @@ﬁ@}épmmgarameam denthisaipprissthgreaar Ehc oy yebrcghisgniok edom-aci d

300 d
imiary 1 dobde il BEactiD ATT e tafahs B EDLRIPH D B 0BR W
stirring andviNrbrdiigatilganionamydpydarByTighers,apil am o1, (1 %00 oF ad)d RS t hen

added over 1 hour. The reaction m xture is then held for 20 0.5 hours, and
then heat ed 1t @ Mydoreeary hByYdocaibyheiouri nyiitaplsy cgmlepinciude glueolifeatied t o

150C d hel I
Svorniant Cifleh9l chiltafe, LREQURTSROO IR ANE, diaME, Buthitthe c o
held for 1 ruadasqnatd)and\c/ammm&omsﬂ&@é‘ofand held for 3 hours. The reaction

m xture is tﬂﬁ? vacyum di t| |l ed at. te atur%ﬁfor 5 hours. The
25r esul ti ng HAIB | afs g6l #hogs df8) 1Y B0 PEY 1 451d? JBPF ¢ t dPTORRERBI B 11
[0105] An_asphghdieie HlsReIsaRl HORIRL MOGPs Bt ity i SPSEBARRuIRON-
taining a cyclic headgroup and di spersants containing an amnide group is
pre- pared Bincehangiinignide pospeirsobih@nydntgos el héast teo diipgesatoms déeroved
from }(9 00 the nitrogen atoms are separated by two or three carbon atoms with (ii) a
carboxylic acid, resulting in an asphaltene dispersant comprising an amide
group. The invention also provides for a process where the described reaction
may also produce asphaltene dispersants where the compound reacts with itself
to form a ring structure containing the two said nitrogen atoms, such that the
25 resulting dispersant comprises an asphaltene dispersant comprising an amide
group and an asphaltene dispersant comprising a cyclic headgroup wherein said
headgroup contains two nitrogen atoms.
[0091] The reactions described above may be carried out at elevated tem-
peratures, optionally in the presence of a solvent such as toluene. Products are
30 often vacuum stripped and/or filtered to remove unused reactants. The result-

ing compounds may, under certain circumstances, then further react with

themselves, also at elevated temperatures, resulting in a ring structure contain-
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30 Mn PIBSA and tetraethyl ene pentamne, (475.5 grans) to a 1 liter
reaction flask, equipped simlarly to Flask A described above. The materi al
i s heatedwDao/®B1 th stirring and held for 1 hour. TheCwaiSerzak4255 cool ed
to 100C and tall oil fatty acid (43.9 grans) is added over 6 m nutes. The
m xture is then heated, with stirring, to 230C over 0.5 hours and then held
for 22 hours. The resulting material (503.4 grans) is cooled and coll ected.
Exanpl e 12 5[0106] An asphal tene di spersant containing a m xture of

di spersants .con-_taining a cyclic headgr.oup and, dispersants containing an
am de. gr oup 18 eprpuPin S G Eidife QRSB R UGB TR AR SRR OP <
acid (70.42 gpoges) to a 1 liter reaction flask, equipped simlarly to Fl ask

A described above. The material is heated to 140C with stirring and held
for 24 hour J00%He mAseuscdl herging ghe Hermhehydacdyb2eed ahudrerd g sishour s,

and then coql.ef A dELd @lerb GAMHERIMELAMER VLG meTNEaAEPLIAL

(310.68 grans) ist ol I"'ect’ed and 1s a dark brown waxy
t emperat ur e.wioxarplveclkBnoy 10 thése slafibdlit ehe acti sPpechiadlly, sheyeeramedillby

char gi ng DuongenTM T (300 15 gra toa.l liter reaction flask, ui pped
similarly tdg?qrégm@ goHR hayingeyc gg%}@.tor#ﬁ’éreﬁﬁwrt?ahedi@tﬁsé?l@amfisr 9?8@ W th

stirring and,guamicdi.pe H@\rﬂ?gggﬂ%ﬁoﬁﬁﬁﬁnﬁz G afhrbon afdediQVetxampeuror The

reaction is then heated to over 2 houts and then held for 1 hour, then
heat ed to 186Greqadbyiehuld hyidrécasbylend youmy endindtht . hidrecarbant $wbntitricxtsure i s

then cooled tqg,120C and filtere sing,.20 .FAX-5 fjlter aid... The resultin
mcoriop ¢ aidprocanndfied el dndgin Rt P SR o gty e ety MBergig ¢ "
Exampie 14 Q108 ABaksPhadI8nkei1$PRILSARen&GOMn AidiBate-M XipHh€c-Of and

di spersants con- taining a cyclic headgroup and di spersants containing an
am de group akiselec-anhstiped promptsp sbstifitontsjag ovadlogh eichicubsidie P nyleegr oup
i s prepared.hy,ch I: i.sobut enyl, succi.ni.m di spersa erived

trom 1000 MiTEah Grit e BeP ey PR bt Feikoh SRk BPEAES g 258 | Tler

reaction fl aslstit@ents ppgdhsi foirinad Fiyg); Gubdtastedydiescibhre duabiowsts, the ispt eri al
is heated to 150C with stirring and held for 1 hour. Tall oil fatty acid
(41. 3 gr anms)Supstitygefs ccoptapingsngphydregeiben graupssthach. dn the qeataxsef thist h

Sti r\r,\}]gg, t%\]rgxﬁi% ang J&?!aﬂe@%heﬁ@‘!e&o&ﬁ%ﬂ&%?&a}wn B tﬁ{%%fsthe%io?tgtu%ﬂtese

somewhat nore m reaction conditions t xi'mze the anount of am de
cont ai ni ng degpeidantspcantyrhiiroand fidoeo pinydrixyoflkeixgpercsapts atlotnarni ng
cyclic headgroups.. The .resul ti terial (472.0 grans) is cogl ed and

col | ect ed. @ﬁ%r‘&friové“ﬁ?%’r’rp?‘]é{]%Bgoaﬂgidﬁﬁgsﬂﬁﬁpﬂi%%e&aﬁ éspe?g’éﬂfuqmsg
prepared by \Ginah 9ivAfc haRRlYA ?9&&6&1%5(&(1;5 h§§oehibon @R de ({dnbsthett gver age
nol ecul ar wei ght of 1000) (745.0g) and diluent oil (149.8g) into a 1.5
litre reactitbn ihveagion, equiappethes thrinl Grban tnoa fingsit chadestbeivhiec aboyescdThe

material is ated to 110C. Tetraethyl ene pentam ne .(115. 6q), i S added over
s el s, et Pt e wRiloed i R Lo e ol hepdPigT 5
hours. The resititubmtg RByeldyal fubtA8thidHl and iFR@ARN 12N Rabidl et mbP&amar at i ve
Exanple 16 [0110] A succi nim de di spersant is Erepar ed by charging a
pol yi sobut erfjMo, preferably no more than one, non-hydrocarbon substituent will be present
for every ten carbon atoms in the hydrocarbyl group; typically, there will be no
non-hydrocarbon substituents in the hydrocarbyl group.
25 [0093] It is known that some of the materials described above may interact
in the final formulation, so that the components of the final formulation may be
different from those that are initially added. For instance, metal ions (of, e.g., a
detergent) can migrate to other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon employing the
30 composition of the present invention in its intended use, may not be susceptible

of easy description. Nevertheless, all such modifications and reaction products

are included within the scope of the present invention; the present invention
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succi ni m de di spersant, derived from 1000 Mh PIBSA and tetraethyl ene pen-
tamne, (450.4 grans) to a 1 liter reaction flask, equipped simlarly to

Fl ask A owecnizwediabove. The material is heated to 150CPeairtus2emioe426:ig and
held for 1 15 hour. The material is then cooled to 90C. Tall oil fatty acid
(41.5 grans) is added over 15 m nutes. The material is heated, with
stirring, at 90C and held at this tenperature for 1 hour, using these very
mld reaction conditions to mnimze the anount of am de and cyclic

headgr oup caont.ai ni n i spersant.s. The resul ting. erial (486. rams) is
Cool ad and crrneeEd BOPERBANGD: pLREERY tbh T Fo ot iR he
exanpl es desbbivbed above, a commercially availa- ble calciumsalicylate

di spersant with hydrocarbon tails containing about 12 to 16 carbon atons is
used in this testing as a conparati @M’iﬂqﬁ Asphal t ene Handl i ng Test

Results  25(183g2] | NTAE delodiBaCOll bEMuRG ﬁ@'ségégaeoypﬁrefe@g}ggmlgiegégmgﬁgse

novel asphal'- ne di spersant, the materials re-scr lotter
strip Set hodvhithissts forpepiwicoid yusdvagtdgeeudicspetsanits. Bahila thicnglaeples

conmponent. A base .gi| is prepayed by bl ending 32.6 pbw heavy fuel. oil and
67.4 pbw 150K arqva&ﬁ{ togif u.strﬂ\*ﬁéﬁﬂpgeﬁ%%aﬁ?ntt%h eyt s et it syt tpdiMigdled wi t h
10.15 grans @f,nifle base oil blend to a 30 28 cnB screw top vial. A Giffin
flask shaker 1Ts used to m x each sanple for 5 minutes and then the sanple
is placed i 089SloveAnassphélteiodispOrsannooesinifhe wmidiurd of tigreryaatovent fr om

th hak b f urth 5 m nut ) 15, pl f thi
o AR oy e e B ot Brand G s RoBthE ot G P S Bt b (at

the sppttingaréday cliftigtnd D18t uigd (;siot Bradgd)t abRich® @0SpRGhd) &t heves- of 153
mm fromthe spotting Iine. Each blotter strip is then visually rated
accordi ng t olimgthydgrpinetpropyhetrepans- 1.8 beminortd he3 igiametoor 2§0mal reypst and

given a Srat io@t%n? fﬂa%lf t(%la%kv%ﬁ)qorl I C?%%lgﬁbte&l%_?ﬁ% 2)&15_1?[697%%8?& iesE[]l @%hﬁeﬁf@;t A

sumary of the resufts i's provide W. r TIp
Resul ts D speimdtthdess@udbldRadéangStatk trap water cooled condenser and nitrogen

POy oD e mhteriale ate mixed. in the Nack 3t 250 tpm and warmed to 100°C.
15 The mixture is held with mixing for 1 hour and then warmed to 110°C and held
with mixing overnight. The mixture is then warmed to 120°C and held with
mixing for 1 hour, warmed to 130°C and held with mixing for 1 hour, warmed
to 135°C and held with mixing overnight, warmed to 140°C and held with
mixing for 1 hour, warmed to 150°C and held with mixing overnight. The
20 reaction mixture is then cooled and allowed to stand over the weekend. The
reaction mixture is then warmed to 160°C and held with mixing for 1 hour,
warmed to 170°C and held with mixing for 1 hour, warmed to 185°C and held
with mixing for 30 hours. The reaction is monitored by IR checking for a large
amide peak with amidine peak shoulder at 1646 cm'. The collected product

25 (71.81 grams) is a pale yellow liquid
[0096] The collected product (61.4 grams) is then charged to a 250 ml 3-
neck round bottom flask (Flask B), equipped with Dean-Stark trap and water
cooled condenser, magnetic stirrer, heating mantle and thermocouple, and
nitrogen inlet. The material is warmed to 200°C with mixing at 100 rpm and
30 held for 0.5 hours to allow the system to equilibrate. The material is then
warmed to 210°C and held with mixing for 1.5 hours. The material is allowed

to cool to room temperature overnight and then is warmed to 220°C and held
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1- coco-tetrahydro -pyrimdin-2-one - see Ex 5 5/6 2 -oleyl-1 -(3
see Ex 1 6
2- ol eyl- wW02otydp3tyet hypi m dazoline - see Ex 2 6 PCT/US2012/024255
Bi s-(1-oleyl-1,4,5,6-tetrahydro-pyrimdin-2-ylnmethypanine - see Ex 6 6

-di et hyl am nopropyl) -1,4,5,6 -tetr ahydro -pyrimdine -

Pol yi sobutyl succinm m dyl tall oil amde - see Ex 14 6 2
-tall ow 1- (pol yi sobutenyl suc cinimdyl)-3,6 -diazno ctyl)

i m dazol i ne -

Ex 11 6 (1-tallow1, 4,5, 6-tetrahydropyri m di n-2-yl)net hanol -
2-ol eyl-1-(2-am noet hypi ;m dazoline - see.Ex 8 6 ;tal QoM 2+
14,56 -t Syl aI.IHil(legO%IOQ‘ éﬁho%s.d THE materla?l.s(tlieél (‘600&4 1[0 lh]g Mafi

- pyri I ne” - see

¢i um sal

see Ex 3 6

jPaes

see

di spersant -THOpRRES! isviRomBtordd4byPOR Yoheolbiuk efdy lag U eicabditd@eak Gasmaraid ve Ex

15

10

15

20

25

30

1615 cm™ (for the amidine) and a decrease in peak intensity at 1646 cm™ (for
the amide). The resulting material (61.4 grams) is a viscous clear orange oil
with a total base number (TBN) of 216 mg KOH/g. The resulting material
contains a  2-alkyl-tetrahydro-pyrimidine,  specifically = 2-oleyl-1-(3-
dimethylaminopropyl)-1,4,5,6-tetrahydro-pyrimidine.

Example 2

[0097] An asphaltene dispersant containing a mixture of dispersants con-
taining a cyclic headgroup and dispersants containing an amide group is pre-
pared by charging oleic acid [2-(2-hydroxy-ethylamino)-ethyl]-amide (83.29
grams), to a 250 ml flask, equipped as Flask B described above. The material
is warmed to 200°C with stirring at 100 rpm for 0.5 hours. The material is then
warmed to 220°C and held with mixing for 2 hours. The material is allowed to
cool to room temperature overnight. The material is then warmed to 220°C and
held with mixing for 4 hours. The material is then cooled to 100°C and collect-
ed. The process is monitored by IR checking for an increase in peak intensity
at 1605 cm™ (for the amidine) and a decrease in peak intensity at 1650 cm™ (for
the amide). The resulting material (73.6 grams) is a viscous clear orange oil
with a TBN of 149 mg KOH/g. The resulting material contains a 2-alkyl-
imidazoline, specifically 2-oleyl-1-(2-hydroxyethyl)-imidazoline.

Example 3

[0098] An asphaltene dispersant containing a mixture of dispersants con-
taining a cyclic headgroup and dispersants containing an amide group is pre-
pared according to the procedure of Example 1, except that N1-tallow-propane-
1,3-diamine (50 grams), toluene (50 grams) and glycolic acid (11.75 grams) are
charged to the reaction flask. The first part of the process, in the Flask A
system, results in 50.22 grams of a waxy solid. The second part of the process,
in the Flask B system, results in 34.32 grams of a I-alkyl-tetrahydro-
pyrimidine, specifically (1-tallow-1,4,5,6-tetrahydropyrimidin-2-yl)methanol.
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5 Pol yi sobut enyl succinimde / tall oil salt - Conparative Ex 16 4 1 -
References to specific exanples in the table above indicate that the

di sper sarwoi2o1guertli on i s prepared by a process substanPcalusgoigiopd2sar to
that described in the referenced Exanple. 10 [0113] The results show t hat

t he asphal tene di spersants of the present invention provide inproved

asphal tene handling conpared to the commercially avail abl e cal ci um
salicylate and correspondi ng succi nimde dispersants. The results al so show
that the inqioveq Qerfornance is present in all of the exam 15 ples that
contain asp | spersants conprising an am de group, whether the

exanpl e cont[g0gg] a Anxisphelt@fc dEbsdtsdit TPalasEAE S sMcthiddd groapad pagahal t ene
di spersants, or was prepared to naxim ze the content of the am de

gr oup- cont ai%i FRATEBEpRRINERS DutkdRiiet SusAEIC PRBY A (PHES AR ofet Y 34 fsuy grody-
Compos! {1 1Sy HSAAACIAEY £ B ALE 00 RELIE TRIGR B DepsipBte
formulati ongrpmepentaed het owactidNDA0K,.2 Q0 PBAdL BETTIAIB? 04 2F 1024 25 S cladberl 2 -
Formul at | ons, of 451 IR 9T (SRR Sh AL 2L a3 T on 131
1-(3-aminopropyl)-imidazole (22.8 grams) is then added to the flask dropwise
over 0.5 hours. After the feed is complete, the reaction mixture is held at
150°C for 3.5 hours. The reaction is monitored by IR checking for a large
10 imide peak at 1702 cm™. The resulting material (515.5 grams) is a dark brown
material and contains a 1-alkylimidazole, specifically (1-
polyisobutenesuccinimidylpropyl)imidazole.
Example 5
[00100] An asphaltene dispersant which does not contain an amide group is
15 prepared by charging N1-coco-propane-1,3-diamine (55.36 grams) and diethyl
carbonate (29.45 grams) to a 250 ml reaction flask, equipped as Flask A de-
scribed above. The mixture is heated to 100°C under nitrogen with mixing at
300 rpm. The mixture is held at temperature with mixing for 16 hours and is
then warmed to 135°C and held with mixing for 5 hours, then warmed to 150°C
20 and held with mixing for 3 hours. The mixture is then cooled to room tempera-
ture, and then warmed to 120°C and held with mixing for 16 hours, then
warmed to 180°C and held with mixing for 2 hours, then warmed to 190°C and
held with mixing for 1 hour. The reaction is monitored by IR. The resulting
material (51.09 grams) is a white, soft waxy solid and contains a 1-alkyl-
25 tetrahydro-pyrimidin-2-one, specifically 1-coco-tetrahydro-pyrimidin-2-one.
Example 6
[0100] An asphaltene dispersant is prepared by charging Duomeen™ O
(1126 grams), iminodiacetic acid (228.9 grams), and xylene (1500 ml) to a 5-
liter round bottom flask equipped with a mechanical overheard stirrer, thermo-
30 couple and heating mantle, sub-surface nitrogen sparge line, and Dean-Stark
trap with condenser. A polydimethylsiloxane is added (6 drops) and the mix-

ture is heated, with stirring, to 145°C over 4.5 hours. The mixture is then held
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4.00 %w 4.00 %w Phenate Detergent 4.38 %v Overbased Phenate Detergent
5.86 % 5.86 % Salicylate Detergent 3.60 % Zinc Al kyl dithi ophosphat es
0.72 %w Wwo2B19MW31ANt i oxi dant 0.30 %w 0. 30 %w Denul si PCEUSQ01022443% 0. 02
%M Antifoam Agent

at 150°C for 2 hours, then held at 155°C for 2.5 hours, then held at 160°C for
1.5 hours, then held at 170°C for 1.5 hours, then held at 180°C for 1.5 hours,
then held at 200°C for 6.5 hours, then held at 220°C for 16 hours, and then held
at 230°C for 8 hours, distilling off xylene as the temperature increases. The
5 flask is allowed to cool and is held at various points overnight, resuming the
next day at the same point. The resulting material (1175 grams) is cooled and
collected.
Example 7
[0101] An asphaltene dispersant is prepared by charging Duomeen™ T
10 (2504.6 grams) and ecthylene glycol (437.6 grams) to a 5-liter round bottom
flask equipped as described in Example 5 above. The material is heated to
105°C with stirring. Ethylene carbonate (620.67) is added over 1 hour with the
mixture exotherming to 108°C. The mixture is then held at 105°C, with mix-
ing, for 1 hour, then held at 130°C for 5 hours, then held at 180°C for 6.5
15 hours. The mixture is then vacuum distilled at 180°C and about -0.9 bar for 3
hours in order to remove the ethylene glycol solvent. The flask is allowed to
cool and is held at various points overnight, resuming the next day at the same
point. The resulting material (2654.5 grams) is cooled and collected.
Example 8
20 [0102] An asphaltene dispersant containing a mixture of dispersants con-
taining a cyclic headgroup and dispersants containing an amide group is pre-
pared by charging diethylenetriamine (164.65 grams) and toluene (350 ml) to a
1 liter reaction flask, equipped similarly to Flask A described above. The
mixture is heated to 100°C with mixing. The mixture is then heated to 135°C
25 and oleic acid (151.11 grams) is added dropwise over 5 hours. The mixture is
then heated to 135°C and held, with mixing, for 17 hours. Excess toluene and
diethylenetriamine is vacuum stripped from the flask at 135°C and about -0.9
bar over 3 hours. The flask is allowed to cool and is held at various points
overnight, resuming the next day at the same point. The resulting material

30 (169.9 grams) is cooled and collected.
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0.01 %v 0.01 %v Diluent Gl 4.71 %t 5.49 %uw Esso 600N Base G| 76.00
%t 76.00 % Esso 150BS Base G| 4.00 % 4.00 % 1 - Al amounts of

addi ti veswbanizteexne formnul ati ons are on an oil free basiP€T/Us2a1b/024285 base
oils and a total amount of diluent oil present in the additives listed as a
separate conmponent. 5[0115]Fornmul ation Ais a salicylate-free fornul ation,
whil e Fornul ation B contains a m xture of salicylate and phenate
detergents. Al fornmulations contain 4 percent by weight of the asphaltene
di spersant q%%ngleﬁaluated, are in the sane base oils, and each exanpl e has
a total bas (TBN) of 40. [0116] Conpositions based on Fornul ations A

and B, each [0$031g aAdi hdppaReic dpdisapecsaininyer ;itasd od r&@ipased to
conpositions using a 1000 nunber average nol ecul ar wei ght (M)
pol yi sobut yltawéng pIBrligdicpdagu idi Hspsrantyicep@inaatan #nisicagleupfis Mg

sophalcne GuaarhEl T 0 300 PLTiFi kS (HELMRINS,  ie
5 reaction flask, equipped similarly to Flask A described above. The mixture is
heated to 125°C with stirring and aminoethyl ethanolamine (110.6 grams) is
then added over 1 hour. The reaction mixture is then heated to 135°C and held,
with mixing, for 2 hours, then heated to 170°C over 1 hour, collecting and
removing distillate from the system, then warmed to 210°C and held, with
10 stirring, for 2 hours, then heated to 215°C and held, with stirring, for 3 hours.
The reaction mixture is then vacuum distilled at 215°C and 100 mbar for 0.5
hours. The resulting material (363.45 grams) is cooled and collected.
Example 10
[0104] An asphaltene dispersant containing a mixture of dispersants con-
15 taining a cyclic headgroup and dispersants containing an amide group is pre-
pared by charging oleic acid (300 grams) and toluene (100 grams) to a 1 liter
reaction flask, equipped similarly to Flask A described above. The mixture is
heated to 100°C with stirring and N,N-dimethylaminopropyl aminopropylamine
(100 grams) is then added over 1 hour. The reaction mixture is then held for
20 0.5 hours, and then heated to 130°C and held, with mixing, for 0.5 hours, then
heated to 150°C and held for 1 hour, then warmed to 175°C and held, with
mixing, overnight, then warmed to 200°C and held for 1 hour, then warmed to
215°C and held for 1 hour, then warmed to 220°C and held for 3 hours. The
reaction mixture is then vacuum distilled at temperature for 5 hours. The
25 resulting material (386.11 grams) is cooled and collected.
Example 11
[0105] An asphaltene dispersant containing a mixture of dispersants con-
taining a cyclic headgroup and dispersants containing an amide group is pre-
pared by charging a polyisobutenyl succinimide dispersant, derived from 1000
30 Mn PIBSA and tetracthylene pentamine, (475.5 grams) to a 1 liter reaction
flask, equipped similarly to Flask A described above. The material is heated to
175°C with stirring and held for 1 hour. The material is cooled to 100°C and
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Am de & Di-cyclic am dine dispersant - see Ex 6 A A-2 Cyclic urea

di spersant - see Ex 7 A A-3 Am de & Diethyl enetriam ne derived i m dazoline
- see Ex WOAIR/WIAM de & Am noet hyl ethanol am ne deri ve®#Cirrisd@zobkizsge - see
Ex 9 A A5 Amide & Cyclic am dine dispersant - see Ex 10 A A-6 1000 vh PIB
succi nim de derived imdazoline - see Ex 11 A A7 Amde & Gycolic acid
am di ne di spersant - see Ex 12 A A-8

tall oil fatty acid (43.9 grams) is added over 6 minutes. The mixture is then
heated, with stirring, to 230°C over 0.5 hours and then held for 22 hours. The
resulting material (503.4 grams) is cooled and collected.
Example 12
5 [0106] An asphaltene dispersant containing a mixture of dispersants con-
taining a cyclic headgroup and dispersants containing an amide group is pre-
pared by charging Duomeen™ T (300 grams) and glycolic acid (70.42 grams)
to a 1 liter reaction flask, equipped similarly to Flask A described above. The
material is heated to 140°C with stirring and held for 24 hours. The material is
10 then heated to 220°C and held for 8 hours, and then cooled and held at room
temperature overnight. The material (310.68 grams) is then collected and is a
dark brown waxy solid at room temperature.
Example 13
[0107]  An asphaltene dispersant is prepared by charging Duomeen™ T (300
15 grams) to a 1 liter reaction flask, equipped similarly to Flask A described
above. The material is heated to 110°C with stirring and guanidine carbonate
(166.8 grams) is added over 1 hour. The reaction is then heated to 155°C over
2 hours and then held for 1 hour, then heated to 185°C and held, with stirring,
overnight. The reaction mixture is then cooled to 120°C and filtered using
20 FAX-5 filter aid. The resulting material (165.4 grams) is collected and is an
ivory, hard waxy solid.
Example 14
[0108] An asphaltene dispersant containing a mixture of dispersants con-
taining a cyclic headgroup and dispersants containing an amide group where all
25 the dispersants also contain a succinimide group is prepared by charging a
polyisobutenyl succinimide dispersant, derived from 1000 Mn PIBSA and
tetracthylene pentamine, (450.2 grams) to a 1 liter reaction flask, equipped
similarly to Flask A described above. The material is heated to 150°C with
stirring and held for 1 hour. Tall oil fatty acid (41.3 grams) is added over 15
30 minutes. The material is heated, with stirring, to 175°C and held at this temper-
ature for 3 hours, using these somewhat more mild reaction conditions to

maximize the amount of amide containing dispersants and minimize the amount
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GQuani di ne am di ne di spersant - see Ex 13 A A-9 1000 Mh PI B succi ni m de

di spersant - Conparative Ex A A-10 Guani dine am di ne di spersant - see Ex 13
B A-11 10W0 2Mre/BPB1succi ni m de di spersant - Conparati ve PEX/UB2013/024255

Ref erences to specific exanples in the table above indicate that the

di spersant in question is prepared by a process substantially simlar to
that described in the referenced Exanple. WO 2012/109311PCT/ US2012/ 024255
[0117] The exanpl es described in the table above were tested in a Pressure
Differently nning .Cal ori.neter (PDSC), test that neasures the.c itions
oxi dat | ve. | CETTOoRT e e Cyehfos TS, n TR Pt rETR R e

| ubri - cati ngamk) isi oddusitdid, codreed. on CEC L-85 T-99. In this testing the
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10 Comparative Example 16

[0110] A succinimide dispersant is prepared by charging a polyisobutenyl
succinimide dispersant, derived from 1000 Mn PIBSA and tetracthylene pen-
tamine, (450.4 grams) to a 1 liter reaction flask, equipped similarly to Flask A
described above. The material is heated to 150°C with stirring and held for 1

15 hour. The material is then cooled to 90°C. Tall oil fatty acid (41.5 grams) is
added over 15 minutes. The material is heated, with stirring, at 90°C and held
at this temperature for 1 hour, using these very mild reaction conditions to
minimize the amount of amide and cyclic headgroup containing dispersants.
The resulting material (486.9 grams) is cooled and collected.

20 Comparative Example 17

[0111] In addition to the examples described above, a commercially availa-
ble calcium salicylate dispersant with hydrocarbon tails containing about 12 to
16 carbon atoms is used in this testing as a comparative example.

Asphaltene Handling Test Results

25 [0112] In order to confirm the relative performance of these novel asphal-
tene dispersant, the materials were screened using a blotter strip method. This
is performed using the dispersants as a single component. A base oil is pre-
pared by blending 32.6 pbw heavy fuel oil and 67.4 pbw 150N diluent oil. The
dispersant to be tested (2 g) is added with 10.15 grams of the base oil blend to a

30 28 cm’® screw top vial. A Griffin flask shaker is used to mix each sample for 5
minutes and then the sample is placed in an oven at 66°C for 90 minutes. The

vial is then removed from the oven and shaken as above for a further 5 minutes.
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Table 1 — Blotter Strip Test Results

Dispersant Tested' Rating
(1-polyisobutenesuccinimidyl)propylimidazole — see Ex 4 6
1-coco-tetrahydro-pyrimidin-2-one — see Ex 5 5/6
2-oleyl-1-(3-dimethylaminopropyl)-1,4,5,6-tetrahydro-pyrimidine — see Ex 1 6
2-oleyl-1-(2-hydroxyethyl)imidazoline — see Ex 2 6
Bis-(1-oleyl-1,4,5,6-tetrahydro-pyrimidin-2-ylmethyl)amine — see Ex 6 6
Polyisobutylsuccinmimidyl tall oil amide — see Ex 14 6
2-tallow-1-(polyisobutenylsuccinimidyl)-3,6-diaznoctyl)imidazoline — see Ex 11 6
(1-tallow-1,4,5,6-tetrahydropyrimidin-2-yl)methanol — see Ex 3 6
2-oleyl-1-(2-aminoethyl)imidazoline — see Ex 8 6
1-tallow-2-amino-1,4,5,6-tetrahydro-pyrimidine — see Ex 13 6
Calcium salicylate dispersant — Comparative Ex 3 4
Polyisobutenylsuccinimide — Comparative Ex 15 5
Polyisobutenylsuccinimide / tall oil salt — Comparative Ex 16 4

1 — References to specific examples in the table above indicate that the dispersant in question
is prepared by a process substantially similar to that described in the referenced Example.

10
[0113] The results show that the asphaltene dispersants of the present

invention provide improved asphaltene handling compared to the commercially
available calcium salicylate and corresponding succinimide dispersants. The
results also show that the improved performance is present in all of the exam-

15 ples that contain asphaltene dispersants comprising an amide group, whether
the example contains a mixture of such dispersants with additional asphaltene
dispersants, or was prepared to maximize the content of the amide group-
containing compounds.

Additional Test Results

20 [0114] Several compositions were tested to evaluate the performance of the
asphaltene dispersants described above. All testing was completed in the two

formulations presented below.
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Table 2 — Formulations of Test Compositions

Component Formulation A’ Formulation B'
Dispersant 4.00 %wt 4.00 %wt
Phenate Detergent 4.38 Y%wt

Overbased Phenate Detergent 5.86 %wt 5.86 %wt
Salicylate Detergent 3.60 Y%wt
Zinc Alkyldithiophosphates 0.72 Y%wt 0.72 Y%wt
Antioxidant 0.30 %wt 0.30 %wt
Demulsifier 0.02 %wt 0.02 %wt
Antifoam Agent 0.01 %wt 0.01 %wt
Diluent Oil 4.71 %wt 5.49 %wt
Esso 600N Base Oil 76.00 Y%wt 76.00 Y%wt
Esso 150BS Base Oil 4.00 %wt 4.00 %wt

1 — All amounts of additives for these formulations are on an oil free basis, with the base oils
and a total amount of diluent oil present in the additives listed as a separate component.

5 [0115] Formulation A is a salicylate-free formulation, while Formulation B
contains a mixture of salicylate and phenate detergents. All formulations
contain 4 percent by weight of the asphaltene dispersant being evaluated, are in
the same base oils, and each example has a total base number (TBN) of 40.
[0116] Compositions based on Formulations A and B, each using a different

10 dispersant, were tested and compared to compositions using a 1000 number
average molecular weight (Mn) polyisobutylene (PIB) derived succinimide
dispersant in place of the asphaltene dispersant. The dispersants used in this
testing are listed below.

Table 3 — Dispersants Tested

Ex No Dispersant Used" Form
A-1 Amide & Di-cyclic amidine dispersant — see Ex 6 A
A-2 Cyclic urea dispersant — see Ex 7 A
A-3 Amide & Diethylenetriamine derived imidazoline — see Ex 8 A
A-4 Amide & Aminoethyl ethanolamine derived imidazoline — see Ex 9 A
A-5 Amide & Cyclic amidine dispersant — see Ex 10 A
A-6 1000 Mn PIB succinimide derived imidazoline — see Ex 11 A
A-7 Amide & Glycolic acid amidine dispersant — see Ex 12 A
A-8 Guanidine amidine dispersant — see Ex 13 A
A-9 1000 Mn PIB succinimide dispersant — Comparative Ex A

A-10 Guanidine amidine dispersant — see Ex 13 B
A-11 1000 Mn PIB succinimide dispersant — Comparative Ex B
15 1 — References to specific examples in the table above indicate that the dispersant in question

is prepared by a process substantially similar to that described in the referenced Example.
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[0117] The examples described in the table above were tested in a Pressure
Differently Scanning Calorimeter (PDSC) test that measures the compositions
oxidative induction time (OIT). This is a standard test procedure in the lubri-
cating oil industry, based on CEC L-85 T-99. In this testing the lubricating
5 composition is heated to an elevated temperature, typically about 25°C below
the average decomposition temperature for the sample being tested (in this case
215°C at 690kPa), and the time to when the composition begins to decompose
is measured. The longer the test time, reported in minutes, the better the
oxidative stability of the composition and the additives present within it.

10 [0118] The examples described in the table above were tested in a modified
IP 48 test. The test measures the oxidation stability of a lubricant at high
temperatures. During the test air is sparged through a test tube containing an
amount of lubricant for 24 hours at 200°C. The viscosity of the lubricant is
measured before and after completion of the test. The kinematic viscosity of

15 the lubricant at 100°C (KV100) is measured before the after the test and the
ratio of the final KV100/starting KV100 gives an indication of the samples
oxidative stability, with ratios closer to 1 showing better performance. The
Ramsbottom carbon residue (RCR) is also measured before and after the test,
and the ratio of the final/starting RCR also gives an indication of the samples

20 oxidative stability, again with ratios closer to 1 showing better performance.
[0119] The examples described in the table above were tested in the one
pass MD Hot Tube Test, an in-house test used to evaluate antioxidation per-
formance of a lubricant based on their deposit-forming tendencies by passing a
sample of the lubricant dosed with 14% (w/w) heavy fuel oil at 0.25 cc per hour

25 and air at 10 cc per minute through a glass tube for 16 hours at 300°C. The test
also assesses the asphaltene handling properties of the test lubricant. The
higher the rating, the better the performance of the lubricant.

[0120]  The results of the testing are presented below.
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invention can provide improved properties in the lubricating compositions in
which they are used, compared to compositions containing commercially
available salicylates or other alterative dispersants. These improvements can
include improved oxidative stability. The examples in this testing included
asphaltene dispersants that contained a mixture of amide group-containing
asphaltene dispersants and cyclic headgroup-containing asphaltene dispersants.

[0122]  Each of the documents referred to above is incorporated herein by
reference. Except in the Examples, or where otherwise explicitly indicated, all
numerical quantities in this description specifying amounts of materials, reac-
tion conditions, molecular weights, number of carbon atoms, and the like, are to
be understood as modified by the word "about." Unless otherwise indicated, all
percent values are percents by weight and all ppm values are on a weight basis.
Unless otherwise indicated, each chemical or composition referred to herein
should be interpreted as being a commercial grade material which may contain
derivatives, and other such materials which are

the isomers, by-products,

normally understood to be present in the commercial grade. However, the
amount of each chemical component is presented exclusive of any solvent or
diluent oil, which may be customarily present in the commercial material,

unless otherwise indicated. It is to be understood that the upper and lower
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3892-01-WD W& claim 1. A lubricating conposition conprising: 5(a) an oil of
| ubricating viscosity; (b) an asphal tene di spersant conprising an am de
group; amio(20)2/@moxet er gent derived from an al kyl phenol PCZ/USh@202429Hsi ti on
of claim1l wherein the asphaltene dispersant is sub- 10stantially free of
cyclic headgroup that contains a nitrogen atom 3. The conposition of any of
the clains 1 to 2 wherein the asphaltene dispersant conprises: (i) a

conmpound represented by fornula (I) 0O o' ...... RA R R2 NI R3 1111xl
R3-N i IR3-1111zH Y 15U | RLis |
hydr ogen or a(ﬁnlrrmgyby dd?%%&”%%%? gﬁﬂﬂb rln]&%bigapgg (f %g% | ong

as at |east whel. R$1m1$arey hiel Fagas ayd a@fo@ﬁﬂ; for each element of Eh%CthBﬂldnscan
|ndependently a drogen or a hydrocarb group containing 201 to 10 carbon

at ons; bedypen tegether Wﬁ@éﬂe@a@ﬁﬁwua%/shf;?a RBE &f BYA ether geBgptse ot B n
from1l to 1%69Q5b Qe %’P@S’smgo %Oélrsgs%nlé &%ehﬁal‘lﬁ%@eﬁ@ﬁﬂ{sl hed 11%{9&819 a&byl

group containing from atons
5 substances that do not materially affect the basic and novel characteristics of

the composition under consideration.
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We claim:

1. A lubricating composition comprising:
(a) an oil of lubricating viscosity;
(b) an asphaltene dispersant comprising an amide group; and
(c) a detergent derived from an alkyl phenol;

wherein the asphaltene dispersant comprises:

(i) a compound represented by formula (1);

O
R4

R2 Oﬁ/ R2
N4[~R3— | HR3—NHR3— | ~]—H
X y z

© )

wherein each R! is independently a hydrogen or a hydrocarbyl group containing 1 to 250

R‘l

carbon atoms, so long as at least one R1 is a hydrocarbyl group; each R? is independently a
hydrogen or a hydrocarbyl group containing 1 to 10 carbon atoms; each R?is independently
a hydrocarbylene group containing from 1 to 10 carbon atoms; each R*is independently a
hydrocarbyl group containing from 1 to 50 carbon atoms; x is an integer from 0 to 6; y is

an integer from 1 to 4; and z is an integer from 0 to 6.

2. The composition of claim 1 wherein the asphaltene dispersant is substantially free
of cyclic headgroup that contains a nitrogen atom.

3. The composition of claim 1 wherein the asphaltene dispersant further comprises:

(1) a compound represented by formula (I1);
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R® (1)
(i) a compound represented by formula (I11);
0
RZ\N)'I\N/RO

>,

R? R (1)
wherein, for formulas (11) and (I11) above, each R? is independently a hydrogen or a
hydrocarbyl group containing 1 to 250 carbon atoms; each R! is independently a
hydrocarbyl group comprising 1 to 10 carbon atoms; each R? is independently hydrogen, a
hydroxy group, or a hydrocarbyl group comprising 1 to 50 carbon atoms; Y is a carbon

atom or a nitrogen atom; nis 1 or 2; and mis 0 or 1.

4, The composition of claim 1 wherein the asphaltene dispersant further comprises:

(i) a compound represented by formula (1V);

R2 R?
R? R?
N R2 N
J I
R2 T R1/ \R1 T R2
R3 R3 (1V)

(i1) a compound represented by formula (V);
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. A
R2

R R

(iii) a compound represented by formula (V1);

(iv) a compound represented by formula (V11); or

(v) combinations thereof;

3

(V)

(V1)

R3
\N

0
A
/ 0 Rz)\<

R

R (i)

wherein, for formulas (1V), (V), (V1) and (VII), each R is independently a

hydrocarbyl group comprising 1 to 10 carbon atoms; each R? is independently hydrogen or
a hydrocarbyl group comprising 1 to 50 carbon atoms; each R® is independently a
hydrocarbyl group comprising 1 to 50 carbon atoms; R* is a hydrocarbyl group containing
1 to 200 carbon atoms; and X is a hydrocarbylene group derived from an amine or a

polyamine comprising 1 to 20 carbon atoms and 1 to 5 nitrogen atoms.

The composition of claim 4 wherein: R? is monounsaturated; or R* is derived from

polyisobutylene; or X is derived from a polyalkylene polyamine; or combinations thereof.

The composition of claim 1 wherein the alkyl phenol detergent is present at 1

percent by weight or more in the overall composition.
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7. The composition of claim 1 wherein the alkyl phenol detergent comprises a calcium

phenate sulfide.

8. The composition of claim 1 wherein the total base number of the composition is at
least 25 wherein at least 50 percent of the base number of the overall composition is

delivered by the phenate detergent

9. The composition of claim 1 further comprising (d) a salicylate detergent wherein not
more than 50 percent the TBN of the overall composition is delivered from the salicylate

detergent.

10.  The composition of claim 1 wherein the composition is a marine diesel engine

lubricant or a power station combustion engine lubricant.

11. A method of lubricating an internal combustion engine comprising supplying the

lubricating composition of claim 1 to an engine.

12.  The method of claim 11 wherein the internal combustion engine is a marine diesel

engine or a power station combustion engine.

13.  The method of claim 12 wherein the marine diesel engine is a 4-stroke trunk piston
engine; or wherein the marine diesel engine is a 2-stroke cross-head engine and the

lubricating composition is a system oil.

14. A process of preparing an asphaltene dispersant comprising the steps of reacting (i)
a substantially linear succinimide dispersant that contains at least two nitrogen atoms
where the nitrogen atoms are separated by two or three carbon atoms with (ii) a carboxylic
acid, resulting in an asphaltene dispersant comprising an amide group;

wherein the asphaltene dispersant comprises:

(1) a compound represented by formula (1);
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wherein each R! is independently a hydrogen or a hydrocarbyl group containing 1 to 250
carbon atoms, so long as at least one R1 is a hydrocarbyl group; each R? is independently a
hydrogen or a hydrocarbyl group containing 1 to 10 carbon atoms; each R is independently
a hydrocarbylene group containing from 1 to 10 carbon atoms; each R*is independently a
hydrocarbyl group containing from 1 to 50 carbon atoms; x is an integer from 0 to 6; y is
an integer from 1 to 4; and z is an integer from 0 to 6.
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