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Surfactants enconpass a \A/6e6l -known and wi de variety of surface actlve
agents with nunerous uses in industry and conmerce. Anong the commercially

i nportant surfactants are those comonl y-known as di spersant
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base pol uzs by grafting al pha-beta unsaturated carboxylic acid,

anhydride, "Or ester to a base g;)l ymer. The grafting is perforrred in a
bl endi ng di9@03% cSywinetantstgenerallyr edmprise gpokerc thesdl Aordor aad 2 Ton-palar
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mixing, which may occur at the time of or just prior to the beginning of the
reaction of the components, can have important effects on the physical and
20  chemical properties of the final product. Thus, certain surfactants such as
nitrogen-containing dispersants have been found to have improved properties of
clarity, ease of filterability, and compatibility when they are prepared using the
premixing technology of the present invention.
[0004] U.S. Patent 5,073,600, Gorman et al., December 17, 1991, discloses
25  dispersant viscosity index improvers and a process of functionalizing a base
polymer by grafting alpha-beta unsaturated carboxylic acid, anhydride, or ester
to a base polymer. The grafting is performed in a blending device capable of
imparting high mechanical energy. As the polymer with the carboxylic acid
functionality grafted to it, diluent, and free radical initiator continue to move
30  through the blending apparatus (e.g., an extruder), the blend is next contacted
with an amine which is introduced into the extruder through a line. The reaction
between the amine and the acid functionality which is grafted onto the polymer
occurs within a reaction zone (i.e., within the extruder).
[0005] 'U.S. Patent 5,624,999, Lombardi et al, April 29, 1997, discloses an
35 ashless dispersant prepared from reactants in different phases by reacting the
reactants in a reaction region defined by adjacent surfaces between which there
is relative movement or on a thin film on a surface over which they move.



occurs within a reaction zone (i.e., within the extruder). [0005] U.S.
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20 DETAILED DESCRIPTION OF THE INVENTION
[0009] Various preferred features and embodiments will be described below

by way of non-limiting illustration.
[0010] A typical schematic diagram of the present invention is present in
Figure 1. Here a succinic acylating agent stream is provided from vessel 11.
25  The succinic anhydride component may contain a certain amount of diluent if
desired in order to assure that the succinic anhydride is in a fluid form. Option-
ally the succinic acylating agent stream is combined with other components,
typically a diluent or fluid medium, which can be supplied from vessel 13 if
desired. These other components can be optionally pre-mixed with the succinic
30  acylating agent using a separate in-line mixer (not shown) or other means, prior
to addition of amine. To this initial stream, typically flowing through pipe 17, is
supplied an amine (or alternatively an alcohol), from vessel 158, The amine
stream is supplied upstream (and typically immediately upstream) of an in-line
mixer 19, which will effect mixing of the components as they pass through.
35  After passing through the in-line mixer 19, the reaction mixture passes (option-
ally through a section of piping 21) into a reactor 23, in which the components
further react or are otherwise processed to form the product. The reactor 23 can,



- 30 acylating agent using a separate in-line mxer (not shown) or other
means, prior to addition of amne. To this initial stream typically
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[0013] The in-line mixer should provide at least a minimum effective amount
of mixing of the components to lead to improved physical properties of the
product, such as those described above. One way to measure the extent of
25  mixing is by use of the parameter “Coefficient of Variation” (*COV”), This is a
parameter well known to those skilled in the art, and is described in greater detail
in Myers et al.,, “Static Mixers,” Chemical Engineering Progress, June, 1997,
pages 28 — 38. In summary, the COV of a combination of two materials, before

any mixing has occurred, is expressed as
1-®

30 COV, =

a
where @, is the ratio of the volumetric flow rate of the added material (such as
an amine component, which may be the smaller component) to the total volumet-
ric flow rate (which may be significantly larger, particularly if a diluent such as
diluent oil is included). The COV after the material is passed through a helical

35 element mixer, as a fraction of COVy, can be estimated from a graph presented in



_in Mers et al., "Static Mxers," Chem cal Engineering Progress, June,
1997, pages 28 - 38. In summary, the COV of a combination of tvvo
materials, before any mxing has occurred, is expressed as
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[0014]
passing through the in-line mixer should preferably be at most 3.5, preferably at
most 3.0, 2.5, or 2.0. Even more effective mixing may be desirable, leading to
COV of at most 1.5, 1.0, 0.5, or even 0.05.

[0015] Any of a variety of in-line mixers can be used, including dynamic
mixers (which involve mechanical agitation of one type or another), including
propeller mixers, turbine mixers, rotor-stator mixers, colloid mills, and pressure
A multitude of such devices are commercially available. Con-

As estimated by the above procedure, the COV of the mixture after

10

homogenizers.
15  ventional stirred tank reactors are not intended to be interpreted to be in-line
mixers; feeding the components into a plurality of stirred tank reactors in series
is known. Preferably, however, the in-line mixer is a static mixer, that is, con-
sisting of a number of static (non-moving) mixing elements. Turbulent vortex
mixers are commonly used for mixing fluids with high Reynolds Numbers
(typically > 10,000) An example of a turbulent vortex mixer is a High-

Helical element mixers are commonly used for

20
Efficiency Vortab™ mixer.
laminar flow mixing; examples include Kenics™ mixers and Lightnin’™ mixers.
Mixing mechanisms and designs of typical mixers are described in greater detail
in the above-mentioned article by Myers et al. Useful mixers include static

mixers having a multiplicity of right handed and left handed blade elements, for

instance, 6 elements. It is found that significant improvement can be obtained

even with this relatively small number of mixing elements, even though much

25

more thorough mixing could be obtained with a larger number such as 12 or 18.
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such fOS a stl rred tank
It can be a continuous stirred tank reactor or a batch stirred tank reactor. The

residence time in the reactor can be 0.1 to 20 hours, depending on the degree of
completeness of reaction that is desired. Commonly, residence times of 0.5 to 10
hours, or 1 to 5 hours, can be used.
[0020] After the desired hold time is maintained in the reactor, the product can
25 be removed and further treated or worked-up as desired. Alternatively, the
material from the reactor can be directed into one or more subsequent reactors if
further reaction time or hold time is desired. The hold time and temperature
conditions of any such subsequent reactor will be generally within the same
ranges as those set forth above for the first reactor. The specific conditions of
30  the subsequent reactor need not be the same as those of the first reactor, how-
ever.
[0021] The method of the present invention can be used to prepare any of a
variety of surfactants or dispersants which require mixing and reacting of a
relatively polar component and a relatively non-polar component. Examples of
35  such surfactants include the reaction product of a succinic anhydride substituted
by a 1000 M. polyisobutylene group with an alkanolamine such as diethyletha-
nolamine; the reaction product of a succinic anhydride substituted by a 1550 M



20 It can be a continuous stirred tank reactor or a batch stirred tank
reactor. The residence tinme in the reactor can be 0.1 to 20 hours,
dependi ng on the degree of conpl eteness of reaction that is desired.
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with the acid. The reaction between a succinic anhydride and an alcohol will

normally form an ester, or, more properly an acid-ester, again depending on the
reaction conditions. Reaction between a succinic acid and an alcohol can lead to
the formation of an ester, but this will normally require more rigorous conditions
25  than when the anhydride is employed. Accordingly, the anhydride is generally
preferred for this reaction.
[0024] Moreover, the reaction of hydrocarbyl-substituted succinic anhydride
and water, to fo1_'m the diacid, can benefit from the present invention. The
enhanced contact between the anhydride and the water by virtue of adding water
30  to the anhydride upstream of an in-line mixer can lead to increased efficiency of
the reaction. The resulting hydrocarbyl-substituted succinic acid can itself be
used as a surfactant and can be used as an intermediate in preparing other sur-
factants and dispersants, including salts of the acid.
[0025] The present invention, however, is particularly well suited for prepar-
35  ing succinimide dispersants. Succinimide dispersants are typically prepared by
the condensation of a hydrocarbyl substituted succinic acylating agent, specifi-
cally, a dicarboxylic acid (e.g., succinic acid), or anhydride, or reactive equiva-



. exanple, are less reactive to certain condensation reactions than are
anhydrides. [0023] It is apparent that salt-, amde-, or imde-formng
reactions can occur between a succinic acid or anhydride species and an
am ne, depending on the 20 reaction conditions, nore vigoraué g0mgjgi ons
often being required for reactions wth the acid. The reaction between a
succi ni ¢ anhydri de and an al cohol will 7normally forman ester, or, nore
properly an aci d-ester, again depending on the reaction conditions.
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used in its ordinary sense, whi I's well-known to those skilled in the 10
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hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);
[0029] hetero substituents, that is, substituents which, while having a pre-
dominantly hydrocarbon character, in the context of this invention, contain other
than carbon in a ring or chain otherwise composed of carbon atoms. Hetero-

25  atoms include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl,
furyl, thienyl and imidazolyl. In general, no more than two, 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 substitu-
ents in the hydrocarbyl group. )

30 [0030] The hydrocarbyl group substituent on the acylating agent generally
contains an average of at least 8, or 30, or 35 up to 350, or to 200, or to 100
carbon atoms.

[0031] In one embodiment, the hydrocarbyl group is derived from a
polyalkene. The polyalkene is characterized by an n (number average molecular

35  weight) of at least 500. Generally, the polyalkene is characterized by an n of
500, or 700, or 800, or even 900 up to 5000, or to 3000, or to 2500, or to 2000,
or even to 1500.



~alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-,
aliphatic-, 15 and alicyclic-substituted aromati c substituents, as well as
cyclic substituents wherein the ring is conpl eted through another portion
of the nolecule (e.g., two substituents together forma rangbcr[ﬁQQB]
substituted hydrocarbon substituents, that is, substituents contalning

non- hydr ocar bon groups which, in the cogtext of this invention, do not
alter the 20 predom nantly hydrocarbon substituent (e.g., hal o (especially
chloro and fluoro), hydroxy, al koxy, mercapto, alkylnmeyrcapto, nitro,
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4,234, 435. embod1mcnt the hydroca.rbyl group contains an average from 16 to 18 carbon
20  atoms. In another embodiment, the hydrocarbyl group is tetrapropenyl group.
[0036] The hydrocarbyl group may be derived from one or more olefins
having from 2 to 40 carbon atoms or oligomers thereof. These olefins are
preferably alpha-olefins (sometimes referred to as mono-1-olefins) or isomerized
alpha-olefins. Examples of the alpha-olefins include ethylene, propylene,
25 butylene, 1-octene, 1-nonene, 1-decene, 1-dodecene, 1-tridecene, 1-tetradecene,
1-pentadecene, 1-hexadecene, 1l-heptadecene, 1-octadecene, l-nonadecene, 1-
eicosene, 1-henicosene, 1-docosene, 1-tetracosene, etc. Commercially available
alpha-olefin fractions may also be used.
[0037] The succinic acylating agents can be prepared by reacting the above-
30  described olefins or polyalkene with unsaturated carboxylic acylating agents,
such as itaconic, citraconic, or maleic acylating agents at a temperature of 160°,
or 185°C up to 240°C, or to 210°C. Maleic acylating agents are the prefetred
unsaturated acylating agent. The procedures for preparing the acylating agents
are well known to those skilled in the art and have been described for example in
35  U.S. Patent 3,412,111; and Ben et al, "The Ene Reaction of Maleic Anhydride
With Alkenes", J.C.S. Perkin II (1977), pages 535-537.



- [0034] In another enbodinent, the succinic acylating agents are prepared by
reacting the above described pol yal kene with an excess of mal ei ¢ anhydri de
to provide substituted succinic acylating agents wherein the nunber of
succinic groups for each equival ent wei ght of substituent 24 fJ 2085 at

| east 1.3, or to 1.5, 15 or to 1.7, or to 1.8. The maxi num nunber generally
w ll not exceed 4.5, or to 2.5, or tog.1, or to 2.0. [0035] In another
enbodi ment, the hydrocarbyl group contains an average from@8, or 10, or 12

up to 40, %?AO 3%heCH1eﬁfP 6 Roﬂfalﬁé?lez& n°Bé ?9&'&@& Vit tHe”c&BSxyl?d“?@iUeﬂ?”t

t he hydro cont ai rom to 18 carbon 20 atonms. In

s”an ave
anot her erﬁu@hlthﬁrtheretlﬁeﬁtﬂuwt oaamsle of F@%ﬁ}@lctréﬁg@érf@béﬁﬁh mele @h Oletfmo3e)
The hydr O%ﬁ&alﬂéwma ci%e ﬂ%fér‘éﬁﬁ' Eﬁ%&b@d&%fwarwmc%e&ems ubéyi ng from

2 to 40 car at ons o gonmers_t These, ol efbﬁr’] are ef erably

or
al pha- ol equ}fisefeb@cﬁﬁ-‘t@ﬁe@lsr@fcéﬁsr 15y 7"0‘3 %Dn%1 AnQhek ¢TR en; ’s@ﬁ‘e?’? CE8Y
al pha-9l efjg @%eatéwmue%,qfr g&melathahaﬁo% e&ndrevdnrgrbudﬁmhma%ne pr opyI ene,

17t ot r 2o R3] 1 ThErontukiG L op REipEREn S B AORE, FRE selehls A5 0E RN one

1- nonadecethe hylirocirbylserbetituted encainicennylatinglagarg e nre, kdowntto gboseire thet c.

succinic & ﬁ%ﬁgée‘?& BB Bistiiblhs VASoLS TRoliirdy Yok BRepiSEE uiglP ] The
descri bed aslyddtings agcntpalnyhxldlzeﬁes awntm§aﬂi’r,&9?ed1«@a$mxyt iab )ia8yd 1ax, 70y
agent gy f@%ﬁxfsambmasg@g arnaeera%y 331U BAGY! A9 N760qPaimal; 2

terrperat u l'ei ¢ acyl ating

agent s are4ﬂ—h@,?’ﬁ?éf:éh‘?fl-‘)dan@lﬂé’éﬁtﬂﬁ@ée@bﬂdéte? Aks agchrK 1802 8cedures for
preparing [fobaoPCylp%éd’egesa%ﬁtpic ai@g wa)d&od@isymsduautdte@es@kidlé egbylatifihe art

and have been descr in 35 U.S.  Pat.ent 3 412 111; Ben et
o e Earentomerids grs Ridh EVAIKG the bt Of oriap R brocssag wetlfs |
11(1977), dI?@ﬂSalﬁilﬁﬁEﬁ?proEésséﬁfﬂvBﬁBSd@ 1&0BRp]vehehhrifei n mrfapote;hﬂkwﬂe can

be reagte t.h the y ne

mol e g? caFHORYT P’éocregg{:;sgﬁ%(t 4%@%%%% eﬁag?ﬁhq‘{@,zﬁgga yar engﬁlt ﬁp
reacts. Pr24,&080| yxhumnpmﬂnmsrnmﬁcn@bsrmgw,dnmgthceageprpsqnée bm@hc structgrre

enbodi nent, this excess is 5%to 25% |n another enbodi nent, the excess 5
is greater than 40% or gregfer than 50% and even greater than 70% [ 0039]
The conditions, i.e., tenpepature, agitation, and solvents for formng the
hydr ocar byl ﬁubstlt ted sucginic acyl ating agent, are known to those in the
art. Exanpl es™ef _« S gegcri bi ng various procedures for preparing useful

Pbt

In this structure, R represents H or —CHj and Pbt represents the remainder of a
20  polyisobutene group (that is, a polyisobutene substituent except for a terminal
-C(CH,-)=C(CH,-)-R portion which participates in formation of the indicated
cyclic structure.
[0041] The amine which reacts with the succinic acylating agent can be a
monoamine, a polyamine, or an aminoalcohol. The polyamine may be aliphatic,
25  cycloaliphatic, heterocyclic or aromatic. Examples of the polyamines include
alkylene polyamines, hydroxy containing polyamines, arylpolyamines, and
heterocyclic polyamines.



~acylating agents include U S. Patents 3,172,892 (Le Suer et al.); 3,215,707
10 (Rense); 3,219,666 (Norman et al); 3,231,587 (Rense); 3,912,764

(Pal mer); 4,110,349 (Cohen); and 4,234,435 (Meinhardt et ak), and U K
1,440, 219. [0040] Processes for preparing hydrocarbyl - subst FtuPel &ccinic
acylating agents include those which involve the use of a chlorination
process as well as direct al kyl ation ppgcesses whi ch do not involve
(F:>h| ori ng. é\ favored | ow 15 chlorine process is that disclosed in U S

atent 6, 165, 235, K et al., .Decenber 26 000, whic roduces materials
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20  above-noted alkylene amines are similarly useful as are mixtures of two or more

of the aforedescribed polyamines.
[0044]  Ethylenepolyamines, such as those mentioned above, are useful. Such
polyamines are described in detail under the heading Ethylene Amines in Kirk
Othmer’s "Encyclopedia of Chemical Technology”, 2d Edition, Vol. 7, pages
25 22-37, Interscience Publishers, New York (1965). Such polyamines are most
conveniently prepared by the reaction of ethylene dichloride with ammonia or by
reaction of an ethylene imine with a ring opening reagent such as water or
ammonia. These reactions result in the production of a complex mixture of
polyalkylenepolyamines including cyclic condensation products such as the
30  aforedescribed piperazines. Ethylenepolyamine mixtures are useful.
[0045] Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures to leave as residue what is
often termed "polyamine bottoms" or “amine still bottoms.” In general, alkyle-
nepolyamine bottoms can be characterized as having less than two, usually less
35  than 1% (by weight) material boiling below 200°C.
[0046] Another useful polyamine is a condensation reaction between at least
one hydroxy compound with at least one polyamine reactant containing at least



- [0043] Hi gher honol ogs obtained by condensing two or nore of the 20
above-noted al kyl ene amnes are simlarly useful as are m xtures of two or
nore of the aforedescribed pol yam nes. [0044] Ethyl enepol yam nes, such as
t hose nentioned above, are useful. Such polyam nes are described in detail
under the heading Ethylene Amnes in Kirk Ohner's "Encycl o?pécﬂci

Chem cal Technol ogy", 2d Edition, Vol. 11, pages 25 22-37, Interscience
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20  aminoethane sulfonate, also referred to as sodium taurine. A reaction with
dodecylsuccinic acid and sodium taurine is run in an aqueous environment;
optionally the initial reaction product can be further heated to form an imide.
[0051] The reaction products of hydrocarbyl-substituted succinic acylating
- agents and amines and methods for preparing the same — absent the features of
25 the present invention — are described in U.S. Patents 4,234,435; 4,952,328;
4,938,881; 4,957,649, and 4,904,401.
EXAMPLES
[0052] For all examples, the dispersants are prepared by a continuous process
involving one or more continuous stirred tank reactors, except as noted. In each
30  case the amount and compositional analysis of the dispersant reported is inclu-
sive of diluent oil, which is conventionally present in such dispersants at a level
of 50-55% by weight.
EBxample 1 and Comparative Example 1C
[0053] A dispersant is prepared by reacting polyisobutenyl (m.w. 1600-3000)
- 35  succinic anhydride with polyethyleneamines. The anhydride material is supplied
in a diluent oil medium. The mixture of Example 1 is passed through an in-line
static mixer with helical mixing elements prior to delivery to a reaction vessel.



~ends by al kyl eneami ne groups such as -CH2CH(CH3) NH2. A commercially
avai | abl e exanpl e having a Ma of about 2000 is sold under the trade nane
Jef fam neTM ED- 2003. [0050] Ot her types of am ne can al so be reacted. These
i ncl ude sodi um 2- 20 am noet hane sul fonate, also referred t029§0£9qh%m
taurine. A reaction with dodecylsuccinic acid and sodiumtadrinég isrun in
an aqueous environnent; optionally thejgpnitial reaction product can be
further heated to forman imde. [0051] The reaction products of
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are descri bitdogem. UT'se nidatuzetof coppenatingsExampiol @26 notpaysyl deaughansy- 649;
and 4, 904, 4Q1. ., EXANRIS o %@% 15%he BbhctOIATRISEP (altiifhofll MRUBAMS 2ARE:

prepared by a ‘conti‘nuous I nvol ving qQne_oOr npre conti nuQus drred

tank react oride andoliens oilrds pass thipughdhe suxens el ho i ¢omPansRt 1s adde

composist | 0Qgkoapa Y feablioh Hesdll BpaseBRiare fterLed is inclu- sive of di luent
oil, which'is ¢ '

nvent 1 onal resent_in sucgh djispersants at a | evel . of
50- 5506 by W0, TheawBPidity e aSHYHREETONEIERFACY SBES (1D BREFUTRIRY st s ant
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anhydride w et neanj nes. e anhydri terial is ied in a
di | uent oi Ptaﬁ‘gafq(jﬂﬁ Hiy gﬁqs,gttmpg%gfa @(‘}fr‘?ﬁpr@ﬁfni&%@s@&pﬁrﬁ?%wﬁﬁgﬁu?%ﬁ i ne
static m xefienwpldeeticinte al turbidongter, evieioh passesotight thhehglydhy sample.r sBot i on
vessely, 2 4 2005 . g L.SRer sa6t, C 4 | 0.75
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i's not pasgeehtehtushiglityaof the-sample. fiheatesplts ave showein (g Fable & hworsenet i on
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t he m xer) he am ne conponent™ 1's a 5 directlyto the feaction vessel
by a separ&t® inlet. [0054] The turbidity of the resulting product in each
case is neasured by the JTqgpfey method. In this nethod, a sanple of the

di sper san—Ts—drtutedwt

Ta Stgndard gl _1n a gtass tube to a
concentraftlion-of 20% di prﬁme ‘The _tu P, ed into a
t ur bi donet gryrhiditych passqs3.6j 4t through 2)@7sanpl e. The 10 results are

expressed T Jackson Turbidity Units. A higher value 1 ndicates greater
turbi oﬂisty of the sanple. The results are shown in the Table I, tw sepa-
rate measuiBxaeiples Ded . ndand Contpadativer Examples & @l .prepared by each

proc [0055] Dispersants prepared according to Example 1 and comparative Exam-

ple 1C were formulated into various conventional engine oil formulations.

Examples 2, 3, and 4 contain 6.6%, 5.1%, and 4.0%, respectively, of material

20  according to Example 1. Comparative examples 2C, 3C, and 4C contain similar
amounts of material according to comparative Example 1C.

[0056] The formulations of Example 2 and 2C are prepared as a 10W-40

viscosity grade using mineral base stocks and using an additive package which

includes antioxidant(s), calcium detergent(s), (other additional) dispersant(s),

25 antiwear agent(s), antifoam agent(s), and friction modifier(s). The formulations

of Example 3 and 3C are prepared as a 5W-30 viscosity grade using hydrotreated

base stocks and a similar additive package. The formulations of Example 4 and

AC are prepared as a 5W-30 viscosity grade using mineral base stocks and a

similar additive package.
30 [0057] The turbidity of each sample is tested as above (however, not being
diluted to 20% concentration). The results, based on measurements of samples of
the duplicate preparations reported in Table I, each are shown in Table II.
Table II
Example |2 2C 3 3C 4 4C
Turbidity | 20, 22 34, 40 22,20 46, 44 12, 12 26, 24




~ess: Table | Exanple lExanple 1C Turbidity3.6, 4.229, 27 15 Exanples 2 3. 4
and Conparative Exanples 2C. 3C, and 4C. [0055] Dispersants prepared
according to Exanple 1 and conparative Exam ple 1C were fornulated into
various conventional engine oil fornulations. Exanples 2, 32 4apgdr4pgontain
6.6% 5.1% and 4.0% respectively, of material 20 accor di ng to Exanple 1.
Conparative exanples 2C, 3C, and 4C copgain simlar anounts of naterial
according to conparative Exanple |I.C. [0056] The fornul ati ons of Exanple 2
and 2C are prepared as a |OM¥40 viscosity grade using mneral base stocks
and using an additive package V\:hl ch I ncl udes anti oxidant(s), calcium
detergent Exp > 15 ey afia@oksant (s), 25 antiwear agent(s),
antifoam (S)A dﬁegnarécgtdfome'ﬁﬁghﬁj{ efroﬁ%)llata_dl‘%ufc@ifn’iﬁhﬁ@ idospersagts Bxenpl e 3
and 3C ar pare VI SCOSI t e us nqﬁydr ot rea ed gase
st ocks an@repagp%asarn Framnle el adkseBpatpf °f ?‘?‘FBP&I JOFPECEY and

4C ar e pr e@@hn@%omp‘é,\é\ft&&svaréa@ﬁeﬁem o aemluﬁmngthusaen ahe Ipecsdosd ema- and a

Z!smalog\r/eaw Bt So 1o et B WighchinbaRh, B ROy 1ng 2 >

based on rmaﬁudelfrmtamp:oé 13 2pPesomfentration cthplresultse bpsedpen mersursmeapofted in

Tabl e | are.sho n I ty20,
2234, 402%”50*&811’19:54&3\%@‘ i‘?z%‘agfﬁv dip @E%ST%%%& %@ﬁ‘gd@o%g%’%t Ve
Exanpl e 5Gif O&mdhte preparative swts. of i dentically fornul ated succini m de
di speﬁants are prepared as i pXgfpel e 1 and corrparatlve Exanple |IC,

respe - rent in detail from
those in|the previous exaéxgmple Sand con B30 percent by wei ght

ni trogen. Tu%ﬁcﬁtj ested bygs hesv met hod of 3xag"phe® 1 at P0% concentrati on,
the resul“

ST Zh thd UoFHearaHBh 0 afld fadk{sPfrawn in
Igb'TSb: lel ;hiﬁgg F}ed;%%ﬁuow 1ﬁ§g%§£nt Sver g cOmparative’ ﬂ% PréisEhAti'¥€ T uns:

not known.
b. Prepared using a stirred batch reactor.

15
 Examples 6. 7 and Comparative Examples 6C and 7C.

[0059] Dispersants prepared according to Example 5 and comparative Exam-
ple 5C were formulated into various conventional engine oil additive concen-
trates, containing other conventional components. Examples 6 and 7 contain

20  material according to Example 5, while comparative examples 6C and 7C con-
tain material according to comparative Example 5C. The amount of dispersant in
6 and 6C is 57%; the amount of dispersant in 7 and 7C is 55% (each inclusive of
diluent oil).
[0060] The turbidity of each concentrate is tested by the method described

25  above. The results, based on measurements of two samples of the materials
prepared as in Example 5 and one sample of the material prepared as in com-
parative Example 5C are shown in Table IV.

Table IV
Example | 6 6C 7 7C
Turbidity | 230, 166 | 340 180, 178 | 266

30  Examples 8.9, and 10 and Comparative Examples 8C, 9C, and 10C
[0061] The dispersants reported in Example 5 and comparative Example 5C

are formulated into diesel engine oil formulations, containing other conventional
diesel oil additives. The dispersants of the present invention, from Example 5,
are used in Examples 8, 9, and 10. The comparative dispersants from compara-



- 15 Exanpl e 5Exanpl e 5C Turbidity9a, 7, 3b30,16 b , 21b not known. b.
Prepared using a stirred batch reactor. a. A sanple fromone run in which
the configuration of pipe(s) and tank(s) was altered failed to show

i nprovenent over a conparative run, for reasons that are Exgmpb@p
Conpar ati ve Exanpl es 6C and 7C. [0059] D spersants prepared accor
Exanpl e 5 and conparative Exam ple 5C:%§re formulated into varlous
conventi onal engine oil addltlve concen- ‘trates, containing other

and 7
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Table 1V Exammﬂca@etyﬁ'ﬁla' wespitdiof yabidityl ;e 3naetentsidre 266w n BablepVes 8 9 and
10 and Corrparatlve Exarrpl es 8C, 9@3b1%“@ 1CC [0061] The di spersants reported

7 and
ng to

I n Exanpl S—ard—gonparattive—Bxamtre—St—are—formuhated—tnt-qg—dtesel ngi ne
oi | fornul|Fxample |font ai ni|&E ot her] Lonvent|iXhal dilddel oil |dditives. The
di sper sant{spabigiyd 3 22| dAMERPi| o260 300 D FexsgP 2 24 221 GPUsRrbda BXanpl es
8, 9, and fhe-congarat rve drspersants—fromeonpara 2 4 0cH—2005=14 tive

Exanpl e 5C bar Brapaeafl nsinga@rpgiaredihaleh ro2aios es 8C, 9C, and 10C. The
formul ations for Exanples 8, 8C, 9, and 9C are prepared in a 15W40 hydro-
treate Exanpl es 10 and 10C are fornmul ated

bajg stacl;. Tge forg{jglions for
in a I5W ' ck. The concentrations of the dispersant

conposi 5 t[0062] ar eIrﬁpﬁwea cBmpatiﬂlli?’tyZJfﬁ:hé Qlcmteréants PreparkdSsy i mreehc&Eof and
10 and 10C, esn pectivel Yg '1|' €:al edsglts otLl ug ty.measurene re shown
in Tabl e Vprﬁl driyention 1s illustrated” by visually o servmg the samples a er storage

over a period of time in the presence of steel, at room temperature or at 65°C.

The results of such observation of concentrates designated as Example 6 and

15  comparative Example 6C, above, are reported in Table VI

20

Table VI
Example 6 Example 6 Comparative
(first sample) (second sample) Example 6C
Storage room | 65°C |room |65°C room temp. 65°C
time temp. temp.
1 week clear |clear |clear | veryslight | very slight very slight
haze haze haze
2 weeks |clear |clear |clear | veryslight | very slight very slight
haze haze haze
3 weeks |clear |clear |clear | veryslight |slight haze very slight
haze haze
4 weeks |clear |clear |clear |clear slight haze very slight
haze
26 weeks | clear |clear |clear |[clear slight haze & | very slight
light sediment | haze

Example 12 and Comparative Example 12C. Filterability

[0063]

Fully formulated engine oils are prepared containing the dispersant of

the present invention (from Example 5, 1st sample) and containing the compara-
tive dispersant (from Comparative Example 5C, 1st sample). The formulated
oils are tested for filterability by the AFNOR (Association Frangaise de Normali-
sation) standard classification index 48-691, which measures the filterability of



Exanpl e88CO9C1010C Tur bi di t y36, 34, 24b44, 40, 40b26, 26, 20b36, 30b 32b24, 22b, 1

- 8b30, 28b32b b. Prepared using a stirred batch reactor. 10 Exanple 11.
Storage Stability [0062] Inproved conpatibility of the di spersants prepared
by the nethod of present invention is illustrated by visua?hkyogb3gsVvi ng
the sanples after storage over a period of tine in the presence of steel,
at roomtenperature or at 65C. The regglts of such observation of
concentrates designated as Exanple 6 and 15 conparative Exanple 6C, above,
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Exanpl e 1 ptre—2C R tteratyitiqy 20 [0063] Fully

f or nul at dcPI88FHCH pET § 91 de2 ontl A1 BIO0GKed di spersant of the
present invention (from Exarrpl e 5, 1st sarrpl e) and cont ai ni ng the conpar a-

tive d sp ( ative EX 5C,, 1st sanple The fornul at ed
oils e ﬁ@@?gﬁ ]%?‘HT E:otgg CPW%F%ESAPI\QQVFASSSH&O&E rate drhereimitye de
Nor mal i - &@fdr@ﬁ'de SERBEls e tthbmu:ipls@tdrowmﬂedaheﬂﬁs@eiphmﬂyqhdmeewraﬂs t he
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understood as modified by the word "about," Unless otherwise indicated, each

10 chemical or composition referred to herein should be interpreted as being a
commercial grade material which may contain the isomers, by-products, deriva-
tives, and other such materials which are 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

15  present in the commercial material, unless otherwise indicated. It is to be under-
stood that the upper and lower amount, range, and ratio limits set forth herein
may be independently combined. As used herein, the expression "consisting
essentially of" permits the inclusion of substances which do not materially affect-
the basic and novel characteristics of the composition under consideration.



Dry (1.2 gmfilter)1.061.13 Presence of water (5 gmfilter)l. 22filter

" bl ocked 5 [0064] Each of the docunents referred to above is incorporated
herein by reference. Except in the Exanples, or where otherwi se explicitly
indicated, all nunerical quantities in this description specé‘yb@p @ﬁnunts
of materials, reaction conditions, nolecular weights, nunber of caz n
atonms, and the like, are to be wunderstggd as nodified by the word "about."
Unl ess ot herw se indicated, each 10 chem cal, or conposition referred to
herein should be interpreted as being a comercial grade material which
may contain the isomers, by-products, deriva tives, and other such

mat eri al s VWhehisaolginmeatisal | y understood to be present in the comercia

grade. However, {he a f 1 cal ' e

excl usi ve of anyf'sol ven @glroﬁdﬁoﬁggﬁﬁhggﬁlﬁ{?%isgﬁg%@g@}%hétagﬂgégﬁfy%&%c%} esent

in the comfwl@ndla hirdreearhyl-substiteed sueninig asylating agenbcomprising:t o be under -

stood tat the u : I : e ool gt th
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herein may be i ndependent conbi ned. use erel h, the expressio
"consi st i ngubstitgsd sugciric deylafiag geent, th e camibiedottreddlist ances whi ch do

not materially aidsemly sdilecdddihéd andamourbuganhaatehd nhikes sofast i effect
conposi tion under COBSI deration. I.s claimed is: 1.

toi 4 OCT 2005 16 What A
met hod for REGiHBgAPAARItial feachigpcf the FommPRENtsrAndethgtealiar al co- hol and a
hydr ocar by: -sublslidstiuntgemésw@ﬁibﬁhisd anphmt intg ﬂlg%ﬁsé mmbdcfdmg\vlé&ei:eesdid;g t he
am ne al coha nto a.streamconprising the. I r.by substitute

succi ntc ac‘:;s)ln?;‘l1 f Stﬁ@%ﬂf? %qrgl'xef(g’r%"gés %%%M%&gﬁ%ﬁgﬁtassi ng said conbi ned
stream t hrough & i n-Thaaensthadrofsdaas t ovhefréiacthe pombineidngireamd is rpasseal
reaction of t.s; r lHRAodkhe conbined streaminto
at | east or%ltr g?@%?@%enﬁléﬁeﬁgg%}%%%g{%g%?ﬁzglggr(g'am.is further processed
to form sai d sur¥-act ahke methorhef ¢laitaddwhereit Hierresidanes Bing afitbe combinasd

streamis nagsasdaftdl¥rebighs Idinlithd Mnfeerinitterate dhtb P BlcAlubsEq Rt $0ack@ 160C.
3. The, nethod of cI§a| m 1 Wherein the residence tine of the conbined stream

af ter knt er$ Ableaplel 5299048 ni xer and before entering the subsequent reactor
15 is at least lf secDRémetifod dheaitkilhoHerein tHedhMire Mivereirovidee ai degtdene

i xer provigdes,a degree  of xing of Lhe conpanents expressed @S Ao
3.5.
5. The method of claim 1 wherein the in-line mixer is a static mixer
20  comprising a multiplicity of right handed and left handed blade elements.

6. The method of claim 1 wherein the mixture is reacted in the
reactor at a temperature of 80 to 220 °C.

7. The method of claim 1 wherein water of reaction is removed from
the reactor.

25 8. The method of claim 1 wherein the reactor comprises a stirred
reactor.

9. The method of claim 1 wherein the residence time in the reactor is
0.1 to 20 hours.

10. The method of claim 1 wherein the amine or alcohol comprises a

30  polyethyleneamine or an aminoalcohol containing at least one N-H group.

11. The method of claim 1 wherein the hydrocarbyl-substituted succinic
acylating agent comprises a polyisobutene-substituted succinic anhydride
wherein the polyisobutene substituent has a number average molecular weight of
500 to 5000.

35 12.  The method of claim 1 wherein the hydrocarbyl-substituted suc-
cinic acylating agent comprises material represented by the structure



- 5. The method of claim1l wherein the in-line mxer is a static mxer 20
conprising a multiplicity of right handed and | eft handed bl ade el enents.

6. The nethod of claim 1l wherein the m xture is reacted in the reactor at
a tenperature of 80 to 220 C. 7. The method of claim 1 wherein wat

reaction is renoved from the reactor. 25 8. The nethod of claim1l wherein
the reactor conprises a stirred reactot? 9. The nethod of claim 1 wherein
the residence tinme in the reactor is 0.1 to 20 hours. 10. The nethod of
claim1l wherein the am ne or al cohol conprises a 30 polyethyl eneamn ne or
an am noal cohol containing at | east one N-H group. 11. The nethod of claim
1 wherein the hydrocarbyl -substituted succinic acylating agent conprises a
pol yi sobut ene-substituted succinic anhydride wherein the polyisobutene
substituent has a nunber average nol ecul ar wei ght of 500 to 5000. 35 12.
The nethod of claim1 wherein the hydrocarbyl-substituted suc- cinic

acyl ating agent conprises material representedgby the structure 24 OCT 2005
17 5 where Ris Hor nmethyl and Pbt representg/ a fragnent of a

pol yi sobut ene sub- stituent. Ret hod off claim 1 wherein the
surfactant is a succini mde i Spe an\am ne salt.

Pbt

O

where R is H or methyl and Pbt represents a fragment of a polyisobutene sub-
stituent.’

13.  The method of claim 1 wherein the surfactant is a succinimide
dispersant or an amine salt.



