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HIGHLY BORATED DISPERSANT CONCENTRATES FOR LUBRICATING
OIL COMPOSITIONS AND METHODS FOR FORMING SAME

The present invention relates to highly borateédgen-containing dispersant
concentrates for lubricating oil compositions, amethods for forming same. More
particularly, the present invention is directedtwated nitrogen-containing dispersant
concentrates, such as borated succinimide disgersapentrates, having a boron to
nitrogen (B:N) ratio of greater than about 2, andduced level of associated
sediment, and a method for forming such borategkdsants concentrates, preferably

without the need for filtration.

BACKGROUND OF THE INVENTION

The trend in the automotive industry to simultarsdp move to higher

efficiency, hotter-running engines and lower visgokibricants for fuel economy has
led to durability challenges in both passengeracar heavy duty diesel engine
applications. One approach taken to enhance ttability of these engines has been
to incorporate boron into the lubricant. Boron4zmming fluids have a history of
exhibiting oxidation inhibition and anti-wear propes in a range of environments
(US4724099, US3224971, US3185644, US4756842, USBH1US3014061,
US2813830). Boron can be introduced in signifiaanbunts via small molecules
(e.g. boron esters, EP0089844, GB434626, US3341¥83509054, FR1203698),
however, incorporation of these materials into ilcdonts can cause adverse side
effects, such as corrosion issues and phase separ&oron can also be introduced
via additive carriers such as dispersants or detesgUS3087936, GB1086692,
US3829381, US3928216). However, the amount offbortvoduced by such carriers
needs to be matched with the amount of carrier.hih boron concentrations, the
required large amount of carrier (associated dssperor detergent) can lead to an
inordinately high viscometric contribution, whictharsely impacts base stock
flexibility. A solution to this problem would be prepare a boron carrier,
specifically a borated dispersant concentrate, wetly high boron content that could
be used broadly in a range of applications witlsagnificantly impacting fluid

viscometrics or additive treat rates.
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Historically, such borated dispersant concentratesknown where the total
nitrogen to boron molar ratio is in the range 41:2-(US 5583099; 1:1 — 1:1.25in
examples) with preferred ratios containing an exaésitrogen or being close to
stoichiometric (e.g. 2:1-1:1). Borated dispersanmicentrates are typically prepared
by reacting boric acid with a range of dispersgpés while sweeping out water. It is
believed that during the boration process, borid dehydrates to cyclic metaboric
acid (Structure I, shown below) leading to the atioh of water. The oil-insoluble
metaboric acid is solubilized in the dispersantoemrrate by interaction with the
basic nitrogens on the dispersant. The produdiseoinvention disclosed in US
5583099 are prepared by reacting boric acid wilspersant compound containing
an amide, imide or Mannich base group having ptesteleast one amine group or
salt thereof, in the presence of a protic compound,weight ratio to boric acid of at

least about 1:2.

Structure |

Highly borated dispersant concentrates are destrhere the boron to total
nitrogen weight ratio is in the range of aboutt®.2bout 65 (EP0499384A1);
corresponding to a nitrogen to boron molar ratialedut 0.15 to about 50.3. The
polybutene of the succinimide had ap Within the range of 900 to 3000 daltons,
with a most preferred range of 1200 to 2300 daltortse boron-containing moiety of
this borated succinimide was a boron oxidgdz wherein x and y are 1 to 3 and z
IS 2 to 56. The process used to incorporate tihenbatilized a very high temperature
(170 to 260°C; preferably 182 to 218°C, e.g., 18293°C in order to completely
dehydrate the orthoboric acid to boron oxidedB Structure Il). The eliminated
water collected using a Dean and Stark apparatesgonded to more than 1.5 mole
of water per mole of boric acid charged, which sappthe position that boron is
present in the product in the form of boron oxidiésing this approach, the efficiency
of the boron incorporation is relatively low (ab& to 90%), resulting in
compositions having significant amounts of sedintbat has to be removed using

filtration.
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SUMMARY OF THE INVENTION

In accordance with a first aspect of the inventibere is provided a process

for producing a borated polyalkenyl succinimidepgissant composition in which the
boron is incorporated primarily as cyclic metab@wed moieties and the equivalents
of boron incorporated per equivalent of nitrogetthi@ succinimide carrier is greater
than 2; in which process a slurry of boric acid poising primarily of orthoboric acid
in a substantially non-protic hydrocarbon mediuradsled to a polyalkenyl
succinimide in a substantially non-protic hydro@artmedium to form a reaction
mixture, which reaction mixture is then heated urabmnditions (at a temperature and
pressure and for a time) sufficient to remove ftbmreaction mixture from about 0.8
to about 1.2 moles of water of reaction per molbaic acid charged.

In a second aspect of the invention, there isigeal/a borated polyalkenyl
succinimide dispersant produced by the procedseofitst aspect.

In a third aspect of the invention, there is pded a lubricating oil
composition comprising a borated polyalkenyl suitgide dispersant of the second
aspect, in an amount contributing from about 28kout 600 ppm of boron to the
composition.

Other and further objectives, advantages andifesitof the present invention

will be understood by reference to the followingsification.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to borated suictde dispersant

concentrates having a high boron content (and Bighratio), and a process that
allows for the preparation of borated succinimidgdrsant concentrates having a
high boron content (and high B:N ratio), without theed of a filtration step to
remove sediment. Specifically, the present inwenis directed to a process for

forming a highly concentrated, low sediment boratesgpersant composition in which
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the boron is incorporated primarily as cyclic metad acid moieties (BO3(OH)s,
Structure 1) rather than boric oxide (Structure &8 evidenced by amount of collected
water distillate (from about 0.8 to about 1.2 malésvater of reaction per equivalent
of boron, ideally, about 1 mole water per equivatd#rboron), and the equivalents of
boron incorporated per equivalent of total nitrogethe succinimide carrier is
greater than 2. The process of the present irmeatiows for the preparation of
unique, low sediment, highly borated polyalkenyd@nimide dispersant products.

More specifically, the present invention is diegtto the discovery that, by
appropriate selection of the dispersant structndekeration process, a low sediment,
highly borated dispersant concentrate can be peatlicwhich the boron is
incorporated largely as cyclic metaboric acid meg{B;0s(OH)s, (Structure 1)
rather than boron oxide, yet the equivalents obbancorporated per equivalent of
nitrogen in the succinimide dispersant carriereater than 2. With the specified
dispersant structure and boration process, thevalgumits of boron per equivalent of
basic nitrogen incorporated into the borated disg@rconcentrate can exceed 3:1.
That such a borated dispersant could be producadpsising as the oil-insoluble
metaboric acid would be expected to be solubilingtie dispersant concentrate by
interaction with the basic nitrogens of the dispatsand the maximum expected
stoichiometry of boron to basic nitrogen would be @ metaboric acid moiety per
basic nitrogen). The greater than stoichiometraoiporation of boron therefore
suggests that unique structures are formed wheneiog boron is solubilized than
could be accommodated by interaction of every baisiogen of the dispersant with a
metaboric acid moiety. The benefit of these higioh, no sediment compositions is
that no filtration is required and the carrier hagduced viscometric contribution for
a given target boron content in a lubricant forrtiata

Although the dispersants used to prepare the dwbidispersants of the prior
art included a broad range of polymer moleculagheand head group structures, the
succinimide dispersant structure required to ptite composition of the present
invention is limited to polyalkenyl succinimidesroed from the reaction of a
polyalkenyl succinic acylating agent derived frompalyalkene having a number
average molecular weight (Mn) of at least about, "@0re preferably at least about
800 daltons, and a number average molecular wéigt of no greater than about
1600, such as no greater than about 1400, prejenaldreater than about 1250
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daltons. Preferably, the succinimide dispersantgire used to provide the
composition of the present invention is a polyalkesuccinimide derived from the
reaction of a polyalkenyl succinic acylating agéetived from a polyalkene having a
number average molecular weight (Mn) of from ab&@@ to about 1600 daltons,
preferably from about 700 to about 1400 daltonsienpweferably from about 800 to
about 1250 daltons; and a polyamine or polyamindgure, which polyamine or
polyamine mixture has, or has on average, from @boo about 8 nitrogen atoms per
molecule, preferably from about 6 to about 7 nimo@toms per molecule, whereby
the succinic to primary amine stoichiometric rggometimes referred to as “coupling
ratio”) of the resulting succinimide dispersanhgsgreater than about 1.3.

Polymer molecular weight, specifically,Mcan be determined by various
known techniques. One convenient method is gehpation chromatography (GPC),
which additionally provides molecular weight dibtrtion information (see W. W.
Yau, J. J. Kirkland and D. D. Bly, "Modern Size Hxion Liquid Chromatography”,
John Wiley and Sons, New York, 1979). Another ukefethod for determining
molecular weight, particularly for lower moleculaeight polymers, is vapor pressure
osmometry (see, e.g., ASTM D3592).

Preferably, the polyalkenyl succinimidesed in the process of the present
invention have a coupling ratio of from about @&bout 1.3, preferably from about
0.9 to about 1.2, most preferably from about 0.8kout 1.1, wherein, again,
“coupling ratio” is defined as a ratio of succimybups in the polyalkenyl succinic
acylating agent to primary amine groups in the goline reactant. At a coupling
ratio of less than 1, there will be free polyamieactant associated with the
succinimide product. At a coupling ratio of greatean 1, some polyamine will react
with free polyalkenyl succinic acylating agent ¢orih an amic acid, reducing the
amount of basic nitrogen present in the dispers@he use of higher or lower
succinic to primary amine stoichiometrics or pokgale molecular weights may lead
to the formation of significant amounts of sedime¥ery large polyamines (3\
should be avoided as the use thereof can resalhigher than acceptable hydrophilic
to hydrophobic load, which can cause the boratepledsant to fall out of solution.

The functionality of the polyalkenyl succinic aafthg agent from which the
polyalkenyl succinimideised in the process of the present invention iselis

preferably from about 0.8 to about 1.8, such amfatout 0.9 to about 1.7, more
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preferably from about 1.1 to about 1.6. When thcfionality of the polyalkenyl
succinic acylating agent (the average number diting moieties per polyalkene or
functionality) is too high (e.g., >2), the boratetcinimide dispersant concentrate
product may be too viscous and may cause the lobdigpersant complex to be
insufficiently soluble in oil causing sediment (sednt can include both a fraction of
the borated dispersant complex and excess bodg.adin the other hand, a
functionality that is too low (e.g., <0.5) can lirtte total concentration of boric acid
that can be stabilized by the dispersant carridecutes. Functionality (F) can be
determined according to the following formula:

F = (SAP x M)/((1122 x A.l.) - (SAP x MW))
wherein SAP is the saponification number (i.e.,ribeber of milligrams of KOH
consumed in the complete neutralization of the gomaips in one gram of the
succinic-containing reaction product, as determieewbrding to ASTM D94); Mis
the number average molecular weight of the stagpilgalkene (e.g., polybutene);
A.l. is the percent active ingredient of the sum:rontaining reaction product (the
remainder being unreacted polyalkene and diluantg; MW is the molecular weight
of the acyl group-producing moiety (98 for maleihgdride). Generally, each
succinic group will react with a segment of theypohine moiety and the number of
succinic groups in the PIBSA will determine the tngnof polyamine groups in the
dispersant. Preferably, the polyalkenyl succinenided in the process of the present
invention has been stripped or otherwise treatedrteove water of the amination
reaction.

The boron source used in the process of the presemtion is orthoboric
acid. The boric acid is conveniently introducedha form of a boric acid slurry in a
substantially nonprotic hydrocarbon medium, suctilent oil.

In accordance with the process of the presenniiwe, the boric acid slurry is
added to a polyalkenyl succinimide (also preferablg substantially nonprotic
hydrocarbon medium, such as diluent oil) in an amoesulting in a molar ratio of
boron to nitrogen of from about 2:1 to about 5referably from about 2.2:1 to about
4:1, such as from about 2.5:1 to about 3.5:1, tmfa mixture.

The mixture is then heated under conditions (atgerature and pressure and
for a time) sufficient to remove from the reactiixture from about 0.8 to about 1.2

moles of water of reaction per mole of boric adidrged, preferably under conditions
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sufficient to remove from the reaction mixture framout 0.9 to about 1.1 moles of
water of reaction per mole of boric acid chargedrerpreferably under conditions
sufficient to remove from the reaction mixture abbi® moles of water of reaction
per mole of boric acid charged. To remove this @amof water of reaction, the
reaction mixture may, for example, be heated (abapheric pressure) to a
temperature in the range of from about 125°C taiaB60°C, preferably from about
140°C to about 180°C, such as from about 150°®outl70°C, for from about 1 to
about 5 hours, with mixing (e.qg., stirring or shaki under an inert atmosphere (e.g.,
using a nitrogen sweep). Heating may be accomgdmnjianitrogen stripping to
facilitate the removal of water.

The resulting borated dispersant concentrate haslar ratio of boron to
nitrogen of from about 2.1:1.0 to about 5.0:1.@ferably from about 2.2:1.0 to about
4.0:1.0, such as from about 2.5:1.0 to about 35&aboron content of from about 1.0
mass% to about 5.0 mass%, preferably from abounags% to about 4.0 mass%,
more preferably from about 2.0 to about 3.0 mads®%ed on the total mass of the
borated dispersant concentrate, including assatdibeent oil and, in an unfiltered
form, preferably has a sediment content of less #imut 0.3 vol%, such as less than
about 0.2 vol%, more preferably less than about/6l%, based on the total volume
of the borated dispersant concentrate, includisgaated diluent oil. Preferably, the
borated dispersant concentrate has a molar rabioroin to theoretical basic nitrogen
of from about 3:1 to about 7:1, preferably from @ai®:1 to about 6.5:1, such as from
about 3.2:1 to about 6:1. As used herein, the teasic nitrogen” refers to nitrogen
in the form of an amine, as opposed to an amideioie in the starting dispersant.

The amount of basic nitrogen of the dispersantbeaastimated by subtracting
the equivalents of nitrogen present as imide andeufnrom the total equivalents of
nitrogen in the dispersant. The equivalents abg#&n present as imide and amide
can, in turn, be estimated from the stoichiome#it® of succinic groups charged to
amine groups in the polyamine. Theoretical bagfogen can be determined
according to the following formula:

Theoretical basic nitrogen — total moles of nittogethe borated dispersant —

moles of SA charged (that react with the nitrogethe PAM).

The amount of basic nitrogen of the dispersantatem be determined by TBN

titration in accordance with the procedures of ASDMI739. Using the procedures of
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ASTM D4739 results in higher boron to basic nitnogatios than theoretical,
meaning that not all of the nitrogen in the borateghersant titrates. Since metaboric
acid is a weaker acid than the hydrochloric acetlus the titration method, this
method should measure at least those basic nitraigpens that are coordinated to
boric acid and therefore provides a more accuraterchination of boron to basic
nitrogen molar ratio than a theoretical value.

The borated dispersant concentrate of the présesntion preferably has a
kinematic viscosity at 100°C of less than about @80, preferably less than about
500 cSt, more preferably less than about 300 c¢fftaa active ingredient content of
greater than about 15 mass%, such as greater hawa$s%, or greater than about 40
mass%, wherein the active ingredient (A.l.) contdrthe concentrate is determined
as follows:

A.l. = (concentration of acylating agent x masslatiyg agent + mass amine

— water of amination reaction + concentration afatiog agent slurry
X mass slurry — water of boration reaction (e.gndle HO per mole
orthoboric acid)) / theoretical mass of product.

The borated dispersant concentrates of the preseition should, without
filtering, provide a sediment content of less tBa®vol%, such as less than 0.2 vol%,
preferably less than 0.1 vol% or 0.05 vol%. Asduserein, the sediment level is that
determined by by diluting a sample of the borategatsant concentrate 50:50 by
volume with heptane, centrifuging the sample imadgated sediment tube and
reading the volume of solid material against tredgations. The reading is then
multiplied by 2 to account for the dilution and exgsed as percentage by volume.

The borated dispersant concentrate may be udednailate a lubricating oil
composition by adding said borated dispersant aunate to the lubricating oil
composition in an amount introducing from about@@bout 600 ppm, such as from
about 40 to about 400 ppm, or from about 60 to 8860 ppm of boron.

This invention will be further understood by refiece to the following
examples, wherein all parts are parts by weigheasotherwise noted and which

include preferred embodiments of the invention.

EXAMPLES

Example 1 (Invention)
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To a mixture of polyisobutenyl (Mn — 950 Da) suacianhydride (300 g) having a
functionality (F) of 1.2 and Group | diluent 0il32 g) at 145-150°C and under
nitrogen was added PAM (27 g) (a commercial poly@nhiottoms product having, on
average, 6.5 nitrogens per molecule, a nitrogetenbnf about 34 mass %, a
molecular weight of about 275 daltons and an edgnvaveight of primary amine of
about 115 (by titration, 8.7 meq primary amine/@he mixture was heated to 155°C
for 2 hours with stirring. A 30 % slurry was prepa by intimately mixing orthoboric
acid (195 g) with diluent oil (455 g) in a labongtdlender. The reaction mixture was
heated to 160°C. The slurry (287 g) was addedvwdsepto the reaction mixture, after
which the mixture was heated to 160°C for 2 holinsitrogen sparge was applied to
the reaction mixture over the subsequent 1 holB@C to yield borated

polyisobutenyl succinimide dispersant.

Examples 2 through 4 (Invention)

Compositions were prepared as in Example 1 witlchiaege masses of slurry increasing

to 333 g (Example 2), 384 g (Example 3), and 4@x@ample 4).

Example 5 (Invention)

To a mixture of polyisobutenyl (Mn — 950 Da) sudcianhydride (625 g,) and Group
[I+ diluent oil (317 g) at 157°C and under nitrogeas added PAM (46 g) (asin
Example 1). The mixture was heated to 157°C foouds with stirring. A 34 %
slurry was prepared by shaking orthoboric acid @2&ith base oil (248 g) in a
Duran bottle at 60°C. A 400 g aliquot of the remcmixture was removed and the
remaining reaction mixture was heated to 170C. bidre acid slurry was added
portion-wise to the reaction mixture and Groupdituent oil (50 g) was used to rinse
the bottle into the reactor. The mixture was thimed at 170°C for 1 hour. A
nitrogen sparge was applied to the reaction miauver the subsequent 2 hours at

170°C to yield borated polyisobutenyl succinimid&persant composition.

Example 6 (Invention)

A composition was prepared in the same manner Bgample 5 with a PAM
charge of 71 g, and a boric acid slurry charged® @ to yield a borated

polyisobutenyl succinimide dispersant composition.
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Examples 7 and 8 (Invention)

Compositions were prepared as in Examples 2 aresgectively, using a slurry
prepared by shaking, not blending (as in Examplasdb6), and a boration
temperature of 170°C.

Example 9 (Comparative)
A composition was prepared as in Example 1, usotggobutenyl (Mn — 1300 Da)
succinic anhydride (with charge masses adjusteatdiogly).

Example 10 (Invention)

A composition was prepared as in Example 9, usotggobutenyl (Mn — 1900 Da)
succinic anhydride (with charge masses adjusteatadiogly).

Example 11 (Comparative)

A composition was prepared as in Example 9, usolggobutenyl (Mn — 2225 Da)
succinic anhydride (with charge masses adjusteatdiogly).

Example 12 (Comparative)

A composition was prepared as in Example 9, usotgigpbutenyl (Mn — 450 Da)
succinic anhydride (with charge masses adjusteatdiogly).

Example 13 (Comparative)

A composition was prepared as in Example 12, ugotgisobutenyl (Mn — 700 Da)
succinic anhydride (with charge masses adjusteatdiogly).

Example 14 (Inventive)

A composition was prepared, as in Example 1, uSEBBA (an N amine) as the

polyamine (with charge masses adjusted accordingly)

Examples 15 through 19 (Comparative)




-11 -

Compositions were prepared, as in Example 1, ysahgsobutenyl (Mn — 2225

Da) succinic anhydride borated to provide borototal nitrogen molar ratios of from

0 to 1.14 (with charge masses adjusted accordingly)

5 Examples 20 through 23 (Comparative)
Compositions were prepared, as in Example 1, ysahgsobutenyl (Mn — 1900
Da) succinic anhydride borated to provide borototal nitrogen molar ratios of from
0 to 0.69 (with charge masses adjusted accordingly)
10 The composition and properties of the exemplififedderials are summarized
below, in Tables 1 and 2.
Table 1
Ex | Inv/ CR B N Al kvioo Sed B;total N | B;basic N | B:titrated N
Comp mass% | mass% | mass%| cSt vol% | molar molar molar ratio
ratio ratio ASTM
* D4739
1| Inv | 099| 205 1.28 43 21§ 0.04 2.07 3.3
2 | Inv | 099 | 231 1.23 42 259 0.04 244 3.8
3| Inv | 099 | 267 1.17 41 242 0.07 295 4.6
4 | Inv | 099 | 265 1.08 40 184 020 3.18 5.1
51| Inv | 124 | 225 0.98 41 179 010 297 5.5 7.8
6 | Inv | 0.80| 230 1.47 41 287 30 203 2.9 4.2
7 | Inv | 1.00| 221 1.18 41 202 0.02 243 3.8 55
8 | Inv | 1.00| 252 0.94 39 18§ 0.20 347 5.5 75
calculated
15 Table 2
Ex | Inv/ PIB Amine | F CR B N Al kvigo | Sed B:total N | B:titrated N
Comp | mw mass | mass | mass | cSt vol% mo_lar molar ratio
% % % ratio ASTM D4739
9 Comp| 1300] PAM| 1.741.00| 1.70| 1.72 46 |537 | 0.15| 1.28 3.2
10 | Comp| 1900 PAM| 1.421.00| 0.48| 1.25| 51 [801 | 0.15| 0.49 ---
11 | Comp| 2225 PAM| 1.551.00| 0.27 | 1.18] 50 |732 | 0.15] 0.30
12 | Comp| 450 | PAM| 1.181.06| 3.07[2.37 [50 |290 | 400| 1.65 |--
13 | Comp| 700 | PAM| 1.051.06| 2.68|1.79 |55 |483 | 055| 1.90 |--
14 | Inv 1000 N 1.26|0.96| 2.64 |1.34 |47 [429 | 0.07 | 2.50 ---
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15 | Comp| 2225 PAM| 1.551.00| 0.00| 1.24] 52 |508 | 0.01| 0.00
16 | Comp| 2225 PAM| 1.551.00| 0.26 | 1.17| 50 |571 | 0.06| 0.29
17 | Comp| 2225 PAM| 1.551.00| 0.46 | 1.11| 49 |1080| 0.02| 0.53
18 | Comp| 2225 PAM| 1.551.00| 0.67 | 1.08| 48 |2194| 0.03| 0.81
19 | Comp| 2225 PAM| 1551.00| 0.00| 1.02|47 |GEL |- |114 |-

20 | Comp| 1900 PAM| 1.551.00| 0.00| 1.37| 53 |535 | 0.01| 0.11
21 | Comp| 19000 PAM| 1.421.00| 0.30| 1.33| 52 |664 | 0.10| 0.29
22 | Comp| 1900 PAM| 1.421.00| 0.48| 1.25/ 51 |801 | 0.15| 0.49
23 | Comp| 19000 PAM| 1.421.00| 0.68| 1.26| 50 |1048| 0.03| 0.69

"calculated?too viscous to measure

Examples 1 through 8 demonstrate that the praxfebe present

invention provides a borated dispersant composkiering a boron to total
5 nitrogen molar ratio of more than 2, with an acabp amount of sediment, not
requiring the filtration of the product before use.

The importance of maintaining a moderate polymelegular weight to
avoid the production of sediment, despite the ergsolubility of the
hydrophobic chain with increasing molecular weiglatn be seen by comparing

10 Example 9 to Examples 1 through 4. Specificalkariple 9 demonstrates that
with a polyisobutylene alkyl group of Mn 1300 Diae tsediment volume in the
borated alkylsuccinimide product is 0.15 vol% &beon to total nitrogen molar ratio
of only 1.28. This can be compared directly toragkes 1 through 4, where the alkyl
group is polyisobutylene of Mn 950 Da, and wheeedbdiment volume does not

15  reach 0.15 vol% until boron to total nitrogen makios of between 2.95 and 3.18
are reached. When the Mn of the polyisobutylekg group is higher 1900
(Example 10) or 2225 Da (Example 11), equal sedivednes of 0.15 vol% are seen
at boron to total nitrogen molar ratios of only®&nd 0.34, respectively. This is
possibly due to the difference in the aggregatiopgrties of the succinimide

20 dispersant as a function of molecular weight, wivcturn impacts the ability of the

succinimide dispersant to interact with the borontaining moiety.
If the polymer molecular weight is too low, thedngphilic to hydrophobic load
becomes excessively high. Example 12 shows thatliorated polyisobutenyl

succinimide dispersant where the polyisobutenyligtaas a molecular weight of 450




10

15

20

25

30

-13-

Da, at a boron to total nitrogen molar ratio ofyahi65, the sediment volume is 4 vol%.
At the larger Mn of 700, Example 13 shows thatghér boron to total nitrogen molar
ratio of 1.9 gives a lower sediment volume of Or&&ss%; however, this remains dis-
advantageously high and would require a procességgsuch as filtration before use in
lubricating oil formulations.

Conversely, at high molecular weights, even atBotw total N molar ratios,
the viscosity of the composition increases subsintwhich is disadvantageous for
logistical reasons such as ease of pumping. Exenifl to 18 show an increase in
kvi00 Of a polyalkenyl succinimide dispersant from 5@8 at 100°C as boric acid is
introduced, with a composition with a boron to koi&rogen molar ratio of 0.81
having a kyoo 0f 2194 ¢St at 100 °C. Example 19 demonstratgsatbombination of
high MW and moderate boron to total nitrogen ma#io of only 1.14 caused the
composition to undergo gelation; gelation prohipitsnpability and renders the
product useless for lubricating oil formulations.

Examples 20 through 23 demonstrate the increagsadnsity as the boron
to total nitrogen molar ratio increases in a papistylene succinimide dispersant
series where the polyalkenyl (polyisobutene) mdkcweight is 1900 Da. The
rate of viscosity growth with the 1900 moleculangie materials is slower than
that of the 2225 molecular weight material, howettee preference for low
viscosity products drives to preferentially loweX\Whalkyl groups in borated
polyalkyl succinimide compositions.

The amine size is also an important consideratigpecifically, the amine
needs to be large enough to solubilize the hydtopbad, requiring sizes >N
(preferably >N). Example 14 shows that a polyisobutenyl sucditém
dispersant formed by the reaction of polyisobutesagcinic anhydride and
TEPA (an N amine), when borated to a boron to total nitrognetear ratio of 2.5,
contains only 0.07 vol% sediment. Smaller amir@é:) should be avoided
because the ability of the dispersant to solublliaec acid is reduced. Very
large amines (>} should be avoided as well, because the hydraptaili
hydrophobic load gets excessively high, causinglthpersant complex to come
out of solution.

It should be noted that the compositions of thi®ntion comprise defined,

individual, i.e., separate, components that may or may not rerhaisame
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chemically before and after mixing. Thus, it vidé understood that various
components of the composition, essential as walpéisnal and customary, may
react under the conditions of formulation, storagase and that the invention also is
directed to, and encompasses, the product obtainabbbtained, as a result of any
such reaction.

The disclosures of all patents, articles and otteterials described herein are
hereby incorporated, in their entirety, into thiesification by reference. The
principles, preferred embodiments and modes ofatjuer of the present invention
have been described in the foregoing specificatinat applicants submit is their
invention, however, is not to be construed as édhib the particular embodiments
disclosed, since the disclosed embodiments arededas illustrative rather than
limiting. Changes may be made by those skillethénart without departing from the

spirit of the invention.
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CLAIMS:

1. A process for producing a borated polyalkengksumide dispersant
composition in which the boron is incorporated ity as cyclic metaboric acid
moieties and the equivalents of boron incorporatdequivalent of nitrogen in the
succinimide carrier is greater than 2; said processprising the steps of adding a
slurry of orthoboric acid in a substantially norofic hydrocarbon medium to a
polyalkenyl succinimide in a substantially non-pedtydrocarbon medium to form a
reaction mixture, and heating said reaction mixturder conditions sufficient to
remove from the reaction mixture from about 0.&bout 1.2 moles of water of
reaction per mole of boric acid charged, whereid palyalkenyl succinimide is
derived from a reaction of a polyalkenyl succimglating agent derived from a
polyalkene having a number average molecular wéMh) of from about 700 to
about 1600 daltons and a polyamine or polyamindgurgxhaving, or having on
average, from about 5 to about 8 nitrogen atomsrméecule, the succinic to primary
amine stoichiometric ratio of said polyalkenyl smomide being no greater than
about 1.3.

2. The process of claim 1, wherein said polyalkesea number average

molecular weight (Mn) of from about 700 to aboubQ4laltons.

3. The process of claim 2, wherein said polyalkesea number average

molecular weight (Mn) of from about 800 to aboubQ2ialtons.

4. The process of claim 1, wherein said polyamingatyamine mixture has, or

has on average, from about 6 to about 7 nitrogemsper molecule.

5. The process of claim 1, wherein said polyalkesylcinimide has a succinic to

primary amine stoichiometric ratio of from abous o about 1.3.

6. The process of claim 5, wherein said polyalkesycinimide has a succinic to

primary amine stoichiometric ratio of from abou® @ about 1.12.
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7. The process of claim 16, wherein said polyalkesngcinimide has a succinic

to primary amine stoichiometric ratio of from ab@u® to about 1.1.

8. The process of claim 1, wherein said polyalkesylcinic acylating agent
from which said polyalkenyl succinimide is derivieas a functionality of from about
0.8 to about 1.8.

9. The process of claim 1, wherein said polyalkesylcinic acylating agent
from which said polyalkenyl succinimide is derivieas a functionality of from about
1.1 to about 1.6.

10.  The process of claim 1, wherein said slurrgrtiioboric acid is added to said
polyalkenyl succinimide in an amount resulting ibaon to nitrogen molar ratio of
from about 2:1 to about 5:1.

11.  The process of claim 10, wherein said slurrgrtioboric acid is added to
said polyalkenyl succinimide in an amount resulim@ boron to nitrogen molar ratio
of from about 2.5:1 to about 3.5:1.

12.  The process of claim 1, wherein said reactiodure is heated under
conditions sufficient to remove from the reactioixtore from about 0.9 to about 1.1

moles of water of reaction per mole of boric adidrged.

13.  The process of claim 12, wherein said reactiodiure is heated under
conditions sufficient to remove from the reactioixture about 1.0 moles of water of

reaction per mole of boric acid charged.

14.  The process of claim 1, wherein said reactiofiure is heated to a
temperature in the range of from about 125°C taiaB60°C for about 1 to about 5

hours.

15. A borated polyalkenyl succinimide dispersamhposition formed by the

process of claim 1.
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16. A borated polyalkenyl succinimide dispersamhposition formed by the

process of claim 10.

17. A borated polyalkenyl succinimide dispersamhposition formed by the

process of claim 12.

18. A borated polyalkenyl succinimide dispersamhposition formed by the

process of claim 14.

19. A borated polyalkenyl succinimide dispersamhposition comprising
polyalkenyl succinimide is derived from a reactadra polyalkenyl succinic acylating
agent derived from a polyalkene having a numberam@molecular weight (Mn) of
from about 700 to about 1600 daltons and a polyarairpolyamine mixture having,
or having on average, from about 5 to about 8 g&noatoms per molecule, and a
succinic to primary amine stoichiometric ratio of greater than about 1.3, wherein
said polyalkenyl succinimide dispersant has assettiherewith, boron, wherein said
the boron is associated primarily as cyclic metebacid moieties and the equivalents
of boron incorporated per equivalent of nitrogethi@ succinimide dispersant is

greater than about 2.

20.  The borated polyalkenyl succinimide dispersamposition of claim 19,
wherein said polyalkene has a number average nmaleweight (Mn) of from about
700 to about 1400 daltons.

21.  The borated polyalkenyl succinimide dispersamposition of claim 20,
wherein said polyalkene has a number average nmaleweight (Mn) of from about
800 to about 1250 daltons.

22.  The borated polyalkenyl succinimide dispersamposition of claim 19,
wherein said polyamine or polyamine mixture had)as on average, from about 6 to

about 7 nitrogen atoms per molecule.
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23.  The borated polyalkenyl succinimide dispersanmposition of claim 19,

wherein said polyalkenyl succinimide has a sucdimiprimary amine stoichiometric

ratio of from about 0.8 to about 1.3.

24.  The borated polyalkenyl succinimide dispersanmposition of claim 23,
wherein said polyalkenyl succinimide has a sucdimiprimary amine stoichiometric

ratio of from about 0.9 to about 1.12.

25.  The borated polyalkenyl succinimide dispersanmposition of claim 24,
wherein said polyalkenyl succinimide has a sucdimiprimary amine stoichiometric

ratio of from about 0.9 to about 1.1.

26.  The borated polyalkenyl succinimide dispersamposition of claim 19,
wherein said polyalkenyl succinic acylating ageanf which said polyalkenyl

succinimide is derived has a functionality of frafmout 0.8 to about 1.8.

27.  The borated polyalkenyl succinimide dispersamposition of claim 26,
wherein said polyalkenyl succinic acylating ageaotrf which said polyalkenyl

succinimide is derived has a functionality of fraimout 1.1 to about 1.6.

28. A borated polyalkenyl succinimide dispersamhposition of claim 19, having

a molar ratio of boron to nitrogen of from about:2.to about 5.0:1.

29. A borated polyalkenyl succinimide dispersamhposition of claim 28, having

a molar ratio of boron to nitrogen of from abou:2.to about 4.0:1.

30. A borated polyalkenyl succinimide dispersamhposition of claim 29, having

a molar ratio of boron to nitrogen of from abou:2.to about 3.5:1.

31. A borated polyalkenyl succinimide dispersamhposition of claim 19, having
a boron content of from about 1.0 mass% to ab&uirtass%, based on the total mass

of the composition.
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32. A borated polyalkenyl succinimide dispersamhposition of claim 31, having

a boron content of from about 1.5 mass% to abduéass%, based on the total mass

of the composition.

33. A borated polyalkenyl succinimide dispersamhposition of claim 32, having
a boron content of from about 2.0 mass% to abdubss%, based on the total mass

of the composition.

34. A borated polyalkenyl succinimide dispersamhposition of claim 19, having
a sediment content of less than about 0.3 vol%edas the total volume of the

composition.

35. A borated polyalkenyl succinimide dispersamhposition of claim 34, having
a sediment content of less than about 0.1 vol%edas the total volume of the

composition.

36. A borated polyalkenyl succinimide dispersamhposition of claim 19, having

a molar ratio of boron to theoretical basic nitnogé from about 3:1 to about 7:1.

37. A borated polyalkenyl succinimide dispersamhposition of claim 36, having

a molar ratio of boron to theoretical basic nitno@é from about 3.2:1 to about 6:1.

38. A borated polyalkenyl succinimide dispersamhposition of claim 19, having

a kinematic viscosity at 100°C of less than ab@@ @St.

39. A borated polyalkenyl succinimide dispersamhposition of claim 38, having

a kinematic viscosity at 100°C of less than ab@@ &St.

40. A borated polyalkenyl succinimide dispersamhposition of claim 19, having

an active ingredient content of greater than ahdunhass %.

41. A borated polyalkenyl succinimide dispersamhposition of claim 40, having

an active ingredient content of greater than albunass %.
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42. A lubricating oil composition comprising an amb of the borated
polyalkenyl succinimide dispersant composition laira 19 providing from about 20
to about 600 ppm of boron, based on the total mBsaid lubricating oil

composition.



