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10 BACKGROUND OF THE INVENTION
Borated lubricating oil additives of many types have been proposed for use in

lubrlcatmg oils. Principal among these are borated nitrogen-containing polymer
lubricating oil additives such as dispersants, which are typically prepared by reacting
a polymeric nitrogen-containing dispersant with a boronating agent, such as boric

15 acid. Conventional borated dispersants include borated polyisobuteny! succinimides
and borated Mannich base dispersants which are themselves prepared by borating a
Mannich base reaction product derived from polyalkyl-substituted phenols, aidehyde
and polyamine. : :

For example, when the nitrogen-containing dispersant comprises

20 polyisobutenyl succinimide, it can be reacted with boric acid; water is evoived and the-
resulting salt product is the borated polyalkene succinimide. However, the above
reactions also yield undesirable by-products, which are oil insoluble species which
are generally required to be removed from the borated lubricating oit additive before it

_ is either sold or incorporated into either fully formulated lubricating oils or into

25 concentrates (so-called "adpacks” which are concentrates containing a variety of
selected components). These oil insoluble species are detectable by adding solvent
(normally at a S50 volume % level) to the product and spinning the dilute product in a
centrifuge tube. These insoluble species are generally measured as a volume

_percent of the total graduated centrifuge. tube.
30 US 3,087,936 is directed to the preparation of a reaction product of an
. aliphatic olefin polymer succinic acid or.énhydride with an amine, followed by reacting

the resulting product with a boron compound, such as boric acid.
_ US 3,313,727 is directed to the preparation of stable dispersions of alkali metal
borates in lubricating oil wherein a hydrated alkali metal borate is admixed with an

35 emulsifying agent in an amount sufficient to maintain the borate particles as stable
dispersion. The particles are said to be aimost entirely less than 1 micron in size
and, for the most part, less than 0.5 microns. Suitable alkali metal borates are

iy



L

reactions also |eId'Dmﬂ%staﬂkaﬂhyhgﬁoducts whi ch are oil insoluble
speci e Wﬂb gene to be renoved fromthe borated

| ubricating ol addltl ei ther sold or jneerpeimsd

elther fuIIy formul ate u ric oil's or into cqnewdtydh

"adpacks" which are concentrates contai AeRg a variety of

conponents). These oil insoluble speC|es are detectatTe by addi ng sol vent

(nor ! | ot s WPl BFBbIRUE bl sdu in@ORNSIurA Rdyie) RSOt #Glibrére

product in a cen
measur ed hygratiopo| lﬂﬂ@trglecﬂtéewtsams wrél a%aﬁqenw &mrﬂlaud%% at aikﬁuge ammes can

3, 087, 93?|§Oqsb?|p;@§é qnyﬁb@@oraﬁggﬁbﬁgl on of a reaction product of an

allphatl p mer succihic acid or .anhydride wi.th an ami ne, followed
by reacting tt\ésﬁe(?ﬂﬁl Hagel ﬁfmofﬂﬂtarm'geﬁ K tmw‘ﬂbﬁﬁﬁ't'v%ﬁ'%afﬁ)rl c
aci d. USoBt?%g %7mi i arcﬁ B&oﬁfmﬂmh'a?ﬂalkiﬂeﬁb%lﬁarﬁir@l%rfém@ of
al kal 1 orates | rlcat elna al kal 1 netal

Dorat e | SiERGRHEAMANIAG SPAGHAN BTAdEkRhigS INeR CAmbIR Mtha,BercR cambognd
mai nt ai n féh@d&ﬁbﬁu trﬁ@bbrdﬂ @a‘mpsuﬁa hthethdirfitpegen-eontaltiingreattion product. sai d

{020, oL TR aSieS Tl {oRRR R AchpdBe o bl BB of B gl Bk Pt
lubricating o:l additive. The boron compounds which were said to be useful include

10  boron oxide, boron trifluoride; boron tribromide, boron trichloride and boric acid.
Examples in this patent illustrate the use of an unspecified powdered anhydric boric
acid, and filtering of the resulting boric reaction product.

US 4,419,387 is directed to preparation of a boric acid having improved
handling properties. The patentee discloses that in the manufacture of boric acid,

15 crystals of fine particle size (less than about 75 microns in size) are generally
separated from the product, since these fines are unsuitable for most customers due
to their dustiness and difficult handling properties. The patentee contacts boric acid
particles with gaseous ammonia to reduce the lubricity of the boric acid crystals. Use
of such reduced lubricity boric acid crystals in glass manufacture is disclosed. US

20 4,487,803 contains a similar disclosure.

US 4,578,086 is directed to a method for controlling boric acid particle size
distributions for boric acid crystallized from saturated aqueous feed solutions thereof.
It is disclosed that crystals in boric acid prepared from prior art processes generally
are of a mean particle size of about 190 to about 185 microns or less, and that this

25 mole size causes probiems with subsequent purification, handling and storage. The
patentee employs a water soluble acrylamide homopolymer or copolymer in the
aqueous solution from which the boric acid is crystallized in order to increase the
mean particle size of the crystal and boric acid.

US 4,801,404 is related to boric acid suspensions useful for biocide

30 components and wood preservatives and as fire retardant components for wood
treatments, which comprise concentratéd, finely dispersed suspensions of boric acid
and a small amount of soluble borate salt in an aqueous medium. The patentee
contrasts the patent's suspension with prior art highly concentrated to solutions of
boric acid and water soluble amines or polyamines, and points out that the amine

35 components interfere in many uses in that this component is additionally introduced
into the resulting mixtures to which the concentrated boric acid solution is applied.
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additive comprises:

10
(a) contacting a polymer-substituted, nitrogen- or ester-containing additive

in the presence of a solvent therefor, under boronating reaction conditions in a
reaction zone with particulate boric acid having a particie size distribution in
lubricating oil characterized by a ¢ value (hereinafter defined) of not greater than

15 about 450, and preferably less than 430 microns, wherein said ¢ value is the ratio of
said particies’' total spherical volume divided by said particles' total spherical external
surface area; wherein the total spherical volume is the sum of ali sphere volumes of
formula (4/3)N=d3 of each of a plurality of distribution segments and the total
spherical external surface is the sum of ail sphere surface areas of formula Nrd2 of

20 each said distribution segment; wherein for each said segment, N is the particle
volume percent of the segment and d is the average particle diameter; and

(b) recovering said borated additive.

25 In accordance with a preferred embodiment, a polyalkenyl-substituted
succinimide dispersant additive is contacted in lubricating oil with boric acid having
the above recited average particle size characteristics. A particularly preferred
product in accordance with the process of this invention is a borated oil soluble
polyisobutylene-substituted nitrogen- or ester-containing lubricating oil dispersant

30 additive. | o \

it has been found that borated lubricating oil additives can be formed with such
improved low sediment employing characteristics by the process of the present
invention, in contrast to the high sediment levels which result from the use of boric
acid particles having a ¢ value of greater than about 450. A useful determination of

35 volume corrected average particle diameter is referred to in a brochure, Brinkmann

Particle Size Analyzer, A Visible Difference in Size and Shape Analysis, Brinkmann
Instruments, inc., 1988; and a useful apparatus and method for such determination is
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10 with a long chain hydrocarbon-substituted reactant comprising at least one member

selected from the group consisting of:

(A) long chain hydrocarbons substituted with mono- or dicarboxylic acid,
anhydride or ester groups, or thiol ester;
15
(B) halogenated long chain hydrocarbons;

(C) mixtures of formaldehyde and a long chain hydrocarbyl-sqbstit'uted
phenol; and '
20
(D) mixtures of formaldehyde anhd a reaction product formed by reaction of
long chain hydrocarbons substituted with mono- or dicarboxylic acid, anhydride or
ester groups and an amino-substituted, optionally hydrocarbyl-substituted phenol.

25 Useful and preferred polymer dispersants are the ashiess, nitrogen or ester
containing dispersants disclosed in US 5,102,566 and the dispersants resulting from
the reaction of Koch functionalized polymers and derivatizing compounds (e.g.,
amines and alcohols) as disclosed in commonly assigned US Serial No. 992,403,
filed December 17, 1992 (Docket No. PT-941) entitled "Functionalization of Polymers
30 Based on Koch Chemistry and Derivatives Thereof." |
The homopolymers and copolymers useful in the present invention can be
conveniently characterized based on molecular weight range. Polymers and
copolymers of low, intermediate and high molecular weights can be prepared.
Low molecular weight polymers are considered to be polymers having a
35 number average molecular weight of less than 20,000, preferably from 500 to 5,000,
. more preferably from 1,000 to 5,000 and most preferably from 1,500 to 5,000. The
low moiecular weights are number average molecular vo}eights measured by vapor
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AMINE COMPOUND

10 The polymer-substituted nitrogen-containing additive employed in the present
invention is prepared by contacting a long chain hydrocarbon substituted reactant
with an amine compound containing at least two (e.g., from 2 to 20), preferably at
least 3 {e.g., from 3 to 15), and most preferably from 3 to 8, reactive nitrogen moieties
(that is, the total of the nitrogen-bonded H atoms) per molecule of the amine

15 compound. The amine compound will generally comprise at least one member
selected from the group consisting of ammonia, organic primary monoamines and
organic polyamines containing at least one primary amine group or at least two
secondary amine groups per molecule. Generally, the organic amines will contain
from about 2 to 60, preferably 2 to 40 (e.g., 3 to 20), total carbon atoms and about 2

20 to 12, preferably 3 to 12, and most preferably from 3 to 8 (e.g., 5 to 9) total nitrogen
atoms in the molecule. These amines may be hydrocarbyl amines or may be
hydrocarbyl amines including other groups, e.g., hydroxy groups, alkoxy groups,
amide groups, nitriles, imidazoline groups, and the like. Hydroxy amines with 1 to 6
hydroxy groups, preferably 1 to 3 hydroxy groups are particularly useful. Preferred

25 amines are aliphatic saturated amines. _

Non-limiting examples of suitable organic amine compounds include: 1,2-
diaminoethane; 1,3-diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane;
polyethylene amines such as diethylene triamine; triethylene tetramine; tetraethylene
pentamine, polypropylené amines such as 1,2-propyiene diamine; di-(1,2-

30 propylenejtriamine; di-(1,3-propylene) triamine; N,N-dimethyi-1 ,3-diaminopropane;
N,N-di-(2-aminoethyl} ethylene diamine; N,N-di(2-hydroxyethyl)-1,3-propyiene
diamine; 3-dodecyloxypropylamine; N-dodecyl-1,3-propane diamine; tris -
hydroxymethylaminomethane (THAM); diisopropanol amine; diethanol amine;
triethanol amine; mono-, di-, and tri-tallow amines; aminoc morpholines such as N-(3-

35 aminopropyl)morpholine; and mixtures thereof.

Useful amines also include polyoxyalkylene polyamines. The polyoxyalkylene
polyamines are preferably polyoxyalkylene diamines and polyoxyalkylene triamines,”
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det enoi nadiploa ﬁéta-ethylemcally unsaturated compound, e.g., by reacting polyethylene
amines (e.g., tetraethylene pentamine, pentaethylene hexamine, and the like),
polyoxyethylene and polyoxypropylene amines, e.g., polyoxypropylene diamine,
trismethylolaminomethane and pentaerythritol, and combinations thereof, with an
acrylate-type compound. Most preferably the acrylate-type reactant is selected from
15 the group consisting of lower alkyl alkyl-acrylates (e.q., methyl, ethyl, isopropyi,
propyl, isobutyl, n-butyl, tert-butyl, etc., esters of methacrylic acid, acrylic acid, and
the like).

Exemplary of such amido-amines are compounds of the formula:

20
NH2I(CH2)yNH],C(O)C2HAINH(CH2)uNH2
wherein u is an integer of frbm 1 to 10, and. v is an integer of from 2 to 6.
25 Most preferred as the amine compound are members selected from the group

consisting of ammonia and organic diprimary amines having from 2 to 12 carbon
atoms and from 2 to 8 nitrogen atoms per molecule. Examples of such preferred
organic di_primary amines are ethylene diamine, propylene diamine, diethylene
triamine, dipropylene triamine, friethylene tetramine, tripropylene tetramine,
30 tetraethylene pentamine, tetrapropylene pentamine, polyhexamethylene diamine,
phenyl diamine. -
Additional amines useful in the present invention are the ammo-amldo
polymers described in US 3,445,441.
Also useful are amine compounds referred to in commonly assigned US Serial
35 No. 992,871, filed December 17, 1992 (PT-91 5), "Amorphous Olefin Polymers,
Copolymers, Methods of Preparation and Derivatives Thereof."
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rono--or hog gl%rupocalnswtlng ofd (i) monounsaturated C4 to C4g dicarboxylic acid (preferably
wherein (a) the carboxyl groups are vicinyl, (i.e. located on adjacent carbon atoms)
and (b) at least one, preferably both, of said adjacent carbon atoms are part of said
| mono unsaturation); (ii) derivatives of (i) such as anhydrides or C4 to Cg alcohol
10  derived mono- or diesters of (i); (iii) monounsaturated C3 to C4g monocarboxylic acid
wherein the carbon-carbon double bond is conjugated to the carboxy group, i.e., of

the structure

- ’ O
15 o
-C=C-C- ;

and (iv) derivatives of (jii) such as C4 to Cg alcohol derived monoesters of (iii). Upon
reaction with the polymer, the monounsaturation of the monounsaturated carboxylic
20 reactant becomes saturated. Thus, for example, maleic anhydride becomes a
polymer substituted succinic anhydride, and acrylic acid becomes a polymer
substituted propionic acid. Also useful 4re the derivatives of the above acids with
thiol-containing compounds which can be analogs of the alcohols with S substituted
for 0. Preferred thiols include alkyl thiots including C4 to Cg5 and preferably C2 to Cs
25  aikyl thiols. '
- Typically, from about 0.7 to about 4.0 (e.g., 0.8 to 2.6), preferably from about
1.0 to about 2.0, and most preferably from about 1.1 to about 1.7 moles of said
monounsaturated carboxylic reactant are charged to the reactor per mole of polymer
charged.
30 Normally, not all of the polymer reacts with the monounsaturated carboxylic
reactant and the reaction mixture will contain non-acid substituted polymer. The
- polymer-substituted mono- or dicarboxylic acid material (aiso referred to herein as
“functionalized" polymer or polyolefin), non-acid substituted polyolefin, and any other
polymeric by-products, e.g. chlorinated polyolefin, {also referred to herein as
35 ‘“unfunctionalized" polymer) are collectively referred to herein as "product residue” or
"product mixture". The non-acid substituted polymer is typically not removed from the
reaction mixture (because such removal is difficult and would be commercially
infeasible) and the product mixture, stripped of any monounsaturated carboxylic
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Functlonahty is defined solely with reference to the resulting product mixture.

10  Although the amount of said reacted polymer contained in the resulting product
mixture can be subsequently modified, i.e., increased or decreased by techniques
known in the art, such modifications do not alter functionality as defined above. The
terms "polymer-substituted monocarboxylic acid material” and "polymer-substituted

_ dicarboxylic acid material" as used herein are intended to refer to the product mixture

15 whether it has undergone such modification or not.

Accordingly, the functionality of the polymer substituted mono- and
dicarboxylic acid material will be typically at ieast about 0.5, preferably at least about
0.8, and most preferably at least about 0.9 and will vary typically from about 0.5 to
about 2.8 (e.g., 0.6 to 2), preferably from about 0.8 to about 1.4, and most preferably

20 from about 0.9 to about 1.3.

Exemplary of such monounsaturated carboxylic reactants are fumaric acid,
itaconic acid, maleic acid, maleic anhydride, chloromaleic acid, chloromaleic
anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and Iower alkyl
(e.g., C1 to C4 alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl '

25 fumarate, methyl fumarate, etc. )

- Preferred olefin polymers for reaction with the monounsaturated carboxylic
reactants are polymers comprising a major molar amount of C2 to C1g, e.g. C2t0 Cg
monoolefin. Such olefins include ethylene, propylene, butylene, isobutylene,
pentene, octene-1, styrene, etc. The polymers can be homopolymers such as

30 polyisobutylene, as well as copolymers of two or more of such olefins such as
copolymers of: ethylene and propylene;- butylene and isobutylene; propylene and
isobutylene; etc. Mixtures of polymers prepared by polymerization of mixtures of
isobutylene, butene-1 and butene-2, e.g., polyisobutylene wherein up to about 40% of
the monomer units are derived from butene-1 and butene-2, is an exemptary, and

35 preferred, olefin polymer. Other copolymers include those in which a minor molar
amount of the copolymer monomers, e.g., 1 to 10 mole %, is a C4 to C4g non-
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The olefin polymers used in the formation of dispersant additives will have

number average molecularweights within the range of about 300 to 10,000, generally
from about 700 and about 5,000, preferably from about 1,000 to 4,000, more
preferably between about 1,300 and about 3,000. Particularly useful olefin polymers

10  have number average molecular weights within the range of about 1,500 and about .
3,000 with approximately one terminal double bond per polymer chain. An especially
useful starting material for highly potent dispersant additives useful in accordance
with this invention is polyisobutylene, wherein up to about 40% of the monomer units
are derived from butene-1 and/or butene-2. The number average molecular weight

15 for such polymers can be determined by several known techniques. A convenient
method for such determination is by gel permeation chromatography (GPC) which
additionally provides molecular weight distribution information, see W. W. Yau, J. J.
Kirkland and D. D. Bly, "Modern Size Exclusion Liquid Chromatography”, John Wiley
and Sons, New York, 1979.

20 The olefin polymers will generally have a molecular weight distribution (the
ratio of the weight average molecular weight to number average molecular weight, i.e.
M\/Mp) of from about 1.0 to 4.5, and more typically from about 1.5 to 3.0.

The polymer can be reacted with the monounsaturated carboxylic reactant by a
variety of methods. For example, the polymer can be first halogenated, chlorinated or

25 brominated to about 1 to 8 wt. %, preferably 3 to 7 wt. % chlorine, or bromine, based
on the weight of polymer, by passing the chiorine or bromine through the polymer at a
temperature of 60 to 250°C, preferably 110to 160°C, e.g., 120 to 140°C, for about
0.5 to 10, preferably 1 to 7 hours. The halogenated polymer may then be reacted
with sufficient monounsaturated carboxylic reactant at 100 to 250°C, usually about

30 180° to 235°C, for about 0.5 to 10, e.g., 3 to 8 hours, so the product obtained will

© contain the desired number of moles ofthe monounsaturated carboxylic reactant per
mole of the halogenated polymer. Processes of this general type are taught in US
3.087.436; 3,172,892; 3,272,746 and others. Alternatively, the polymer and the
- monounsaturated carboxylic reactant are mixed and heated while adding chlorine to

35 the hot material. Processes of this type are disclosed in US 3,215,707; 3,231,587;

3,912,764; 4,110,349; 4,234,435; and in UK 1,440,219.
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maleic anhydride as the unsaturated acid reactant, with decreased sediment. in the
event the polymer produced as described above contains greater than about 5 wt. %
of such a low molecular weight polymer fraction, the polymer can be first treated by
conventional means to remove the low molecular weight fraction to the desired level
15 prior to initiating the ene reaction, and preferably prior to contacting the polymer with
the selected unsaturated carboxylic reactant(s). For example, the polymer can be
heated, preferably with inert gas (e.g., nitrogen) stripping, at elevated temperature
under a reduced pressure to volatilize the low molecular weight polymer components
which can then be removed from the heat treatment vessel.
20 Other polymers which are useful in the present invention are the Koch
functionalized polymers disclosed in cdmmonly assigned US Serial No. 992,403,
referred to earlier. The Koch functionalized polymers are formed by contacting a
polymer composition comprising at least one polymer having at least one carbon-
carbon double bond (e.g., polyalkenes, ethyiene-alpha-.oleﬁn copolymers, and the .
25  like) with carbon monoxide or a suitable carbon monoxide source such as formic acid,
in the presence of an acidic catalyst. The catalyst has a Hammett Scale Value acidity
(Ho) of less than -7 in order to be sufficiently active, particularly to form nec
structures. Preferably the Hammett acidity of the catalyst is in the range of from -8 to
-11.5. Useful catalysts include HpSQ4, BF3, and HF. The catalyst causes a
30 carbenium ion to form at the point of unsaturation. The carbon monoxide reacts with
the carbenium ion forming an acylium-ion. Water or a hydroxy-containing compound
or a thiol containing compound can be added to react with the acylium cation to form
a carboxylic acid or a carboxylic ester/or a thiol ester. Preferably, the hydroxy-
containing compound or water is added in combination with the catalyst as a catalyst
35 complex. Preferred catalyst complexes include (BF3.H20) and (BF3. substituted |
phenols) with a most preferred catalyst complex being BF3.2,4-dichlorophenol.
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(B) Halogenated Long Chain Hydrocarbons

10 Also useful as long chain hydrocarbyl reactants to form the improved
dispersants of this invention are halogenated long chain aliphatic hydrocarbons (such
as shown in US 3,275,554, 3,438,757, 3,565,804 and 4,000,353) where the halogen
group on the halogenated hydrocarbon is displaced with the reactive amine
compound in the subsequent reaction therewith. For example, a polymer of a C2 to

15 Cg monoolefin, e.g., polyethylene, polypropylene or polyisobutylene, wherein the
polymer has an average molecular weight within the range of from 600 to about
3,000, preferably from about 800 to about 2,500, is halogenated with either bromine

- or chlorine; preferably the latter. The halogen may be conveniently added as

gaseous chloride, liquid bromine, or a hydrohalogen, e.g., HCI or HBr gas.

20 The amount of halogen introduced will depend on the particular hydrocarbon
used, the desired amount of amine to be introduced into the molecutle, the particular
alkylene amine used, and the halogen used. The amount of halogen introduced will
generally be in the range of from about 1 to 5 halogen atoms per molecule,
depending on the reactivity of the resulting halide. On a weight percent basis, the

25  amount of halide will generally range from about 1 to 25, more usually from about 1-to
10.

The halogenation step may be conducted in the temperaturé range of from
about ordinary ambient temperatures to about 120°C. To aid in the halogenation
step, the polymer may be dissolved in a suitable solvent, such as carbon

30 tetrachioride, in order to lower the viscosity of the polymer, although the use of such a
solvent is not necessary. -

The time required for halogenation may be vaned to some extent by the rate at
which the halogen is introduced. Ordinarily from about 2 to about 5 hours is a
satisfactory halogenation period. In a representative plant scale operation involving

35 the chlorination of polyisobutylene of 830 molecular weighi a 100-pound batch will be
chlorinated with 10 pounds of chlorine introduced into the reactor over a penod of 3
1/2 hours with a chlorination temperature of about 120°C.
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pol yhexatempsrature rangeiisifrom 115° to 135°C. Depending on the temperature of the
10 reaction, the particular halogen used, the mole ratios and the particular amine, as
well as the reactant concentrations, the time may vary from 1 to 24 hours, more
usually from about 3 to 20 hours. '

The mole ratio of halohydrocarbon to amine compound will generally be-in the
range from about 0.2 to 10 moles of amine compound per mole of halohydrocarbon,

15 more usually 0.5 to 5 moles of amine compound per mole of halohydrocarbon. The
mole ratio will depend upon the amount of halogen present in the halohydrocarbon,
the particular halogen and the desired ratio of hydrocarbon to amine compound.

Small amounts of residual halogen in the final composition are not deleterious.
Generally, the residual halogen, as bound halogen, will be in the range of 0 to 10 wt.

20 % of the composition. Small amounts of halogen may be present as the hydrohalide
salt of the hydrocarbon substituted alkyléene polyamines.

Generally, the hydrocarbons used will have aliphatic unsaturation. In
particular instances, the amines may react in a way resulting in the elimination of
hydrogen halide, introducing further aliphatic unsaturation into the hydrocarbon

25 radical: However, the olefinic unsaturation does not significantly affect the utility of
the product, and when available, saturated aliphatic halide may be used.

(C) Mixtures of Formaidehyde and Long Chain Hydrocarbon Substituted Phenol
Another class of long chain hydrocarbyl reactants to form the improved

30 dispersants of this invention are any of the long chain hydrocarbyl-substituted
hydroxy aromatic compounds which are known in the art as useful for forming
Mannich condensation products. Such Mannich condensation products generally are
prepared by condensing about 1 mole of a high molecular weight hydrocarbyl
substituted hydroxy aromatic compound (e.g., having a number average molecular

35 weight of 700 or greater) with about-1 to 2.5 moles of an aldehyde such as
formaldehyde or paraformaldehyde and about 0.5 to 2 moles of the reactive amine
compound, using the condensation coriditions as disclosed, e.g., in US 3,442,808;
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contemplated for use in the present invention include, but are not limited to, 2-
polypropylene phenol, 3-polypropylene phenol, 4-polypropylene phenol, 2-
polybutylene phenol, 3-polyisobutylene phenol, 4-polyisobutylene phenol, 4-
polyisobutylene-2-chiorophenol, 4-polyisobutylene-2-methyiphenol, and the like.

10
(D) Mannich Base Condensation Products
Still another class of long chain hydrocarbyl reactants to form the improved
dispersants of this invention are the Mannich base aminophenol-type condensation
products as they are known in the art. Such Mannich condensation products
15 generally are prepared by reacting about 1 mole of long chain hydrocarbon
substituted mono and dicarboxylic acids or their anhydrides (e.g., polyisobutylene-
substituted succinic anhydride) with an about 1 mole of amine-substituted hydroxy
- aromatic compound (e.g., aminophenol), which aromatic compound can also be
halogen- or hydrocarbyl-substituted, to form a long chain hydrocarbon substituted
20 amide or imide-containing phenol intermediate adduct (generally having a number
average molecular weight of 700 or gregter), and condensing about a molar '
proportion of the long chain hydrocarbon substituted amide- or imide-containing
phenol intermediate adduct with about 1 to 2.5 moles of formaldehyde and about 0. 5
to 2 moles of the second adduct of this invention.
25 The preparation and use of the hydroxy aromatic compounds and amino-
substituted hydroxy aromatic compounds, and methods useful for reaction thereof
with an aldehyde and the selected amine or alcohol are as described in US 4,820,432
and 4,828,742.
The selected reactwe amine compound {e.g., an alkylene polyamlne) is readily
30 reacted with the selected polymer substituted with mono- or dicarboxylic acid,
anhydride (e.g., alkeny! succinic anhydride), ester, or thiol ester by heating an oil
solution containing 5 to 95 wt.% of the polymer substituted dicarboxylic acid material
to about 100 to 250°C., preferably 125 to 175°C., generally for 1 to 10, e.g., 2t0 6
hours until the desired amount of water is removed. The heating is preferably carried
35 out to favor formation of imides and/or amides, rather than salts. Generally from 1 to
5, preferably from about 1.5 to 3 moles of mono- or dicarboxylic acid moiety content
(e.g., grafted maleic anhydride or graftéd acrylic acid content) is used per reactive
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- the presence of a mineral or synthetic lubricating oil.

10 The ester-containing dispersant additive employed in this invention can be
derived by reacting the aforesaid long chain hydrocarbon substituted mono- or
dicarboxylic acid material and one or more hydroxy compounds such as monohydric
and polyhydric alcohols or aromatic compounds such as phenols and naphthols, etc.
The polyhydric alcohols are the most preferred hydroxy compound and preferably

15 contain from 2 to about 10 hydroxy radicals, for example, ethylene glycol, diethylene
glycaol, triethylene glycol, tetraethylene glycol, dipropylene glycol, and other alkylene
glycols in which the alkylene radical contains from 2 to about 8 carbon atoms.

The ester dispersant may also be derived from unsaturated alcohols, ether
alcohols, and amino alcohols. .

20 The ester dispersant may be di-esters of succinic acids or acidic esters, i.e.,
partially esterified succinic acids; as well as partially esterified polyhydric alcohols or
phenols, i.e., esters having free alcohols or phenolic hydroxyl radicals. Mixtures of '
the above illustrated esters likewise are contemplated within the scope of this
invention.

25 The ester dispersant may be prepared by one of several known methods as
illustrated for example in US 3,381,022.

Hydroxyamines can also be reacted with the aforesaid long chain hydrocarbon
substituted dicarboxylic acid materials to form dispersants;
Preferred in the present invention are polymer-substituted nitrogen-containing

30 dispersant additives. Most preferred are polyisobutenyl succinimide dispersants.
Boric Acid

Boric acid which is charged to the boration reaction zone in the process. of the
present invention is preferably substantially anhydrous, and will generally contain

35 less than about 0.2 wt.% of water, preferably from about 0.1 to 0.2 wt.% water. The
particles of boric acid can be characterized by a ¢ value of not greater than about 450



reactant and the re t'oq I xture will contain non-acid substituted

pol ymer .whhaBaky mer - a3 BesAReplased o di carboxylic acid (al so
referred to ﬁerein ai

substituted pol yol efi er polymeric by-products, e.g.

terial
Iffred” pol yner or polyol efi rﬁ&‘%ilﬂﬂ“d
chlorinated polyolefin, (also referred.yg.herein as "unf ”mlk'%%%‘ri# UII;EEN
Eﬁ.'A(fE%

polyner) are collectively referred to herein as "productf resi
"product m xture". The non-acid substituted polynmer is t,yE‘u Cat-Hy—Ret
removed (Er@nivpicallydeemi ahouti2000p 450he2n pESTtRNY Nehetaater H1am 399uA30 and

woul d beec@MBBOGH A30Y. SMARS g MUeSBEfL pRAeiregduct m xture, stripped of any
nonounsat ur at

W th the am nihep Vs ie Used LG HBEanHEYENToR i he BrtpREner ot Bereah,

Char act la_ro‘lmtei aocupied by bavieramik parictes incsyntinétés oppetmleammsii typizatiy a he

react ol fHI R pbith ey ol ba3E SIGGl 5 1 | ialonrittodTBred B W Pan |

f unct i oragid particias wetteddy petivieum basestoch. (dius pargmeter ke dhis caiculatede

saponi f i Whii??uf I&'Iéﬁ%"t ﬁtir%i;gafaeﬁr%fdé%ﬂ%dﬂﬂhkﬁbﬁhtﬁaﬁti%' Side HHalyZdrum
010 (

hyd i de; t he er rage L.
yaroxi b‘/alodg1 anufactured by égﬁa ?r?struments of Israel). The description of the

method of obtaining data, the particle size analyzer and statistical treatment of the
10 data is presented in the Brinkmann brochure and operating manual referred to above.
Such data is provided as probability volume particle population density (percent
ranges). '
Generally, the Brinkmann particle size analyzer operates as follows. A particle
flows through a ring or cylinder of monochromatic light and interrupts the beam. if the
15 particle passes through the beam cleanly, the diameter measurement is accepted. If
it passes through the beam partially, it is rejected. Diameter is calculated based on
the particle's velocity. Particles are assumed to be spherical, but an aspect ratio, the
“ratio of the length to the width, can be inputted to correct for non-spherical shapes. A
microscopic video camera is built in to verify spherical geometry of the sample. In all
20 cases, the boric acid particles detected closely approximated spheres. Sample
concentration is important. Samples with too high a concentration give noisy signals
and excessive rejection rate of particles. Samples which are too dilute give
excessively long acquisition times and possibly non-representative population
sampling. The rate slurry or suspension is pumped through the flow cell and, based
25 - upon desired input population size to the machine, the analyzer will continue to count
accepted particles until the desired population size is achieved. The machine can
also be programmed to take multiple acquisitions to accumulate a more statistically
significant population size. The raw number data is accumulated and normalized to
give as the output a particle size distribution in terms of the volume, area and/or
30 actual number of particles. The data can be provided in the form of a volume
+ distribution table in which the volume percent of particles is presented for each of a
plurality of particle size distribution segments spanning the particle size range.
The preferred instrument (Brinkmann 2010, Particle Size Analyzer) uses a
focused scanning-laser spot and a simple time-domain analysis (time of transition) to
35 measure particle diameters precisely, from 0.5 to 1200 u. The range can vary for
- smaller particles. In accordance with the boric acid of the present invention, the
particle size range employed is from 5 to 800 y. The time-of-transition principle



mol ecul ar wei ght of the polyner char usi ng techni ques well known in the
ged

art. Fungld epahid v j B vmth reference to the resultin
product m xturlé‘l.izt AIthi) of said reacted p 4#93{]2% in
the resulting product| subsequent |y nodi[f THES SHEET. HAS Beg¢dsed

or decreased by techni ques known in thel@rt, such modi if | cat RERkACED not
alter functionality as defined above. The terns "pol yner-substituted

monocar bﬁgﬁgs tﬁagﬁhgn L Erirfihg | an’g[ég : 38 SN LS Fikby V@ﬂ)cﬂy Sﬁ‘)r i8Qr¥hdireador

mat eri al as us hereln are | uct,, m xt

Whet her th 1@ (0idakes o SR AMISISR ! Y JHariide: tasuStancage) o Paticle

funct i ongibireterodarnt be caiduyated. substi tuted nono- and di carboxylic acid
material will be typically at |east about 0.5, preferably at |east about

0.8, and nost preferably at |east about 0.9 and will vary typically from
aboutS 0.5 to about 2.8 (e.g., 0.6 to¥2%t préferably from about 0.8 to about
1.4, and nost preferably fromabout 0.9 to about 1.3. Exenplary of such

t t '
ol ot ot . AHENESKU hea PSR & 4Py *‘“’hﬁdsé?ﬁﬁ’sﬁf%ﬁa °§?
acrylic theiheamet aaz,qn;tara veitiGity, ereating; 2 600 iHdiamaterssanning aircign 'TQ)
al kyl ( epassesGhfdugh é@m@fdébb e@lbiédtt)leaéﬂéétnﬁgta?ﬂ 2 ;@f'sadwfdoaseacwmﬁn tite 9.

et hlyd ngalr% alte (‘,elfet cal piane ‘théTFasQa\/lspoP %ﬁ%% ﬁmg circle define the
measuring zone.

The rotating beam continues through the sample cell and falls on a PIN
photodiode that measures the beam's intensity. A particle moving through the
measuring zone interrupts the beam, causing an interactive pulse or "shadow" on the

15 photodiode. The duration time (t) of interaction coupled with the rotational speed (v)
of the prism (and beam) sets up the equation for the measurement of the distance (d).
Each time of transition is directly mapped to its corresponding diameter. The rapid
speed of the moving beam renders particles "stationary", eliminating sources of error
due to particle movement. Signals from an out-of-focus or off-center interaction can

20 create statistical errors. The time from the beginning of an interaction to the point of
darkest occlusion of light (rise time) is measured. The time it takes the beam to cross
the chord of the particle (time of transition) is measured.

Out-of-focus or off-center interactions generate rise times that are too Iong in
praportion to the particle diameter. Using an algorithm based on the overall pulse

25  signature with normalized rise-time criteria, each interaction is accepted or rejected.
Only data from accepted signals are filed for analysis. :

As noted earlier, the particle size data can be presented in terms-of the
number, area and volume of particles in each of a plurality of particie size distribution
segments spanning the particle size range. Preferably, the particle size data is

30 determined as a normalized volume distribution; i.e., the volume percent of the
particles in the boric acid sample which fall within each of the particle size distribution

- segments. The parameter ¢ is based upon this normalized volume distribution and is
arrived at by:

35 (1)  assigning the average particle diameter in each of the distribution
segments reported by the Brinkmann Particle Size Analyzer (for example, 5 microns
is the average diameter for the distribution segment covering particle sizes in the
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{3) summing the sphere volumes for all the segments to obtain the total
spherical volume;
10
(4)  summing the sphere areas for all the segments to obtain the total
spherical external surface; and

(6) dividing the total spherical volume by the total spherical external surface
15 to obtain the ¢ value.

The sphere volume and sphere surface area of a distribution segment are
defined by the following equations:

20 : Sphere volume = (4/3)Nnd3 (1)
Sphere surface area = Nnd2 (2)

wherein d is the average particle diameter of the segment and N is the measured
25 particle volume percent of the segment.
The distribution segments employed for calculating ¢ cover particles ranging in
size from 5 to 600 microns. The distribution segments are 4-6,6-8,8-10,10 - 14,
14 - 20, 20 - 30, 30 - 40, 40 - 50, 50 - 60, 60 - 70, 70 - 80, 80 - 90, 90 - 100, 100 -
180, 150 - 200, 200 - 300, 300 - 400, 400 - 500, and 500 - 600 microns.
30 Accordingly, the parameter ¢ can be defined in terms of equation (3) following:

total spherical volume %; (4/3)Njxd;3
$ = =

total spherical surface area I Nindiz

35
wherein, for each of a plurality of distribution segments defining a particle size range,
d; is the average particle diameter for the ith distribution segment; N; is the particle



an et hyl ene-propyl ene copol yner nade by a Ziegler-Natta synthesis using
hydr oge deraﬂﬁerhteOHas(m&fotblaml ecul ar wei ght. The oI efin ner s
used in ¥E !4?18 é@é’gf

rrratlon addltlves wi Il have nunB&T
nol ecul ar wei ghts Wlt f about 300 to 10, O0@Qw-generally from
about 700 and about 5, ly £n1@m about 1, 000 toTHISOSHEEThMA:eBEEN
preferably between about 1 300 and about 3, 000. Partlcul ar | y REBLACED| ef i 1

1550 ;ﬁ@gﬁﬂ%ﬁé‘%ﬁﬁsr'ﬁgﬁﬁﬁf‘*t’i%#aﬁaéa%*g%"ﬁér el B08Cabing P

pol ymer segmentsAThesdistribution segrmentsd ase thengegmests @eﬁneﬂr mrihgmrsicwﬂc nt
di spersaﬁ%ral%g# |ves useful in accordance with this invention is
pol yi sobut'ylFe wherein up to about 40% of the nononer units are derived

fr om but ene- 1Asishouid beicleas from equation ) the ¢ pagemeterdas the digregstons@if such
Pol YTEI Siehighh %, %E&B%){Eﬁhb@’a eAloltifi8 ReioRfdbaiiEte difnfagyeni ent et hod

for such m'nat1 on permeati on graphy ( C) whi_ch
addi t i on@pnyeqent| yd&@ |Sa$ermtwgﬁp angtmmrﬁdﬁﬂeﬁﬂsomrqsﬁnce@é W W

o oJe 98 s PocBleding borb o Splr Shssisgnb intlonsr
will geng?‘?lﬁ'l‘%'t PXQ'E?‘Q‘% OJrat'RB @mb'&ﬁa%'ﬂpl%kﬁ‘%‘aﬁ"?ﬁ fn Pgtq%{?cqujgﬁgh
wei ght apresegee of large|particles aig. t S0 toHRE microna)in thel karid acidempibyed, the
10 ¢ parameter is a useful means for screening and/or identifying boric acid materials
which can minimize sediment formation. Accordingly, the improved iow sediment
process of the invention employs boric acid having a ¢ value of not greater than about
450. :

Boric acid samples can of course contain particles having diameters less than
15 5 microns and/or greater than 600 microns. For the purpose of calculating ¢, boric
acid particles less than 5 microns in diameter are ignored because of their relatively
insignificant impact on per cent volume measurements. Thus, the Brinkmann Particle
- Size Analyzer is programmed not to measure their diameters and the particles are not
included in the particle size distribution. On the other hand, boric acid particles
20 having diameters greater than 600 microns can be included in the determination of ¢.
if the sample contains particle sizes greater than 600 microns, the sample is
processed to separate the large-sized particles prior to the size analysis. The size
analysis is then conducted using the Brinkmann analyzer, or other instrument or
technique providing an equivalent analysis, only on the portion of the sample
25 containing particle sizes less than 600 microns. The resulting particle distribution is
then adjusted to account for the particles greater than 600 microns before calculating
the ¢ value.
A preferred method for calculating the ¢ value of boric acid samples containing
particle sizes greater than 600 microns is the following: The dry boric acid (i.e., no
30 more than about 0.2 wt. % water) is passed through a 40 mesh sieve to selectively
remove particle sizes greater than 600-microns. The particles passing through the
sieve are then prepared for analysis (e.g., slurried in oil). The wt. % of particles
retained by the sieve is determined. It is then assumed that all of the retained
particles have a particle size of 600 microns, and the distribution obtained by the
35 analysis is mathematically adjusted to take the sieve-retained particles into account.
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type of oil is not critical and can be petroleum base stock or synthetic oil.
It is preferred to analyze boric acid particle size in the presence of a lubricating
10 oil basestock. It has been found there is good visual evidence for the phenomenon of
particle agglomeration: that is, smaller particies have an affinity for larger particies
because of the interparticle hydrogen bonding enhanced by the surrounding non-
polar solution which repels the boric acid. Therefore, methods of analysis that rely on
dry boric acid (for example, methods which rely on particle size distributions by
15 fluidizing the boric acid in gas streams and passing it through a particle detection
system) do not correlate well with such oil-slurry methods of analysis. Slurrying the
boric acid in oil gives a more accurate characterization of the particle distribution,
where, as here, the oil can be the actual reaction solvent. Particle aggiomeration can
o occur at different distributions particularly those having mixtures of fine and large
20 particles.

Boration Reaction
The selected nitrogen- or ester-containing or metal salt or complex containing
dispersant additive and particulate boric acid can be charged separately or in
25 combination to a reaction zone, and the process of the present invention can be
carried out in a continuous, semicontinuous or batchwise process. Any conventional
apparatus may be employed, and stirred tank reactors and tubular reactors are
preferred.
The boration reactlon can be carried out in the presence of a solvent or inert
30 diluent for the nitrogen- or ester-containing dispersant. Suitable soivents and inert
diluents include mineral lubricating oils; hydrocarbon solvents (e.g., zylene, toluene,
benzene, ethylbenzene, and the like), and synthetic oils. Mineral lubricating oils are
preferred. Excess liquid polymer can be a co-solvent. Useful oils are described in
U.S. Serial No. 892,871, filed December 17, 1992, (PT-915) referred to above.
35 The amount of the particulate boric acid charged to the reaction zone can vary
widely. Generally, the particulate bonc acid will be charged to the boration reactlon
zone in an amount of from about 0.35 to 5 parts by weight, preferably from about
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10 The addition of boric acid above stoichiometric ratio is considered to be
overboration. This process is particularly adaptable to accomplishing "high boron” or
"overboration". '

A wide variety of temperature and other reaction conditions can be employed
in the boration reaction zone. Generally, a temperature of from about 100 to 170°C,

15  preferably from about 110 to 150°C, and more preferably from about 125 to 135°C,
will be employed. The pressure in the boration reaction zone can be atmospheric,
sub-atmospheric or super-atmospheric. Atmospheric pressures are preferred. A
useful pressure range is from 0 to 7000 kPa.

In order to avoid undesired side reactions, the boration reaction zone is

20 preferably purged with nitrogen or other inert gas to exclude air and oxygen gas from
above the surface of the liquid reaction medium. However, this is not essential, and
good results can be obtained in the presence of air. While the boration reaction can
be conducted in air, it is preferred to use an inert atmosphere to prevent oxidation of
the basestock.

25 Experimental results indicate that it is preferred not to strip water off before the
reaction. Removal of too much water can lead to boric acid dehydration. Generally,
it is preferred not to strip out water before or after reaction.

The selected nitrogen-containing or ester-containing dispersant and particulate
boric acid can be charged to the boration reaction zone in any order. Generally, for

30 ease of handling of the reactants, it is preferred that the nitrogen-containing or ester-
containing dispersant, and any solvent-or inert diluent, be first charged to the boration
reaction vessel (for example, a stirred tank vessel), followed by addition of the
particulate boric acid to the liquid reaction medium with stirring.

Stirring of a stirred tank vessel can be accomplished by any conventional

35 means, and the degree of mixing will depend upon the density and viscosity of the
liquid reaction medium, the size of the liquid reaction medium, and the stirred tank,
the degree of baffling within the stirredtank vessel, the rate of addition (and the
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external heat exchanger and then returned to the reaction liquid for temperature
control, and other conventional means.

in the preferred embodiment, commercial granular boric acid particles, typicaliy
having average particle size greater than 1200 (¢ > 1200), are mechanically

15 reduced by either a wet milling or dry milling technique. Dry milling is preferred. The
preferred dry milling is fluidized jet milling. The jet mill fluidized particle bed causes
the interaction of the fluidized particles. The particle size is thereby reduced to the
ranges useful in the present invention. The milled particles are mixed with from 50 to
80 % by weight of oil to form a slurry. The slurry can be reacted as recited above.

20 Following the completion of the desired reaction time, the low sediment
borated dispersant product can be withdrawn from the boration reaction zone and
employed directly in the formulation of lubricating oil concentrates and/or fully
formulated lubricating oils. The borated dispersants of the present invention are
characterized and provide low sediment level. Generally, the borated products of the

25 present invention will contain sediment in an amount less than 0.03 vol.%, preferably
less than 0.025 (e.g., from about trace to 0.03 vol.%), more preferably less than about
0.02 vol.% (e.g., from about trace to 0.02 vol.%). A modified ASTM (77-073) test,
using heptane solvent) also referred to as a BS&W (Boron Sediment and Water)
centrifuge procedure can be used to measure the amount of sediment.

30 The borated additives produced by the process of the invention contain boron

" in an amount effective for their normal fanction. Typically the additives contain up to
about 5 wt. % boron, preferably 0.05 to 2.0 wt. % boron (e.g., 0.05 to 0.7 wt. %),
based on the total weight of the borated additive.

The borated dispersant or multifunctional viscosity index improver can be used

35 in a wide variety of lubricating oils.
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additives of this invention are used in normally liquid petroleum fuels such as middle
distillates boiling from about 65 to 430°C, including kerosene, diesel fuels, home
10  heating fuel oil, jet fuels, etc., a concentration of the additives in the fuel in the range
of typically from about 0.001 to about 0.5, and preferably 0.005 to about 0.15 wt. %,
based on the total weight of the composition, will usually be employed.
The additives of the present invention find their primary utility in lubricating oil
compositions which employ a base oil in which the additives are dissolved or
15 dispersed therein. The base oils are ails of lubricating viscosity and may be natural
oils (e.g., liquid petroleum oils) or synthetic oils (e.g., hydrocarbon oils such as
polybutylenes, end-group modified alkylene oxide polymers and copolymers such as
diethyl ether of polypropyiene glycol, polyol esters, and the like) or mixtures thereof.
The additives of the present invention, particularly those adapted for use as
20 dispersants or viscosity modifiers, can be incorporated into a lubricating oil in any
convenient way. Thus, they can be added directly to the oil by dispersing or
dissolving the same in the oil at the desired level of concentrations of the additive.
Alternatively, the additives can be blended with a suitable oil-soluble solvent and
base oil to form a concentrate, and the concentrate can then be biended with a
25  lubricating oil basestock to obtain the final formulation. Such dispersant concentrates
will contain, on an active ingredient (Al) basis, from about 10 to about 80 wt. %,
typically about 20 to about 60 wt. %, and preferably from about 40 to about 50 wt. %,
additive, and typically from about 40 to 80 wt. %, preferably from about 40 to 60 wt.
%, base oil, i.e., hydrocarbon oil based on the concentrate weight.
30 The additives of the present invention may be mixed with other types of
conventional additives, each selected to perform at least one desired function.
Among the other additives which may be in the lubricating oil formulation are metal
containing detergent/inhibitors, viscosity index improvers and anti-wear agents. The
metal detergent/inhibitofs are generally basic or overbased alkali or alkaline earth
35 . metal salts or mixtures thereof, (e.g:, mixtures of Ca and Mg salts) of one or more
organic acids (e.g., sulfonates, naphthenates, phenates and the like). Viscosity index
improvers (i.e., viscosity modifiers) are generally hydrocarbon polymers or polyesters,
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attendant function. In such compositions, the additives of the present invention are
10 generally employed (e.g., as a dispersant additive) in an amount of 0.1 to 20 wt. %,
preferably 0.1 to 6 wt. %, based upon the total weight of the composition.
~ The improved process of this invention can be further illustrated by reference

to the following examples, wherein parts are by weight uniess otherwise indicated.
15 EXAMPLES

PIBSA-PAM
' Unless otherwise indicated, Examples and Comparative Examples used the
following general procedure to make polyisobutylene succinimide (PIBSA-PAM).

20 A polyisobutylene succinic anhydride (PIBSA) of known composition, SAP
number = 37, BS&W sediment = 0.004 voTume_%,‘ 625 grams of PIBSA was charged
to a round bottom reaction flask. To that PIBSA, 95.9 parts of a neutral 150 weight
petroleum basestock was added. The reactor had a "haif moon" or crescent shaped
agitator blade coupled with an electric drive variable speed motor with a digital

25 . readout in revolutions per minute. The desired speed was programmed into the drive
unit and the motor maintained this RPM during the reaction. This was 150 RPM
unless otherwise indicated. An electric heating mantie was attached to the bottom of ‘
the reactor and via either a thermocouple or mercury thermometer/optical switch
arrangement, a signal was sent to a temperature controller which in turn varied the

30 voltage to the heating mantie. A desired setpoint was entered or set on the controi

- mechanism. The reaction mixture was maintained at all times under a nitrogen
blanket to prevent oxidation of the neutral basestock oil diluent at high temperatures.
The temperature controlier was set at 128°C and when the reaction mass was at
about 40°C, the agitator drive was set to the specified RPM which was varied for

35 individual experiments. Once the reaction mass had reached 128°C, the polyamine

' (PAM) addition began. Using a graduated dropping funnel with a sidearm, 21.6
grams of PAM was charged to the funnel. PAM was charged to the reaction mass in ~
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~ Boration of PIBSA-PAM
Unless otherwise indicated, the following procedure was used to borate the
10 - PIBSA-PAM. |
The reaction then entered the boration phase. A boric acid slurry was
~ prepared by either using a commercially available boric acid or subjecting an
available boric acid to a wét or dry milling technique to reduce the particle size. Then
a neutral basestock was added either to the resulting dry milled powder, the
15 commercially available dry boric acid, or milled boric acid paste to form a desired
weight percent of boric acid slurry in oil. This slurry was charged into four small
addition beakers which were each contained to 25% by weight of the total desired
mass. At the conclusion of a 30 min. soak period the reactor was maintained at
128°C and the first addition of boric acid was added to the mixture. One half hour
20 later, the second addition was added and the reactor then allowed to soak an
additional 30 min. This procedure was repeated until all of the boric acid was
consumed. The reactor was allowed to soak an additional hour after the last addition
of boric acid under a nitrogen blanket or seep. The product was then ready for use.

25 Example 1
The above described PIBSA-PAM was borated using the low temperature -

amination boration process described in detail. A dry milied boric acid was provided

by a manufacturer using their own internal proprietary methods. This milled boric

acid was then slurried in a petroleum basestock and used to borate the PIBSA-PAM
30 in the manner described above. 11.6 grams of boric acid slurry was added to the

- 66.0 gram feedstock to form a 15 wt. %-boric acid in oil compound. A particle size

measurement was taken of the slurry as well. As shown in Table I, this resulted in a

measured ¢ of 327 for the starting boric'acid. The BS&W sediment level of the

resulting product was 0.016 volume %. The reaction temperatures and the results
35 are also reported in Table Il.
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significantly affect the utility of the product, and when avail abl e,

sat ur at eg al i Ehati;?_: hal i gg‘ﬁay be used. (C) M xtures of Fornmal dehyde and
Long Chat ' stituted Phenol Another class of |ong chain
hydrocar byl rHsecéandard ow températureramimation boration process described above
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30

(except a resin kettle or U-shaped reactor was used instead of a round bottom
reaction flask) was conducted using the particulate boric acid described in Table Il
The reactor agitators in both the amination reactor and boration reactor were
operated at 800 rpm. The results are presepted in Table Il

Comparative Example 6
The standard low temperature amination boration process described in detail

above was conducted using the particulate boric acid described in Table Il, which
also present the results.

Example 7
A spherical vessel is charged with 863.1 grams of 2200 MW-based PIBSA and

S150N base oil and heated to 115°C. To that mass, 23.7 grams of polyamine is
added over a one hour time period. The material is stripped with nitrogen for one half
hour and the mass is then heated to a temperature of 149°C. To this reaction mass is
added a milled suspension of boric acid. The milling was accomplished in a separate
vessel by adding solid boric acid to oil and maintaining it at 100°C under high shear
conditions for over an hour. The milled boric acid had a ¢ of 415. 78.3 grams of this
slurry at 15% solids was added over a one hour period and the resulting product
stripped with nitrogen at reaction temperature for one hour. The reactor was sampled
and some of the raw product was added.to 50 mi of heptane in a BS&W tube. The

* tube was spun at 1800 rpm in a centrifuge for a period of one hour. The resulting

35

sediment product on the bottom was measured as volume percent of the total tube
volume and doubled to correct for the solvent dilution effect. A sediment level of
0.016 vol. % resulted with a filtered boron content of 0.25% and an ASTM D-1500
color of 2.0 at a 15% weight dilution in white oil.
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di spersants of this invention are any of the long chain

hydr ocar | t THisciedt tic conpounds which are known in the
art as ug)eq?ﬁ?ﬁpgi wﬁﬁmm

ondensati on products. SudiCTHSA1314
condensati on product prepared by condensing about 1 nole of

a hi gh nol ecul ar wei g ydrocar byl subsgg¢ituted hydroxy Aren®bEHSEE AP @ERN
(e.g., having a nunber average nol ecul ar wei ght of 700 of greatgpLacebth

about 1 to 2.5 nDIes of an al dehyde such as fornmal dehyde ™ or
par af or neiiieR B8 0.5 to 2 noles of the reactive anine conpound,

usi ng the orrnw edcess ctrlbwan&aahmélmedcondgctedlu"suh@aazomanﬁﬁﬁal

ncl ude GEORE seﬁﬁc?ﬂrm 6 B i sncePC et FAHIBR IRetn VR reatid T Gy oup

or may bseforatHeciond abidewas aridedd Table Hipnésents tiediresuisdr ocar bon, e. g.,
pol ygl kenyl succinic anhydride as shown in said aforenenti oned US

3,442, 808. Representative hydrocarbyl substituted hydroxy aronmatic
conpoundSomparativel Bxardpled® use in the present invention include, but are

not limted t$ng process as described in Comparative Example 8 was repeated, except
that the reaction mass was maintained at 149°C before the boric acid was added.
- Table Ii presents the resuits.

10
Comparative Example 10
The process as described in Example 7 was conducted usmg -a granular boric
acid slurry in petroleum basestock, except that the amination temperature was 135°C
and the reaction mass was maintained at 135° before the boric acld was. added.
15 Table Il presents the resuits.

Example 11
The process as described in Example 7 was conducted using a milled boric
acid suspension, except the amination was conducted at 115°C and the reaction
20 mass was heated to 135° before addition of the boric acid. Table Il presents the
results. - S
As can be concluded from the above expenments the amination temperature,
boration temperature and the use of a milled suspension of boric acid are variables in
producing a low sediment product. It can also be observed that the process borates
25 the molecule more efficiently and to a higher level than can be accomplished by
conventional techniques. The more efficient boration technique also neutralizes the
basicity of the dispersant molecule to a higher degree as evident by the higher boron
content. - It is theorized that this suppresses the interaction between the dispersant
and the unsaturation in the base oil leading to a lower color dispersant.
30
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4-6 5 0.07 3.67 * 101 5.5

6-8 7 0.31 4.45 * 102 4.77 * 10}

8-10 9 0.55 1.68 * 103 1.40 * 102

10 - 14 12 0.93 6.73 * 103 4.21 * 102

14-20 17 0.61 1.25 * 104 5.54 * 102

20 - 30 25 1.03 6.74 * 104 2.02 * 103

30-40° 35 1.68 3.02 * 105 6.47 * 103

40 - 50 45 2.02 7.71 * 105 1.29 * 104

50 - 60 55 1.54 1.07 * 106 1.46 * 104

60 - 70 65 1.21 1.39 * 106 1.61 * 104

70 - 80 75 1.62 2.86 * 106 2.86 * 104

80 - 90 85 2.06 5.30 * 106 4.68 * 104

90 - 100 95 2.79 1.00 * 107 7.91 * 104

100 - 150 125 |22.36 1.83 * 108 1.10 * 106

150 - 200 175 |28.6 6.42 * 108 2.75 * 106

200 - 300 250 | 27.08 1.77 * 109 5.32 * 106

300 - 400 350 |4.53 8.14 » 108 1.74 * 106

400 - 500 450 | 0.89 3.40 * 108 5.66 * 105

500 - 600 550 | 0.12 8.36 * 107 1.14 * 105

| Total | 100 3.86 * 109 1.18 * 107
¢ value= 327

d = average particle diameter of the distribution segment.

N = the particle volume percent of the distribution segment.
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Pr ef er abl y, the polymer substi tut ed rmnH“‘“ “lm““ lmumllc acid produm ng

naterial _and am ne conpound wi be contacted f o™ asti e and under

condi ti oW® M(IBT€2ci ent to react subst antially all of thepgi RETYUSIIRIYeNS
in the second adduct reactant. The progress of this regCtgdmgan be

foll owed by infra- Tlad’smaatlaytsdeﬁk eplddg |di sper sant - f or mi ng rea t*?Hug»T

conducted in a pol a sol vent (e.g., Xylene, "te ’iﬂ’ngz

and the like), and | Hmtiml’m%ondmﬁ%d in the presence of 1
synt heti IMg:i cating er-contai ning di spersant additive
enpl oyed in this invention can be derived by reacting the aforesaid |ong

chai n hydrocarbon substituted nono- or dicarboxylic acid material and one
or nore hydrdxy c@mimprvesiulow sedimerthydicess forl farming yal borateld; ailossluble,

al conol Eﬁﬁ?%@%@@& B3804 Ay EERIENS uFirRngr SN, dhich
from 2 tcompsises: 10 hydroxy radi cal s, for exanple, et hyI ene gl ycol,

di et hyl ene gl ycol, trlethylene egcoI tetraet hyl ene gl ycol, dipropylene

gl ycol, and other a kyle cols in which the alkyl ene rad| cont ai ns
from2 to about 8(@ Lr bd"r? aTRelymerzsubstitteds %09%6‘/ of &5 ﬁ'é‘cﬂﬁifai“?)ﬂﬁ

t(‘j rom unsgiditivel tﬁQhé e@ahc&a oféa tsetveﬂt teerefsr, under boronatingaeaotion cohditionsdn
I Spersa nt

a g@t}'on Sone Wi Bgrt%hla%ec 6rr|]c': Sadi 'I'gasvu% & Cﬂa%gleegltz%r distribtion in
lubricating oil characterized by a ¢ value of not greater than about 450, wherein said
¢ value is the ratio of said particles' total spherical volume divided by sald particles'
total spherical external surface area; wherein the total sphencal volume is the sum of
all sphere volumes of formula (4/3)Nnd3 of each of a plurality of distribution segments
and the total spherical external surface is the sum of all sphere surface areas of
formula Nxd2 of each said distribution segment; wherein for each said segment, N is
the particle volume percent of the segment and d is the average particle diameter;
and

(b) recovering said borated additive.

2. The process according to claim 1 wherein the polymer-substituted
additive comprises a polyalkenyl-substituted succinimide. :

3. The process according to claim 2 wherein the polyalkenyl-substituted
succinimide is polyisobutenyl-substituted succinimide.

4, The process according to claim 1 wherein the ¢ value is from about 200
to 450.

. 8. The process according to-claim 1 wherein said ¢ value is from about
~ 300 to 400. )

6. The process according to claim 1 wherein the boric acid particles are
charged to the reaction zone as a lubricating oil slurry or suspension.

7. The process according to claim 1 wherein the contacting is effected at a
temperature of from about 100 to 170°C.’



. S —
partially esterified succinic aglids: I artially esterified
ol yhydtg,g sgheplol s or phenol < i Emm“@ilmmfng free al cohol s or
phenol i c | radicals. M xt A bove il ustrat BETASIY 12194
| i kewi se are contenplated within the scope of this invengion. The ester
di spersant nrmy be prepared by one of several known met hqdsyasS: d
for exanple in US 3, 381, 022. I—|ydroxyanj:?‘t§:§ can al so be ! ) :
aforesai d | ong chain hydrocarbon substituted dicarboxyli c askd ﬁmtgbi%ﬁ&\l o]
formdispersants. Preferred in the present invention are
pol ymer - substg t ut eﬁ\é‘BFdd&grbdé@Fdiﬁng R £ VlePSiRitha ¢dntddting isdifelcted ata
preferred are pol ylfso ut enyl succ*&a de dispersants. Boric Acid Boric acid
whi ch i demperaibre phiremeabRiitat idte i on zone in the process of the
present invention is preferably substantially anhydrous, and will generally
contain | ess than gbout 0.2 wt.%.of water, preferaply fromapout 0.1 tp 0.2
o St or - Ehe. palie BroSESSAGONIIRg 46 AATHA WBTeHLR ot AU I8 0 & paits By
val ue ofweight of ttd dorithsoid dre What§éd to the reaction zone per part by weight of the
non-borated, polymer-substituted additive.

10. The process according to claim 1 wherein the recovered borated
additive contains less than about 0.03 vol. % sediment.

-
This Sheet Has Been

LTy



15 - (e.g., typi.c_ally from about 200 to 450), and preferably naot qgreater

t han about 430 (e.g., 300 to 430). Smaller [err] val ues arg pf NI-SI’EET
[err] value, as used in the present invention, is the ratio b
spherical volunme occupied by boric acid partigles in synthetijc or petrol eurp
oil, typically a neutral normal point petrol eum base stock,| tlo 2RDEGCT6
spherical area by the boric agj | C um base st ock.
This paraneter (i.e., [err]) ﬁ g ‘v S } ﬁ%r%?ééksé‘tatlstmd
data provided by the Brinkmann Par@RMINGBORATEDR DISRERSANE| | 2010

(manuf actured by Galia Instrunents of Israel). The description of the

nmet hod of obtaining data, the particle size anal yzer and statistical

treatment of the data is presented in the Brinknmann brochure and operating

manual referred tELROETHEINVENBON | s provi ded as probability vol ume

particle popul ati on dEhisirven(igreretzted torthe gesparatice é barated lubrinatiBg ioil ladditines,

particle size angny#fire SPEitafy tdthe fp?édﬂa?%n dMoBAidd Kitr8gdn-daihingPélinetic! | NY

or cylinder of ochronmafic.l1 ght and Interrupts the %eam_ If the "particle

passes through t ”Eééf?ﬁ %'} %‘gﬂﬁtf"?, the dianeter neasurement is accepted. |f

It passes through the beampartially, it is rejected. D aneter is

cal cul at ed based BACTKEROUNDIOE THEINVENTUONY. Particles are-assumed to be

spherical, but an as pg&tatéoal{:ﬂ:l‘?catiﬁg Bii additives of many types have been proposed for use in

' lubricating oils. Principal among these are borated nitrogen-containing polymer

lubricating oil additives such as dispersants, which are typically prepared by reacting
a polymeric nitrogen-containing dispersant with a boronating agent, such as boric
acid. Conventional borated dispersants include borated polyisobutenyl succinimides
and borated Mannich base dispersants which are themselves prepared by borating a
Mannich base reaction product derived from polyalkyl-substituted phenols, aldehyde
and polyamine. : '

For example, when the nitrogen-containing dispersant comprises
polyisobutenyl succinimide, it can be reacted with boric acid; water is evolved and the
resulting salt product is the borated polyalkene succinimide. However, the above
reactions also yield undesirable by-products, which are oil inscluble species which
are generally required to be removed from the borated lubricating oil additive before it
is either sold or incorporated into either fully formulated lubricating oils or into
concentrates (so-called "adpacks" which are concentrates containing a variety of
selected components). These oil insoluble species are detectable by adding solvent
(normally at a 50 volume % level) to the product and spinning the dilute product in a
centrifuge tube. These insoluble species are generally measured as a volume
percent of the total graduated centrifuge tube.

US 3,087,836 is directed to the preparation of a reaction product of an
aliphatic olefin polymer succinic acid or.énhydride with an amine, followed by reacting
the resulting product with a boron compound, such as boric acid.

US 3,313,727 is directed to the preparation of stable dispersions of alkali metal
borates in lubricating oil wherein a hydrated alkali metal borate is admixed with an
emulsifying agent in an amount sufficient to maintain the borate particles as stable
dispersion. The particles are said to be aimost entirely less than 1 micron in size
and, for the most part, less than 0.5 microns. Suitable alkali metal borates are

13
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ratio of the length to the wdth, can be inputted to correci.far
non-spheri cal shapes. A mi croscopic video canera is built iRE

spherical geonetry of the sanple. In all cases, the boric agi g
detected cl osely approxi mated spheres. Sanpl e_concentrationji $
Sanples wth too high a concentration give no?sy signals and ¢
rejection rate of npl es which are too dilute

articles
| ong acqui sition @gﬁ%@aﬁﬁénﬁéﬁﬁbﬁfﬁeﬁﬁfﬁqdé‘m dpatazsive hayp .
‘The rate slurry dydsliopeNsuioal dispemaniscuiich las allghylisuecifimidescef blkatineaminesedn-
~upon desired i np@smbkgédtqpthggggoﬁ,gogmsnach| ne, the anal %/zer wi |
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e 5L A AT i o e U ot
size distributio erns ,0 e Vo

barti ol os.  The ddpHeesinil vk bR edpolritwif 68 piBed eoB i Pttt
tabl e i'n which theheasdiive thusfermad is disglosed tq keseffectiys as amaalifustpraniease of a
plurality of par tiubricatisg aibadtitiver iThetbosen cemgporintis whichiwere gaiti e bp aséfutihelude ze

range. fThe pr gf erggesh bi?&é beFBRtHAddAde SFBR tHofShide, Berbh trichRrigk 2Rd BBAE ¥&?[ |)
o Eransy sl ony ¢ Cptn i Bipashl Be st B e T BriuiE i o
The range can varagid, gnd filtering of the resulting boric reaction product.

US 4,419,387 is directed to preparation of a boric acid having improved
handling properties. The patentee discloses that in the manufacture of boric acid,
crystals of fine particle size (less than about 75 microns in size) are generally
separated from the product, since these fines are unsuitable for most customers due
to their dustiness and difficult handling properties. The patentee contacts boric acid
particles with gaseous ammonia to reduce the lubricity of the boric acid crystals. Use
of such reduced Iubricity boric acid crystals in glass manufacture is disclosed. US
4,487,803 contains a similar disclosure.

US 4,578,086 is directed to a method for controlling boric acid particle size
distributions for boric acid crystallized from saturated aqueous feed solutions thereof.
It is disclosed that crystals in boric acid prepared from prior art processes generally
are of a mean particle size of about 190 to about 195 microns or less, and that this
mole size causes problems with subsequent purification, handling and storage. The
patentee employs a water soluble acrylamide homopolymer or copolymer in the
aqueous solution from which the boric acid is crystallized in order to increase the
mean particle size of the crystal and boric acid.

US 4,801,404 is related to boric acid suspensions useful for biocide
components and wood preservatives and as fire retardant components for wood
treatments, which comprise concentratéd, finely dispersed suspensions of boric acid
and a small amount of soluble borate salt in an aqueous medium. The patentee
contrasts the patent's suspension with prior art highly concentrated to solutions of
boric acid and water soluble amines or polyamines, and points out that the amine
components interfere in many uses in that this component is additionally introduced
into the resulting mixtures to which the concentrated boric acid solution is applied.




smal l er particles. In accordance with the boric acid of th
invention, the particle size range enployed is from5 to §
time-of-transition principle -16 - states that when a
beam noving at a fixed velocity (v) is neasured for the ti
to cross the dianmeter of any particle, the dist nce (d) o
di aneter can be calculated. v.-x t d A He-Ne | aser beam
spinning 1[err] wedge prism which rot at esx-he beam at a c® :
creating a 600 p diameter scanning circle. The beam passes through - W
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nmovi ng t hr ougUMMARYGE GIHENINVENTHONNt errupt s t he beam causing an

interactive pul se 1 pr&diad 8rthePreddhBinvention provides an improved low sediment

borated lubricating oil product useful in lubricating oil concentrates and fully
formulated lubricating oils. The improved low sediment process for forming a
borated, oil solubie, polymer-substituted, nitrogen- or ester-containing lubriéating oil
additive comprises:

6 CMENT EET"

nni ng | aser

(a) contacting a polymer-substituted, nitrogen- or ester-containing additive
in the presence of a solvent therefor, under boronating reaction conditions in a
reaction zone with particulate boric acid having a particle size distribution in
jubricating oil characterized by a ¢ value (hereinafter defined) of not greater than
about 450, and preferably less than 430 microns, wherein said ¢ value is the ratio of
said particles' total spherical volume divided by said particles' total spherical external
surface area; wherein the total spherical volume is the sum of all sphere volumes of
formula (413)N1td3 of each of a plurality of distribution segments and the total.
spherical external surface is the sum of all sphere surface areas of formula Nrd2 of
each said distribution segment; wherein for each said segment, N is the particle
volume percent of the segment and d is the average particle diameter; and

(b) recovering said borated additive.

in accordance with a preferred embodiment, a polyalkenyl-substituted
succinimide dispersant additive is.contacted in lubricating oil with boric acid having-

" the above recited average particle size characteristics. A particularly preferred
product in accordance with the process of this invention is a borated oil soluble
polytsobutylene-substltuted nitrogen- or ester-containing lubrlcatmg oil dispersant
additive.

It has been found that borated lubricating oil additives can be formed with such
improved low sediment employing characteristics by the process of the present
invention, in contrast to the high sediment levels which result from the use of boric
acid particles having a ¢ value of greater than about 450. A useful determination of
volume.corrécted average particle diameter is referred to in a brochure, Brinkmann
Particle Size Analyzer, A Visible Difference in Size and Shape Analysis, Brinkmann
Instruments, Inc., 1988; and a useful apparatus and method for such determination is
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(A) long chain hydrocarbons substntuted with mono- or dlcarboxyhc_ acid,
anhydride or ester groups, or thiol ester; :

(B) halogenated long chain hydrocarbons;

(C) mixtures of formaldehyde and a long chain hydrocarbyl-substituted
phenol; and :

(D) mixtures of formaldehyde dnd a reaction product formed by reaction of
long chain hydrocarbons substituted with mono- or dicarboxylic acid, anhydride or
ester groups and an amino-substituted, optionally hydrocarbyl-substituted phenol.

Useful and preferred polymer dispersants are the ashless, nitrogen or ester
containing dispersants disclosed in US 5,102,566 and the dispersants resuilting from
the reaction of Koch functionalized polymers and derivatizing compounds (e.g.,
amines and alcohols) as disclosed in commonly assigned US Serial No. 992,403,
filed December 17, 1992 (Docket No. PT-941) entitled "Functionalization of Polymers
Based on Koch Chemistry and Derivatives Thereof."

The homopolymers and copolymérs useful in the present invention can be
conveniently characterized based on molecular weight range. Polymers and
copolymers of low, intermediate and high molecular weights can be prepared.

Low molecular weight polymers are considered to be polymers having a
number average molecular weight of less than 20,000, preferably from 500 to 5,000,
more preferably from 1,000 to 5,000 and most preferably from 1,500 to §,000. The
low molecular weights are number average molecular weights measured by vapor
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average molecular weights can be determined by membrane osmometry.

AMINE COMPOUND

The polymer-substituted nitrogen-containing additive employed in the present
invention is prepared by contacting a long chain hydrocarbon substituted reactant
with an amine compound containing at least two (e.g., from 2 to 20}, preferably at
least 3 (e.q., from 3 to 15), and most preferably from 3 to 8, reactive nitrogen moieties
(that is, the total of the nitrogen-bonded H atoms) per molecuie of the amine

compound. The amine compound will generally comprise at least one member

selected from the group consisting of ammonia, organic primary monoamines and
organic polyamines containing at least one primary amine groUp or at least two
secondary amine groups per molecule. Generally, the organic amines will contain
from about 2 to 60, preferably 2 to 40 (e.g., 3 to 20), total carbon atoms and about 2
to 12, preferably 3 to 12, and most preferably from 3 to 8 (e.g., 5 to 9) total nitrogen
atoms in the molecule. These amines may be hydrocarbyl amines or may be
hydrocarbyl amines including other groups, e.g., hydroxy groups, alkoxy groups,
amide groups, nitriles, imidazoline groups, and the like. Hydroxy amines with 1 to 6
hydroxy groups, preferably 1 to 3 hydroxy groups are particularly useful. Preferred
amines are aliphatic saturated amines. :

Non-limiting examples of suitable organic amine compounds include: 1,2-
diaminoethane; 1,3-diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane;
polyethylene amines such as diethylene triamine; triethylene tetramine; tetraethylene
pentamine; polypropyiené amines such as 1,2-propylene diamine; di-{1,2-
propylene)triamine; di-(1,3-propylene) triamine; N,N-dimethyl-1,3-diaminopropane;
N,N-di-(2-aminoethyl) ethylene diamine; N,N-di(2-hydroxyethyl)-1,3-propyiene
diamine; 3-dodecyloxypropylamine; N-dodecyl-1,3-propane diamine; tris
hydroxymethylaminomethane (THAM); diisopropanol amine; diethanol amine;
triethanol amine; mono-, di-, and tri-tallow amines; amino morpholines such as N-(3-
aminopropyl)morpholine; and mixtures thereof.

Useful amines also include polyoxyalkylene polyamines. The polyoxyalkylene
polyamines are preferably polyoxyalkylene diamines and polyoxyalkylene triamines,”
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the ith distribution 3RgMenl, eind chs comgristtin ardids-amine as described in US
4,857,217. Such amido-amines can be formed by reacting a polyamine with an
alpha, beta-ethylenically unsaturated compound, e.g., by reacting polyethylene
amines (e.g., tetraethylene pentamine, pentaethylene hexamine, and the like),
polyoxyethylene and pon'oxypropylene amines, e.g., polyoxypropylene diamine,
trismethylolaminomethane and pentaerythritol, and combinations thereof, with an
acrylate-type compound. Most preferably the acrylate-type reactant is selected from
the group consisting of lower alkyl alkyl-acrylates (e.g., methyl, ethyl, isopropyl,
propyl, isobutyl, n-butyl, tert-butyl, etc., esters of methacrylic acid, acrylic acid, and
the like). '

Exemplary of such amido-amines are compounds of the formula:
NH2[(CH2)yNH] C(O)CoH4INH(CH2)y J;NH2

wherein u is an integer of from 1 t0 10, and v is an integef of from 2 to 6.

Most preferred as the amine compourid are members selected from the group

consisting of ammonia and organic diprimary amines having from 2 to 12 carbon
" atoms and from 2 to 8 nitrogen atoms per molecule. Examples of such preférred

organic diprimary amines are ethylene diamine, propylene diamine, diethyiene
triamine, dipropylene triamine, triethylene tetramine, tripropylene tetramine,
tetraethylene pentamine, tetrapropylene pentamine, polyhexamethylene diamine,
phenyl diamine.

Additional amines useful in the present invention are the amino-amido
polymers described in US 3,445 441.

Also useful are amine compounds referred to in commonly assigned US Serial
No. 892,871, filed December 17, 1992 (PT-915), "Amorphous Olefin Polymers,
Copolymers, Methods of Preparation and Derivatives Thereof."
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i
-C=C-C- ;

and (iv) derivatives of (iii) such as C4 to Cg alcohol derived monoesters of (iii). Upon
reaction with the polymer, the monounsaturation of the monounsaturated carboxylic
reactant becomes saturated. Thus, for example, maleic anhydride becomes a
polymer substituted succinic anhydride, and acrylic acid becomes a polymer
substituted propionic acid. Also useful are the derivatives of the above acids with

. thiol-containing compounds which can be analogs of the alcohols with S substituted
for 0. Preferred thiols include alky! thiols including C4 to Cs and preferably Co to Cs
alkyl thiols. :

Typically, from about 0.7 to about 4.0 (e.g., 0.8 to 2.6), preferably from about
1.0 to about 2.0, and most preferably from about 1.1 to about 1.7 moles of said
monounsaturated carboxylic reactant are charged to the reactor per mole of polymer
charged.

Normally, not all of the polymer reacts with the monounsaturated carboxylic
reactant and the reaction mixture will contain non-acid substituted polymer. The
polymer-substituted mono- or dicarboxylic acid material (aiso referred to herein as
"functionalized" polymer or polyolefin), non-acid substituted polyolefin, and any other
polymeric by-products, e.g. chlorinated polyolefin, (also referred to herein as
"unfunctionalized" polymer) are collectively referred to herein as “"product residue" or
"product mixture", The non-acid substituted polymer is typically not removed from the
reaction mixture (because such removal is difficult and would be commercially
infeasible) and the product mixture, stripped of any monounsaturated carboxylic
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mixture can be subsequently modified, i.e., increased or decreased by techniques
known in the art, such modifications do not alter functionality as defined above. The

‘terms "polymer-substituted monocarboxylic acid material” and "polymer-substituted

dicarboxylic acid material" as used herein are intended to refer to the product mixture
whether it has undergone such modification or not.

Accordingly, the functionality of the polymer substituted mono- and
dicarboxylic acid material will be typically at least about 0.5, preferably at least about
0.8, and most preferably at least about 0.9 and will vary typically from about 0.5 to
about 2.8 (e.g., 0.6 ta 2), preferably from about 0.8 to about 1.4, and most preferably
from about 0.9 to about 1.3.

Exemplary of such monounsaturated carboxylic reactants are fumaric acid,
itaconic acid, maleic acid, maleic anhydride, chlioromaleic acid, chioromaleic
anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and lower alkyl
(e.g., C1 to C4 alkyl) acid esters of the foregoing, e.g., rﬁethyi maleate, ethyl
fumarate, methy! fumarate, etc.

Preferred olefin polymers for reaction with the monounsaturated carboxylic
reactants are polymers comprising a major molar amount of C to C1q, e.g. Co to Cs
monoolefin. Such olefins include ethylene, propylene, butyiene, isobutylene,
pentene, octene-1, styrene, etc. The polymers can be homopolymers such as
polyisobutylene, as well as copolymers of two or more of such olefins such as
copolymers of: ethylene and propylene;. butylene and isobutylene; propylene and
isobutylene; etc. Mixtures of polymers prepared by polymerization of mixtures of
isobutylene, butene-1 and butene-2, e.g., polyisabutylene wherein up to about 40% of
the monomer units are derived from butene-1 and butene-2, is an exemplary, and
preferred, olefin polymer. Other copolymers include those in which a minor molar
amount of the copolymer monomers, e.0 * to 10 mole %, is a C4 to C4g non-
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rely on from about 700 and about 5,000, preferably from about 1,000 to 4,000, more :
preferably between about 1,300 and about 3,000. Particularly useful olefin polymers
have number average molecular weights within the range of about 1,500 and about
3,000 with approximately one terminal double bond per polymer chain. An especiaily
useful starting material for highly potent dispersant additives useful in accordance
with this invention is polyisobutylene, wherein up to about 40% of the monomer units
are derived from butene-1 and/or butene-2. The number average molecular weight
for such polymers can be determined by several known techniques. A convenient
method for such determination is by gel permeation chromatography (GPC) which
additionally provides molecular weight distribution information, see W. W. Yau, J. J.
Kirkland and D. D. Bly, “Modemn Size Exclusion Liquid Chromatography”, John Wiley
and Sons, New York, 1979. . '

The olefin polymers will generally have a moiecular weight distribution (the
ratio of the weight average molecular weight to number average molecular weight, i.e.
Mw/Mp) of from about 1.0 to 4.5, and more typically from about 1.5 to 3.0. _

The polymer can be reacted with the monounsaturated carboxylic reactant by a
variety of methods. For example, the polymer can be first halogenated, chlorinated or
brominated to about 1 to 8 wt. %, preferably 3 to 7 wt. % chlorine, or bromine, based
on the weight of polymer, by passing the chlorine or bromine through the polymer at a
temperature of 60 to 250°C, preferably 110 to 160°C, e.g., 120 to 140°C, for about
0.5 to 10, preferably 1 to 7 hours. The halogenated polymer may then be reacted
with sufficient monounsaturated carboxylic reactant at 100 to 250°C, usually about
180° to 235°C, for about 0.5 to 10, e.g., 3 to 8 hours, so the product obtained will
contain the desired number of moles ofthe monounsaturated carboxylic reactant per
mole of the halogenated polymer. Processes of this general type are taught in US
3,087,436; 3,172,892; 3,272,746 and others. Alternatively, the polymer and the
monounsaturated carboxylic reactant are mixed and heated while adding chiorine to
the hot material. Processes of this type are disclosed in US 3,215,707; 3,231,587;
3,812,764; 4,110,349, 4,234,435; and in UK 1,440,218. '
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found to permit the preparation of reaction products, particularly when employing
maleic anhydride as the unsaturated acid reactant, with decreased sediment. In the
event the polymer produced as described above contains greater than about 5 wt. %
of such a low molecular weight polymer fraction, the polymer can be first treated by
conventional means to remove the low molecular weight fraction to the desired level
prior to initiating the ene reaction, and preferably prior to contacting the polymer with
the selected unsaturated carboxylic reactant(s). For example, the polymer can be
heated, preferably with inert gas (e.g., nitrogen) stripping, at elevated temperature
under a reduced pressure to volatilize the fow molecular weight polymer components
which can then be removed from the heat treatment vessel.

Other polymers which are useful in the present invention are the Koch
functionalized polymers disclosed in commonly assigned US Serial No. 992,403,
referred to earlier. The Koch functionalized polymers are formed by contacting a
polymer composition comprising at least one polymer having at least one carbon-
carbon double bond (e.g., polyalkenes, ethylene-alpha-'oleﬁn copolymers, and the
like) with carbon monoxide or a suitable carbon monoxide source such as formic acid,
in the presence of an acidic catalyst. The catalyst has a Hammett Scale Value acidity
(Ho) of less than -7 in order to be sufficiently active, particularly to form neo
structures, Preferably the Hammett acidity of the catalyst is in the range of from -8 to
-11.5. Useful catalysts include HSO4, BF3, and HF. The catalyst causes a
carbenium ion to form at the point of unsaturation. The carbon monoxide reacts with
the carbenium ion forming an acylium.ion. Water or a hydroxy-containing compound
or a thiol containing compound can be added to react with the acylium cation to form
a carboxylic acid or a carboxylic ester/or a thiol ester. Preferably, the hydroxy-
containing compound or water is added in combination with the catalyst as a catalyst
complex. Preferred catalyst complexes include (BF3.H20) and (BF3. substituted
phenols) with a most preferred catalyst complex being BF3.2,4-dichlorophenol.
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(B) Halogenated Long Chain Hydrocarbons

Also useful as long chain hydrocarbyl reactants to form the improved
dispersants of this invention are halogenated long chain aliphatic hydrocarbons (such
as shown in US 3,275,554, 3,438,757, 3,565,804 and 4,000,353) where the halogen
group on the halogenated hydrocarbon is displaced with the reactive amine
compound in the subsequent reaction therewith. For example, a polymer of a C to
Cs monoolefin, e.g., polyethylene, polypropylene or polyisobutylene, wherein the
polymer has an average molecular weight within the range of from 600 to about
3,000, preferably from about 800 to about 2,500, is halogenated with either bromine
or chlorine; preferably the latter. The halogen may be conveniently added as
gaseous chloride, liquid bromine, or a hydrohalogen, e.g., HC! or HBr gas.

The amount of halogen introduced will depend on the particular hydrocarbon’
used, the desired amount of amine to bé introduced into the molecule, the particular
alkylene amine used, and the halogen used. The amount of halogen introduced will
generally be in the range of from about 1 to 5 halogen atoms per molecule,
depending on the reactivity of the resulting halide. On a weight percent basis, the
amount of halide will generally range from about 1 to 25, more usually from about 1-to
10. '

The halogenation step may be conducted in the temperaturé range of from
about ordinary ambient temperatures to about 120°C. To aid in the halogenation
step, the polymer may be dissolved in a suitable solvent, such as carbon
tetrachloride, in order to lower the viscosity of the polymer, although the use of such a
solvent is not necesséry.

The time required for halogenation may be varied to some extent by the rate at
which the halogen is introduced. Ordinarily from about 2 to about 5 hours is a
satisfactory halogenation period. In a representative plant scale operation involving
the chlorination of polyisobutylene of 830 molecuiar weighi, a 100-pound batch will be
chlorinated with 10 pounds of chlorine introduced into the reactor over a period of 3
1/2 hours with a chlorination temperature of about 120°C.
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The mole ratio of halohydrocarbon to amine compound will generally be in the
range from about 0.2 to 10 moles of amine compound per mole of halohydrocarbon,
more usually 0.5 to 5 moles of amine compound per mole of halohydrocarbon. The
mole ratio will depend upon the amount of halogen present in the halohydrocarbon,
the particular halogen and the desired ratio of hydrocarbon to amine compound.

Small amounts of residual halogen in the final composition are not deleterious.
Generally, the residual halogen, as bound halogen, will be in the range of 0 to 10 wt.
% of the composition. Small amounts of halogen may be present as the hydrohalide
salt of the hydrocarbon substituted alkyléne polyamines.

Generally, the hydrocarbons used wilt have aliphatic unsaturation. In
particular instances, the amines may react in a way resuiting in the elimination of
hydrogen halide, introducing further aliphatic unsaturation into the hydrocarbon
radical. However, the olefinic unsaturation does not significantly affect the utility of
the product, and when available, saturated aliphatic halide may be used.

(C) Mixtures of Formaldehyde and Long Chain Hydrocarbon Substituted Phenol
Another class of long chain hydrocarbyl! reactants to form the improved
dispersants of this invention are any of the long chain hydrocarbyl-substituted
hydroxy aromatic compounds which are known in the art as useful for forming
Mannich condensation products. Such Mannich condensation products generally are
prepared by condensing about 1 mole of a high molecular weight hydrocarbyl
substituted hydroxy aromatic compound (e.g., having a number average molecular
weight of 700 or greater) with about 1 to 2.5 moles of an aldehyde such as
formaldehyde or paraformaldehyde and about 0.5 to 2 moles of the reactive amine
compound, using the condensation conditions as disclosed, e.g., in US 3,442,808;




The sel ected nitrogen-containing or ester-containing dispe

particul ate boric acid can be charged to the boration remA(MT }E:EI
ofder. Generally, for ease of handling of the reactants,
that the nitrogen-containing or ester- containing di spersa t,
solvent or inert diluent, be first charged t-d3the boratio
- (for exanple, a stirred tank vessel ), foIIovved by addItIO

Stirring of a st Icﬁglﬁdmgﬁ%]e\éﬁﬁ%lgﬁﬁ?ﬁy&? c&"ﬁ&?&ﬁ’*ﬂe%ﬂo

means, and the de m xin and VRS s

of the liquid re |309?’WP€HPQJH?'%?'HE’9§“EQ ag'fy fq‘fg%"f’qﬁpd pP&ﬁk‘f’%‘ﬂﬁ”ﬁ@ﬁ'F@Hﬁ éﬂﬁ%

the stirred tank astshewn agsaikafofenantivhed tyS\d,448.808 he stirred tank vessel,

char ga. e pr eci Sg e et her
: ur

fact gr S. Genelroal I nte H‘B\ﬁén%}&’m u?ﬁ'u&'? tﬁ? pfeﬁgﬁt 'B\W‘é‘ﬁﬁ 'Qfﬁ]uzﬂ% é‘t‘t ﬁr}?bépﬁg}um\ge@sel

stirring devi ces Polyarapylenephenci-palpioryene sbencht4-pryRiapyens prangl, 2

i npel | ers, high poidutylens phénblsPpolyisobutglenaphénd)ckpolgisatutyiene pberml, 44nd t he

like. polyisobutylene-2-chlorophenol, 4-polyisobutylene-2-methyiphenol, and the like.

(D) Mannich Base Condensation Products : :

Still another class of long chain hydrocarbyl reactants to form the improved
dispersants of this invention are the Mannich base aminophenoi-type condensation
products as they are known in the art. Such Mannich condensation products
generally are prepared by reacting about 1 mole of long chain hydrocarbon
substituted mono and dicarboxylic acids or their anhydrides (e.g., polyisobutylene-
substituted succinic anhydride) with an about 1 mole of amine-substituted hydroxy

" aromatic compound (e.g., aminophenoal), which aromatic compound can also be
halogen- or hydrocarbyl-substituted, to form a long chain hydrocérbon substituted
amide or imide-containing phenol intermediate adduct (generally having a number
average molecular weight of 700 or greater), and condensing about a molar
proportion of the long chain hydrocarbon substituted amide- or imide-containing
phenol intermediate adduct with about 1 to 2.5 moles of formaldehyde and about 0.5
to 2 moles of the second adduct of this invention.

The preparation and use of the hydroxy aromatic compounds and amino-
substituted hydroxy aromatic compounds, and methods useful for reaction thereof
with an aldehyde and the selected amine or alcohol are as described in US 4,820,432
and 4,828,742.

The selected reactlve amine compound (e.g., an alkylene polyamme) is readily
reacted with the selected polymer substituted with mono- or dicarboxylic acid,
anhydride (e.qg., -alkeny!l succinic anhydride), ester, or thiol ester by heating an oil
solution containing 5 to 95 wt.% of the polymer substituted dicarboxylic acid material
to about 100 to 250°C., preferably 125 to 175°C., generally for 1 to 10, e.g., 2t0 6
hours until the desired amount of water is removed. The heating is preferably carried
out to favor formation of imides- and/or amides, rather than salts. Generally from 1 to
5, preferably from about 1.5 to 3 moles of mono- or dicarboxylic acid moiety content
(e.g., grafted maleic anhydride or grafted acrylic acid content) is used per reactive
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dicarboxylic acid material and one or more hydroxy compounds such as monohydric
and polyhydric aicohols or aromatic compounds such as phenols and naphthols, etc.

- The polyhydric alcohols are the most preferred hydroxy compound and preferably
contain from 2 to about 10 hydroxy radicals, for example, ethylene glycol, diethylene
glycol, triethylene glycol, tetraethylene glycol, dipropylene glycol, and other alkylene
glycols in which the alkylene radical contains from 2 to about 8 carbon atoms.

The ester dispersant may also be derived from unsaturated alcohols, ether
alcohols, and amino alcohols.

The ester dispersant may be di-esters of succinic acids or acidic esters, i.e.,
partially esterified succinic acids; as weli as partially esterified polyhydric alcohols or
phenols, i.e., esters having free alcoholis or phenolic hydroxyl radicals. Mixtures of
the above illustrated esters likewise are contemplated within the scope of this
invention.

The ester dispersant may be prepared by one of several known methods as
illustrated for example in US 3,381,022.

Hydroxyamines can also be reacted with the aforesaid long chain hydrocarbon

. substituted dicarboxylic acid materials to form dispersants. :

Preferred in the pfesent.invention are polymer-substituted nitrogen-containing -

dispersant additives. Most preferred are polyisobutenyl succinimide dispersants.

Boric Acid _

Boric acid which is charged to the boration reaction zone in the proceSs of the
present invention is preferably substantially anhydrous, and will generally contain
less than about 0.2 wt.% of water, preferably from about 0.1 to 0.2 wt.% water. The
particles of boric acid can be characterized by a ¢ value of not greater than about 450
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J wiliging raw statistical data‘provided by the Brinkmann Particle Size Analyzer
Model 2010 (manufactured by Galia instruments of Israel). The description of the

. method of abtaining data, the particle size analyzer and statistical treatment of the
data is presented in the Brinkmann brochure and operating manual referred to above.
Such data is provided as probability volume particle population density (percent
ranges). . -

Generally, the Brinkmann particle size analyzer operates as follows. A particle
flows through a ring or cylinder of monochromatic light and interrupts the beam. If the
particie passes through the beam cleanly, the diameter measurement is accepted. If
it passes through the beam partially, it is rejected. Diameter is calculated based on
the particle's velocity. Particles are assumed to be spherical, but an aspect ratio, the
ratio of the length to the width, can be inputted to correct for non-spherical shapes. A
microscopic video camera is built in to verify spherical geometry of the sample. In all
cases, the boric acid particles detected closely approximated spheres. Sample
concentration is important. Samples with too high a concentration give noisy signals
and excessive rejection rate of particles. Samples which are too dilute give
excessively long acquisition times and possibly non-representative population
sampiing. The rate slurry or suspension is pumped throﬁgh the flow cell and, based
upon desired input population size to the machine, the analyzer will continue to count
accepted particles until the desired population size is achieved. The machine can
also be programmed to take multiple acquisitions to accumulate a more statistically
significant population size. The raw number data is accumulated and normalized to
give as the output a particle size distribution in terms of the volume, area and/or
actual number of particles. The data can be provided in the form of a volume

~ distribution tabie in which the volume percent of particles is presented for each of a
plurality of particle size distribution segments spanning the particle size range.

The preferred instrument (Brinkmann 2010, Particie Size Analyzer) uses a
focused scanning-laser spot and a simple time-domain analysis (time of transition) to
measure particle diameters precisely, from 0.5 to 1200 p. The range can vary for
smaller particles. In accordance with the boric acid of the present invention, the

particle size range employed is from 5 to 600 p. The time-of-transition principle

Lubricating Conp
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~ those adapted fOmHURRIGRAS that measures the beam's intensity. A particle maving through the
measuring zone interrupts the beam, causing an interactive pulse or "shadow” on the
photodiode. The duration time (t) of interaction coupled with the rotational speed (v)
of the prism (and beam) sets up the equation for the measurement of the distance (d).
Each time of transition is directly mapped to its corresponding diameter. The rapid
speed of the moving beam renders particles "stationary”, eliminating sources of error
due to particie movement. Signals from an out-of-focus or off-center interaction can
create statistical errors. The time from the beginning of an interaction to the point of
darkest occlusion of light (rise time) is measured. The time it takes the beam to cross
the chord of the particle (time of transition) is measured. .

' Out-of-focus or off-center interactions generate rise times that are too long in
proportion to the particle diameter. ‘Using an algorithm based on the overall pulse
signature with normalized rise-time criteria, each interaction is accepted or rejected.
Only data from accepted signais are filed for analysis.

As noted earlier, the particle size data can be presented in terms of the
number, area and volume of particles in each of a plurality of particle size distribution
segments spanning the particle size range. Preferably, the particle size data is
determined as a normalized volume distribution; i.e., the volume percent of the
particles in the boric acid sample which fall within each of the particle size distribution
segments. The parameter ¢ is based upon this normalized volume distribution and is
arrived at by:

(1)  assigning the average particle diameter in each of the distribution
segments reported by the Brinkmann Particle Size Analyzer (for example, 5 microns
is the average diameter for the distribution segment covering particle sizes in the
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(5) dividing the total spherical volume by the total spherical external surface
to optain the ¢ value,

The sphere volume and sphere surface area of a distribution segment are
defined by the following equations:

. Sphere volume = (4/3)Nrd3 . _ (1)
Sphere surface area = Nxd2 (2)

wherein d is the average particle diameter of the segment and N is the measured
particle volume percent of the segment. '

The distribution segments employed for calculating ¢ cover particles ranging in
size from 5 to 600 microns. The distribution segments are 4-6,6 -8, 8 - 10, 10 - 14,
14 - 20, 20 - 30, 30 - 40, 40 - 80, 50 - 60, 60 - 70, 70 - 80, 80 - 90, 90 - 100, 100 -
160, 150 - 200, 200 - 300, 300 - 400, 400 - 500, and 500 - 600 microns.

Accordingly, the parameter ¢ can be defined in terms of equation (3) following:

total spherical volume % (413)Njnd;3
¢ = =

total spherical surface area  I; N;nd;z

wherein, for each of a plurality of distril_mtion segments defining a particle size range,
dj is the average particle diameter for the ith distribution segment; N; is the particle
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sediment byproduct in the boration of lubricating oil additives can be affected by the
presence of large particles (e.g., 500 to 600 microns) in the boric acid employed, the
¢ parameter is a useful means for screening and/or identifying boric acid materials
which can minimize sediment formation. Accordingly, the improved low sediment
process of the invention employs boric acid having a ¢ value of not greater than about
450, .

Boric acid sampies can of course contain particles having diameters less than
5 microns and/or greater than 600 microns. For the purpose of calculating ¢, boric
acid particles less than 5 microns in diameter are ignored because of their relatively
insignificant impact on per cent volume measurements. Thus, the Brinkmann Particle

- Size Analyzer is pragrammed not to measure their diameters and the particles are not
included in the particle size distribution. On the other hand, boric acid particles
having diameters greater than 600 microns can be included in the determination of .
If the sample contains particle sizes greater than 600 microns, the sample is
processed to separate the large-sized particles prior to the size analysis. The size
analysis is then conducted using the Brinkmann analyzer, or other instrument or
technique providing an equivalent analysis, only on the portion of the sample _
containing particle sizes less than 600 microns. The resulting particle distribution is
then adjusted to account for the particles greater than 600 microns before calculating
the ¢ value.

A preferred method for calculating the ¢ value of boric acid samples containing
particle sizes greater than 600 microns is the following: The dry boric acid (i.e., no
more than about 0.2 wt. % water) is passed through a 40 mesh sieve to selectively
remove particle sizes greater than 600.microns. The particles passing through the
sieve are then prepared for analysis (e.g., slurried in oil). The wt. % of particles
retained by the sieve is determined. It is then assumed that all of the retained
particles have a particle size of 600 microns, and the distribution obtained by the
analysis is mathematically adjusted to take the sieve-retained particles into account.
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el ectric drive vagdalhSarieResdiRitale 806 hidokd, SincdkhdyRaslid ben

per mnute. The desired speed was progranmed into the drive unit an
mot or i nt ai ned #AYE during the reaction. This was 150 RPM unl ess
ot herwi se i ndi cat ed. Alhesarple ofdoneacidrig bewsed in the Brinkmanmparticls sizeanglyzeom
of t hﬁ reactor anghd(dbeéh tsmfa@ ifoil. TPReTESHSRIr Qo shoBIdWBY Sufficiet n?dsfaée%cjmgat_sal
switch arrangemeng . .a.4Si F Wﬁﬂ (Fa19) ﬁr gqm &
turn varied the vo t"gste get.%e géf%réﬁr%ﬁ% f_e.'_ dﬁé?ﬁeﬁ% seétngloclb%ratwaéﬁ g
entered or set ohaft$ﬂ?§'€%ﬁt Piutersamplas o Horig aeid in peytral mingrak i e pegferred. The
nai nt ai ned at al | type otsil ismobecriticahartd cancre et base slogu@Tsyntneticlail.i on of
t het ”eillt ral bas es: OCF lffk gré#éﬂré%ﬂ&tar%iy\%ﬁ 'bGHct: E&Hﬁ%hﬁ:{é&iﬁ‘ém Hé Bretséﬁ&ihféﬁ;tp Mbécating
controller was set. err an e reactio SsS Q
SoLer 1 the:ag DhBheSEKy b e AL oM therd SR lleviiike B nS b RGhinan o
f or particle agglomeration: that is, smaller particles have an affinity for larger particles
because of the interparticle hydrogen bonding enhanced by the surrounding non-
polar solution which repels the boric acid. Therefore, methods of analysis that rely on
dry boric acid {for example, methods which rely on particle size distributions by
fluidizing the boric acid in gas streams and passing it through a particle detection
system) do not correlate well with such oil-slurry methods of analysis. Slurrying the
boric acid in oil gives a more accurate characterization of the particle distribution,
where, as here, the oil can be the actual reaction solvent. Particie aggiomeration can
occur at different distributions particularly those having mixtures of fine and large

particles.

Boration Reaction

The selected nitrogen- or ester~containing or metal salt or complex containing
dispérsant additive and particulate boric acid can be charged separately or in
combination to a reaction zone, and the process of the present invention can be
carried out in a continuous, semicontinuous or batchwise process. Any conventional
apparatus may be employed, and stirred tank reactors and tubular reactors are
preferred.

The boration reaction can be carried out in the presence of a solvent or inert
diluent for the nitrogen- or ester-containing dispersant. Suitable solvents and inert
diluents include.mineral lubricating oils; hydrocarbon solvents (e.g., zylene, toluene,
benzene, ethylbenzene, and the like), and synthetic oils. Mineral lubricating oiis are
preferred. Excess liquid polymer can be a co-solvent. Useful oils are described in
U.S. Serial No. 992,871, filed December 17, 1992, (PT-915) referred to above.

The amount of the particulate boric acid charged to the reaction zone can vary
widely. Generally, the particulate boric acid will be charged to the boration reaction
zone in an amount of from about 0.35to 5 parts by weight, pr_eferably from about




I ndi vi dual experinments. Once the reaction mass had reached 128[err] C. . the
poJ yam ne (PAM addition began. Using a graduated dropping EME N |
sidearm 21.6 grans of PAM was charged to the funnel. PAM "?g‘gcu [‘f?HEEF
the reaction mass in - 24 - quarter volume charges using|the g{g&ﬁﬁggg
~mar ki ngs on the funnel as a guide. tinme equal to zero, 25% tB

requi red was added by volune into the reaCtor. The reactor popked for 15
mn. at this tenperature under agitation and then the_25% vpl une addition

sequence and %3 fRartspeueielt. avd mpstpreferaply fopgmakaut £ 4nd S '
soaked for anftedddricuimné b adid).pen pat by sveight bhiye mitsagesgrootaiihgokester-
condi ti on. Bor Aty ﬁﬂn%.ﬁ’ér%%%nﬁﬁ%&'gléggE%td&?élg@nsrea&iaﬂ!zaﬂé.eéaswsn bRkl ng
procedure was used 10 ,borate_the P - PAM g reaction. then entered the
bor at i on . phaderoneaniant.dheeiigZ. Araierapiy s &9 0ANGINee pécfpp?@ﬁy @2 i_tclajgoarts
commer ci al | y cfibariohaler parb of palyraeri aiddive s The earigeraf baric acid contemplates one mole
of boric acid per mole of functional group of the polymer additive. For nitrogen-
containing polymer additivas.the amount of boric acid is based on the secondary
nitrogen content. The abuve range contemplates two secondary nitrogens per
molecule (polyamine). ' ' '
The addition of boric acid above stoichiometric ratio is considered to be
overboration. This process is particularly adaptable to accomplishing "high boron" or
"overboration”. o
A wide variety of temperature and other reaction conditions can be employed
in the boration reaction zone. Generally, a temperature of from about 100 to 170°C,
preferably from about 110 to 150°C, and more preferably from about 125 to 135°C,
will be empioyed. The pressure in the boration reaction zone can be atmospheric,
sub-atmospheric or super-atmospheric. Atmospheric pressures are preferred. A
-useful pressure range is from 0 to 7000 kPa.
In order to avoid undesired side reactions, the boration reaction zone is
preferably purged with nitrogen or other inert gas to exclude air and oxygen gas from
above the surface of the liquid reaction fedium. However, this is not essential, and
good results can be obtained in the presence of air. While the boration reaction can
be conducted in air, it is preferred to use an inert atmosphere to prevent oxidation of
the basestock. '
Experimental results indicate that it is preferred not to strip water off before the
reaction. Removal of too much water can lead to boric acid dehydration. Generally,
it is preferred not to strip out water before or after reaction.
The selected nitrogen-containing or ester-containing dispersant and particulate
. boric acid can be charged to the boration reaction zone in any order. Generally, for
ease of handling of the reactants, it is preferred that the nitrogen-containing or ester-
containing dispersant, and any solvent.or inert diluent, be first charged to the boration
reaction vessel (for example, a stirred tank vessel), followed by addition of the
particulate boric acid to the liquid reaction medium with stirring.
Stirring of a stirred tank vessel can be accomplished by any conventional
means, and the degree of mixing will depend upon the density and viscasity of the
liquid reaction medium, the size of the liquid reaction medium, and the stirred tank,
.the degree of baffling within the stirred tank vessel, the rate of addition (and the
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external heat exchanger and then returned to the reaction liquid for temperature
control, and other conventional means.
in the preferred embodiment, commercial granular baric acid particles, typically
having average particle size greater than 1200u (¢ > 1200), are mechanically
reduced by either a wet milling or dry miiling technique. Dry milling is preferred. The
preferred dry milling is fluidized jet milling. The jet mill fluidized particle bed causes
the interaction of the fluidized particles. The particle size is thereby reduced to the
ranges useful in the present invention. The milled particles are mixed with from 50 to
80 % by weight of oil to form a slurry. The slurry can be reacted as recited above.
Following the completion of the desired reaction time, the low sediment -
borated dispersant product can be withdrawn from the boration reaction zone and
employed directly in the formulation of lubricating oil concentrates and/or fully
formulated lubricating oils. The borated dispersants of the present invention are
characterized and provide low sediment level. Generally, the borated products of the
present invention will contain sediment in an amount less than 0.03 vol.%, preferably
less than 0.025 (e.g., from about trace to 0.03 vol.%), more preferably less than about
0.02 vol.% (e.g., from about trace to 0.02 vol.%). A modified ASTM (77-073) test,
using heptane solvent) also referred to as a BS&W (Boron Sediment and Water)
centrifuge procedure can be used to measure the amount of sediment.
The borated additives produced by the process of the invention contain boron
in an amount effective for their normal function. Typically the additives contain up to
about § wt. % boron, preferably 0.05 to 2.0 wt. % boron (e.g., 0.05 to 0.7 wt. %),
based on the total weight of the borated additive. '
The borated dispersant or multifunctional viscosity index improver can be used
in a wide variety of lubricating oils.
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dissolution into an oleaginous material such as fuels and lubricating oils. When the
additives of this invention are used in normally liquid petroleum fuels such as middle

distillates boiling from about 65 to 430°C.' including kerosene,

diese) fuels, home

heating fuel oil, jet fuels, etc., a concentration of the additives in the fuel in the range
~ of typically from about 0.001 to about 0.5, and preferably 0.005 to about 0.15 wt. %,
based on the total weight of the composition, will usually be employed.

The additives of the present invention find their primary utility in lubricating oil
compositions which employ a base oil in which the additives are dissolved or
dispersed therein. The base oils are oils of lubricating viscosity and may be natural
oils (e.g., liquid petroleum oils) or synthetic oils (e.g., hydrocarbon oils such as
polybutylenes, end-group modified alkylene oxide polymers and copolymers such as
diethyl ether of polypropylene glycol, polyol esters, and the like) or mixtures thereof.

The additives of the present invention, particularly those adapted for use as

dispersants or viscosity modifiers, can be incorporated into a |

ubricating oil in any

convenient way. Thus, they can be added directly to the oil by dispersing or

dissolving the same in the oil at the desired level of concentra

tions of the additive.

Alternatively, the additives can be blended with a suitable oil-soluble solvent and
base oil to form a concentrate, and the concentrate can then be blended with a

lubricating oil basestock to obtain the final formulation. Such dispersant concentrates
will contain, on an active ingredient (Al) basis, from about 10 to about 80 wt. %,
typically about 20 to about 60 wt. %, and preferably from about 40 to about 50 wt. %,
additive, and typically from about 40 to 80 wt. %, preferably from about 40 to 60 wt.

%, base oil, i.e., hydrocarbon oil based on the concentrate we

ight.

The additives of the present invention may be mixed with other types of
conventional additives, each selected to perform at least one desired function.
Among the other additives which may be in the lubricating oil formulation are metal
containing detergent/inhibitors, viscosity index improvers and anti-wear agents. The
metal detergent/inhibitors are generally basic or overbased alkali or alkaline earth
metal salts or mixtures thereof, (e.g., mixtures of Ca and Mg salts) of one or more
organic acids (e.g., sulfonates, naphthenates, phenates and the like). Viscosity index
improvers (i.e., viscosity modifiers) are generally hydrocarbon polymers or polyesters,
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operated at 800 r.pm The results are presented in Tabl e gt=—Eo N
Exanpl e 6 The standard | ow tenperature am nation borati rREﬂﬁMt B d
i h detail above was conducted using the particul ate bori escri beq ijn
Table I'l, which also present the results. Exanple 7 A sppefi ﬁ?ﬁ?% [
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Th|e' (rjn Il ed bg 3 i goﬂaarﬁk, R3fosion Phibitof frithén mzaiﬁﬁrsgfminabn&dag ﬁ:scﬁihbliﬁtﬁrsahbé5‘c’i/0
solids was added . . r ri l1ing product strippe
with nitrogen atonffgogiwfp(gw%%%glrsg{éﬁrcgﬂgcg?d&gﬂés, %%i&‘gq#%'e react or was sanpl ed
and some of the raw [SOFR9SKioNE WheRseRtainingeneer mereof fiesp @dditives, Bpisally G .
The tube was spubleadedlifidGhe pase ol in aneounts whidge afecsffeatiyectoippovidd theireolroalr.  The.
{ﬁs U't t 't ”lg tseg | MegttenBBAtdtioR I SenRBpBEiNRS tHEAddtivad ofthe\itbsEit ifVBhticH 4reOf
€ tota u .e generally employed (e.g., as a dispersant additive) in an amount of 0.1 to 20 wt. %,
preferably 0.1 to 6 wt. %, based upon the total weight of the composition.
The improved process of this invention can be further illustrated by reference
to the following examples, wherein parts are by weight uniess otherwise indicated.

EXAMPLES

PIBSA-PAM

Unless otherwise indicated, Examples and Comparative Examples used the

 following general procedure to make polyisobutylene succinimide (PIBSA-PAM).

A polyisobutylene succinic anhydride (PIBSA) of known composition, SAP
number = 37, BS&W sediment = 0.004 volume %, 625 grams of PIBSA was charged
to a round bottom reaction flask. To that PIBSA, 85.9 parts of a neutral 150 weight
petroleum basestock was added. The reactor had a "half moon" or crescent shaped
agitator blade coupled with an electric drive variable speed motor with a digital
readout in revolutions per minute. The desired speed was programmed into the drive
unit and the motor maintained this RPM during the reaction. This was 150 RPM
unless otherwise indicated. An electric heating mantie was attached to the bottom of
the reactor and via either a thermocouple or mercury thermometer/optical switch
arrangement, a signal was sent to a temperature controlier which in tumn varied the
voltage to the heating mantle. A desired setpoint was entered or set on the control
mechanism. The reaction mixture was maintained at all times under a nitrogen
blanket to prevent oxidation of the neutral basestock oil diluent at high temperatures.
The temperature controller was set at 128°C and when the reaction mass was at
about 40°C, the agitator drive was set to the specified RPM which was varied for
individual experiments. Once the reaction mass had reached 128°C, the polyamine
(PAM) addition began. Using a graduated dropping funnel with a sidearm, 21.6
grams of PAM was charged to the funnel. PAM was charged to the reaction mass in
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condition.

Boration of PIBSA-PAM

Unless otherwise indicated, the following procedure was used to borate the

PIBSA-PAM.

The reaction then entered the boration phase. A boric acid slurry was
prepared by either using a commercially available boric acid or subjecting an
available boric acid to a weét or dry milling technique to reduce the particle size. Then
a neutral basestock was added either to the resulting dry milled powder, the
commercially available dry boric acid, or milled boric acid paste to form a desired

weight percent of boric acid slurry in oil. This slurry was charged

into four small

" addition beakers which were each contained to 25% by weight of the total desired
mass. At the conclusion of a 30 min. soak period the reactor was maintained at
128°C and the first addition of boric acid was added to the mixture. One half hour
later, the second addition was added and the reactor then allowed to soak an
additional 30 min. This procedure was repeated until all of the boric acid was

‘consumed. The reactor was allowed to soak an additional hour after the last addition
of boric acid under a nitrogen blanket or seep. The product was then ready for use.

Example 1

The above described PIBSA-PAM was borated using the low temperature
amination boration process described in detail. A dry milled boric acid was provided
by a manufacturer using their own internal proprietary methods. This milled boric
acid was then slurried in a petroleum basestock and used to borate the PIBSA-PAM
in the manner described above. 11.6 grams of boric acid slurry was added to the
66.0 gram feedstock to form a 15 wt. %-boric acid in oil compound. A particle size
measurement was taken of the slurry as well. As shown in Table |, this resultedina
measured ¢ of 327 for the starting boric acid. The BS&W sediment ievel of the
resulting product was 0.016 volume %. The reaction temperatures and the results

are also reported in Table IlI.
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Comparative Example 5 -
The standard low temperature amination boration process described above

(except a resin kettle or U-shaped reactor was used instead of a round bottom
reaction flask) was conducted using the particulate boric acid described in Table Ii.
The reactor agitators in both the amination reactor and boration reactor were
operated at 800 rpm. The results are presented in Table Il.

Comparative Example 6
The standard low temperature amination boration process described in detail

above was conducted using the particulate boric acid described in Table il, which
also present the results. '

Example 7
A spherical vessel is charged with 863.1 grams of 2200 MW-based PIBSA and

S150N base oil and heated to 115°C. To that mass, 23.7 grams of polyamine is
added over a one hour time period. The material is stripped with nitrogen for one half
hour and the mass is then heated to a temperature of 149°C. To this reaction mass is
added a milled suspension of boric acid. The milling was accomplished in a separate
vessel by adding solid boric acid to oil and maintaining it at 100°C under high shear
conditions for over an hour. The milled boric acid had a ¢ of 415. 78.3 grams of this
slurry at 15% solids was added over a one hour period and the resulting product
stripped with nitrogen at reaction temperature for one hour. The reactor was sampled
and some of the raw product was added.to 50 ml of heptane in a BS&W tube. The
tube was spun at 1800 rpm in a centrifuge for a period of one hour. The resulting
sediment product on the bottom was measured as volume percent of the total tube
volume and doubled to correct for the solvent dilution effect. A sediment level of
0.016 vol. % resulted with a filtered boron content of 0.25% and an ASTM D-1500
color of 2.0 at a 15% weight dilution in white oil.
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N Sphere Vol ume Sphere Surface Area Segnent
(4/3 ' Nerr]d[err]) (N[err]d[err]) (mcrons) 4 - 6
5.56 - 8 -7

3.67 * 10[err]

4.77 * 10[err] 8-

102 10- 14

17 - 0.61

6.74 * 10[err]

10[ err] 6. 47
1.29* 10[err] 50
10[err] 60 - 70

80 75

85 2. 06

1.00 * 10[err]

31 TABLE | - Determnation of [err] Value for Exanple IlyB-—striittd
REPLACEMENT SHE
5

0.31 4

10 9 0.55  ~26-1.68 * 10]
12 0. 93 6.73 * 10[err] 4. p1
CamBarat@| Bxarlple8 5. 54*102 20 - 30 03

. i Q'%e*préc%%@' 13 gaﬂbéd ‘ﬂ'pa)%ample 7 3158 2conduc1e g i%ﬁa foﬁvéhﬁoﬁéi
graggLf('a sEorlili for§156f boric agid-axcept that thg Feaction mﬁsﬁ ]w'as eatfglié ‘?éﬁJc
before ti6é&boric acid wad added. TiabBoll presedts the rebulls. * 10[err] 70-

1.62 2.86 * 10[err] 2.86* 10[err] 80 - 90

5. 30 * 6 4.68 * 10[err] 90- 100 95 2.79
Co ti

" The process as described in Comparative Example 8 was repeated, except
that the reaction mass was maintained at 149°C before the boric acid was added.

“Table Il presents the results.

Comparative Example 10 :
The process as described in Example 7 was conducted using-a granular boric

acid slurry in petroleum basestock, except that the amination temperature was 135°C
and the reaction mass was maintained at 135° before the boric acid was.added.
Table 1l presents the results.

Example 11 :
The process as described in Example 7 was conducted using a milled boric

acid suspension, except the amination was conducted at 115°C and the reaction
mass was heated to 135° before addition of the boric acid. Table Il presents the
results. ' :

As can be concluded from the above experiments, the amination temperature,
boration temperature and the use of a milied suspension of boric acid are variabies in
producing a low sediment product. It can also be observed that the process borates
the molecuie more efficiently and to a higher level than can be accomplished by

-conventional techniques. The more efficient boration technique also neutralizes the

basicity of the dispersant molecule to a higher degree as evident by the higher boron
content. It is theorized that this suppresses the interaction between the dispersant
and the unsaturation in the base oil leading to a lower color dispersant.
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150 125 22. 36 1.83 * 108
175 '28.6 6.42* 10[err] 2.75 * 10[err] 200 -
27.08 1.77 * 10[err] 5.32 * 10[err] 300- 400
8.14 * 10[err] 1.74 * 10[err] 400 - 500 450 0.8)
"10[ err] 5.66 * 10[err] 500- 600 55¢7 - 0.12
1.14 * 10[err] Total 100 3.86 * 10[err] 1.18 *
value= 327 d = average particle diameter of the distributi
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28~ETT]

TABLE I - Determination of ¢ Value for Example 1

Distribution |d N Sbhere Volume | Sphere Surface Area
Segment (4/3 Nnd3) (Nnd2)
{microns)
4-6 5 0.07 3.67 * 101 5.5
6-8 7 0.31 4.45 » 102 4.77 » 10}
$-10 9 0.55 1.68 * 103 1.40 * 102
10- 14 12 {093 6.73 * 103 4.21 * 102
14-20 17 0.61 1.25 * 104 5.54 * 102
20 - 30 25 1.03 6.74 » 104 2.02 * 103
30-40" 35 1.68 3.02 * 105 6.47 * 103
40 - 50 45 2.02 7.71 * 105 1.29 * 104
50 - 60 55 1.54 1.07 * 106 1.46 = 104
60 - 70 65 1.21 1.39 * 106 1.61 * 104
70 - 80 75 1.62 2.86 * 106 2.86 * 104
80 - 90 85 2.06 5.30 * 106 4.68 * 104
90 - 100 95 2.79 1.00 * 107 7.91 * 104
100 - 150 125 | 22.36 1.83 * 108 1.10 * 106
150 - 200 175 | 28.6 | 6.42 * 108 2.75 * 106
200 - 300 250 | 27.08 1.77 * 109 5.32 * 106
300 - 400 350 | 4.53 ' 8.14 * 108 1.74 * 106
400 - 500 450 | 0.89 | 3.40 » 108 5.66 * 105
500 - 600 550 |0.12 8.36 * 107 1.14 * 105
Total | 100 3.86 * 109 1.18 * 107
. ¢ value= 327

d = average particle diameter of the distribution segment.

N = the particle volume percent of the distribution segment.
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The process according to claim1 wherein the2Beric acid par
charged to the r jsi@n zone as a lubricating oil slurry or
The process according to claim1 wherein the contacting is
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1 wherein the [err] value is from about 200 to 450. 5. Th

Fdrng Lo

bo 20Ok ¢

[P

cl al

v wxe ) ar o

suspensi on.

7.

rrected at a

tenperature of fromabout 100 to.170[err]C. 8. The process according
to claim1 wherein tHe coAndmprovedilgwetedimant progess forofopmingt 2 berased, faibsgiuble,

about 110 to 150péwpisubitituted] NAitrBEOF-CDF Et6rCtohtai@ing Olublicatinig 1 oihgddiive Whih
about 0.35 to 5 ggﬁ‘&%egy wei ght of the boric acid are charged to the

reacti on zone per part by weight of the

(a) contacting a polymer-substituted, nitrogen- or ester-containing
additive in the presence of a soivent therefor, under boronating reaction conditions in
a reaction zone with particulate boric acid having a particle size distribution in
lubricating oil characterized by a ¢ value of not greater than about 450, wherein said
¢ value is the ratio of said particles' total spherical volume divided by said particles'
total spherical external surface area; wherein the total spherical volume is the sum of
all sphere volumes of formula (4I3)Nnd3 of each of a plurality of distribution segments
and the total spherical external surface is the sum of all sphere surface areas of
formula Nrd2 of each said distribution segment; wherein for each said segment, N is
the particle volume percent of the segment and d is the average particle diameter;

and

(b) recovering said borated additive.

2. The process according to claim 1 wherein the po!ymer-subﬁtituted

additive comprises a polyalkenyl-substituted succinimide.

3.  The process according to claim 2 wherein the polyalkenyl-substituted

succinimide is polyisobutenyl-substituted succinimide.

4. The process according to clairri 1 wherein the ¢ value is from about 200

to 450.

5. The process according to-claim 1 wherein said ¢ value is from about

300 to 400.

6. The process according to claim 1 wherein the boric acid particles are
charged to the reaction zone as a lubricating oil slurry or suspension.

7. The process according to claim 1 wherein the contacting is effected at a

temperature of from about 100 to 170°C.’




L -

W

o bore g, polyrer subets e oo RMIN U2 FRREACERERT Seer

0703 vol . % sedi nent .
20 DEC 1996

-30-

8. The process according to claim 1 wherein the'conta.ciing is effected at a
temperature of from about 110 to 150°C.

9. The process according to claim 1 wherein from about 0.35 to § parts-by
weight of the boric acid are charged to the reaction zone per part by weight of the
non-borated, polymer-substituted additive.

10. The process according to claim 1 wherein the recovered borated
additive contains less than about 0.03 vol. % sediment.
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IMPROVED LOW SEDIMENT PROCESS FOR L'GRMING
BORATED DISPERSANT

ABSTRACT

A low sediment process for forming a borated, oil

soluble, polymer-substituted, nitrogen- or ester-containing .

lubricating oil additive. A polymer-substituted, nitrogen-
or ester-containing additive in the presence of a solvent
therefor, is contacted under boronating reaction conditions
in a reaction zone with particulate boric acid. The boric

-acid has a particle size distribution in lubricating oil

characterized by a & value of not greater than about 450.

The & value is the ratio of said particles’ total spherical:

volume divided by said particles’ total spherical external

surface area; i.e., & = ‘total spherical volume/total

spherical surface area = I,;(4/3)N;nd,*/L; N;wd;*> wherein, for
each of a plurality of distribution segments defining a
particle size range; d; is the average particle diameter for
the ith distribution segment; N; is the particle volume
percent of the ith distribution segment; and the sum is
taken over all the distribution segments.
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