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BACKGRENFhichEn tychas\pee\gupstityted with a hlgh molecular weight hydrocarbon group of (b) an aldehyde
and a hydrocarbyl substituted hydroxy aromatic compound. The high molecular weight hydrocarbon group
has a number average molecular weight (M,) of about 500 to about 6,000.
Multigrade lubricating oils typically are identified by two numbers such as 10W30, 5W30 etc The first
13 number in the multigrade designation is associated with a maximum low temperature (e.g. -20° C.) viscosity
requirement for that multigrade oil as measured typically by a cold cranking simulator (CCS) under high
shear, while the second number in the muitigrade designation is associated with a minimum high
temperature (e.g. 100" C.) viscosity requirement. Thus, each particular multigrade oil must simuitaneously
meet both strict low and high temperature viscosity requirements in order to qualify for a given multigrade
75 oil designation. Such requirements are set e.g., by ASTM specxﬁcatlons By "low temperature” as used
herein is meant temperatures of typically from about -30° b about -5° C. By "high temperature” as used
herein is meant temperatures of typically at least about 100°C.
The minimum high temperature viscosity requirement, e.g. at 100" C., is intended to prevent the oil
from thinning out too much during engine operation which can lead to excessive wear and increased oil
20 consumption. The maximum low temperature viscosity requirement is intended to facilitate engine starting
in cold weather and to ensure pumpability, i.e., the cold oil should readily flow or slump into the well for the
oil pump, otherwise the engine can be damaged due to Insufficient lubrication. it
In formulating an oil which efficiently meets both low and high temperature viscosity requirements, the
formulator may use a single oil of desired viscosity or a blend of two lubricating oils of different viscosities,
25 in conjunction with manipulating the identity and amount of additives that must be present to achieve the
overall target properties of a particular multigrade oil including its viscosity requirements.
The natural viscosity characteristic of a lubricating oif is typically expressed by the neutral number of
the oil (e.g. S150N) with a higher neutral number being associated with a higher natural viscosity at a given
) temperature. In some instances the formulator will find it desirable to blend oils of two different neutral
30 numbers. and hence viscosities, to achieve an oil having a viscosity intermediate between the viscosity of
the components of the ol blend. Thus, the neutral number designation provides the formulator with a simple b
way to achieve a desired base oil of predictable viscosity. Unfortunately, merely blending cils of different
viscosity characteristics does not enable the formulator to meet the low and high temperature viscosity
. requirements of multigrade oils. The formulator's primary tool for achieving this goal is an additive
. 35 conventionally referred to as a viscosity index improver (l.e., V.1 improver).

‘ The V. I. improver is conventionally an oil-soluble long chain polymer. The large size of these polymers
enables them to significantly increase Kinematic viscosities of base oils even at low concentrations.
However, because solutions of high polymers are non-Newtonian they tend to give lower viscosities than

- expected in a high shear environment due to the alignment of the polymer. Consequently, V... improvers
‘40 impact (i.e., increase) the low temperature (high shear) viscosities {i.e. CCS viscosity) of the base oil to a
: lesser extent than they do the high temperature (low shear) viscosities.
The aforesaid viscosity requiroments for a multigrade oil can therefore be viewed as being increasingly
antagonistic at increasingly higher levels of V.1 improver. For example, if a large quantity of V.I. improver is

- used in order to obtain high viscosity at high temperatures, the oil may now exceed the low temperature

45 requirement. In another example, the formulator may be able to readily meet the requirement for a IOW30
ofl but not a 5W30 oil, with a particular ad-pack (additive package) and base oil. Under these circumstances

- the formulator may attempt to lower the viscosity of the base oil, such as by increasing the proportion of

low viscosity oit in a blend, to compensate for the low temperature viscosity increase induced by the V..
improver, in order to meet the desired low and high temperature viscosity requirements. However,

"« 50 increasing the proportion of low viscosity oils in a blend can in turn lead to a new set of limitations on the

_ . formulator, as lower viscosity base oils are considerably less desirable in diessl engine use than the

© - heavier; more viscous oils. In addition the added volatility of lower viscosity base oil can present a practical
problem. .
Further complicating the formulator's task is the effect that dispersant additives can have on the

viscosity characteristics of multigrade oils. Dispersants are frequently present in quality oils such as
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viscosity of the oil to approach the maximum !ow temperature viscosxty lumit. the more difficult it is to

introduce a sufficient amount of V.. improver effective to meet the high temperature viscosity requirement

and still mest the low temperature viscosity requirement. The formulator is thereby once again forced to

shift to the undesirable expedient of using higher proportions of low viscosity oil to permit addition of the
20 requisite amount of V.. improver without exceeding the low temperature viscosity Emit.

In accordance with the present invention, dispersants are provided which have been found to possess
inherent characteristics such that they contribute considerably less to low temperature viscosity increases
than dispersants of the. prior art while achieving simitar high temperature viscosity increases. Moreover, as
the concentration of dispersant in the base oil is increased, this beneficial low temperature viscosity effect

25 becomes increasingly more pronounced relative to conventional dispersants. This advantage is especially

. significant for high quality heavy duty diesel oils which typically require high concentrations of dispersant
additive. Furthermore, these improved viscosity properties facilitate the use of V... improvers in forming
multigrade oils spanning a wider viscosity requirement range, such as 5W30 oils, due to the overall sffect of
lower viscosity increase at low temperatures while maintaining the desired viscosity at high temperatures as

so compared to the other dispersants. More significantly, these viscometric properties also permit the use of
higher viscosity base stocks with attendant advantages in engine performance. Furthermore, the utilization
of the dispersant additives of the instant invention allows a reduction in the amount of V... improvers
required.

The materials of this invention are thus an improvement over conventional dispersants because of their

a5 offectiveness as dispersants coupled with enhanced low temperature viscomatric properties. These materi-
als are particularly useful with V.l. improvers in formuiating multigrade oils.

SUMMARY OF THE INVENTION

The present invention is directed to oil soluble dispersant additives useful in oleaginous compositions
selected from fuels and lubricating oils comprising the reaction products of:
(i) at least one intermediate adduct comprised of the reaction products of
45 {a) at least one polyepoxide, and
(b) at least one member selected from the group consisting of polyamines, polyols, and amino
alcohols; and .

(ii) at least one of (a) a hydrocarbyl substituted Cs - Cio dicarboxylic acid producing material or (b)
0 an aldehyde and a hydrocarbyl substituted hydroxy aromatic compound.

The intermediate adduct () is first preformed and this preformed intermediate adduct is subsequently
reacted with (ii).
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The reaction product (i), also referred to in the specification and appended claims as the intermediate
20 adduct. is then reacted with (ii)(a) or (ii)(b), with (ii) (a) being referred to in the specification and appended
claims as an acylating agent or material, to form the adduct or dispersant of the present invention. if (i)(b) is
a polyamine then it contains at least two reactive amino groups, one of said amino groups being a primary
amino group and the other reactive amino group being a primary amino group or a secondary amino group.
in a preferred embodiment of the instant invention ()(b) is a polyamine, and in the following discussion
25 conceming the reaction between (i)(a) and (i)(b) to form the intermediate adduct, (i)(b) will be assumed to
be such a polyamine. '
In another preferred embodiment (i)}(b) is a polyamine and (i) is (a).
For purposes of illustration and exemplification only the reaction between one mole of a polyepoxide,
i.e.. a diepoxide, and two moles of a polyamine such as tetraethylene pentamine (TEPA), to form the
30 intermediate adduct is believed to be represented by the following reaction scheme:

" EQ. 1 .
c/g\c_ . /o\
o EEprem-o-dom o Loy
H H H G H H
40 BN+ (CH,) 2 - -!'l-é—c'- - -é-é-!li -
fenmtra, - §o§ - - - -6 ou fram), wirn

It is to be understood that if more than one molecule of the diepoxide and more than 2 molecules of the
polyamine are incorporated into the resuitant product, said product may be oligmeric in character. Thus for
example, if more than one mole of the diepoxide of Equation 1 is reacted with more than 2 moles of the
polyamine of Equation 2 the resultant product may be reprasented by the following structural formula
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i.e., 2 moles of
26 //o
PIB -~ CH - ¢C
| o
CH C/
30 2 \\o

where PIB represents polyiscbutylene having a number average molecular weight of from abbut 500 to
3 about 6,000, to form the dispersant of the instant invention, i.e., a mixiure of amides, imides and esters,
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15 Preferred olefin polymers for reaction with the unsaturated dicarboxylic acid, anhydride, or ester are
polymers comprising @ major molar amount of Cz to Cis, e.g. Cz to Gs, monoolefin. Such olefins include
ethylene, propylene, butylens, i¥obutylene, pentene, octene-l, styrene, etc. The polymers can be homo-
polymers 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. Other

20 copolymers include those in which a minor molar amount of the copolymer monomers, e.g.. 1 to 10 mole

%, is a Ce to Cig non-conjugated diolefin, e.g., a copolymer of isobutylene and butadiene; or a copolymer
of ethylene, propylene and 1,4-hexadiene; etc.
In some cases the olefin polymer may be completely saturated, for example an ethylene-propylene
copolymer mads by a Ziegler-Naita synthesis using hydrogen as a moderator to control molecular weight.

25 The olefin polymers will usually have number average molecular weights ( M7,) within the range of
about 500 and about 6000, e.g. 700 to 3000, preferably between about 800 and about 2500, e.g., 850 to
1,000. An especially useful staring material for a disspersant additive made in accordance with this

-invention is polyisobutylene.
Processes for reacting the olefin polymer with the- C«-C1o unsaturated dicarboxylic acid, anhydride or

20 ester are known in the art. For example, the olefin polymer and the dicarboxylic acid material may be
simply heated together as disclosed in U.S. Pat. Nos. 3,361,673 and 3,401, 118 to cause a thermal "ene"
reaction to take place. Alternatively, the olefin polymer can be first halogenated, for example, chlorinated or
brominated to about 1 to 8 wt. %, preferably 3 to 7 wt. % chlorine or bromine, based on the werght of
polymer. by passing the chlorine or bromine through the polyolefin at a temperature of 25 to 180" C, e.g.,

35 120°C, for about 0.5 to 10, preferably 1 to 7 hours. The halogenated polymer may then be reacted with
sufficient unsaturated acid or anhydride at 100 to 250 C, usually about 180 to 220° C., for about 0.5 to 10
hours, e.g. 3 to 8 hours, so the product obtained will contain an average of about 0.1 to 2.0 moles,
preferably 1.1 to 1.3 moles, e.g., 1.2 moles, of the unsaturated acid per mole of the halogenated polymer.
Processes of this general type are taught in U.S. Patents 3,087,436; 3,172,892; 3,272,748 and others.

40 Alternatively, the olefin polymer and the unsaturated acid material are mixed and heated while adding
chlorine to the hot material. Processes of this type are disclosed in U.S. Patents 3,215,707; 3,231,587;
3,912,764; 4,110,349; 4,234,435; and in U.K. 1,440,219.

By the use of halogen, about 65 to 95 wt. % of the polyolefin, e.g. polyisobutylene, will normally react
with the dicarboxylic acid material. Upon carrying out a thermal reaction without the use of halogen or a

45 catalyst, then usually only about 50 to 85 wt. % of the polyisobutylene will react. Chlorination helps increase
the reactivity. For convenience, all of the aforesaid functionality ratios of dicarboxylic acid producing units to’
polyolefin, e.g. 1.0 to 2.0, etc. are based upon the total amount of polyolefin, that is, the total of both the
reacted and unreacted polyolefin, present in the resulting product formed in the aforesaid reactions.

50
POLYAMINES

Amine compounds useful as reactants with the polyepoxides to form the polyepoxide-polyamine

s5 intermediate adduct are those containing at least two reactive amino groups, i.e., primary and secondary
amino groups. They include polyalkylene polyamines, of about 2 to 60 (e.g. 2 to 30), preferably 2 to 40,
{e.g. 3 to 20) total carbon atoms and about 1 to 12 (e.g., 2 to 9} , preferably 3 to 12, and most preferably 3

to 9 nitrogen atoms in the molecule. These amines may be hydrocarbyl amines or may be hydrocarbyl
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wherein RV, R, R", and R" are independently selected from the group consisting of hydrogen; Ci to Cas
straight or branched chain alkyl radicals; Ci to Ci2 alkoxy Cz2 to Cs alkylene radicals; Cz to'Cu hydroxy

25 amino alkylene radicals; and Ci o Ci2 alkylamino C to Ce¢ alkylene radicals; and wherein R and R” can
additionally comprise a moiety of the formula

35 wherein R is as defined above, ang whersin each s and s’ can be the same or a different numlger of from 2
to 6, preferably 2 to 4; and t and t can be the same or different and are each numbers: of typically from 0
to 10, preferably about 2 to 7, most preferably about 3 to 7, with the proviso tha't t + t is not greater than
10. To assure a facile reaction it is preferred that RV, R, R", (s), (s ), (f) and (t) be selected in a manner
sufficient to provide the compounds of formula la with typicaily at Ieasg two primary and/or secondary amino

& Foups. This can be achieved by selecting at least one of said RV, R, or R” groups to be hydrogen or by
letting (t) in formula la be at least one when R” is H or when the (Ib) moiety possesses a secondary amino
group. The most preferred amines of the above formulas are represented by formula la and contain at least
two primary amino groups and at least one, and preferably at least three, secondary amino groups.

Non-limiting examples of suitable amine compounds include: 1,2-diaminoethane; 1,3-diaminopropane;

. {,4-diaminobutane; 1,6-diaminohexane; polyethylene amines such as disthylene triamine; triethylene
tetramine; tetracthylene pentamine; polypropylene' amines such as 1,2-propylene dia'mine; di-(1,2-pro-
pylene) 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 3propylene diamine; N-dodecyl-1,3-propane diamine; tris
hydroxymethylaminomethane (THAM); diisopropanol amine; diethanol amine; tristhanol amine; mono-, di-,

50 and tri-tallow amines; amino morpholines such as N-(3-aminopropyl) morpholine; and mixtures thereof.

Other useful amine compounds include: alicyclic diamines such as 1.4-di(aminoethyl) cyclohexane, and
N-aminoalkyl piperazines of the general formula:

20

(Ib)

)|
CHy==CH
%  HpNH=(CH3)p, e ~ (CHg) ~——NH4=H
TScRy=—CHy” | ?, J. (II)
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di spersants of the prior art while achieving simlar high tenperature
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i ncr eaSEMeRsuhAs, "ol 8'¥ @B&]nﬁ% 1 f . Vviscosity at

hi gH®t er’rﬂ'e"Ffél'tam’@a'é ing FeaPEper san s re significantly,
t hese vi sconetric propertles aI so permt the use of higher viscosity base
stocks with attendant advantagesfin engine rf or mance. Furthernore, the
utilization of tieye=spekicelnn =t Q-+acik yife rt =NEant i nvention allows a
redugtion in the anount of V.I. rovers reguired. he materials

of this invention are thus an inprovenent over convent i orfHT | spersants
because of their effectiveness as dispersants coupled with enhanced | ow
tenperature visconetric properties. These materials are particularly
usef ul wibreln hésla.value éfrRPILOY BX 70 ahdiprbferabiy H&itoi3&andul t i gr ade oi | s.
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RY —(— alkylene -é O-a 1kflen¢>-— NH3
n a (IV)

where n has a value of about 1 to 40, with the provision that the sum of all the n's is from about 3 to about
70, and preferably from about & to about 35, and RY is a substituted saturated hydrocarbon radical of up to
10 carbon atoms, wherein the number of substituents on the RY group is from 3 to 6, and "a" is a number
a0 from3to 6 which represents the number of substituents on RY. The alkylene groups in either formula (ill) or
(IV) may be straight or branched chains contalning about 2 to 7, and preferably about 2 to 4 carbon atoms.
The polyoxyalkylene polyamines of formulas (lil) or (IV) above, preferably polyoxyalkylene diamines and
polyoxyalkylene triamines, may have number average molecular weights ranging from about 200 to about
4000 and preferably from about 400 to about 2000. The preferred polyoxyalkylene polyamines include the
2 polyoxyethylene and polyoxypropylene diamines and the polyoxypropylene triamines having average
molecular weights ranging from about 200 to 2000. The polyoxyalkylene polyamines are commoercially
available and may be obtained, for example, from the Jefferson Chemical Company, Inc. under the trade -
name "Jeffamines D-230, D-400, D-1000, D-2000, T-403", etc.
The polyamine is readily reacted with the polyepoxide, with or without a catalyst, simply by heating a
0 mlxture of the polyepoxide and polyamine in a reactnon vessel at a temperature of about -20°C to about
200" C, more preferably to a temperature of about 0° C to about 180° C, and most preferably at about 30'C
to about 160" C, for a sufficient period of time to effect reaction. A solvent for the polyepoxide, polyamine
and/or intermediate adduct can be employed to control viscosity and/or reaction rates.
Catalysts useful in the promotion of the above-identified polyepoxide-polyamine reactions are selected
4 from the group consisting of stannous octanoate, stannous hexanoate, stannous oxalate, tetrabutyl titanate,
a variety of metal organic based catalyst acid catalysts and amine catalysts, as described on page 266, and
forward in a book chapter authoried by R. D. Lundberg and E. F. Cox entitled, "Kinetics and Mechanisms of
Polymerization: Ring Opening Polymerization®, edited by Frisch and Reegen, published by Marcel Dekker
in 1969, wherein stannous octanoate is an especially preferred catalyst. The catalyst is added to the
so reaction mixture at a concentration level of about 50 to about 10,000 parts of catalyst per one million parts
by weight of the total reaction mixture.

25

POLYOL
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_ In another aspect of the invention the polyepoxide intermadiate adducts are prepared by reacting the )
polyepoxides with a polyol instead of with a polyamine.
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SUMMARY OF THE | NVENTI ON The present invention is directed to oil
sol ubl e di spersant additives usefék;oi3 é | nous conpositions
-6- selected fromfuels and | ubrTcatimng o?Tgs.conpri sing the reaction
products of: (i) at |east one intermedi ate adduct conprised of
the reacti o i@ gdifdl Sontounds which can be ude@)inclbie hIRASIE POIIEyAA® biyehpie xbrdaningaupito
(b) at | gp&lt 160'&rdsR AHME afCiRGi2d abdud 10 hylditoxyl groups. These alcghoBtpn boadte siivensg)inof
pol yam neguctys® laiyd tiwmicalnebmposition, for examplé,nthéyocaa | becdubdtitited zan ginsubstituted, hifgiergd ert
| east onankifidefed) branchydchain ar dpightsohiis.tetd, s debiréd]. Fypidal alcolijlear dkyldne glydgls eyeh a5
aci d psodkthylengglyat, @ropyiéne @lycqitimetiylenb glyba).chtyienel glacoh ot paivaihviesis sush g8 dipthylensd
hydr oxy ayeontietbyleengheoin thiracthylens - glycol; ipropylers giwehl. dtirronyiger, awcgqb"w?"? ighvsl.
pr ef or medrikuvine biyeol, pckdtisr gilsdene gtvedinendipalyakyiedelglyeolsi i wiichssedfoviene ragical soptains
Wi th (ii)from two to about eight cahprr atpme- (BRI Fohihysiic @icohpispngude/pixparghponomethyl ether
of glycerol, pentaerythritol, dipentaerythritol, tripentaerythritol, 9,10-dihydroxystearic acid, the ethy! ester of
10 9,10-dihydroxystearic acid, 3-chloro-1,2-propanediol, 1,2-butanediol, 1,4-butanediol, 2.3-hexanediol, pinacol,
tetrahydroxy pentane, erythritol, arabitol, sorbitol, mannitol, 1,2-cyclohexanediol, 1,4-cyclohexanediol, 1,4-(2-
hydroxyethyl)-cyclohexane, 1,4-dihydroxy-2-nitrobutane, 1,4-di-{2-hydroxyethyl)-benzene, and the carbohy-
drates such as glucose, mannose, glyceraldehydse, galactose, and the like. :

Included within the group of aliphatic aicohols are those alkane polyols which contain ether groups suc!

15 as polysthylene oxide repeating units, as well as these polyhydric alcohols containing at least three
hydroxyl groups, at least one of which has been esterified with a mono-carboxylic acid having from eight to
about 30 carbon atoms such as octanoic acid, oleic acid, stearic acid, linoleic acid, dodecanoic acid, or tall
oil acid. Examples of such partially esterified polyhydric alcohols are the mono-oleate of sorbitol, the mono-
oleate of glycerol, the monostearate of glycerol, the di-stearate of sorbitol, and the di-dodecanoate of

20 erythritol. :

A preferred class of intermediate adducts are those prepared from aliphatic alcohols containing up to 20
carbon atoms, and especially those containing three o 15 carbon atoms. This class of alcohols includes
glycerol, erythritol, pentaerythritol, dipentaerythritol, tripentaerythritol, gluconic acid, glyceraldehyde, glu-
cose, arabinose, 1,7-heptanediol, 2,4-heptanediol, 1,2,3-hexanetriol, 1.2,4-hexanetriol, 1,2,5-hexanetriol,

25 23.4-hexanetriol, 1,2,3-butanetriol, 1,2,4-butanetriol, 2,2,8,8-tetrakis(hydroxymethyl)-cyciohexanol, 1,10-de-
canediol, and the like. The adducts repared from aliphatic alcohols containing at least three hydroxyl groups
and up to fifteen carbon atoms are particularly preferred.

An especially preferred class of polyhydric alcohols for preparing the polyepoxide adducts used as
intermediate materials or dispersant precursors in the present invention are the polyhydric alkanols

30 containing three to 15, especially three to six carbon atoms and having at least three hydroxyl groups. Such
alcohols are exemplified in the above specifically identified aicohols and are represented by glycerol,
erythritol, pentaerythritol, mannitol, sorbitol, 1,2,4-hexanetriol, and tetrahydroxy pentane and the like.

The polyol is readily reacted with the polyepoxide by heating a mixture of the polyol and polyepoxide in
a reaction vessel at a temperature of about -20° C to about 200" C, more preferably to a temperature of

35 about 0" C to about 180, C, and most preferable at about 30° C to about 160" C, for a sufficient period of
time to effect reaction. Optionally, a solvent for the polyepoxide, polyol and/or the resulting adduct may be
employed to control viscosity and/or the reaction rates.

Catalysts useful in the promotion of the polyepoxide-polyol reactions are the base catalysts, e.g., OH =,
tertiary amines, etc. The catalyst may be added to the reaction mixture at a concentration level of from

40 about 50 to about 10,000 parts of catalyst per one million parts by weight of total reaction mixture.

AMINO ALCOHOL

In a manner analogous to that described for the polyepoxide-polyamine reaction and for the
polyepoxide-polyol reaction, the polyepoxide can be reacted with an amino alcohol to form an intermediate
adduct which can be further reacted with an acylating agent to form the dispersants of this invention.

Suitable amino alcohol compounds which can be reacted with the polyepoxide include those containing
50 up to about 50 total carbon atoms and preferably up to about 10 total carbon atoms, from 1 to about §
nitrogen atoms, preferably from 1 to 3 nitrogen atoms, and from 1 to about 15 hydroxy groups, preferably
from about 1 to 5-hydroxyl groups. Some illustrative non-limiting examples of the amino alcohols include
ethanol amine, triethanol amine, di-(2-hydroxyethyl)amine, tri-(3-hydroxypropyl)amine, and N.N'-di-'
(hydroxysthyl)ethylenediamine. Preferred amino alcohols include the 2,2-disubstituted-2-amino-1-alkanols

s6 having from two to three hydroxy groups and containing a total of 4 to 8 carbon atoms. These amino
alcohols can be represented by the formula:

This Sheet Has Been Replaced

: ARG




I n accordance with the present invention there are provided oil soluble

di sper,sant conpositions. These di spersants exhibit a high tenperature to
| ow tenperature viscosity bal angs 941 4qatd® Which is nore favorable than
t hat . of conventional dispersant naterlals That is to say the instant

di spersant materials possess inherent characteristics such that they
contribute considerably |less to | ow Benperature viscodhis mwﬂmﬁB&ﬁ@wlhﬁm
conventional dispersants mhlleuhncreéslnggtgs contrlbut

tenperature viscosity increase. 2They al SO2&%hi bit enh ved
di spersancy characteristics. This i@ believed to be due |n

the presence of the hydroxyl groups formed as a result of the ring openlng

O oL e it %ﬂ?m&é;:% oy b an daf w%t b B ealg,g' i IS i 3403 _Of
the O%{l ég ne nta .EE titu n@ ky qﬁ%up 0 ant
i ntermg c@:Tree-( 1 to 3. Examp éo %EE& 0-2- thag
I nvent i;RBade 6P 'élaﬁtﬁiolz thy %&da%mp é?lq ﬁerﬁm -(hydr methyl r& ét
i nt €F mags 8dify IneeH &l THAR R rtds@ﬁ&l’o:@fnethyl) amino methane.l ‘ﬁglvf l@ éuﬁﬂy Brrefe Hf a&
(a) at of isaHbctiviEss ROLIMBIRY ¥idd&w coatd l'east” one We
sel ect ed 1he afilinb 2ohol is readily reacted with the polyspoxide by heatmg a mixture of the polyepoxide and
amino alcohol in a reaction vessel at a temperature of about -20° C to about 200 C, more preferably at
15 temperature of about 0°C to about 180°C, and most preferably at about 30" C to about 160°C, for a
sufficient period of time to effect reaction. Optionally, a solvent for the polyepoxide, amino alcohol and/or
the reaction product may be used to control viscosity and/or the reaction rates.
Catalysts useful in the promotion of the polyepoxide-amino alcohol reactions are the same as those

which are useful in connection with the polyepoxide-polyamine and polyepoxide-polyol reactions, and
2 Corresponding amounts of catalysts may be employed.

HYDROCARBYL SUBSTITUTED HYDROXY AROMATIC COMPOUNDS AND ALDEHYDES

in another embodiment of the present invention the instant dispersants are comprised of the reaction
products of the intermediate adduct (i), preferably one comprised of the reaction products of at least one
polyepoxide and at least one polyamine, and (ii)(b), i.e., an aldehyde and a hydrocarby! substituted hydroxy
aromatic compound.

30 The hydrocarbyl substituted hydroxy aromatic compounds include thoss compounds having the formula

R20

21 _ 4
. R%Yy Ar (ox-x)z

wherein Ar represents

o ( 22 9,‘ (Rz J

X

45

wherein g is 1 or 2 R® is a long chain hydrocarbon, R? is a hydrocarbon or substituted hydrocarbon
radical having from 1 to about 3 carbon atoms or a halogen radical such as the bromide or chloride radical
y is an integer from 1 to 2, x is an integer from 0 to 2, and z is an integer from 1 to 2.

50 litustrative of such Ar groups are phenylene, biphenylene, naphthylene and the like.

The preferred long chain hydrocarbon substituents are olefin polymers comprising a major molar
amount of Cz to Cg, 6.g. C2 to Cs monoolefin. Such olefins inciude ethylene, propylene, butyiene, pentene,
octene-1, sytrene, 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;

55 propylene and isobutylene; etc. Other copolymers include those in which a minor molar amount of other
monomers are present, e.g., a copolymer of isobutylene and butadiene; or a copolymer of ethylene,
propylene and 1,4-hexadiene; etc.

In some cases, the olefin polymer may be completely saturated, for example an ethylene-propylene

10
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where R¥, R?', y and x are as previously defined, and BF; is an alkylating catalyst. Processes of this type
are described, for example, in U.S. Patents 3,539,633 and 3,649,229, the disclosures of which
incorporated herein by reference. '

‘25 Representative hydrocarby! substituted hydroxy aromatic compounds 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-methylphenol, and the like.

Suitable hydrocarbyl-substituted polyhydroxy aromatic compounds include the polyolefin catechols, the

a0 polyolefin resorcinols, and the polyolefin hydroquinones, e.g., 4-polyisobutylene-1,2-dihydroxybenzene, 3-
polypropylene-1,2-dihydroxybenzene, §-polyisobutylene-1,3-dihydroxybenzene, 4-polyamylene-1,3-
dihydroxybenzene, and the like.

Suitable hydrocarbyl-substituted naphthols  include 1-polyisobutylene-5-hydroxynaphthalene, 1-
polypropylene-3-hydroxynaphthalene and the like.

35 The preferred long chain hydrocarbyl substituted hydroxy aromatic compounds to be used in this
invention can be illustrated by the formula:

OH This Sheet Has Been Replaced

_w i IR

45 Wherein R2 is hydrocarby! of from 50 to 300 carbon atoms, and preférably is a polyolefin derived from a Cz
to Cio (e.g., C2 to Cs) mono-alpha-olefin.
The aldehyde material which can be employsd is represented by the formula:
RBCHO : .
In which R® is a hydrogen or an aliphatic hydrocarbon radical having from 1 to 4 carhon atoms. Examples
so of suitable aldehydes include formaldehyds, paraformaldehyds, acetaldehyde and the like.
The reaction scheme involving the reaction between the polyepoxide, e.g., a diepoxide, and a
polyamine (which polyamine is present in excess), o.g.. TEPA, to form the intermediate adduct is -
represented by Equation 1. This intermediat_e adduct is then reacted with the" hydrocarbyl substituted

aromatic compound, e.g., polyisobutenyl substituted phenol, and an aldehyde, e.g., formaldehyde, to form
55 the dispersant of this embodiment as follows: :

11
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The polyepoxides are compounds containing at least two oxirane rings, Le,

0
30 - c/ -\c -
] ]

These oxirane rings are connected or joined by hydrocarbon moieties or hydrocarbon moleties containing at

least one hetero atom or group. The hydrocarbon moisties generally contain from 1 to about 100 carbon

% atoms. They include the alkylene, cycloalkylense, alkenylene, arylene, aralkenylene and alkarylene radicals.

Typical alkylene radicals are those containing from 1 to about 100 carbon atoms, more typically from 1 to

about 50 carbon atoms. The alkylene radicals may be straight chain or branched and may contain from 1 to

about 100 carbon atoms, preferably from 1 to about 50 carbon atoms. Typical cycloalkylene radicals are

%@ those containing from 4 to about 16 ring carbon atoms. The cycloalkylene radicals may contain alkyl

substituents, e.g., C1 - Cg alkyl, on one or more ring carbon atoms. Typical arylene radicals are those

containing from 6 to 12 ring carbons, e.g., phenylens, naphthylene and biphenylene. Typical alkarylene and

aralkylene radicals are these containing from 7 to about 100 carbon atoms, preferably from 7 to about 50

carbon atoms. The hydrocarbon moieties joining the oxirane rings may contain substituent groups thereon.

5 The substituent groups are those which are substantially inert or unreactive at ambient conditions with the

oxirane ring. As used in the specification and appended claims the term "substantially inert and unreactive

at ambient conditions” is intended to mean that the atom or group is substantially inert to chemical

reactions at ambient temperatures and pressure with the oxirane ring so as not to materially interfere in an

adverse manner with the preparation and/or functioning of the compositions, additives, compounds, etc. of

50 this invention in the context of its intended use. For example, small amounts of these atoms or groups can

undergo minimal reaction with the oxirane ring without preventing the making and using of the invention as

described herein. In other words, such reaction, while technically discernable, wouid not be sufficient to

deter the practical worker of ordinary skill In the art from making and using the invention for its intended

purposes. Suitable substituent groups include, but are not limited to, alkyl groups, hydroxyl groups, tertiary

55 amino groups, halogens, and the like. When more than one substituent is present they may be the same or
different.

It is to be understood that while many substituent groups are substantially inert or unreactive at ambient

conditions with the oxirane ring, they will react with the oxirane ring under conditions effective to allow

reaction of the oxirane ring with the reactive amino groups of the acylated nitrogen derivatives of

12



where h is a nunber obtained by subtracting one fromthe nunber of noles of

di epoxide and is at |east one. EP 0 331t9gs A2nt er nedi at e adduct is then
reacted with (ii) (a) or (ii) (b) such as polyisobutenyl succinic
anhydride, i.e.., 2 noles of [err] where PIB

r epr esent kydpoipil subsituted diepcbokydio imetgrizis. M{hetherrthase groprpaarnftelia subptitingl Q%h‘?s whicl r om
about 500cande fpsent obthe gelyepoxide depends, in part, upon their reactivity with the oxirane ring. e.nerally. it
‘they are substantially more reactive with the oxirane ring than the oxirane ring is with the reactive amino
group, particularly the secondary amino group, they will tend to materially interfere in an adverse manner
s with the preparation of the improved dispersants of this invention and are, therefore, unsuitable. if, however,
their reactivity with the oxirane ring is less than or generally similar to the reactivity of the oxirane ring with
the reactive amino groups, particularly a secondary amino group, they will not materially interfere in an
adverse manner with the preparation of the dispersants of the present invention and may be present on the
polyepoxide, particularly if the epoxide groups are present in excess relative to the substituent groups. An
10 example of such a reactive but suitable group is the hydroxyl group. An example of an unsuitable
substituent group is a primary amino group.

The hydrocarbon moieties containing at least one hetero atom or group are the hydrocarbon moisties
described abave which contain at least one hetero atom or group in the chain. The hetero atoms or groups
are those that are substantially unreactive at ambient conditions with the oxirane rings. When mors then ons

15 hetero atom or group is present they may be the same or different. The hetero atoms or groups are
soparated from the carbon atom of the oxirane ring by at least one intervening carbon atom. These hetero
atom or group containing hydrocarbon moieties may contain at least one substituent group on at least one
carbon atom. These substituent groups are the same as those described above as being suitable for the

. hydrocarbon moieties. :

20 Some illustrative non-limiting examples of suitable hetero atoms or groups include:

oxygen atoms (i.e., -O- or ether linkages in the carbon chain);

sulfur atoms (i.e. -S- or thioether linkages in the carbon chain);
(o}

_ carboxy groups (i.e., - ¢-0 )
26 sulfonyl group

0
n
_ (L.e., = 8 -);
a0 o]
2
ketone group (i.e., - C -);
(o]

1]
sulfinyl group (l.e.,- S -);
an oxirane ring This Sheet Has Been Rep

P T

-c-)'

o]

40 ) (i-e.; -

-0

and nitro group.

As mentioned hereinafore the polyepoxides of the present invention contain at least two okirane rings or
epoxide moieties. it is critical that the polyepoxide contain at least two oxirane rings in the same molecule.
Preferably, these polyepoxides contain no more than about 10 oxirane rings, preferably no more than about
5 oxirane rings: Preferred polyepoxides are the diepoxides, i.e., those containing two oxirane rings.

The polyepoxides useful in the instant invention are well known in the art and are generally commer-
cially available or may readily be prepared by conventional and well known methods.

50 The polyepoxides include those represented by the general formula

&6
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to formthe dispersant of the instant invention, i.e., a mxture of am des,
i mj des.and esters, e.g., [err] _ ACI D
PRODUCI NG MATERI AL The ercylat gggangents (ii) (a) which may be
reacted with the pol yepoxi de-pol yam ne, pol yepoxi de-pol yol, and/or
pol yepoxi de-am no al cohol internegi ate adductg -to formthe dispersant
additives of the instant inventign arg dicarbdxylic acid materials, e.g.,
acid, anhydride or ester nateriagls, )ﬁﬁr'\ch ar ubstituted with a long chain
hydr ocar byl group, generallys¢ y@l of Cim,Rand which contain typically an
average of at |east about O7, (isef Ilyl from gbout 0. 4—=20{(e-g. 0.9 -
1.6)Spreferably about 1.0 - 1.3|(e. @Yy 114 - 1. ) noles, per nole of :
R} R is Sheet Has Been Replaced

wherein:

R is a s valent hydrocarbon radical, a substituted s valent hydrocarbon radical, a s valent hydrocarbon
radical containing at least one hetero atom or group, and a substituted s valent hydrocarbon radical
containing at least one hetero atom or group; R' - R® are as described herein below; and s is an integer
15 having a value of at least 2, preferably from 2 to about 10, more preferablly from 2 to about 5. In this
generic formula R3° has the same meaning as R in Formula V below except that it is s valent rather than
divalent.
Among the polyepoxides described hereinafore are those represented by the general formuia.

10

20
o o
/7 \ / \
v. RG-C—CIS-R-C-$—R1
RS R4 R® R?
s-f‘ \ﬁf'
25

wherein:
R is a divalent hydrocarbon radical, a substituted divalent hydrocarbon radical, a divalent hydrocarbon
radical containing at least one hetero atom or group, and a substituted divalent hydrocarbon radical

30 containing at least one hetero atom or group.;

R' and RS are independently selected from hydrogen, monovalent hydrocarbon radicals, substituted
monovalent hydrocarbon radicals, monovalent hydrocarbon radicals containing at least one tetero atom or
group, substituted monovalent hydrocarbon radicals containing at least one hetero atom or group, and
oxirane containing radicals; '

35 R? and R® are indepemdently selected from hydrogen, monovalent hydrocarbon radicals, substituted
monovalent hydrocarbon radicals, monovalent hydrocarbon radicals containing at least one hetero atom or
group, substituted monovalent hydrocarbon radicals containing at least one hetero atom or group, mon-
ovalent oxirane containing radicals, divalent hydrocarbon radicals, and substituted divalent hydrocarbon
radicals, with the proviso that if R?2 or R® is a divalent hydrocarbon radical or substituted divalent

40 hydrocarbon radical then both R? and R® must be divalent hydrocarbon radicals or substituted divalent

hydrocarbon radicals that together with the two carbon atoms of the oxirane ring form a cyclic structure; and

R* and R are independently selected from hydrogen, monovalent hydrocarbon radicals, substituted

monovalent hydrocarbon radicals, monovalent hydrocarbon radicals containing at least one hetero atom or

group, substituted monovalent hydrocarbon radicals containing at least one hetero atom or group, mon-
ovalent oxirane containing radicals, divalent hydrocarbon radicals, and substituted divalent hydrocarbon
radicals, with the proviso that if R* or R® is a divalent hydrocarbon radical or substituted divalent
hydrocarbon radical then both R* and RS must be divalent hydrocarbon radicals or substituted divalent
hydrocarbon radicals that together with the two carbon atoms of the oxirane ring form a cyclic structure.
The monovalent hydrocarbon radicals represented by R! - RS generally contain from 1 to about 100
carbon atoms. These hydrocarbon radicals include alkyl, alkenyl, cycloalkyl, aryl, aralkyl, and alkaryl
radicals. The alky! radicals may contain from 1 to about 100, preferably from 1 to about 50, carbon atoms
and may be straight chain or branched. The alkenyl radicals may contain from 2 to about 100 carbons,
preferably from 2 to about 50 carbon atoms, and may be straight chain or branched. Preferred cycloalkyl
radicals are those containing from about 4 to about 12 ring carbon atoms, e.g., cyclobutyl, cyclopentyl,
cyciohexyl, cycloheptyl, etc. These cycloalkyl radicals may contain substituent groups, preferably alkyl
groups, on the ring carbon atoms, e.g., methylcyclohexyl, 1,3-dimethyicyclopentyl, etc. The preferred
alkenyl radicals are those containing from 2 to about 30 carbon atoms, e.g., ethenyl, 1-propenyl, 2-propenyl,
etc. The preferred aryl radicals are those containing from 6 to about 12 ring carbon atoms, le., phenyi,

45

§0

55
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hydrocarbyl, of a (Jerr] to CJerr] dicarboxylic acid, anhydride or ester
thereof', such as succinic acid, sugpw g31c3ssX2ydri de, di nethyl
met hyl succinate, etc., and m xtures thereof. The hydr ocar byl

substituted dicar boxyl ic acid materials, as well as methods for their
prepar at i 8% hthy], and, kighpnyl ﬂ'Bwe{aﬁeq Hiaky) pad alkapyl &F’Iéal%_ thpse, eantajning dgmy; 74 toﬁ out 30

patent |i E%‘P%t fpres. engPe'?‘V'rrﬁﬁ"‘b‘@ eAEYimethyiphenyly 2dso ‘@e" Vi 1 2@5‘8"" kt%on
3 ?L\é\?g BX;‘ lid ‘%\ élfl‘.ﬁt!tut (im oca_ pet da cagr;esp?esgntec} by Fl‘C[R(é arJ the mo:gvaqent Lydrocar-
-t hertoPon @des r i a nch ?%ﬁ leas @Ie (fubSHI&? igreu gl‘ on. r;QP g}lbstltuent

anhydri de 9"°8’?f|m“}5? one s ue g 8 actfva buenéf: g«:fr;s e qxiané moneties
hydr ocar by %9%%Lt§. es:" % %“i”ﬂ ieh i .Ei 9p FonEURhRS
agent s fo er&':gr ne hetaro a tl%
pol ymers tin, 'Tﬁd% é“t@& Mn@éx@ %X&el ring 3¢ 'aﬂeas@é}gy r
or ester hfonidny Whed mG:‘afIil% 'oﬁd Mt@at&ﬁbp%odm a&seﬂm%aﬁi thd Stimelor Biﬂer&[t el'hé
€. 9. ( er hterb Qtom&hrérblps areMEOMhtGld ddbstantiahy Ghtedtidiundist ambiBift coHaRio! wik 4 rane
propy!l ene sind trhasb A&lEro alof® BrLhratho BB thoRSdbs@BEd heridafite- | . Styrene, etc.
pol ynmer s canrhg @uidetaid flodcViént hydrocarbon radicals containing at least one hetero atom or group are the
15 substituted monovalent hydrocarbon radicals containing at least one hetero atom or group described above
which contain at least one substituent group on at least one carbon atom. The substituent groups are those
described hereinafore.
The oxirane radicals represented by R! - R may be represented by the formula

VI. -Rlo - c/- C = R7

wherein:
R? has the same meaning as R', R® - R? have the same meaning as R2 - R?, and R has the same
meaning as R in Formula V. The divalent hydrocarbon radicals represented by R2 - RS and R® - R?
so generally are aliphatic acylic radicals and contain from 1 to about 5 carbon atoms. Preferred divalent
hydrocarbon radicals are the alkylene radicals. Preferred alkylene radicals are those that, together with the
two carbon atoms of the oxirane ring, form a cyclic structure containing from 4 to about 8 ring carbon
atoms. Thus, for exampls, if R* and R* are both ethylene radicals the resultant cyclic structure formed with
the two carbon atoms of the oxirane ring is a cyclohexylene oxide Le.,

a5
+)
/°\
/.' c-c i heet Has Been Replaced
oo o i
40 ? - cl/
Hy H,

45 The divalent substfituted hydrocarbon radicals represented by R2 - RS and R® - R® are the divalent
hydrocarbon radicals described above which contain at least one substituent group on at least one carbon
atom. Thus, for example, if R® and R* are both hydroxy substituted ethylene radicals, the resultant cyclic
structure formed with the two carbon atoms of the oxirane ring may be represented by the formula.

50 0
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such .as pol yi sobutyl ene, as well as copolyners of two or nore of such

ol efins such as copolyners of: ethylene and propyl ene; butyl ene and

i sobutyl ene; propyl ene and isolgpgybensgga & c. O her copol yners include
those in which a minor nolar anpunt of the copol yner m)norrers e. g , 1to
10 nole % is a (Jerr] to (Jerr] non-conjugated diolefin, e.

copol ymerThefdivalens hydrodachon rasicals ipresetitasney: R gnd a‘°c99pe;alyrmntalaffr°@t h;q &9@ 100
propyl ewboramﬂq peeferably femehte: abgit §0 carbon a‘°ms Thﬁvgwéveca&g*éﬁm taﬁ’é‘aiﬂ i 3liphalics| ymer

may be t aexaresaliphatic they may ungaterpteg|

Byt & ﬂs gfiphptic, they may e ungatyrety aévﬁiﬁ E“E‘é’d
made b “‘He% alfviengyafkgny. éﬁl?}taﬁ’é%‘? sa‘alH'P '33‘,5,’3' nt roI
mol edu |é 8 %I’E n or branched. 7r? s?McT oé]ﬁé
aver ag bout
6000, é;g‘aa]"y e“?oﬁ"‘f gﬁ%&‘“éﬁ . ‘2 "“8 ?”“86 nd a‘%gz
€.g., rstoo 'ugse ea{ iﬂ:gtidpahg Ha% Jnggd é?alms is
di SoReanh 0 i 0 l'oﬂnaﬁccrﬁé?é senwd R g e
pol yi's 9 that the divale ﬁﬁf&%ﬁo‘ﬁe n bd b.a ﬁc a% é@u &tt h the
C[err] o ;a{s, Pan%t mc@f QidlousCa A% Fi-te s neaélsr od] &r nowﬂ
in the fyﬁuclear &ﬁaﬂ@iﬁ@i@ﬂ

Such b Fnu&l £ TnjolRtiA0dal BEE:f fé s$ God kb Diheieln 4 jeasti d
mat er | aJne ER Ml SuSbudnY Hisdd0R tRCholnRAS bitfHer ARtietd Such @5 Rind i nibhalend?dkthraddns,
3, 36175 Gre3 azanaphthalenes, etc. Alternatively, such polynuclear aromatic moieties can be of the linked type
wherein at least two nuclei (either mono-or polynuclear) are linked through bridging finkages to each other.
Such bridging linkages can be chosen from the group consisting of carbon-to-carbon single bonds, ether
linkages, keto linkages, sulfide linkages, -polysulfide linkages of 2 to 6 sulfur atoms, sulfinyl linkages,
suffonyl linkages, methylene linkages, alkylene linkages, di-{lower alkyl)-methylene linkages, lower alkylene
20 ether linkages, alkylene keto finkages, lower alkylene sulfur linkages, lower alkylene polysulfide linkages of
2 to 6 carbon atoms, amino linkages, polyamino linkages and mixtures of such divalent bridging linkages.
When the divalent aromatic moiety, Ar, is a linked polynuclear aromatic moiety it can be represented by
the general formula
- Ar(Lng-ArY},,
26 wherein w is an integer of 1 to about 10, preferably 1 to about 8, more preferably 1, 2 or 3; Ar is a divalent
aromatic moiety as described above, and each Lng is a bridging linkage individually chosen from the group
consisting of carbon-to~carbon single bonds, ether linkages (s.9. -0-), keto linkages (e.g.,
o .

il
- C-)
30 sulfide linkages (e.g., -S-), polysulfide linkages of 2 to 6 sulfur atoms (e.g., -S2-), sulfinyl linkages (e.g., -S
{0) -) , sulfonyl linkages (e.g., S (0)2 -) , lower alkylene linkages (e.g.,
~CHz == CHy - CH,~, - CH, - CH -, etc.),
35 R

di (lower alkyl) -methylens linkages (e.g., - CR"2-), lower alkylene ether linkages (e.g.,

-CH2-0-,-CH2-0-CH2-,-CH2- CH2-0 -, T

”‘ e TEE Y

etc.) lower alkylene sulfide linkages (e.g., wherein one or more -0-,s in the lower alkylene ether linkages is

replaced with an -S- atom), lower alkylene polysulfide linkages (e.g., whersin one or more -O-'s is replaced
with a -S2to -S6- group), with R* being a lower alkyl group.

s X . . .
0 lllustrative of such linked polynuclear aromatic moieties are those represented by the formula

. &~ = (3

wherein R12 and R13 are independently selected from hydrogen and alkyl radicals, preferably alkyl radicals

16



- 11 - and 3,401, 118 to cause a thermal "ene" reaction to take place.

Al ternatively, the ol efin pol yner epansdiesggiazst hal ogenat ed, for exanple,
chlorinated or bromnated to about 1 to 8 wt. % preferably 3 to 7 w. %
chl orine or brom ne, based on the wei ght of polyner, by paSS| ng the

chl ori ne eantaipingifiPmd te Rbaytig)P carbre aimsy Bl s selected framialiorigess altojdenesiycioalkylepe, and
160[ err] Gvc{@a'ljy'ldens M[Célr rap€y apdyyl argrjpdgpendently selected fmmr"évqsr%viw 3 valug of freme 41

The hal og nat ed ynmer mpy then be reacted with _sufficient unsaturated
aci d or anhyB? “éF"bi'ﬁ'ée"( d@SﬁS °@r’? “E‘s ’3&5‘??3‘]“? by, Bsed Ribye t"l?s?ﬁ egt hydpscar- ¢
about & 5"‘1"0 ﬁa' bed a ve h ea ag‘é’ el%l foup 8 ’1b°d
contain a a' t n r f kye"i W%ci"egp%f‘%s
e.g., 1. 2 H'E"Hé"‘iﬁ??é‘é?‘ffﬁ'a? %dhya(?i‘yds haI ogenat ed

pol ymer. ﬁ gener al type are taught |n U S. Patents

3, 087, %56 %lri?f §§n b @p%&f&s&& S\Fﬁnaybe ameoﬂlﬁf&g ativel Yy, the
ol efin pol YRRE gRient! &o&%ﬁw@ Photdid S0 & e s Gidieipi | €
addi ng chhogdciBort ditdiCdel@ibed FkdiatoR which cbﬂﬁﬁﬁtslé‘a%t e HoBioSatdnY BSor@b TSRS €D
in US Pabggbp gsl are flose dRsctiBdd hétdinatore. Soke /ftsbiratide %Qvgurﬁlﬂng exdmpgied of dvalengNd
in UK 1lnddarBdrdadicals containing 3t Idaét@nd feter®dtorh of PaRMmciiaout 65 to 95 wt. % of

t he polyolefin, e.g. polyisobutylene, will normally react wth the

di carboxylic acid material. Upon carryi ng out a thervat—reactionm w thout
t he use of halogen or a catalyst, then wusually onI bq asBe%:QR Phced3D

wt. %of the polyisobutylene will react. Chl ori na ase the
reactivity. For convenience, all of the aforesaid fﬁﬂﬁﬁ atios
of dic#&boxylic acid producing units to poI on efin, etc.

are based upon the

25

a0
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total anmount of polyolefin, that is, the total of both the reacted and
unreacted polyolefin, present in the resulting product forned in the

af oresai d reacti ons. gf\giage agwapounds useful as reactants with
the pol yepoxides to formthe pol yepoxi de-pol yam ne internediate

-12- adduct are those containing at |least two reactive amno groups, i. e
., primary and secondarGHant @ yr@ps= They include pol yal kyl ene

pol yam nes, of about 2 to 60 (e.g. 2 to 30) , preferably 2 to 40, (e.g. 3
to 20) total carbon atoms and about 1 to 12 (e.g., 2to 9) , preferably 3
to 12, and nost prefer Iy 3 to 9 nitrogen atons in the nol ecul e. These
am nés may be hydrocar de~ H?/d'rdz}égb‘yl # anmi nes i ncl udi ng
ot her groups; e.qg, hydroxy groups al koxy groups, am de groups, nitriles,
i m dazoline groups, and the like. Hydroxy amnes with 1 to 6 hydroxy
groups, preferably 1 to 3 hydroxy gro are particularly useful. Such
am nes shoul d be capable of reacting fh the acid or anhydride groups of

t he Flydrocar byl substd tes d.dl@* and with the oxirane
rings of the pol yepoxide frol ety ouq% are r#?no%c?i onality or a

15

20

~CH; = ¢ -cC - cH, i This sp,

, T
zs = W
» - cHy - 0 {C:)b Z <<:>» o-cu, -

o , . ,
/\ /\ ’
l
_ H # .
40
'CHz‘°‘Cﬂz.-fH-caz-o-cxz-
2
45 o 0o
! / \

CHZ - ? - CH2

B
50

The divalent substituted hydrocarbon radicals containing at least one hetero atom or group are those
divalent hydrocarbon radicals containing at least one hetero atom or group described above which contain
at least one substituent group of the type described hereinafore. Some illustrative non-limiting examples of

55 divalent substituted hydrocarbon radicals containing at least one hetero atom or group include:
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substituent group reactive functionality. Since tertiary anmnes are
generally unreactive with anhydrigegs3defxerane rings, it is desirable to

have at

| east two primary and/or secondary am no groups on the amne. It

preferred that the am ne contain at | east one primary am no group, to
facilitate reaction wth the pol yepoxide. Preferred amnes are aliphatic
saturated am nes, including those of Olhe general formulae: [err]

wher ei n

Rl er Iil[}g rj r] nd aﬂ el D en_gl,ent |y
sel ected from tHeE gr o conS|st| ‘fmﬁydro 4:[ 2to 2rr] straight

or bramsched chain al kyl 13 -

10

15

25

30

45

50

§6

- -0 4(:>b -(:)p O-C ~CH-CH, -0 4<:>- c -

OH
@' 0 - cnz -3
OH Q OH
o /7 \ !
H 2 §
- This Sheet Has Been Rep laced
o o T |||
/]

i
(o)
Also included within the scope of the polyepoxides of the instant invention are these represented by the

formula

/o\
vII. RIS - ¢” - "¢ - R4

| ¢
1
X (R)p - 9 -C =R

wherein:

R and R'-R? are as defined hereinafore; R'* and R'S Independently have the same meaning as R'; X is an
aromatic moiety; R'® and R'Y are independently selected from divalent aliphatic acyclic hydrocarbon
radicals and divalent substituted aliphatic acyclic hydrocarbon radicals which together with the two carbon

atoms of the oxirane ring and the two adjacent ring carbon atoms of the aromatic moisty X form a cyclic
structure;

m and m* are independently zero or one with the proviso that the sum of m plus m' is at least one; and p is
Zero or one.

The aromatic ‘moieties represented by X are preferably those containing from 6 to 12 ring carbon
atoms, e.g., benzene, napthalene, and biphenyl. The aromatic moieties may contain one or more sub-
stituents on one or more ring carbon atoms. These substituents are those which are substantially unreactive
at ambient conditions, e.g., temperature and pressure, with the oxirange ring. They include, for example,
alkyl, hydroxyt, nitro, and the like.

Also falling within the scope of the polyspoxides of the instant invention are those represented by the
formulta:

19



radicals; Cerr] to (Jerr] alkoxy CJerr] to (Jerr] al kyl ene radical s;
Clerr]-to (Jerr] hydroxy am no al kylene radicals; and CJerr] to (Jerr]

al kylamno CJerr] to (Jerr] al lgpleess go8iecal s; and wherein R' and R'' can
additionally conprise a noiety of the fornula [err] . wherein R is
as defined above, and wherein each s and s' can be the sane or a different
nunber of from2 to 6, prefera y 2to 4; andt and t' can be the sane or
dif- f erent aydmre qu-lﬁi a1 of ghpically fromOgo 10, preferably
about 2 to 7, nost preferably\aligut 3to 7, with the,pMVlsoihat t +t' is
not greater than 10. To assureRa mﬁﬁim i S';S;'re'féhed t hat
Rer¥], R, R ' ', (s), (s'), (t) and (t') be sel egtd g4 a nanner
sufficient to provide the conpounds of formula la w th-typically at |east
two primary and/or secondary am no groups. This can be achieved by

sel ectlng at | east one of said R[err] R' or ' ' groups to be hydrogen

or tg F"'B ‘(tglnforrmég g Wnenthe'

R
" Of Trelaren s nes o
(he e W‘) %’E Tl e o

the ab ’(ﬂé

é% 4%
seconday {f HS.fg o stoms %5 43% ng “a&«iﬁ j
corrp,gur;‘ é 3 Gt 16-me aer‘gé Qn&eferlb y@l@&iﬂ%ﬁ’é fh Re p IVQQthO'

prlmarﬁt te Eﬁgg%mﬁs ‘i ?fra
hydrocarbon radicals are the divalent al:phatlc hydrocarbon radicals, preferably the alkylens radicals.

The divalent aliphatic hydrocarbon radicals represented by R'® may contain one or more substituent
groups on one or more ring carbon atoms. The substituents are selected from those that are substantially
unreactive under ambient conditions with the oxirane ring, e.g., alkyl, hydroxyl, and the like.

20 Preferred polyepoxides of the instant invention are those wherein at least two of the oxirane rings,
preferably the two terminal or end oxirane rings, are unhindered. By unhindered is meant that the oxirane
ring contains one secondary carbon atom, i.e., having two hydrogens bonded thereto, and preferably
contains one secondary carbon atom and one tertiary carbon atom, i.e., having one hydrogen bonded
thereto. Thus, for example, an unhindersd polyepoxide of Formula V is one wherein R', R2, RS, and R® are

25 hydrogen, preferably one wherein R'-R? and R*-R°® are all hydrogen.

Some illustrative non-limiting Examples of the polyepoxides of the instant invention include:

FoRas

7 \ ' o
HyC ~C ~-CH, -0 ~cCH 7 N\
30 ] 2 Z'CI‘Iz"O'CHz-C-CHz ?
H N
o
35 Hc/\ /o\
26-G-CHy -0~ (CHy)y-0-cH, -c"-"en, ;
" H
“ H d’o\b SN
=TG- CHg-Ss-cHy-cHy -5 -y - c'-0H, ;
45
o
oo’ e cx a 9 . N
2" 7 5 279-C=-(CH)y~C-0-cH, -¢- CHy
H - !

50
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butane; 1, 6-di anm nchexane; polyethylene anines such as diethylene
triam ne; triethylene tetram ne; qujgg@byhene pentan ne; pol ypropyl ene

am nes such as 1,2 -propylene diamne; di-(1,2-propylene) triam ne;
-(1,3-propylene) triamne; NN -dinmethyl-I, 3-diam nopropane;

NN di -(2-am n@et hyl) et hyI ene di am ne; o

14 N, N - d r et hyl praopyl ene di amiine; N-dodecyl - J!os\propane

di ani ne; Q%r Séﬁ'm Ry am FoteCHans CHaam) © o PsopFlgarmolC amGiy

di et hanol am ne; Briethanol am ne; nono-, di-, and tri-tall O\H am nes;

am no fror phol i nes such as N-(3-am no- pr opyI ) norpholine; and m xtures

t-her eof . CI her useful am ne conmpounds i ncl ude: alicyclic diamnes

such as 1, 4-d m noet hyl ) cy Iohexane andON— am noal kyl pigerazi nes of

t he genera a e @0 = _V\/eﬁr I PerPLERY nd err cﬁ e sarre or

d|fferent|:§ ar Che ° QEHLE].S 8{‘ o Cg]

A A\
15 'HZC"?_"C*Iz'CHz'CHz-CI-!z-?-cgz :
H : H .
/o\ /O
1,c - CH, - O \
I A S ~CHy ~CH=CH -0 ~CHy - ¢ -"CHy 7
H gxz R
Q
Yy - e
w 2 P 2
H
Ve
30 Q - CHZ - ? - CHz
H -
¢ Has Been Replaced
o _
- A [T
0 - CHZ - E - CH,
40 0 0
/A - ] I /\
Hzc-?-C}Iz-O-C-Cﬁz-Cﬂz-'C-O—CHZ-C-Cﬂz H
H }
45

&6

21



each integers of from1l1l to 4, and n[err], n[err] and n[err] are the sanme or
different and are each integers of from1l to 3. Commer ci al nixtures
of am ne conpounds may advant agEPOsIY 38@A2sed. For—exanple—one—proce
for preparing al kyl ene am nes involves the reaction f an aIk | ene dlhallde
(such as ethylene di chl ori de or propylene dichlorid aceQ\,hlch

t rogens

results in a ex mxture of9 e’ ani nes where
are joined by m SNCHY IO UPSe @ uch conpounds

triamne, trie enet etram ne, tetkast hyl ene pentam ne and correspondi ng
pi per azi nes. Low cost pon(ethernean1ne) conmpounds averagi ng about 5 to
7 ni t5rogen atons @er nol ecule ar@ avail a® e comerci aII Dgnder trade nanes
such as "Pol ygnEne ‘&l'< ﬁ'h.PoI.yzﬁnm - COUVPQ) i o §tC.

Usef ul am nes % SO ilnc pol yox kerne poly nlnes sucﬁ as those of

t he formul ae: - 15 B where mhas a

val ug, of about 3 to 70 and preferably 10 to 35: and

i /°\
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7/ \ 7\
- HyC -~ C = CHy = 0 0)- ¢ ~(0)- 0 - cHy - ¢'="cH, ;

k H X

The polyepoxides useful in the instant invention also include the epoxy resins. These epoxy resins are

4p well known in the art and are generally commercially available. They are described, for example, in
Billmeyer, F. W. Jr., Textbook of Polymer Sclence, 2nd edition, Wiley-Interscience, New York, 1971, pp.
479-480; Lee, H and Neville, K., "Epoxy Resins", pp. 209-271 in Mark, H. F., Gaylord, N. G. and Bikales, N.

M., eds., Encyclopedia of Polymer Science and Technology, Vol. 6, Interscience Div., John Wiley and Sons,
New York, 1967; and in U.S. Patent Nos. 3,477,990 and 3,408,422; all of which are incorporated herein by

45 reference. _

The epoxy resins (or polyepoxides) include those compounds possessing one or more vicinal epoxy
groups. These polyepoxides are saturated or unsaturated, aliphatic, cycloaliphatic, aromatic or heterocyclic,
and are substituted, if desired, with non-interfering substituents, such as halogen atoms, hydroxyi groups,
ether radicals, and the like.

50 Preferred polyepoxides are the glycidyl polyethers of polyhydric phenols and polyhydric alcohols,
especially the glycidyl polyethers of 2,2-bis(4-hydroxyphenyl) propane having an average molecular weight
between about 300 and 3,000 and an epoxide equivalent weight (WPE) between about 140 and 2,000.
Especially preferred are the diglycidyl polyethers of 2,2-bis(4-hydroxyphenyl) propane having a WPE
betwesn about 140 and 500 and an average molecular weight of from about 300 to about 200.

55 Other suitable epoxy compounds include those compounds derived from polyhydric phenols and having
at least one vicinal epoxy group where the carbon-to-carbon bonds within the six-membered ring are
saturated. Such epoxy resins may be obtained by at least two well-known techniques, l.e., by the
hydrogenation of glycidyl polyethers of polyhydric phenols or (2) by the reaction of hydrogenated
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[err] where n has a value of about 1 to 40, with the provision that the
sumof-all the n's is from about EP G 331388W2 70, and preferably from about 6
to about 35, and RV is a substituted saturated hydrocarbon radical of up to

10 b t wh

3106, OQﬂS,YS,;SpW.;&ﬁ{;@E&%”‘?& Oiees,gg; p il ts ”ttsﬁ“?' i el ddle, 3. 17O
subst i t ubgfp® triggfides and complexes . ﬁ‘e i °"" d E ,45|,,y)

mgy t)e sf'gi%f’ t P ‘Fa'%‘P'é {:'ﬂses'[}lza Haf, epr%r%es " § a ou? , and preferabl y
abou

mm%ﬁw%smmﬁm cm%M%ﬁﬂﬁmw"

pol yoxya f &dscAded WEUShPA,

r angi ng formy é&b St SEB& %Elsl%(t) and %?'jea}ﬂgrdgglgsf frorQn abggt 400 toN?about
2000. Th b%%ma&dgﬁs&&%ww& disBeded tHoU st Nl ¥, 386)281 brgl ene
and pOJoYQm&QaE‘%UM iR the PredsHt BSisposiivhs.ASEordsRlyY B8 Ydvart iscibsarel of U:S. Bati Ne 3,386:2411 g

aver age ROhQrddtafd héeinBiteterdndslgi Ng from about 200 to 2000. The

pol yoxyal Kyturecond aleihadrtsnisiseaIth coadsisstan of a hydayenated bolgphanuti withagn dpihalohitdein.ned,
for exangle asfeplmarbiyerin) dfthegresancedn e suitable calaysp such as BRG: followaddhyrdebydehalogede
name " Jefibaii 06 Presencd @t cdlstitO iherDinb(henol [3- BBGenatéd £BBHencleA, ghe resulting satufifed

pol yanisnepby compaiind 18 sometiies dsfariet] to sshiiepmddizeqh bydragenatedi Bisphenol A orroere peeperly

cat al yst ,as terdilygidii pthbeat 2 2biy(4eccyciohesanelppradand. he pol yepoxide and pol yanine in a
reacti on velnsey ewnt. the ttermpeatarsted epowy resinb@s used herein @hﬂﬂwmeewblpéman' the glysidd

pr ef er ablejhetswmf polihgdrigeheriols wherejn thaisematiang ﬁFﬂ:@" % @ theiphenols 1‘8‘(3‘[:9?'? (@re saturated.
Preferred saturated epoxy resins are the hydrogenated resins prepared by process described in

20 U.S. Pat. No. 3,336,241. More preferred are the hydrogenated glylcidyl ethers of 2,2-bis(4-hydroxyphenyl)
propane, sometimes called the diglycidyl ethers of 2,2-bis(4-cyclohexanol) propane. '
One class of useful epoxy resins are thoss prepared by condensing epichlorohydrin with bisphenol-A.
They include resins represented by the general structural formula

25 o, am, ) ®), @Y,
Rs-?/f\c-%—o ?3 %‘Zi-zs- — 0 :,:‘-‘!3
R &, WE | &
36 - -
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wherein:
R'™-R°® are defined hereinafore, and preferably are ail hydrogen;
R® is independently selected from alkyl radicals, preferably alkyl radicals containing from 1 to about 10
45 carbon atoms, hydroxyi, or halogen radicals;
R? is independently selected from alkyl radicals, preferably alky! radicals containing from 1 to about 10
carbon atoms, hydroxyl, or halogen radicals;
v is independently selected from integers having a value of from 0 to 4 inclusive;
w is independently selected from integers having a value of from 0 to 4 inclusive; and
50 £ has a value of at least one, and varies according to the molecular weight of the resin, with the upper-limit
of f preferably not exceeding about 10, more preferably not exceeding about 5.
Preferrad compounds of Formula X are those wherein R - RS are all hydrogen, and v and w are all
2ero.
An example of commercially available and useful epoxy resins are the EPON resms of Shell Qil
§8  Company
As mentioned hereinafore those polyepoxides, including the epoxy reins, wherein the two carbon atoms
of the oxirane ring are bonded to three hydrogen atoms, e.g., wherein R'-R¢ in Formula V are all hydrogen,
are preferred. Preferred polyepoxides of this type are those wherein the hydrocarbon moieties bridging the

23



and nost preferably at about 30[err]C to about 160[err]C, for a

-16- . sufficient period of tine to efffct reaction. A solvent for the
pol yepoxi de, pol yanm ne and/ or igp@rasedbghg adduct can be enpl oyed_ to
control viscosity and/or reaction rates.. Cat al ysts useful in the

pronotion of the above-identified pol yepoxi de-pol yam ne reactions are

sel ect egofideomvieties €9.080n FomulasY.iqapfainfpolat amvrsues atamsa ftrse dolak gravRsoRlsatoms

hex anodtaude.dutare oot §mitade, hecpolat ketargaiems,ar groupsesgribed herejngfores Pyrticyfarly,rpfarred

or gani cPolysgsidescase e W@é‘ﬂ%ewﬁ'%iW)P@F%d%ﬁeﬁfm pAlyhydsic ghep S‘Fsd as descrl bed on
page 266, These|Pqlyspouides are feasted wii the Relyamines.polvple '@ ajQohojs depgriker

F. C8x emradeqecthe integmediate idé'“%ﬂh'?\'?e'ﬂﬁgﬁf‘ §‘|"?§t°61’”"|“->8] ?qeicgpqdoqlpylamgn@ '@@m ng
Pol yrerYigd e gigpersa PfttE‘Up Marce Dekker

in

rgacy ine .
5o g %31*?3 e R F?"?
'[58t to Iw ;B&QWS o;;lﬂ%ne gﬁe@uly eb';'hﬁqgge eméle ary pf the .
anot her ﬁ §o nﬁld&ﬂ&lﬁldﬂé%& fhi3n tWoConidb YiRgAOpek %lecule such as a triepoxide is reacted

with a polyamine such as TEPA in a 1:3 mole ratio then three molecules of polyamine will be linked or
connected together by the polyepoxide This is illustrated by the following reaction scheme:
15

Equation 2
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45

if a polyamine containing more than two, e.g., three, primary amino groups per molecule is used then
one such polyamine molecule may be linked or connected to three other polyamine molecules by three
diepoxide molecules. In such case the three primary amino groups on each polyamine molecule react with
oxirane rings on different diepoxide molecules.

The chemistry of the polyepoxide-polyamine reaction is such that the primary amino functionality in the
polyamine is more reactive than the secondary amino functionality with the oxirane ring of the polyepoxide
and therefore the product structure illustrated in Equations 1 and 2 will be the favored product. It is also
possible, however, that the secondary amino functionality or the hydroxyl functionality of the resulting
adduct can react with further molecules of the polyepoxide to form a diversity of structures.

In general the polyepoxide-polyamine intermediate adducts of the present invention comprise molecules
of polyamines linked to each other by polyepoxide molecules. For purposes of illustration and exemplifica-
tion only, and assuming that the polyamine is a polyamine of Formula | and the polyepoxide is a diepoxide
of Formula V, the polyepoxide-polyamine intermediate adduct contains at least one of the following

50

§5
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I nternmedi ate adducts are prepared by reacting t—he—peJ—yeﬁe*l—des—w—t«h a
potyol "instead of with a polyam ng

0 331 398 Sui tabl e poI unds whi ch
can be used include aliphatic pol yﬁy ri ¢ al cohol B o about
100 carbon atonms and about 2 to about 10 hydroxyl alcohols
can be (guisb®ringisk@iuditds Structure and chem cal co exarrpl e,

they can be substituted or unsubstituted, hindered or unhlndered branched
chain or straight chain, etc. as desired. Typical alcohols are al kyl ene

gl ycol s such ax. hyI ene gly , propylene glyc#, tOH' met hylame Bl Ycol ,
butyl erse gl ycol, p@x{é 3{1 S_S, )as dj (;{lh_yl‘ ne érle%h | ene

gl ycol, tetraet I pr ltycols, @gw ehe grydol,

di butyl ene gl yco ,R't ri butyle eR'gI'ycoI ®RherH aI Ryl ene glHcol® and

pol yal kyl ene glycols in which the . - 17 -

al kyl ene radi cal contains fromtw to about eight carbon atons. O her
usef ul "ol hydri ¢ al cohols include glycerol, nononethyl ether of glycerol,
pent aer yt Wg iR, Rcﬂ" ptnd-t agap definpd hegginatoge | pent aerythritol,

9, 10- di hydr d% %@mme@v at-the|polyepexideapg pohaming is one obthe facty dejsanines eilengof d,
3-chl oro- !!’929 PRYYIdPreRbamine adquch_q.,t RMDeR ©f) recumipg ssiyciyralunis of Formula X Generally,

mcreasmg the concentration in the reaction mixture of the polyepoxide, up to a point where there Is present

75 an equivalent amount of oxirane ring moieties per primary amino mouettes. results in an Increase in the
{ength and molecular weight of the intermediate adduct.

Other factors which influence the length and molecular weight' of the adduct are reaction times and
reaction temperatures and the presence or absence of other reactive groups in the polyepoxide. Generally,
assuming a fixed amount of polyepoxide in the polyepoxide-polyamine reaction mixture, a higher reaction

20 temperature and/or a longer reaction time results in longer or higher molecular weight intermediate adduct
product.

) Reaction between the polyepoxide and polyamine is carmried out by adding an amount of polyepoxide to
the polyamine which is effective to couple or link at least some of the polyamine molecules. It is readily
apparent to those skilled in the art that the amount of polyepoxide utilized depends upon a numbsr of

25 factors including (1) the number of primary amino groups present in the polyamine, (2) the number of
oxirane rings present in the polyepoxide, (3) and the number of polyamines that it is desired to react, Le.,
the degree of coupling or chain length of the polyepoxide-polyamine adduct it is desired to achieve. it is
generally preferred that the polyamine be present in excess in the polyepoxide-polyamine reaction mixture.

Generally, however, It is preferred to utilize an amount of polyepoxide such that there are present from

30 about 0.01 to 10 equivalents of epoxide groups per equivalent of primary amino groups, preferably from
about 0.1 to 5 equivalents of epoxide groups per equivalent of primary amino group.

With appropriate variations to provide for the presence of hydroxyl groups the aforedescribed method
and discussion for the preparation of the polyepoxide-polyamine intermediate adducts is also applicable to
the polyepoxide-polyol and polyepoxide-amino alcchol adducts.

35 in order to form the dispersants of the present invention the long chain hydrocarbyl substituted
dicarboxylic acid material or the aldehyde and hydrocarbyl substituted hydroxy aromatic compound is
reacted with a polyepoxide-polyamine adduct, a polyepoxide-polyol adduct, a polyepoxide-amino alcohol, or
a mixture thereof. The amounts of polyepoxide adduct and hydrocarbyl substituted dicarboxylic acid
material or the aldehyde and hydrocarby! substituted hydroxy aromatic compound utilized in this reaction

40 are amounts which are effactive to form the dispersants. of the instant invention, i.e., dispersant forming
effective amounts. It will be apparent to those skilled in the art that the amount of polyepoxide adduct
utilized will depend, in part, upon the number of reactive groups (reactive primary and/or secondary amino
groups and/or hydroxy groups in the polyepoxide-polyamine adduct, reactive hydroxyl groups in the
polyepoxide-polyol adduct, etc.) present in said polyepoxide adduct which are available for reaction with, for

45 gxample, carboxylic acid or anhydride groups of the hydrocarbyl substituted dicarboxylic acid material.
Generally, however, the amount of the polyepoxide adduct is such that sufficient polyepoxide adduct is
present to provide from about 0.5 to 15, preferably from about 1 to 10, and more preferably from about 2 to
4 reactive groups or equivalents, e.g., primary or secondary amino groups or hydroxy groups, for each

~ dicarboxylic acid or anhydride group or equivalent present in the hydrocarbyl substituted dicarboxylic acid

80 material.

The reaction conditions under which the reaction between the polyepoxide adduct and the hydrocarbyl
substituted dicarboxylic acid material is carried out are those that are effective for coreaction between said
polyepoxide adduct and the hydrocarbyl substituted dicarboxylic acid material to occur. Generally, the
reaction will proceed at from about 50° to 250° C, preferably 100 to 210 *C. While super-atmospheric

55 pressures are not excluded, the reaction generally proceeds satistactorily at atmospheric pressure. The
reaction may be conducted using a mineral oil, e.g., 100 neutral oil, as a solvent. An inert organic co-

solvent, e.g., xylene or toluene, may also be used. The reaction time generally ranges from about 0.5 - 24
hours.
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2, 3- hexanedi ol , pinacol, tetrahydroxy pentane, erythritol, arabitol,
sorbi.tol, mannitol, 1,2-cyclohexanediol, 1, 4-cyclohexanediol,

1, 4- (2- hydr oxyet hyl ) - cycl ohexargZP 0 3311398 A&/dr oxy- 2- ni t r obut ane,

1, 4-di - (2- hydr oxyet hyl ) - benzene, and the carbohydrates such as gl ucose,
mannose, %@yceraldehyde gal act ose, and the Ii ncl uded thin
t he gr ouprhafreagtianfieiepn: tha |PehyRYide- @Fyé‘“l“ﬁégqé""aﬁ“ﬂéh?e“y §”b€\m‘i' Iea5hpX

et her @?’6%"3%’@# HS exRsprliied @ﬂémm(‘f‘?jéeaf%e*& M “"ﬂ fegre %ﬁ I"?ac?;f’é‘ ?fhose
pol yhy @pl¥igeoutepyd sseiaic apweride with, an alylepe djsgoxig Q?QW““@P fs, at |east one
of which has been esterified with a nono-carboxylic acid having from ei ght
to about 30 carbon aton:s such as octanoic acid, ol e| c aC| d, stearic acid,
l'i nol ei c aci dodeca %ic acid, or tall oil acid. of such
partraIIy esterified pblyhydrr aIcoh s are the otol at of gorbitol,

t he nono-ol eat e oh gl y E x2S - yc roﬁ? ﬁ?e Stearate
of sgrbitol, and tdaig- cr dodecanoate of erythritol. H H A preferred
class of internediate glducts are those prepared from aliphatic al cohols
containing up to 20 carbon atons, and especially those containing three to
15 carbon atoms. This class of alcohols includes gl ycerol, erythritol,
pent aer ytOH i f‘ol Hdj pentaerythritol, tripentaerythritol, gl uconi c acid,

gl ycsr al debydes mJ-Eimaﬁ NH{epnese niktirsps Rruatens, hidescpnancdi ol ,

1, 2, 3-he ne[irl ol , ,2 4-Hhexanetri i:desl 2, 5-hexanetriol,
2.3 4-hexanetriol, 1,2,3-butanetriol, 1.3, 4-butanetriol,
2,2,6, 6- tetrakls(hydroxynethyl) cyclohexanol 1,10- decanedlol and t he
i ke 'ﬁt@ra@amaptgm p%g qlie@mpn may be represented by the formula
20
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where PIB is polyisobutylene.

40 Further aspects of the present invention reside In the formation of metal complexes and other post-
treatment derivatives, e.g., borated derivatives, of the novel additives prepared in accordance with this
invention. Suitable metal complexes may be formed in accordance with known techniques of smploying a
reactive metal ion species during or after the formation of the present Cs-Cs lactone derived dispersant
materials. Complex-forming metal reactants include the nitrates, thiocyanates, halides, carboxylates, phos-

45 Phates, thio-phosphates, sulfates, and borates of transition metals such as fron, cobalt, nickel, copper,
chromium, manganese, molybdenum, tungsten, ruthenium, palladium, platinum, cadmium, lead, silver,
mercury, antimony and the like. Prior art disclosures of these complexing reactions may be found in U.S.
Patents 3,306,908 and Re. 26,443,

Post-treatment compositions include those formed by reactrng the novel additives of the present

so invention with one or more post-treating reagents, usually selected from the group consisting of boron
oxide, boron oxide hydrate, boron halides, boron acids, sulfur, sulfur chlorides, phosphorous sulfides and
oxides, carboxylic acid or anhydride acylating agents, epoxides and episulfides and acrylonitriles. The
reaction of such post-treating agents with the novel additives of this invention is carrled out using
procedures known in the art. For example, boration may be accomplished in accordance with the teachings

s5 Of U.S. Patent 3,254,025 by treating the additive compound of the present invention with a boron oxide,
halide, ester or acid. Treatment may be carried out by adding about 1-3 wt. % of the boron compound,
preferably boric acid, and heating and stirring the reaction mixture at about 135°C to 165 °C for 1 to 5
hours followed by nitrogen stripping and filtration, if desired. Mineral oil or inert organic solvents facilitate
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from ab OUtinventron in base oils conventionally employed in and/or adapted for use as power transmitting fluids such *
as automatic transmission fluids, tractor fluids, universal tractor fluids and hydraulic fluids, heavy duty
hydraulic fluids, power steering fluids and the like. Gear lubricants, industrial oils, pump oils and other

20 Ilubricating cil compositions can also benefit from the incorporation therein of the additives of the present

invention.

Thus, the additives of the present invention may be suitably incorporated into synthetic base oils such
as alkyl esters of dicarboxylic acids, polyglycols and alcohols; polyalpha-olefins, polybutenes, atkyl
benzenes, organic esters of phosphoric acids, polysilicone oils, etc. selected type of lubricating oil

25 composition can be included as desired.

The additives of this invention are oil-soluble, dissolvable in oil with the aid of a suitable solvent, or are
stably dispersible materials. Qil-soluble, dissolvable, or stably dispersible as that terminology is used herein
does not necessarily indicate that the materlals are soluble, dissolvable, miscible, or capable of being
suspended in oil in all proportions. it does mean, however, that the additives, for instance, are soluble or

s0 stably dispersible in oil to an extent sufficient to exert their intended effect in the environment in which the
oil is employed. Moreover, the additional incorporation of other additives may also permit incorporation of
higher levels of a particular polymer adduct hereof, if desired.

Accordingly, while any effective amount of these additives can be incorporated into the fully formulated
lubricating ofl composition, it is contemplated that such effective amount be sufficient to provide said lube

35 oil composition with an amount of the additive of typically from 0.01 to about 10, e.g., 0.1 to 6.0, and
preferably from 0.25 to 3.0 wt. %, based on the weight of said composition.

The additives of the present invention can be incorporated into the lubricating oil in any convenient way.
Thus, they can be added directly to the il by dispersing, or dissolving the same in the cil at the desired
level of concentration, typically with the aid of a suitable solvent such as toluene, cyclohexane, or

40 tefrahydrofuran. Such blending can oceur at room temperature or elevated.

Natural base oils include mineral lubricating oils which may vary widely as to their crude sourcs, e.g.,
whether paraffinic, naphthenic, mixed, paraffinic-naphthenic, and the like; as well as to their formation, e.g..
distillation range, straight run or cracked, hydrofined, solvent extracted and the like.

More specifically, the natural lubricating oil base stocks which can be used in the compositions of this

45 invention may be straight mineral lubricating oll or distillates derived from paraffinic, naphthenic, asphaitic,
or mixed base crudes, or, if desired, various blends oils may be employed as well as residuals, particularly
those from which asphaltic constituents have been removed. The oils may be refined by conventional
methods using acid, alkali, and/or clay or other agents such as aluminum chloride, or they may be extracted
oils produced, for example, by solvent extraction with solvents of the type of phenol, suifur dioxide, furfural,

s0 dichlorodisthyl ether, nitrobenzene, crotonaldehyde, etc.

The lubricating oil base stock convemently has a viscosity of typically about 2.5 to about 12, and
preferably about 2.5 to about 8 ¢cSt. at 100" C.

Thus, the additives of the present invention can be employed in a lubricating oil compoesition which
comprises lubricating oil, typically in a major amount, and the additive, typically in a minor amount, which is

s5 effective to impart enhanced dispersancy relative to the absence of the additive. Additional conventional
additives selected to meet the particular requirements of a temperatures. In this form the additive per se is
thus being utilized as a 100% active ingredient form which can 1 added to the cil or fuel formulation by the
purchase: Alternatively, these additives may be blended with suitable oil-soluble solvent and base oil to
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Prefer rn%ﬂa:ﬁ% stable at elevated temperatures and also exhibit acceptable viscosity or fluidity at low
temperatures. These viscosity modifiers are generally high molecular weight hydrocarbon polymers includ-
ing polyesters. The viscosity modifiers may also be derivatized to include other properties or functions,
such as the addition of dispersancy properties.

15. These ofl soluble viscosity modifying polymers will generally have waeight average molecular weights of
from about 10,000 to 1,000,000, preferably 20,000 to 500,000, as determined by gel permeation chromatog-
vraphy or light scattering methads.

Representative sxamples of suitable viscosity modifiers are any of the types known to the art including
polyisobutylene, copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,

20 copolymers of an unsaturated dicarboxylic acid and vinyl compound, interpolymers of styrene and acrylic
esters, and partislly hydrogenated copolymers of styrenefisoprene, styrenesbutadiene, and
isoprene:butadiene, as well as the partially hydrogenated homopolymers of butadiene and isoprene.

Corrosion inhibitors, also known as anti-corrosive agents, reduce the degradation of the metallic parts-
contacted by the lubricating oll composition. {llustrative of corrosion inhibitors are phosphosuifurized

25 hydrocarbons and the products obtained by reaction of a phosphosulfurized hydrocarbon with an aikaline
earth metal oxide or hydroxide, preferably in the presence of an alkylated phenol or of an alkylphenol
thicester, and also preferably in the presence of an alkylated phenol or of an alkyiphenol thioester, and also
preferably in the presence of carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a
suitable hydrocarbon such as a terpene, a heavy petroleum fraction of a Cz to Cs olefin polymer such as

30 polyisobutylene, with from 5 to 30 wt. % of a sulfide of phosphorus for 1/2 to 15 hours, at temperature in
the range of about 66 to about 316" C. Neutralization of the phosphosulfurized hydrocarbon may be
effected in the manner taught in U.S. Patent No. 1,869,324,

Oxidation inhibitors, or anfioxidants, reduce the tendency of mineral oils to deteriorate in service which

deterioration can be evidenced by the products of oxidation such as sludge and varnish-like deposits on the

3s metal surfaces, and by viscosity growth. Such oxidation inhibitors include alkaline earth metal salts of

alkylphenoithicesters having preferably Cs to Ci2 alkyl side chains, e.g., calcium nonylphenol sulfide,

barium toctylphenyl sulfide, dioctylphenylamine, phenylaiphanaphthylamine, phospho-sulfurized or sul-
furized hydrocarbons, efc.

Other oxidation inhibitors or antioxidants useful in this Invention comprise oil-soluble copper com-

40 pounds. The copper may be blended into the oil as any suitable oilsoluble copper compound. By oil soluble
it is meant that the compound is oil soluble under normal blending conditions in the oil or additive package.
The copper compound may be in the cuprous or cupric form. The copper may be in the form of the copper
dihydrocarbyl thio- or dithio-phosphates. Alternatively, the copper may be added as the copper salt of a
synthetic or natural carboxylic acid. Examples of same thus inciude Cio to Cig fatty acids, such as stearic

45 or palmitic acid, but unsaturated acids such as oleic or branched carboxylic acids such as naphthenic acids
of molecular weights of from about 200 to 500, or synthetic carboxylic acids, are preferred, because of the
improved handling and solubility properties of the resuiting copper carboxylates. Also useful are oil-soluble
copper dithiocarbamates of the general formula (R2OR%\ ,NCSS)zCu (where z is 1 or 2, and R?® and R, are
the same or different hydrocarbyl radicals containing from 1 to 18, and preferably 2 to 12, carbon atoms,

56 and including radicals such as alkyl, alkenyl, aryl, aralkyl, alkaryl and cycloaliphatic radicals. Particularly
preferred as R?®® and R, groups are alkyl groups of from 2 to 8 carbon atoms. Thus, the radicals may, for
example, be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyi, n-hexyl, i-hexyl, n-heptyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl, methylcyclopentyl, propenyl,
butenyl, etc. In order to obfain oil solubility, the total number of carbon atoms (i.e., R?® and R?',) will

55 generally be about 5 or greater. Copper sulphonates, phenates, and acetylacetonates may also be used.

Exemplary of useful copper compounds are copper Cu' and/or Cu' salts of alkenyl succinic acids or
anhydrides. The salts themselves may be basic, neutral or acidic. They may be formed by reacting (a)
polyalkylene succinirnides (having polymer groups of M, of 700 to 5,000) derived from polyalkylene-

r\.og,(
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al cohol s include the 2,2-disubstituted-2-anino-1-al kanols having fromtwo

to three hydroxy groups and cont al of 4 to 8 carbon atons.
These am no al cohols can be repr?s@tr)lt%gdg%éyﬂé he formula: [err]

wherein Z is independently hydrogen, alkyl or hydroxyal kyl group with the
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e copper ant tentyll JTgc:Jié)anhydnde. Cu-oleate, or mixtures thereof) will
be generally esmployed in an amount of from about 50 to 500 ppm by weight of the metal, in the final
lubricating or fuel composition.

Friction modifiers serve to impart the proper friction characteristics to lubricating oil compositions such
as automatic transmission fluids.

Representative examples of suitable friction modifiers are found in U.S. Patent No. 3,933,659 which

20 discioses fatty acid esters and amides; U.S. Patent No. 4,176,074 which describes molybdenum complexes
of polyisobutyenyl succinic anhydride-amino alkanols; U.S. Patent No. 4,105,571 which discloses glycerol
esters of dimerized fatty acids; U.S. Patent No. 3,779,928 which discloses alkane phosphonic acid salts;
U.S. Patent No. 3,778,375 which discloses reaction products of a phosphonate with an cleamide; U.S.
Patent No. 3,852,205 which discloses S-carboxyalkylene hydrocarbyl succinimide, S-carboxyalkyiene

25 hydrocarbyl succinamic acid and mixtures thereof; U.S. Patent No. 3,879,306 which discloses N-
(hydroxyalkyl)alkenylsuccinamic acids of succinimides: U.S. Patent No. 3,932,290 which discloses reaction
products of di- (lower alkyl) phosphites and epoxides; and U.S. Patent No. 4,028,258 which discloses the
alkylene oxide adduct of phosphosulfurized N-{(hydroxyalkyl) alkenyl succinimides. The disclosures of the
above references are herein incorporated by reference. The most preferred friction modifiers are succinate

30 esters, or metal salts thereof, of hydrocarbyl substituted succinic acids or anhydrides and thiobis-alkanols
such as described in U.S. Patent, 4,344,853.

Dispersants maintain oil insolubles, resuiting from oxidation during use, in suspension in the fluid thus-
preventing sludge flocculation and precipitation or deposition on metal parts. Suitable dispersants include

~ high molecular wéight alkyl succinimides, the reaction product of oil-soiuble polyisobutylene succinic

35 anhydride with ethylene amines such as tetrasthylene pentamine and borated salts thereof.

Pour point depressants, otherwise known as lube oil flow improvers, lower the temperature at which the
fluid will flow or can be poured. Such additives are well known. Typically of those additives which usefully
optimize the low temperature fluidity of the fluid are C8-C18 dialkylfumarate vinyl acetate copolymers,
polymethacrylates, and wax naphthalene. Foam control can be provided by an antifoamant of the polysiiox-

40 ane type, e.g., silicone oil and polydimethyl siloxane.

Anti-wear agents, as their name implies, reduce wear of metal parts. Representatives of conventional
antiwear agents are zinc dialkyldithiophosphate and zinc diaryldithiosphate.

Detergents and metal rust inhibitors include the metal salts of sulphonic acids, alkyi phenols, sulfurized
alkyl phenols, alkyl salicylates, naphthenates and other oil soluble monc- and di-carboxylic acids. Highly

45 basic (viz. overbased) metal sales, such as highly basic alkaline earth metal sulfonates (especially Ca and
Mg salts) are frequently used as detergents. Representative examples of such materials, and their methods
of preparation, are found in EP-A-0208560.

Some of these numerous additives can provide a multiplicity of effects, e.g., a dispersant-oxidation
inhibitor. This approach is well known and need not be further elaborated herein.

§0 Compositions when containing these conventional additives are typically blended into the base ail in
amounts which are effective to provide their normal attendant function. Representative effective amounts of
such additives are illustrated as follows: /

eet Has Been Replaced
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- 20 - effect reaction. Optionally, a solvent for the polyepoxide,

am no ‘al cohol and/or the reaction product may be used tW
and/ or the reaction rates. EP 0 35Pdqdl Asst s useful in prom)tlon o{acgdhe
reactions are the same as thosg

pol yepoxi de- am no al cohol
useful in connection wth the pol yepoxi de pol yam ne a ‘\n
pol yepoxi de- pol yol regetroms—ard—cor T @ ts of be
enpl oyed. NS DROCARBYL SIEBTLY
AROVATI C COVPOUNDS AND ALDEHYDES (Broad)| h (Bm@trm)r errbodl ment of the
present invention thé.g Mbaifilr SPEr SNl £ congitd §ed of the reaction
prodacts of the intelrgy Gohidfiguct (i) o1-8r et er afilys qne conprised of the
reaction products of |addafeaihicgee POl Yepaxsi de angi.ig: || east one pol yam ne,
and (ii) (b), i.e., 3mispbedgpyde and alhygpecrbyl sgildstituted hydroxy
aromati ¢ conpound. Pour Poinf Déprddyaitt OCar loys slibsteit18 gd hydroxy aromatic
conpounds i ncl ude t hgsstiFoamigagerts havijngot-He| f aorols [err]
1o Anti-Wear Agents 0015 | 00115
Additive Wt% al. | Wt % ai.
(Broad) | (Preferred)
15 Friction Modifiers 01-5 01-15
Detergents/Rust Inhibitors .01-10 013
Mineral Oil Base Balance | Balance

When other additives are employed it may be desirable, although not necessary, to prepare additive’ -
concentrates comprising concentrated solutions or dispersions of the dispersant (in concentrate amounts
hereinabove described), together with one or more of said other additives (said concentrate when
constituting an additive mixture being referred to herein as an additive package) whereby several additives
can be added simuitaneously to the base oll to form the lubricating oil composition. Dissolution of the
additive concentrate into the lubricating cil may be facilitated by solvents and by mixing accompanied with
mild heating, but this is not essential. The concentrate or additive-package will typicaily be formulated to
contain the dispersant additive and optional additional additives in proper amounts to provide the desired
concentration in the final formulation when the additive-package is combined with a predetermined amount
of base lubricant. Thus, the products of the present invention can be added to small amounts of base oll or
other compatible solvents along with other desirable additives to form additive-packages containing active
ingredients in collective amounts of typically from about 2.5 to about 90%, and preferably from about § to

. about 75%, and most preferably from about 8 to about 50% by weight additives in the appropriate
proportions with the remainder being base oil.

The final formulations may employ typically about 10 wt. % of the additive-package with the remainder
being base oil.

All of said weight percents expressed herein are based on active ingredient (a.i.) content of the additive,
and/or upon the total weight of any additive-package, or formulation which will be the sum of the a.i. weight
of each additive plus the weight of total oil or diluent.

This invention will be further understood by reference to the following examples, wherein all parts are
parts by weight and all molecular weights are number weight average molscular weights as noted, and
which include preferred embodiments of the invention.

The following example illustrates a dispersant of the instant invention.

30
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- EXAMPLE 1

Into a reactor vessel are charged, under a nitrogen blanket and with stirring, 100 grams of S150NR
mineral oil, 25.8 grams of aminoethyl piperazine and 17.4 (0.1 molie) grams of ethylene glycol digiycidyl
sther. This mixture is permitted to react for one hour at 20° - 60° C, after which reaction period 200 grams
of polybutene succinic anhydride (reaction product of maleic anhydride and polybutene having a M, of
950, said reaction product having a polybutene to succinic anhydride ratio of about 1:1) are added over a

10-minute period. The resultant reaction mixture is heated at 149° C and sparged with nitrogen for one-half
hour. The residue is diluted further with 15.55 grams of S150NR mineral oil per 81.45 grams of residue to
yield a solution of the dispersant having a viscosity at 100" C of 242.5 centistokes.

The following example illustrates a dispersant falling outside the scope of the instant invention in that no

polyepoxide is utilized in the preparation of this dispersant. This example is presented for comparative
purposes only.

50
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wherein Ar represents [err] wherein g is 1 or 2, Rerr] is a Iong
chai n ‘hydrocarbon, Rerr] is a hygs gas{ Bggapr subst mgsmatmyam@ap

radi cal having from1 to about 3 carbon atoms or a ha such as
the brom de or chloride radical y is an integer from‘]‘mﬁm

integer fromO to 2, "and z i S COMPARMIYEEXAMBIEZ to 2. ustratlve
of such Ar groups are phenyl eng, Dbiphenylene, naphthylene and the i ke.

- 21 - The preferred | ong chai n hydrocarbon substituents are
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of has a viscosity at 100 centistokes
The higher viscosity of the oil solution of the residue of Example 1 is indicative of the fact that the
10 polyepoxide reactant of Example 1 Is effective in increasing the molecular weight of the dispersant.

Claims

15 1. A compound useful as a dispersant additive in oleaginous compositions selected from fuels and
jubricating oils comprising the reaction products of: '
(i) at least one intermediate adduct comprised of the reaction products of
{2) at least one polyepoxide, and
(b) at least one member selected from the group consisting of polyamines, polyols. and amino alcohols; and
20 (ii) at least one of (a) hydrocarbyl substituted C4~Cio dicarboxylic acid producing material or (b) an
aldehyde and a hydrocarbyl substituted hydroxy aromatic compound.

2. The compound of claim 1 wherein said (i) is (a), with said hydrocarbyl substituted Ce-Cio
dicarboxylic acid producing material being comprised of the reaction products of an olefin polymer of a Cz-
25 Cqg monaolefin having a number average molecular weight of from 500 to 6,000 and a C¢-C1o monoun-
saturated dicarboxylic acid producing material, whersin there are an average of 0.7 to 2.0 dicarboxylic acid
producing moisties per molecule of said olefin polymer used in the reaction.
3. The compound of claim 2 wherein said monounsaturated dicarboxylic acid producing material is
maleic anhydride.
a0 4, The compound of claim 2 or claim 3 whersin said olefin polymer is polyisobutylene.
5. The compound of claim 4 wherein the number average molecular weight of said polyxsobutylene is
from 800 to 2,500.
6. The compound of any of claims 1 to § wherein (i) (b) is a polyamine. preferably having from 2% 80
carbon atoms and from 2 to 12 nitrogen atoms.
35 7. The dispersant of claim 6 wherein said polyamine contains at least two reactive amino groups
selected from primary amino groups and secondary amino groups.
8. The compound of claim 7 wherein said reactive amino groups are primary amino groups.
8. The compound of claim 8 wherein said polyamine further contains at least one secondary amino

group.
40 10. The compound of claim 7 wherein said polyamine is an allphatic saturated amine represented by
the formula
o RIV-III- (CHy) g N - (CHa) g nlr-nIV
R/ R R?
so wherein:

RV, R’ and R" are independently selected from the group consisting of hydrogen, Ci to Czs straight or
branched chain alkyl radicals, C to C12 alkoxy Cz to Cs alkylene radicals, and Cz and Ci2 alkylamino C: to
Ce alkylens radicals;
each s is independently selected from intagers having a value of from 2 to 6; and
s5 tis a number of 0 to 10, with the proviso that when t = 0 at least one of RV, R” or R’ must be hydrogen

such that there are at least two of either primary or secondary amino groups.

11. The compound of claim 7 wherein said polyamine is selected from poly(alkylene amines).

12. The compound of claim 7 whersin said polyamine is a poly(oxyalkylene amine).

. L
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such ol efins such as copolymers of: et hyl ene and propyl ene; butyl ene and
i sobut’yl ene; propyl ene and isobutylene; etc. Cher copolyners include those
in which a mnor nolar anmount @ P @83ie398A0ONErs are present, e.g., a

copol yner of isobutylene and butadi ene; or a copol yner of ethylene,
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prowsdes n ecmbjor ameinigbft and blédginolil matedial isBib@SdRdrh AR, groGp CondibtingV of fadl ,and. J.
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hydr oxy7-ar omati ¢ conpounds with the ol efin polyner are known in the art and

may be depicted as foll ows:
20 19. The composition of claim 18 wherein said oleaginous material is a fue! oil.

20. The composition of claim 18 wherein said oleaginous material is a lubricating oil.
21. The composition of claim 20 which is a concentrate.
22. A process for preparing a polyepoxide adduct material useful as an oleaginous composition additive
comprising the steps of:
25 {i) reacting at least one polyepoxide with at least one member selected from the group consisting of
(a) polyamine, (b} polyols, and (c) amino alcohols to form a polyepoxide intermediate adduct; and
(if) reacting said polyepoxide intermediate adduct with at least one of (a) hydrocarbyl substituted Cs-
Cio dicarboxylic acid producing materlal, said hydrocarbyl substituted acid producing material, in turn,
being formed by reacting an olefin polymer of a C2-C1z monoolefin having a number average molecular
30 weight of from 500 to 6,000 and a C¢-C1o0 monounsaturated dicarboxylic acid material, wherein there are an
average of 0.7 to 2.0 dicarboxylic acid producing moieties per molecule of said olefin polymer used In the
reaction, or (b) an a!dehyde and a hydrocarby! substituted hydroxy aromatic compound.

23. The process of claim 22 wherein sald C:-C1o monounsaturated dicarboxylic acid material s maleic
35 anhydride.
24. The process of claim 23 wherein thare are from 1 fo 1.5 succinic anhydride units per polyisobuteny!
moiety present in said hydrocarbyl substituted C4~Cio dicarboxylic acid producing material and wherein the
. number average molecular weight of said polyisobutylene is from 800 to 2,500.
25. the process of any of claims 22 to 24 wherein in (i) said polyspoxide is reacted with at least one
40 polyamine as defined in any of claims 8 o 12,

26. The process of claim 25 wherein the polyamine reactant is used in excess.

27. The process of claim 25 wherein the polyepoxide reactant is used in an amount sufficient to provide
from 0.01 to 10 equivalents of epoxide moletles per one reactive amino moiety, said reactive amino moiety
being selected from the group consisting of primary and secondary amino moieties.

45 28. The process of claim 27 wherein the polyepoxide reactant Is used in an amount sufficient to provide
from 0.1 to 5 equivalents of epoxide moieties per one reactive amino moiety.
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ves usefu in oleaginous compositions selected from
fuel and lubricating oil compositions, including
concentrates containing said additives, and methods for
their manufacture and use. The dispersant additives are
polyepoxide adducts which have been prepared by first
reacting a polyepoxide with a polyamine, a polyol or an
amino alcohol to form an intermediate adduct, whereafter
the intermediate adduct is reacted with at least one of (a)
a dicarboxylic acid, anhydride, ester, etc. which in turn
has been substituted with a high molecular weight
hydrocarbon group or (b) an aldehyde and a hydrocarbyi
substituted hydroxy aromatic compound. The high molecular
weight hydrooarbon group has a number avefage melecular
weight (®,) of about 500 to about 6,000.
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. BACKGROUND © ION

Multigrade lubricating oils typically:- are
identified by two numbers such as 1lOW30, 5W30 etc. The
first number in the multigrade designation is associated
with a maximum low temperature (e.g.-20'c.) viscosity
requirement for that multigrade oil ‘as measured typioally
by a cold cranking simulator (CCS) under high shear, while
the second number in the multigrade designation is
associated with a minimum high temperature (e.g. 1oo'c.)'
viscosity requirement. Thus, each particular multigrade.
0il must simultaneously meet both strict low and high
temperature viscosity requirements in order to qualify for
a given multigrade oil designation. Such requirements are
set e.g., by ASTM specifications. By "low temperature" as
used herein is meant temperatures of typically from about
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hydr oxynapht hal ene and the |ike. The %EH#M;EMENI g l:’Iénai n

hydr ocar byl substituted hydroxy aromati c conmpoynds to be use nthis
i nvention can be illustrated by the formula: |[¢érr]12 FEBerkih R22 is
hydrocarbyl of from50 to 300 carbon atonms, 4nd preferably i$ @ polyolefin

derived froma C2 to (Jerr] (e.g-, C[er%] to|Cerr]) nono-al phg-ol ef in.
The al dehyde material which can be enployed ils represented hy $he fornula:

h)z/grocar b5AOr a(ﬁlgzerr‘h'%‘onﬁ 4':roW{BlyC ﬁi % &889 §?gﬁ§epgggxg{?ﬁad;sﬁ%#gsui“tgbl e
al dehydes isnmearné temperatuyes, ofatypbdcallycapdbeast about 100°C.

The minimum high temperature viscosity
requirement, e.g. at 100° C., is intended to prevent the
0il from thinning out too much during engine operation
which can lead to excessive wear and increased oil
consumption. The maximum low temperature viscosity
requirement is intended to facilitate engine starting in -
cold weather and to ensure pumpability, i.e., the cold oil
should readily flow or slump into the well for the oil
pump, otherwise the engine can be damaged due to
insufficient lubrication. .

In formulating an oil which efficiently meets both
low and high temperature viscosity requirements, the
formulator may use a single oil of desired viscosity or a
blend of two lubricating oils of different viscosities, in
conjunction with manipulating the identity and amount of
additives that must be present to achieve the overall
target properties of a particular multigrade oil including
its viscosity requirements.

-The natural viscosity characteristic of a

. lubricating oil is typically expressed by the neutral
number of the oil (e.g. S150N) with a higher neutral number
being associated with a higher natural viscosity at a given
temperature. In some instances the formulator will £ind it
desirable to blend oils of two different neutral numbers,
and hence viscosities, to achieve an oil having a viscosity
intermediate between the viscosity of the components of the
oil blend. - Thus, the neutral number designation provides
the formulator with a simple way to achieve a desired base
oil of predictable viscosity. Unfortunately, merely
blending oils .of different viscosity characteristics does
not enable the formulator to meet the low and high temper-
ature viscosity requirements of multigrade oils. The
formulator’s primary tool for achieving this goal is an
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reacti on between the pol yepoxide, e.g., a diedo |ae and a pollyam ne(whi ch
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formthe dispersant of this embodi ment as fol |

[err] additive conventionally referred to Bﬂ_\éEP@XBBESity index®he

pol yepoxi dﬁgp%@egowog dsy ciantﬁﬂy_.c;%ﬁt | east

The V. I. improver is conventionally an

oil-soluble long chain polymer. The large size of these

polymers enables them to significantly increase Kinematic
viscosities of base oils even at low concentrations.
However, because solutions of high polymers are
non-Newtonian they tend to give lower viscosities than
expected in a high shear environment due to the alignment
of the polymer. Consequently, V.I. improvers impact (i.e.,
increase) the low temperature (high éhear) viscosities
(i.e. CCS viscosity) of the base o0il to a lesser extent
than they do the high temperature (low shear) viscosities.

The aforesaid viscosity requirements for a

multigrade oil can therefore be viewed as being
increasingly antagonistic at increasingly higher levels of

V.I. improver. . For example, if a large quantity of V.I.
improver is used in order to obtain high viscosity at high
tem’peratures, the o0il may now exceed the low témperature
requirement. In another example, the formulator may be
able to readily meet the requirement for a 1lOW30 oil but
not a 5W30 o0il, with a particular ad-pack (additive
package) and base oil. Under these circumstances the
formulator may attempt to lower the viscosity of the base
oil, such as by increasing the proportion of low viscosity
0oil in a blend, to compensate for the low temperature
viscosity increase induced by the v.I. improver, in order
to meet the desired low and high temperature viscosity
requirements. However, increasing the proportion of 1low

viscosity oils in a blend can in turn lead t_o a new set of

limitations on the formulator, as lower viscosity base oils
are considerably less desirable in diesel engine use than
the heavier, more viscous oils. In addition the added
volatility of lower viscosity base o0il can present a
practical problen. '

Further complicating the formulator’s task is the
effect that dispersant additives can have on the viscosity
characteristics of multigrade oils. Dispersants are

to



two oxirane rings, i.e, [err]. These oxi ra1%EEli‘Au MNI cted or joined
by hydrocarbon noieties or hydrocarbon noiefips containing jat; | east one
hetero atom or group. The 12 FEB 1997 | da-

hydr ocar bon noi eties generally contain fronj1fto about 100 jcgrbon atons.

They include the al kyl ene, cycl oal kylLepe, al kenyl ene, aryleng, aral kenyl ene
and al karyl ene radicals Typical al kyl ene rhdicals are those fcontai ning
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dispersant as V.I. improver (as measured by the respective
dispersant and V.I. improver active ingredients). In
addition to dispersancy, conventional dispersants can also
increase the low and high temperature viscosi'ty
characteristics of a base oil simply by virtue of their
polymeric nature. In contrast to the V.I. improver, the
dispersant molecule is much smaller. Consequently, th
dispersant is much less shear sensitive, thereby
contributing more to the low temperature CCS viscosity
(relative to its contribution to the high temperature
viscosity of the base o0il) than a V.I. improver. Moreover,
the smaller dispersant molecule contributes much 1less to
the high temperature viscosity of the base oil than the
V.I. improver. Thus, the megnitude of the low temperature
viscosity increase induced by the dispersant can exceed the
" low temperature viscosity increase induced by the V.I.
improver without the benefit of a proportionately greater
iné:_:ease in high temperature viscosity as obtained from a
V.I. improver. Consequently, as the dispersant induced low
temperature viscosity increase causes the low temperature
viscosity of the o0il to approach the maximum low
temperature viscosity limit, the more difficult it is to
introduce a sufficient amount of V.I. improver effective to
meet the high temperature viscosity requirement and still
meet the low temperature viscosity requirement. The
formulator is thereby once again forced to shift to the
undesirable expedient of using higher proportions of low
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or unreactive at anbient conditions with the pxjrane 71ng. used in the
speci fication and appended clains the term "subst 4 Fghl 19?7 ngrt! and
unreactive at anbient conditions” is intended tjo nean that the [atom or
group is substantially inert to chem cal reacti‘ons—at—arbi-entl tjenperatures
and pressure with the oxirane ring so-as-not fto materially I nt xrfere In an
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m ni mal react | O the oxirane ring w thout preventing the making and
usi ng of HSG i%s described herein. In other wor ds, such reaction,
whil e technically mxscarmbh:elawcld dwicthbethaf fpriesdgnto imventien,
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high temperature viscosity increases. Moreover, as the
concentration of dispersant in the base oil is increased,
this beneficial low temperature viscosity effect becomes
increasingly more pronounced relative to conventicnal
dispersants. This advantage is especially significant for
high quality heavy duty diesel oils which typically require
high concentrations of dispersant additive. Furthermore,’
these improved viscosity properties facilitate the use of
V.I. improvers in forming multigrade oils spanning a wider
viscosity requirement range, such as 5W30 oils, due to the
overall effect of lower viscosity increase at low
tenmperatures while maintaining the desired viscosity ‘at
high temperatures as compared to the other dispersants.
More significantly, these viscometric properties also
permit the use of higher viscosity base stocks with
attendant advantages in engine performance. Furthermore,
the utilization of the dispersant additives of the instant
"invention allows a reduction in the amount of V.I.
improvers required. '

The materials of this invention are thus an
improvement over conventional dispérsants because of their
effectiveness as dispersants coupled with enhanced low
temperature viscometric properties. These materials are °
particularly useful with V.I. improvers in formulating
multigrade cils.

SUMMARY OF THE INVENTION
. The present invention is directed to o0il soluble
dispersant additives useful in oleaginous compositions



groups are substantially inert or unreactive REPEH@EME‘NFS '*g ons with the
oxirane ring, they will react with the oxiranpe pt+rg—thrder [{d| tions

effective to allow reaction of the oxirane rifn W!j?g“ﬁﬁ 7eatt ve an no
groups of the acylated nitrogen derivatives f [hy ?ﬁ subptituted
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di spersants of the present invention and may be present on the pol yépoxi de,
particularly if the epd3FeuPgrennsisting refecmolyaniness polyeise @®d he -
substituent groups. AnafiedPdEcsHolg/Clar reactive but suitable group is

t he hydroxyl group. exagpl e, _of an uynsuitabl e substituent groyp.is, a
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this preformed intermediate adduct is subsequently reacted
with (ii).

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention there are
provided o0il soluble dispersant compositions. These
dispersants exhibit a high temperature to low temperature
viscosity balance or ratio which is more favorable than-
that of conventional dispersant materials. That is to say
the instant dispersant materials possess inherent
characteristics such that they contribute considerably less
to low temperature viscosity increase than conventional
dispersants while increasing the contribution to the high
temperature viscosity increase. They also exhibit enhanced
and improved dispersancy characteristics. This is believed
to be due, inter alia, to the presence of the hydroxyl
groups formed as a result of the ring opening of the
oxirane rings in their reaction with the reactive amino
groups of the polyamine or hydroxyl groups of the polyol in
the formation of the intermediate adduct (i).

The dispersant materials of the instant invention
comprise the reaction products of _

(1) at least one intermediate adduct comprised of

the reaction products of
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by at | east one intervening carbon atom Thegde ) jr oup

cont ai ni ng hydrocarbon noieties nay contain 3t Iegi&_jgge subgtjtuent group
t

on at |east one carbon atom These substit yen 8% {nhe sane as
t hose descri bed above as being suitable for tthe¢ hydrocarbon pofeti es.

Sonme illustrative non-limting exanpl e_s7oj syi tabl e hetero atops or groups
i ncl ude: oxygen atons (i.e., -O or—ether_linkages jh the

carbon chai n); (aS WE Uedd®Bnd I pSlyepoxide,! Hmet her |inkages in

t he carbon chain); : Jer rl %%r boxy
groups (i.e., - C- O sb) at least one nmember salected from e

group consisting of polyamines, polyols,
' and amino alcohols; and |
(i1) at least one of (a) a hydrocarbyl
substituted ¢; - C;, dicarboxylic acid
producing material or (b) an aldehyde and
a hydrocarbyl substituted hydroxy aromatic -
compound.
The reaction product (i), also referred to in the
specification and appended claims as the intermediate
~adduct, is then reacted with (ii)(a) or (ii)(b), with (ii)
(a) being referred to in the specification and appended
claims as an acylating agent or material, to form the
adduct or dispersant of the present invention. 1If (i) (b)
is a polyamine then it contains at least two reactive amino
groups, one of said amino groups being a primary amino
group and the other reactive amino group being a primary
_ amino group or a secondary amino group. _ _

, In a preferred embodiment of the instant invention
(1) (b) is a polyamine, and in the following discussion
concerning the reaction between (i)(a) and (i)(b) to form
the intermediate adduct, (i)(b) will be assumed to be such
a polyamine.

In another preferred embodiment (i)(b) is a
polyamine and (ii) is (a).
For purposes of illustration and exemplification
only the reaction between one mole of a polyepoxide, i.e.,
a diepoxide, and two moles of a polyamine such as
tetraethylene pentamine (TEPA), to form the intermediate
~adduct is believed to be represented by the follcwing.
reaction scheme:
Eq. 1
/°\ /N -
BC-C¢-ah -ap -C-a +21“2“"E‘°‘2>2”‘3T3
H H -



[err] sul fonyl group (i.e., - S -): |REPLACEMENT SHEET

[err] ketone group (i.e., - C);

[err] sulfinyl group (i.e.; - S) 12 FEB 997

[err] an oxirane ring (i.e., -CGGC and itro group.

As mentioned hereinafore the pol yepoxi des of |t ' nti on contain
at |least two oxirane rings or epoxide noietiéegs. It is criticpl that the
pol yepoxi de contain at |east two oxirghe rin rthe Sane nol ecul e.

Preferably, these pol yepoxi des cgntginggo nore thana?b ut o

- 27 - oxirame rings, prefejabley no nore than about oxira
rings. W‘E'EEMM YEpoxHes Bre$th§ 1i@pox s, € 1 G N (AR MTTH
H H H H

It is to be understood that if more than one molecule of
the diepoxide and more than 2 molecules of the polyamine
are incorporated into the resultant product, said product
may be oligmeric in character. Thus for example, if more
than one mole of the diepoxide of Equation 1 is reacted
with more than 2 moles of the polyamine of Equation 2 the

resultant product may be represented by the following
structural formula

H [H oH
[ ] -
H H
. ?H }'I H I'i OH
] ]
‘“z'?'?'“{(%)zm 7 ¢ - ¢ - oy
‘H H h H H
OH H H '
J
: H H

where h is a number obtained by subtracting one from the
number of moles of diepoxide and is at least one. '

This intermediate adduct is then reacted with
(ii) (a) or (ii)(b) such as polyisobutenyl succinic
anhydride, i.e., 2 moles of

0
y

PIB - cH -c”
No

cry - ¢
2N
o

where PIB represents polyisobutylene having a number
average molecular weight of from about 500 to about 6,000,



t hose containing two oxirane rings. The pol yepoxi des useful in the

I nstant invention are well known in the art and are generally comrercially
avai l able or may readily be prepared by conventional and wel|l known

met hods. The pol yepoxi des include those represented by the genera
formula [err] wher ei n: Rlerr] is a s val ent hydrocarbon

radi cal, a substituted s val ent hydrocarbon radical, a s val ent hydrocarbon
radi cal containing at |east one hetego atomor group, and a substituted s
val ent hydrocarbon radical containing at | east one hetero atom or group;
Rlerr] - gl eq’Jmaré&ﬁSaﬁ srdditd JErend PRbeunt adfiventsormn isd.eges having a
val ue of "at least_2, pre e&a?lg fr%g12 to _about 10, nore preferablly from2
to about RAXture of,amidas, 1midas ANd, e8r8TR4s®He’sane neaning as R in

Formul a V bel ow except that it is s valent rather than dival ent.
Anong t he pol yepoxi dgs descri bed hereinafore are those represented by the

eneral fornula. Arr
senerel T - &) Ry ® % ou
| (C8y) g [~ = Oy =N = G =G =y = By = G = G - N -
- H H H
o _
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ACID PRODUCING MATERIAL .
) The acylating agents (ii)(a) which may be reacted

with the polyepoxide-polyamine, polyepoxide-polyocl, and/or
polyepoxide-amino alcohol intermediate adducts-to form the
dispersant additives of the instant invention are
dicarboxylic acid materials, e.g., acid, anhydride or ester
materials, which are substituted with a long chain
hydrocarbyl group, generally a polyolefin, and which
contain typically an average of at least about 0.7,
usefully. from about 0.7 - 2.0 (e.g., 0.9 - 1.6) preferably
about 1.0 - 1.3 (e.g. 1.1 = 1.2) moles, per mole of
hydrocarbyl, of a C, to C;q dicarboxylic acid,
anhydride or ester thereof, such as succinic acid, succinic
anhydride, dimethyl methylsuccinate, etc., and mixtures
thereotf. '

The hydrocarbyl substituted dicarboxylic acid
materials, as well as methods for their preparation, are-
well known in the art and are amply described in the patent
literature. They ﬁay be obtained, for example, by the Ene
reaction between a polyolefin and an alpha-beta unsaturated
C4 to C;4 dicarboxylic acid, anhydride or ester
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intermediate adduct.

Preferred olefin polymers for reaction with the
unsaturated dicarboxylic acid, anhydride, or ester are
polymers comprising a major molar amount of C, to Cyq,
e.g. C, to Cg, monoolefin. Such olefins include
ethylene, propylene, butylene, isobutylene, pentene,
octene-1l, styrene, etc. The polymers can be homopolymers
such as polyisocbutylene, as well as copolymers of two or
more of such olefins such as copolymers of: ethylene and
propylene; butylene and isobutylene; propylene and
iscbutylene; etc. Other copolymers include those in which
a minor molar amount of the copolymer monomers, e.g., 1 tEJ
10 mole %, is a C4 to C;g non-conjugated diolefin,
e.g., a copeolymer of isobutylene and butadiene; or a
copolymer of ethylene, propylene and 1,4-hexadiene; etc.

‘'In some cases the olefin polymer may be completely
saturated, for example an ethylene-propylene copolymer made
by a Ziegler-Natta synthesis using hydrogen as a moderator
to control molecular weight. '

The olefin polymers will usually have . number
average molecular weights (Ry,)
about 500 and about 6000, e.q. 700 to 3000, preferably
between about 800 and about 2500, e.g., 850 to 1,000. An
especially useful starting material for a disspersant
additive made in accordance with this invention is |
polyisobutylene.

Processes for reacting the olefin polymer with the
c4-c16 unsaturated dicarboxylic acid, anhydride or
ester are known in the art. For example, the olefin
polymer and the dicarboxylic acid material may be simply
heated together as disclosed in U.S. Pat. 3,361,673

within the range of

Nos.-
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preferably 1 to 7 hours.

The halogenated polymer may then

be reacted with sufficient unsaturated acid or anhydride at
100 to 250°C, usually about 180 to 220°C., for about 0.5 to

10 hours, e.

g. 3 to 8 hours, so the product obtained will

contain an average of about 0.1 to 2.0 moles, preferably
1.1 to 1.3 moles, e.g., 1.2 moles,

of the unsaturated acid

per mole of the halogenated polymer. Processes of this
general type are taught in U.S. Patents 3,087,436;

3,172,892; 3

1 272,746 and others.

Alternatively, the ol
unsaturated acid material are mixed and heated while adding
the hot material. Processes of this type are

chlorine to

discloséd in uU.s.

4,110,349; 4

efin polymer and theé

Patents 3,215,707; 3,231,587; 3,912,764;

+234,435; and in U.K. 1,440,219.

By the use of halogen, about 65 to 95 wt. % of the

e.g. polyisobutylene, will normally react with
the dicarboxylic acid material.

polyolefin,

Upon carrying out a

thermal reaction without the use of halogen or a catalyst,
then usually only about 50 to 85 wt. % of the

"polyisobutylene will react. Chlorination helps increase

the reactivity. For convenience, all of the aforesaid
functionality ratios of dicarboxylic acid producing units
to polyqlefin, e.g. 1.0 to 2.0, etc. are based upon the
total amount of polyolefin, that is, the total of both the
reacted and unreacted polyolefin, present in the resulting
product formed in the aforesaid reactions.

- POLYAMINES
Amine compounds useful as reactants with the
polyepoxides to form the polyepoxide-polyamine ‘intermediate
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containi ngdi‘carboxylic acid moiety and with the oxirane rings of the
polyepoxide moiety through the amino functionality or a
substituent group reactive functionality. Since tertiary
amines are generally unreactive with anhydrides and oxirane
rings, it is desirable to have at least two primary and/or
secondary amino groups on the amine. It is preferred that
the amine contain at least one primary amino group, to
facilitate reaction with the polyepoxide. Preferred amines
are al'iphatic saturated amines, including those of the
general formulae:

RIV - 'N - RI
R" (I)

' Iv
RIV-=N=(CH3) g=t—N=-(CHJ) g Tz-a
|R' ‘R' te t R! (Ia)

wherein RIV, R’, R’’, and R’’’ are
independently selected from the group consisting of
hydrogen; C; to Cyj straight or branched chain alkyl
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[err] CHa) g+ =t d
| e
R! .

wherein R’ is as defined above, and wherein each s and s’
‘can be the same or a different number of from 2 to 6,
preferably 2 to 4; and t and ¢t/ can be the same or dif-
ferent and are each numbers of typically from 0 to 10,
preferably about 2 to 7, most preferably about 3 to 7, with
the proviso that t + t’ is not greater than 10. To assure
a facile reaction it is preferred that RIV, R’, R’’/,
(s), (s8’), (t) and (t’) be selected in a manner sufficient
'~ to provide the compounds of formula Ia with typically at
least two primary and/or secondary amino groups. This can
be achieved by selecting at least one of said RIV, R", or
R’’’ groups to be hydrogen or by letting (t) in formula Ia
be at least one when R’’’ is H or when the (Ib) moiety
possesses a secondary amino group. The most preferred
amines of the above formulas are represented by formula Ia
and contain at least two primary amino groups and at least
one, and preferably at least three, secondary amino groups.
Non-limiting examples of suitable amine compounds
include: 1,2-diamincethane; 1,3-diaminopropane; 1,4-diamino-
butane; 1,6-diaminochexane; polyethylene amines such as
diethylene triamine; triethylene tetramine; tetraethylene
pentamine; polypropylene 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-aminocethyl) ethylene diamine:

(Ib) |
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Preferred al kyl ene radicals are those that, tlogether with the {wo carbon
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about 8 ring c¢arbon ato or “exanpl e R4 are
et hyl ene r%{g'l adeqy 1-é's%lft%1mpé'y%9i%n§rtﬁ:itﬂ@#ﬁr%d %% A% he two carbon

atonms of thgdwoxymethylgmihdnetSan8exyTHA) pXidibisopropancl amine;
-31- diethanol[ eéﬁllne: triethanol amine; mono-, di-, and
tri-tallow amines; amino mor."pholines such as N-(3-amino-
propyl) morpholine; and mixtures thereof.
Other useful amine compounds include: alicyclic
diamines such as 1,4-di(amincethyl) cyclohexane, and
N-aminocalkyl piperazines of the general formula:

_~CH=CH2 1.
H{NE-(CHp) p N Nt (CHz) ——NH4=H
1 ~~CH,—CHy” | ° P,  J (II)
n3 n4

wherein P1 and P, are the same or different and are
each integers of from 1 to 4, and ny, np and n4 are
the same or different and are each integers of from 1 to 3.

Commercial mixtures of amine compounds may
advantageously be used. For example, one process for
preparing alkylene amines involves the reaction of an
alkylene dihalide (such as ethylene dichloride or propylene
dichloride) with ammonia, which results in a complex
mixture of alkylene amines wherein pairs of nitrogens are
joined by alkylene groups, forming such compounds as
diethylene triamine, triethylenetetramine, tetraethylene
pentamine and corresponding piperazines. Low cost
poly(ethyleneamine) compounds averaging about 5 to 7
nitrogen atoms per molecule are available commercially
under trade names such as "Polyamine H", "Polyamine 400",
"Dow Polyamine E-100", etc.

Useful amines also include polyoxyalkyl'ene_.
polyamines such as those of the formulae:

NH2 —alkylen&é o-alkylen}— NH3
m

(III)
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The dival ent substituted hydrocarbon radical § [ i err] -
Rlerr] and Rlerr] - R err] are the divalent B} Hﬁé@g@rrm r;S}?E al] s descri bed
above which contain at | east one substituent|gjo on_at | eapt| one carbon

atom Thus, for exanple, if Rlerr] and Rert] ar 2R 1987dr pxly substi t ut ed
ethylene radicals, the resultant cyclic stru¢tyre forned with fhe two
carbon atons of the oxirane ring nmay be repréesented by the forpula. [err]
The dival ent hydrocarbon radicals repret®rted_hy R and Rlerr] penerally
contain from1 to about 100 carbon atons, preferably from1l to about 50
carbon at owisere Thchasnya bealie pasit aboutir 3nkioi 7 @randi preferalynd o | f

t heyare aI5$aqhh§ they nmay be saturated or unsaturated, acyclic or
alicyclic. ey I nclude al kyl ene, cycl oal kyl ene, al kenyl ene, aryl ene,
aral kyl ene, and al karyl ene radi cals. The al kyl ene radi cals nay be straight
chain or branched. Preferred aIkerne radi cal s are those containing from

where n has a value of about 1 to 40, with the provision
that the sum of all the n’s is from about 3 to about 70,
and preferabiy from about 6 to about 35, and RV is a
substituted saturated hydrocarbon radical of up to 10
carbon atoms, wherein the number of substituents on the
RY group is from 3 to 6, and "a" is a number from 3 to 6
whicl:x represents the number of substituents on R'. The
alkylene groups in either formula (III) or (IV) may be
straight or branched chains containing about 2 to 7, and
preferably about 2 to 4 carbon atoms.

The polyoxyalkylene polyamines of formulas (III)
or (IV) above, preferably polyoxyalkylene diamines and
polyoxyalkylene triamines, may have number average
molecular weights ranging from about 200 to about 4000 and
preferably from about 400 to about 2000. The preferred
polyoxyalkylene polyamines include the polyoxyethylene and
polyoxypropylene diamines and the polyoxypropylene tri-
amines having average molecular weights ranging from about
200 to 2000. The polyoxyalkylene polyamines are
commercially available and may be obtained, for example,
from the Jefferson Chemical Company, Inc. under the trade
name “"Jeffamines D-230, D-400, D-1000, D-2000, T-403", etc.

The polyamine is readily reacted with the
polyepoxide, with or without a catalyst, 'simply by heating
a mixture of the polyepoxide and polyamine in a reaction
vessel at a temperature of about -20°C to about 200°C, more
preferably to a temperature of about 0°C to about 180°C,
and most preferably at about 30°C to about 160°C, for a




al kenyl ene radicals are those containing from Wﬁm%*f*?‘ég?‘ggr bon at ons.
Preferred cycl oal kyl ene radi cals are those
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cycl oal kyl ene radicals nmay contain substituenys] preferably al kyls, on the
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Accor di ngl e b e e at | oy ca
ccordingly, .1t 1s to be understqQo a i val ent_ar. ic miety can
be a si ngFRFatt®atBAL YRR 'sugﬁgxgménﬁer?ﬂg?(é’rnu PEEE?‘E’S?B Fi cﬂ% cl eus,
a t hi ophesannbe| enployed i Tohtrdl wisgasitppEnd/dr reacicionsyates. , or a
pol ynucl ear ar omat i : I C =1 i o] e
fused type;, that i%?t%'ef%%ns aﬁlggs“gpoﬁgvaﬁ?r‘étig}ﬁyc ea(s@l?;bfeﬁsfg tA;t t wo
poi nts t oakeneridansidied PpodyeRaKdderpapHamd e FeaRHIARENALY he

azanapht hghgaeted citeon Al Ngibiip! \eorfdidting YoEICstanhnoue B¢ Eanduts, es can

be of the &i nkedst?éﬁe v@eﬁei n at_least tg/‘\D ngcl ei eiabgg*’ m)ﬁg-aﬁar '

pol ynucl c&F3AAFESs | BREBHSERS o FEAFITR (5 R HARScSotts ARiY 2, hkFaithay,
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carbon-t 0a08" Aging' BIL819884S: A NGéscribed on page 266, and forward
in a bock chapter authored by R. D. Lundberg and E. F. Cox
entitled, "Kinetics and Mechanisms of Polymerization: Ring
Opening Polymerization%, edited by Frisch and Reegen,
published by Marcel Dekker in 1969, wherein stannous
octanoate is an especially preferred catalyst. The
catalyst is added to the reaction mixture at a
concentration level of about 50 to about 10,000 parts of
catalyst per one million parts by weight of the total
reaction mixture.

_ POLYOL _

In another aspect of the invention the polyepoxide
intermediate adducts are prepared by reacting the
polyepoxides with a polyol instead of with a polyamine.

Suitable polyol compounds which can be used
include aliphatic polyhydric alcohols containing up to
about 100 carbon atoms and about 2 to about 10 hydroxyl
groups. These alcchols can be quite diverse in structure
and chemical composition, for example, they can be
substituted or unsubstituted, hindered or unhindered,
branched chain or straight chain, etc. as desired. Typical
alcohols are alkylene glycols such as ethylene glycol,
propylene glycol, trimethylene glycol, butylene glycol, and
polyglycols such as diethylene glycol, triethylene glycol,
tetraethylene glycol, dipropylene glycol, tripropylene
glycol, dibutylene glycol, tributylene glycol, and other
alkylene glycols and polyalkylene glycols in which the



| i nkages, keto |inkages, sulfide |inkages, pptystt+de—ti s of 2to 6
sul fur atons, sulfinyl |inkages, sulfonyl Ii ﬁgﬂd&.{&ﬁgﬂhy&; | i nkages,
al kyl ene |inkages, di-(lower alkyl)-nethyleng [ThRages, 1t oWer jal kyl ene
ether |inkages, alkylene keto |inkages, |owef allkyb | i nkages,

| oner al kyl ene pol ysul fide linkages of 2 to § ¢ar i no | i nkages,
pol yam no | i nkages and m xtures of such dival el Hnkjages.
When the divalent aromatic noiety, Arr- 15-a |inked polynuclear| aromatic

noi ety it can be represented by the ner al ; )
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car bon-t o-aeryShxitgle thnipentaedythnitets (o P-dihydreavsteariges
(e.g., acid, t8b'lethyl ester of 9,10-dihydroxystearic acid,
3-chloro-l,2-propanediol, 1,2-butanediol, 1,4-butanediol,
2,3-hexanediol, pinacol, tetrahydroxy pentane, erythritol,
arabitol, sorbitol, mannitol, 1,2-cyclohexanediol,
l,4~-cyclohexanediol, 1,4-(2-hydroxyethyl)-cyclochexane,
1,4-dihydroxy-2-nitrobutane,
1,4-di-(2-hydroxyethyl) -benzene, and the carbohydrates such
as glucose, mannose, glyceraldehyde; galactose, and the
like.

Included within the group of al'iphatic alcohols
are those alkane polyols which contain ether groups such as
polyethylene oxide repeating units, as well as those .
polyhydric alcohols containing at least three hydroxyl
groups, at least one of which has been esterified with a
mono-carboxylic acid having from eight to about 30 carbon
atoms such as octanocic acid, oleic acid, stearic acid,
linocleic acid, dodecanoic acid, or tall oil acid. Examples
of such partially esterified polyhydric alcohols are the
mono-oleate of sorbitol, the mono-oleate of glycerol, the
monostearate of glycerol, the di-stearate of sorbitol, and
the di-dodecanoate of erythritol. :

A preferred class of intermediate ad;iucts are
those prepared from aliphatic alcohols containing up to 20
carbon atoms, and especially those containing three to 15
carbon atoms. This class of alcohols includes glycerol,
erythritol, pentaerythritol, dipentaerythritol,
tripentaerythritol, gluconic acid, glyceraldehyde, glucocse,
arabinose, 1,7-heptanediol, 2,4-heptanediol,
1,2,3-hexanetriol, 1,2,4-hexanetriol, 1,2,5-hexanetriol,
2,3,4-hexanetriol, 1,2,3-butanetriol, 1,2,4-butanetriol,
2,2,6,6-tetrakis(hydroxymethyl)~-cyclohexanol,
1,10-decanediol, and the like. The adducts repared from
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intermediate materials or dispersant precursors in the
present invention are the polyhydric alkanols containing
three to 15, especially three to six carbon atoms and

. having at least three hydroxyl groups. Such alcochols are
exemplified in the above specifically identified alcohols
and are represented by glycerol, erythritol,
pentaerythritol, mannitol, sorbitol, 1,2,4-hexanetriol, and
tetrahydroxy pentane and the like. -

The polyol is readily reacted with the polyepoxide
by heating a mixture of the polyol and polyepoxide in a
reaction vessel at a temperature of about =-20°C to about
200°C, more preferably to a temperature of about 0°C to
about 180°C, and most preferable at about 30°C to about
160°C, for a sufficient period of time to effect reaction.
Optionally, a solvent for the polyepoxide, polyol and/or
the resulting adduct may be employed to control viscosity
and/or the reaction rates.

Catalysts useful in the promotion of the
polyepoxide-polyol reactions_ are the base catalysts, e.qg.,
OH ~, tertiary amines, etc. The catalyst may be added to
the reaction mixture at a concentration level of from about
50 to about 10,000 parts of catalyst per one million parts
by weight of total reaction mixture.

AMINO ALCOHOL,

-In a manner analogous to that described for the
polyepoxide-polyamine reaction and for the
polyepoxide-polyol reaction, the polyepoxide can be reacted
with an amino alcohol to form an intermediate adduct which
can be further reacted with an acylating agent to form the
dispersants of this invention.
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amino alcohols include ethanol amine, triethanol amine,
di-(2-hydroxyethyl)amine, tri-(3-hydroxypropyl)amine, and °
N,N/-di-(hydroxyethyl)ethylenediamine. Preferred amino
alcohols include the 2,2-disubstituted-2-amino-i-alkanols
having from two to three hydroxy groups and containing a
total of 4 to 8 carbon atoms. These amino alcohols can be
represented by the formula:

i
[\

!
N-Q~N
1
2

N
o
=

wherein Z is independently hydrogen, alkyl or hydroxyalkyl
group with the alkyl groups having from 1 to 3 carbon atoms
wherein at least one, and preferably both, of the X
substituents is a hydroxyalkyl group of the structure
-(CH;)4,0H, n being 1 to 3. Examples of such amino
alcohols include: 2-amino-2-methyl-1,3-propanediol;
2-amino-2-ethyl-1,3-propanediol; and 2-amino-2-
(hydroxymethyl) -1, 3-propanediol; the latter also being
known as THAM or tris(hydroxymethyl) amino methane. THAM
is particularly preferred because of its effectiveness,
availability and low éost.

The amino alcohol is readily reacted with the
polyepoxide by heating a mixture of the polyepoxide and
amino alcohol in a reaction vessel at a temperature of
about -20°C to about 200°C, more preferably at temperature
of about 0°C to about 180°C, and most preferably at about
30°C to about 160°C, for a sufficient period of time to
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effect reaction. Optionally, a solvent for the
poiyepoxide , amino alcohol and/or the reaction product may
be used to control viscosity and/or the reaction rates.
Catalysts useful in the promotion of the
polyepoxide~amino alcohol reactions are the same as those
which are useful in connection with the
polyepoxide-polyamine and polyepoxide-bolyol reactions, and
corresponding amounts of catalysts may be employed.

HYDROCARBYL SUBSTITUTED HYDROXY
OMAT COMPOUN A DE

In another embodiment of the present invention the
instant dispersants are comprised of the reaction products
of the intermediate adduct (i), preferably one comprised of
i:he_ reaction products of at least one polyepoxide and at
least one polyamine, and (ii)(b), i.e., an aldehyde and a
hydrocarbyl substituted hydroxy aromatic compound. '

The hydrocarbyl substituted hydroxy aromatic
compounds include those compounds having the formula

1;!20
R21y - Ar - (OH),

wherein Ar represents

(Rz 2 { Rz o)x

-q or

wherein g is 1 or 2, R2l jis a long chain hydrocarbon,
R20 s a hydrocarbon or substituted hydrocarbon radical
having from 1 to about 3 carbon atoms or a halogen radical
such as the bromide or chloride radical y is an integer
from 1 to 2, x is an integer from 0 to 2, and z is an
integer from 1 to 2.

Illustrative of such Ar groups are phenylene,
biphenylene, naphthylene and the like.



The dival ent substituted hydrocarbon radica o, east one
hetero atom or group are those dival ent hydm Aﬁ\/ﬂaﬁjﬁ%& cont ai ni ng at

| east one hetoro atom or group descri bed abpvp which contaijn jat | east one
substituent group of the type described hergi naf-erF.E§qgw ifl lustrative
non-limting exanpl es of divalent

- 21 -

The preferred long chain_hyd;ccazhon_su.bsjtituents

are olefin polymers comprising a major molar amount of C,
to és, @.g. C5, to Cg monoolefin. Such olefins
include ethylene, propylene, butylene, pentene, octene-l,
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. Other copolymers include those in which
a minor molar amount of other monomers are present, e.g. , A
copolymer of iscbutylene and butadiene; or a copolymer of
ethylene, propylene and 1,4~hexadiene; etc.

In some cases, the olefin polymer may be
completely saturated, for example an ethylene-propylene
copolymer made by a Ziegler-Natta synthesis using hydrogen
as a moderator to control molecular weight.

The olefin polymers will usually have a number
average molecular weight (Hn) within the range of
about 700 to about 10,000, more usually between about 700
and about 5,000. Particularly useful olefin polymers have
number average molecular weight within the range of about
700 to about '3,000, and more preferably within the range of
about 900 to about 2,500 with approximately one terminal
double bond per polymer chain. An especially useful
starting material for a highly potent dispersant additive
made in accordance with this invention is polyiscbutylene.
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, "Moder Size Exclusion Liquid
Chromatography", John Wiley and Sons, New York, 1979.

Processes for substituting the hydroxy aromatic
compounds with the olefin polymer are known in the art and
may be depicted as follows:
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OH BF, OH

+ yr?1 — (r?1)

where R2°, R21, y and x are as previously defined, and
BF; is an alkylating catalyst. Processes of this type
are described, for example, in U.S. Patents 3,539,633 and
3,649,229, the disclosures of which are incorporated herein
by reference. '

Representative hydrocarbyl substituted hydroxy
aromatic compounds 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-chlorophenol, _
4-polyiscbutylene-2-methylphenol, and the like.

Suitable hydrocarbyl-substituted polyhydroxy
aromatic compounds include the polyolefin catechols, the
polyolefin resorcinols, and the polyolefin hydroquincnes,
e.g., 4-polyisobutylene-1,2-dihydroxybenzene,
3-polypropylene-~-1,2~-dihydroxybenzene,
5-polyisobutylene~1,3~-dihydroxybenzene,
4-polyamylene~1,3-dihydroxybenzene, and the like.

Suitable hydrocarbyl-substituted naphthols include
l1-polyisobutylene-5-hydroxynaphthalene, l-polypropylene-3-
hydroxynaphthalene and the like.

The preferred long chain hydrocarbyl substituted
hydroxy aromatic compounds to be used in this invention can
be illustrated by the formula:

OH
r22

wherein R22 is hydrocarbyl of from 50 to 300 carbon
atoms, and preferably is a polyolefin derived from a C,
to C;45 (e.g., C, to Cg) mono-alpha-olefin.

The aldehyde material which can be employed is
represented by the formula:



Al'so included within the scope of the pol yepoxides of the instant i
are these represented by the fornula [err] Sl F——
Rlerr] are as defined hereinafore; I%EEMCW f& F-n(cependently
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R23cHO

in which R?3 is a hydrogen or an aliphatic hydrocarbon
radical having from 1 to 4 carbon atoms. Examples of
suitable aldehydes include formaldehyde, paraformaldehyde,
acetaldehyde and the lika.

The reaction scheme involving the reaction between
the polyepoxide, e.g., a diepoxide, and a polyamine (which
polyamine is present in excess), e.g., TEPA, to form the
intermediate adduct is represented by Equation 1. This
intermediate - adduct is then reacted with the hydrocarbyl
substituted aromatic compound, e.g., polyisobutenyl
substituted phenol, and an aldehyde, e.é., formaldehyde, to
form the dispersant of this embodiment as follows:

H H CH

nvention

R and

rocar bon

BN-(CHy) 0 3 = Ol - G, - K= ¢ = € - Qi - %-9-9 N-E(%)zmar—

CH
+20 TIB +2&l'20 _——

H
m\@-%-M{f%w%—% - ¢ - at,—
H H
@ 3o | ¥
-%-e-c‘:-N‘E%w}r%-%-m-% 5
H H : PIB

The polyepoxides are compounds containing at least
o
. [] K3 / \ L 3 . [}
two oxirane rings, i.e, - f;': - 9 ~. These oxirane rings are
connected or joined by hydrocarbon moieties or hydrocarbon
moieties containing at least one hetero atom or group. The



radi cal s and dival ent substituted aliphatic CR,EPLACCE!MEJJQQTELE;TH radi cal s
whi ch together with the two carbon atons of tjhe Oﬁ%?@ﬁrﬂ?g}]g and the two

adj acent ring carbon atonms of the aromatic gty cycllic
structure; mand nferr] are independgntfly zero or ong Wwith the
proviso that the sum of m plus n{err]_iﬁ at ljeast one; and p i§ zero or
one. The aromati c noieties represent ably those

gonhai “: NOp, §E}98&:§rﬁ&: tlé’oiéﬂﬂefagaﬂa:ansfs cont@in bErGene, taaraﬁmiterneato and
I pheny ﬁearomalc noiLetil e al n e,.or nore ents on
one or rmrEanﬁ’g‘ AFMBr at CHEY Tﬁrgggy‘gﬁbsq?ﬁ u%ﬁ&lﬁpg't h&éﬂmﬁ#l&*

subst ant i ahlkenylene; i agylénepbiaarallemylidneorand e ad karydemer anmd-’ecaa]mi

pressury Mblchi® a3kyi R, [Hdihcaldhrg] Uity ésﬁtsmgnh (gAYl to

hydr oxyl , e scope_ of the

pol yepoxi dabout 24R@ carbem atamsw | BATEr é‘-mi@élwepﬁ%n%eﬁ%fw R} mul a:
[err] carb¥fCafbiis. The a ﬂﬁéﬂ:n&@éis nEyebel dHreight aithip are

oo et o BT 0.t bSO T b, s o b
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preferabl yoyeicalkylene radicals are those containing from 4 to about
16 ring carbon atoms. The cycloalkylene radicals may
contain alkyl substituents, e.g., C; - Cg alkyl, on one
or more ring carbon atoms. Typical arylene radicals are
those containing from 6 to 12 ring carbons, e.g.,
phenylene, naphthylene and biphenylene. Typical alkarylene
and aralkylene radicals are these containing from 7 to
about 100 carbon atoms, preferably from 7 to about 50
carbon atoms. The hydrocarbon moieties joining the oxirane
rings may contain substituent groups thereon. The
substituent groups are those which are substantially inert
or unreactive at ambient conditions with the oxirane ring.
As used in the specification and appended claims the term
"substantially inert and unreactive at ambient conditions”
is intended to mean that the atom or group is substantially
inert to chemical reactions at ambient temperatures and
pressure with the oxirane ring so as not to materially
interfere in an adverse manner with the preparation and/or
functioning of the compositions, additives, compounds, etc.
of this invention in the context of its intended use. For
example, small amounts of these atoms or groups can undergo
minimal reaction with the oxirane ring without preventing
the making and using of the invention as described herein.
In other words, such reaction, while technically
discernable, would not be sufficient to deter the practical
worker of ordinary skill in the art from making and using
- the invention for its intended purposes. Suitable
substituent groups include, but are not limited to, élkyl
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one or §th§ gr o8FSUBR o ‘gg%?ﬂr% efx?{:ﬁ% w‘&?aﬁéﬁégaﬁg
substit uerand athe siike: cd Whem mozee than ane substikueat| \isinpresente

under anbigpdy @bkl eRa YahB bReddFiredaat.i Ny, e. g , al kyl, hydroxyl and

the |ike. Preferred pol 0 es_ of. the ant n t t hose
\/\here: n at |east t\%tg."r &Pr{”r?e% ‘X%&%XI? ﬂég *éf‘étlF ym?‘h‘lé\?! %’ég gl orS

end oxirarroupgs are esubbitaterially Bineriti raerenresctivet athaambliendxirane
g £ o HRaiANBrRC A ¥ b RPRaRECBurly, ° ene WL WEadY B EnRONdC

t heret o, and era ai NS
oxirane ring under conditions effective to allow reactlon_

of the oxirane ring with the reactive amino groups of the:
acylated nitrogen derivatives of hydrocarbyl substituted
dicarboxylic materials. Whether these groups are suitable
substituent groups which can be présent on the polyepoxide
depends, in part, upon their reactivity with the oxirane
ring. Generally, if they are substantially more reactive
with the oxirane ring than the oxirane ring is with the
reactive amino group, particularly the secondary amino
group, they will tend to materially interfere in an adverse
manner with the preparation of the improved dispersants of
this invention and are, therefore, unsuitable. 1f,
however, their reactivity with the oxirane ring is less
than or generally similar to the reactivity of the oxirane
ring with the reactive amino groups, particularly a
secondary amino group, they will not materially interfere
in an adverse manner with the preparation of the
dispersants of the present invention and may be pfesent on
the polyepoxide, particularly if the epoxide groups are
present in excess relative to the substituent groups. An
example of such a reactive but suitable group is the
hydroxyl group. An example of an unsuitable substituent
group is a primary amino group.

The hydrocarbon moieties containing at least one
hetero atom or group are the hydrocarbon moieties described
above which contain at least one hetero atom or group - in
the chain. The hetero atoms or groups are those that are
substantially unreactive at ambient conditions with the
oxirane rings. When more then one hetero atom or group is
present they may be the same or different. The hetero

\goar kemgr] substituted
g@g?éﬁ“ ?ITy contain from
two carbon




secondary carbon atom and one tertiary carbon - one
hydr ogen bonded thereto. Thus, for exanple, ammpgmggﬁ&?gpoxi de of
Formula V is one wherein Rerr], Rerr], Renqr]i, and R err]iate hydrogen,
preferably one wherein Rlerr]-Rerr] and R erd]{R &2 FEBM89%AI | hydrogen.
Sone illustrative non-limting Exanples of thg pol yepoxi des of {he instant
I nvention include: [err] - 39| Terr]

- 26 -

atoms or groups are separated from the carbon atom of the
oxirane ring by at least one intervening carbon atom.
These hetero atom or group containing hydrocarbon moieties
may contain at least one substituent group on at least one
carbon aton. These substituent groups are the same as
those described above as being suitable for the hydrocarbon
moieties. _ _

Some illustrative non-limiting examples of
suitable hetero atoms or groups include:

oxygen atoms (i.e., =-0- or ether linkages in the
carbon chain):; '

sulfur atoms (i.e. =S~ or thiocether 1linkages in
the carbon chain);

carboxy groups (i.e., -

0

_ : i
sulfonyl group (i.e., - S: =):

1

' e}

e
]
ketone group (i.e., - E:-):
9
sulfinyl group (i.e., = S =);
/o\

an oxirane ring (i.e., - C': - 'C -): and

nitro group.

As mentioned hereinafore the polyepoxides of the
present invention contain at least two oxirane rings or
epoxide moieties. It is critical that the polyepoxide
contain at least two oxirane rings in the same molecule.
Preferably, these polyepoxides contain no more than about
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10 oxirane rings, preferably no more than about 5 oxirane
rings. Preferred polyepoxides are the diepoxides, i.e.,
those containing two oxirane rings. .

The polyepoxides useful in the instant invention
are well known in the art and are generally commercially
available or may readily be prepared by conventional and
well known methods. ,

The polyepoxides include those represented by the
general formula

c/ c - r!
30

wherein:

R3% is a s valent hydrocarbon radical, a
substituted s valent hydrocarbon radical, a s valent
hydrocarbon radical containing at least one hetero atom or
group, and a substituted s valent hydrocarbon .radical
containing at least one hetero atom or group: Rl - R3
are as described herein below; and s is an integer having a
value of at least 2, preferably from 2 to about 10, more
preferablly from 2 to about 5. In this generic formula
R30 nhas the same meaning as R in Formula V below except
that it is s valent rather than divalent.

Among the polyepoxides described hereinafore are
those represented by the general formula.

) 0
VAN VAR
v. Rs-cl:-c-n-c-c-nl
RS R4 R} R2
N ’ \ P

- ' — o

wherein:



I- Trq Ve
The pol yepoxi des useful i'n the instant inventioé{FM_g il hd@fy_f-‘rie epoxy

resins. These epoxy resins are well known in the prt and are gdngrally
comercial ly avail abl e. They are described, for|ekarfp2 &EB W%l Il feyer, F.
W Jr., Textbook of Polyner Science, 2nd editiop,|WIey-Intersclignce, New
York, "1971, pp. 479-480; Lee, H and Nevi hhe. K EpPOXY Resins™, |pp.
209-271 in Mark, H F., Gayl ord, N G and Bikajes, N. M. _eds.

Encycl opedi a of Pol yrge E‘{EE&?&GE Tﬁfafeéasuonvehaiéall ngeEabseleata’ - .
John W1ley and Sqns, New Yor ;

, . Pat ent
T Nos Y2 vwsn@m@eawgnama&ca&pcmaﬂe VAo RYARPFAFERR by
reference. radical Téentnining ati Msexst e yhetetrdecaton nét ugeotippsand a

conmpounds p Vi The o] vepoxi_des
are’ sat ur af ANEREYRBSIE SLvRTRRE) iy AFocHIHn Prddivar ERG AT ER ot
het er ocycl i cleask ene hetiero agomdori grouP.fed, with non-interfering
substituents, such asghalaggen g oy eNydh@ep eg,rég&pélygt%g r@géﬁal fro?nnd

R A 1R RN S CY RGN e
pol yet hers akooRalient/-ydrocapbeny | radiczie, hwmmwenyaeo&a&wﬂ ar
wei ght bet wegla 2884 306nf4fning at least one hetero atom or group,
substituted monovalent hydrocarbon radicals containing at
least one hetero atom or group, and oxirane containing
radicals; '
R? and R3 are independently selected from
hydrogen, monovalent hydrocarbon radicals, substituted
monovalent hydrocarbon radicals, monovalent hydrocarbon
radicals containing at least one hetero atom or group,
substituted monovalent hydrocarbon radicals containing at
least one hetero atom or group, monovalent oxirane
containing radicals, divalent hydrocarbon radicals, and
substituted divalent hydrocarbon radicals, with the proviso
that if R? or R3 is a divalent hydrocarbon radical or
substituted divalent hydrocarbon radical then both R? and
R3 must be divalent hydrocarbon radicals or substituted
divalent hydrocarbon radicals that together with the two

carbon atoms of the oxirane ring form a cyclic structure;
and

R? and RS are independently selected from
hydrogen, monovalent hydrocarbon radicals, substituted
monovalent hydrocarbon radicals, monovalent hydrocarbon
radicals containing at least one hetero atcom or group,
substituted monovalent hydrocarbon radicals containing at
least one hetero atom or group, monovalent oxirane
' containing radicals, divalent hydrocarbon radicals, and
substituted divalent hydrocarbon radicals, with the proviso
that if R* or RS is a divalent hydrocarbon radical or
substituted divalent hydrocarbon radical then both R? and
R5 must be divalent hydrocarbon radicals or substituted



3,000 and an epoxi de equival ent wei ght (

Especially preferred are the diglycidyl po
2- bi s(4- hydr oxyphenyl ) propane having a

an average nol ecul ar wei ght of from about

sui t abl e epoxy conpounds i nclude those co

phenol s and having at | east one vicin ep Xy group wherein fhe

car bon-t o- carbon bonds mnthln the SIX Fat ed. Such

epoxy resi Nipglhe e.
by the hyé}ﬁg%rﬁé??oﬁﬂ@%% ojI yet hers of O?W| C eﬁoléss%‘rlé(Z) by

the react icarbsm [atemsgefa pa;ﬂ-ynyer rdngh&Rsms awFVﬁ éﬁl EFWB‘H?%IH nin the
presence of a suit aife® faHcValints HFccd b 28a08als . ﬁeprbﬁﬁwedrbyal i des

modi um - R -nokhod e ts bse‘ﬁif# AE o £0omHarE o090l e aFRBRN | on

and the rudnts.ng !'haseamgdrapar;aonemadslaﬂrs vimclhydei alieyl reakkenyie

oo s RIS HEOTER LY e spvan Rl Bt

with hydnﬂ?ﬂiqaiﬁrﬂ9¥N@£R#R%9 r@PchI%Py§P°B§n§PQt|Hﬁeﬁﬁr?%€ﬂlﬁﬁ?ﬁn&/or

rut heni umegdiPABICWE! 80 ,aNcafEshn @RohsclaRd day be straight chain or

-4 branched. The alkenyl radicals may contain from 2 to about
100 carbons, preferably from 2 to about 50 carbon atoms,
and may be straight chain or branched. Preferred
‘cycloalkyl radicals are those contaihing from about 4 to
about 12 ring carbon atoms, e.g., cyclebutyl, cyclopentyl,
cyclohexyl, cyclcheptyl, etc. These cycloalkyl radicals
may contain substituent groups, preferably alkyl groups, on
the ring carbon atoms, e.g., methylcyclohexyl,
1,3-dimethylcyclopentyl, etc. The preferred alkenyl
radicals are those containing from 2 to about 30 carbon
atoms, e.g., ethenyl, l-propenyl, 2-propenyl, etc. The
preferred aryl radicals are those containing from 6 to
about 12 ring carbon atoms, i.e., phenyl, naphthyl, and
biphenyl. The preferred aralkyl and alkaryl radicals are
those containing from 7 to about 30 carbon atoms, e.g.,
p-tolyl, 2,6-xylyl, 2,4,6~-trimethylphenyl,
2-isopropylphenyl, benzyl, 2-phenylethyl, 4-phenylbutyl,
etc.

M ACRMANESHEER40 and 2, 000.

...L TS Ul

) ?@ﬁ%}@goo. 140 and g?ge?nd

nds derived from pol yhydric

The substituted monovalent hydrocarbon radicals
represented by Rl - R® are the monovalent hydrocarbon
radicals described hereinafore which contain at least one
substituent group thereon. The substituent groups are such
that they are substantially unreac:tive under ambient
conditions with the oxirane moieties. When more than one
substituent group is present they may be the same or
different.

The monovalent hydrocarbon radicals containing at
least one hetero atom or group are the monovalent
hydrocarbon radicals described hereinafore which contain at
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tenperature bel ow about 50[err]C. This nethod | S~+heréughy--ehsdl osed and
described in U S. Pat. No. 3,336,241, issued Au 3 i_.gg The

hydr ogenat ed epoxy comnpounds prepared by the pr 21 I@gZd i U S Pat.
No. 3,336,241 are suitable for use in the present cormosuj ons
Accordingly, the relevant disclosure of U S P No. 3, 336, 241 iis
I ncorporated herein by reference. - 30 Fhe s . I ses the
condensati on of a hydrogenated pol yphenol w th an epi haI ohydrin, such as
epi chl or ohykRast eRe; heterss akam oPra ITGUPaLin: the aFarbopy cthadn .BF3The

fgl ! O}Ned bmwwrﬁ&owa{]mfpl Ast ﬁ?ﬁiz&%@lafeffﬁm ctauat j[c.‘"adrbdmeé‘ftéﬁe 4
phenol is a e ul ting saturated epoxy conpoun
is soneti ne%’g’l:%?qél ’égnng df%ﬁ% ﬁ?ﬁefinﬁ %ﬁ%t carker pﬁEaBI' AWR rrg
nmor e propermoreisthan ongl ymtds;lo atom of Qraupl i§4p:5e§eﬁte>¢amy)mayopane
In any eventhet Randdé" epo e o2 é&?#i re e
deened to meaen t he gl g(?l (?*ff gg% of x%’(‘ﬁ ﬁbgl’l C ;zheno SQ‘% e'#{'? rg
aromatic ritriyO8er Kha eaﬁetﬁB bgtank ahby e“ét!é?\a@t ¥ee maratmlent
PLef erred snditiishspeiyhr an msoﬂiﬁaﬁberﬂg rg@l%ﬁé&d 'h%‘ﬂe%%f pé@&gé eGrbyh
t he proces 41 More preferred are the
hydrogenat% |%| J%?;/Ielﬂ} erses(?% eyoglfinﬁﬁf'&yphenyl) pr opane, -
soneti mes cal I ed t h&h® gspbabitutedr mariovalehts (hpdyadaitsormnehiipadsane.
One class cdonginkngPoxy rl"e'iﬁ ¥nfe ! f € d dy g}'}ﬂ{ﬂ'
epi chl orohydr| n th 8 henol_- rﬁe HIQEEFBdeQ?ég ns repre en?q% by ?he
gener al f.m: ute mmp ovalent hydrocarbon radicals conta:.n:.ng at
least one hetero atom or group described above which
contain at least one substituent group on at least one
carbon atom. The substituent groups are those described
hereinafore.
The oxirane radicals represented by Rl - RrS®
may be represented by the formula '

O .

/ N\
VI. -r10 - d - ¢ - R?

wherein:

R7 has the same meaning as Rl, rR8 - Rr®
have the same meaning as R2 - R3, and R1? has the
same meaning as R in Formula V. The divalent hydrocarbon
radicals represented by R2 - R5 ana RrR® - R?
generally are aliphatic acyclic radicals and contain from 1
to about 5 carbon atoms. Preferred divalent hydrocarbon
radicals are the alkylene radicals. Preferred alkylene
radicals are those that, together with the two carbon atoms
of the oxirane ring, form a cyclic structure containing
from 4 to about 8 ring carbon atoms. Thus, for example, if
R3 and R? are both ethylene radicals the resultant
cyclic structure formed with the two carbon atoms of the
oxirane ring is a cyclohexylene oxide i.e.,



[err]

-43 - [err] wher ei n:

Rlerr]-Rlerr] are defined hereinafore, and preferably are all hydrogen:

Rlerr] is
radicals c
radi cal s;
preferably
hydr oxyl ,
integers h

I ndependent |y sel ected fI’OI’D\I ntegers having a vhi [ile oF TT om0 Tjo 4
bnet, 2 FFW 19@yi gs jaccordi ng

i ncl usi ve;
to the nol

i ndependently selected from alkyl radicals, preferably alkyl
ontaining from1 to about 10 carbon atons, hydroxyl, or hal ogen

R21 is independently selected from al kyl radicals,
al kyl radicals containing from1l to about 10 carbon atons,
or hal ogen radi cal s; -v3li s ind from

avi.ng a value of fromO to 4 inclusiv LAddMEW\‘/S%EET

and value of at |eas
ecul ar wei ghp~0 the\e5| n, with the
Hzc\ / 2
- S
Hy H

T—

The divalent substituted hydrocarbon radicals
represented by R?2 - RS and R® - R? are the divalent
hydrocarbon radicals described above which contain at least
one substituent group on at least one carbon atom. Thus,
for example, if R3 and R?Y are both hydroxy substituted
ethylene radicals, the resultant cyclic structure formed
with the two carbon atoms of the oxirane ring may be
represented by the formula.

/\
\

/
2
\ -C/
/ /\
HOH H OH

The divalent hydrocarbon radicals represented by R
generaliy contain from 1 to about 100 carbon
atoms, preferably from 1 to about S50 carbon atoms. They
may be aliphatic, aromatic or aliphatic-aromatic. If
theyare aliphatic they may be saturated or unsaturated,
acyclic or alicyclic. They include alkylene,
cycloalkylene, alkenylene, .arylene, aralkylene, and
alkarylene radicals. The alkylene radicals may be straight
chain or branched. Preferred alkylene radicals are those
containing. from 1 to about 50 carbon atoms. Preferred
alkenylené radicals are those containing from 2 to about 50
carbon atoms . Preferred cycloalkylene radicals are those

and Rlo



upper-limt of f preferably not exceedi ng abo [m 9

TS bly not
' P.mﬂt hose

exceedi ng about 5. Preferred conpounds| o ¥

wherein Rlerr] - Rerr] are all hydrogen, and v jand w_are all {z¢ro.

An exanpl e of commercially available and useful, epc'b%/FE@sW% qll’G t he EPON
resins of Shell G| Conpany As nentionéd./herei naf ore tlhgse

pol yepoxi des, including the epoxy reins, jyhergin the two carbonfatonms of
the oxirane ring are bonded to three hydrogen latons e g _ wherein

Rerr]- R[eréénifaiﬁqriqﬂ eré(marﬁ ebl dydaeoen? %‘i@zdor@éﬁidﬁdatomlf ef ermped

pol yepoxi des o e are those mhere carbon nD|

bridgi ng t FRY<SRAL e’c'?%‘sca]és 2y R°PR P&Pwﬁ“g\é\grigﬂﬁﬁ qr n P58 zflra&lé’ups
or atons. a:l]]kmsc pmhathgrﬂngsmmmaml ude, but are not limted to,
the polar hetero at uﬁi‘%&r 1{331, " n

- 44 - herei naforeof@ gétrtlcup poI ?/%?)omﬁgs arrgle 3 epaosxy
resins, espeged| ip tHescspecisieat BPn M‘%/h?ﬂ?l @PpRBASHAs claims ignqgr
pol yepoxi degneasaadaebed iwith tnee @Nﬂ?@hﬂe&roﬂﬂiﬂe' ﬁo@étymr@pﬁsmm@

?g;g{gged F&?I‘EIﬂ‘laf or; %qcprgducbehgeexlmnz er g!:%tr ing ucts \gm ¢ch aLs tbhen
: understood that the divalent aromatic mo:.ety can be a
single aromatic nucleus such as a benzene nucleus, a
pyridine nucleus, a thiophene nucleus, a 1,2,3,4-tetra-
hydronaphthalene nucleus, etc., or a polynuclear aromatic
moiety. Such polynuclear moieties can be of the fused
type:; that is, wherein at least one aromatic nucleus is
fused at two points to another nucleus such as found in
naphthalene, anthracene, the azanaphthalenes, etc.
Alternatively, such polynuclear aromatic moieties can be of
the linked type wherein at least two nuclei (either mono-
or polynuclear) are linked through bridging linkages to
each other. Such bridging linkages can be chosen from the
group consisting of carbon-to-carbon single bonds, ether
linkages, keto linkages, sulfide linkages, polysulfide
linkages of 2 to 6 sulfur atoms, sulfinyl linkages,
sulfonyl 1linkages, methylene 1linkages, alkylene linkages,
di~(lower alkyl)-methylene linkages, lower alkylene ether
linkages, alkylene keto linkages, lower alkylene sulfur
linkages, lower alkylene polysulfide linkages of 2 to 6
carbon atoms, amino linkages, polyamino linkages and
mixtures of such divalent bridging linkages.

When the divalent aromatic moiety, Ar; is a linked
polynuclear aromatic moiety it can be represented by the
- general formula

- Ar(Lng-Aryy,



with the aforedescribed acylating agents to yield the dispersants of the
present invention. The reaction between a polyam ne and a

pol yepoxide to formthe internedi ate pol yepoxi de-pol yam ne adduct is
described, for the case of a diepoxide, in Equation 1 above. In this
reaction the different oxirane noietigss4n the same pol yepoxide nol ecul e
react, by an oxirane ring opening nmechanism wth the prinmary am no groups

on di fferegﬁeggh_?ﬁam' NEs "DH CENt &St Oof 0NN & AboNitt 205t Ppasdiabeyen!l to
pol yam ne npl ecules via thelpol eﬁ? I de nolecule., i aqpol yepoxi de
cont ai ni ng®ROUE t Ran RYES 0P raaer%‘ ﬁ\ﬁs Yer 2nmPEcHie dBcHSis2a Y de is
reacted w apomatly amoietyticasasiedsd¥ibeda dbdven| candit eachhding hise a
nol ecul es ) N ' el ne 0 r t
ol yopoxi dB SHHHAY (EiMkdad dnd i tasa FEChEePOIOE| cHe, BEour
Equati on 2cpesipting of carbon-to-carbon single bonds; ethex |linkages

(e.g. =0-~), keto linkages (e.g.,

0
h
- C=-), .

sulfide linkages (e.g., -S-), polysulfide linkages of 2 to

6 sulfur atoms (e.gq., -sz-), sulfinyl linkages (e.q.,

-S (0) =) , sulfonyl linkages (e.g., =--S (0); =) , lower

alkylene linkages (e.g.,

-CHZ - CHz - CHZ-' - CHz - CH -, etc')l
| »
R

di (lower alkyl) -methylene linkages (e.g., - CR*Z-)',
lower alkylene ether linkages (e.q.,

-CH -0 =~, -CH2 - 0 - CH2 -, -CH2 - CH2 - 0 -,

R* R*
- CH,CHOCHCH, -
R* R*
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I f a polyam ne containing nore than two, e.qg. REHEM&EMBNTF&HE(F m no groups
per nolecule is used then one such pol yam ne po| ecul e may be™] ijnked or
connected to three other polyam ne nol ecul es py|thy2¢El gopxideg nol ecul es.
In such case the three prinmary am no groups ofn each pol yam ne | ecul e
reacts W th oxirane rings on different_djsepoxi de-moteecttes- The
chem stry of the pol yepoxi de-pol yam ne reactijon is such that the primary

T o e e g S g L E T e e e
am no functiona

The o odudoR8 ETAR el Fhe 1aveR Fhkklgde "orbeT Dinks6es| 15, E0PAECRAYor e
product . with.s an ssSposa;tdmlla, ﬂmmr,am?alenée mml%p?danlaggkages
functi onal or r NG L u an
react Wlthd%é‘ he‘?m{lelgugéé g%uq%éé;oa?ep%x?% L{%]Tag:r%m a&icp.\‘/er S|$yt§f
struct ur esTS6= group)y pedngoRy dpWeTdalkyily F¥OMR-i nt er nedi at e
adducts of the preiﬂIIusﬁrsﬁivendforﬁlichlSelﬂihkéaU'ﬁélﬁu@ﬁa/xa”hi‘éia{:iaked to

each ot her Yo al l.ecul es. r.pur |IIustrat|on and
exenplifi i tﬁ' %%&J éri’g"sraag ef‘ﬁ & % & s a pol yani ne of
Formula | and the pqg §oxi de R!ﬂpugl epoxi de of Formula V, the

pol yepoxi de- pol yam | NLgQNE, t e adduct contains at |east one of the
following recurrin rucCt ura nits [err]

wherein R12 and R13 are independently selected from
hydrogen‘ and alkyl radicals, preferably alkyl radicals
containing from 1 to about 2 0 carbon atoms; R11 is
selected from alkylene, alkylidene, 'cycloalkylene, and
cycloalkylidene radicals; and u and ul are independently
selected from integers having a value of from 1 to 4.

The divalent substituted hydrocarbon radicals
represented by R and Rl10 are those divalent hydrocarbon
radicals described above which contain at least one
substituent group of the type described hereinafore. Thus,
for example, if the divalent hydrocarbon radical is a CS
alkylene, the corresponding divalent substitute hydrocarbon
radical, e.g., hydroxyl substituted radical, may be

OH
-cuz-cnz-clm-cnz-cnz-

When more than one substituent group is present they may be
the same or different. _

The divalent hydrocarbon radicals containing at
least one hetero atom or group are those divalent
hydrocarbon radicals described hereinafore which contain at .
least one hetero atom or group. These hetero atoms or
groups are those described hereinafore. Some illustrative
non-limiting examples of divalent hydrocarbon radicals
containing at least one hetero atom or group include:



wherein R, R, R'', s and t are as defined hereinafore.

- 46 - The stoichionetry of the poly I %\ﬁai i ne i s one
of the factors that determ nes the | ength of N e %pg | yam ne
adduct, e.g., nunber of recurring structural ¢nits of Fornul .
General |y, increasing the concentration in the tedtRifkB Wt ure] of the

pol yepoxi de, up to a point where there3? s present an equi val ent] anount of
oxi rane ring noi etie&;ge& @rir@ﬁ%;am' no noietiesS, Tesults 1n anl i ncrease in
the |l ength and nol ecul‘ar wei ght ©f the intermgdi ate adduct. O her
factors which influence the | ength and nol ecul ar wei ght of the adduct are
reaction tinmes and reaction tenperatures and the presence or absence of
other reactive grouGl,in Qhe Qi) yepllt) de.0 Cer@talty; assuming a fixed
anount of pol yepoxide in the pol yepoxi de-pol yam ne reaction m xture, a

hi gher reaction tenperature and/or a |onger reaction tine results in |onger
or higher nol ecul ar wei ght i ntermedtgte adduct product. Reacti on

bet ween t he pol yepoxi de and pol yami pe3is carried out by addi ng an. anount of.

pol yepoxi de to the_p&%/a_r_ri n§ _@_ecéi_vecéé) coupl e or link at | east

CH,

‘CHZ-O'@'O"CHZ-:

S
!

H
]
- cHy -0 {::>— c <<:>b 0 - CH, -

o] ' IQ ;
/\ /\
HyC - C - CHy - O 4C:>- c <<:>r.o - cH - ¢ - cHy
H . _ H H
- CHy, -0 - CH, - CH - CH, - O - CH, -

[
P
o o)

CHy - C - CH,
H

The divalent substituted hydrocarbon radicals
containing at least one heterc atom or group are those
divalent hydrocarbon radicals containing at least one
hetero atom or group described above which contain at least
one substituent group of the type described hereinafore.
Some illustrative non-limiting examples of divalent



ij

sone of the polyam ne nolecules. It is readil) e skilled in
the art that the anpbunt of pol yepoxide utili z%m ENm hunber of
factors including (1) the nunber of primary a 1grou S resent in the

pol yam ne, (2) the nunber of oxirane rings pr sent ol yepoxi de, (3)
and the nunber of polyamines that it is desirg¢dfto react, i.e t he degree
of coupling or chain Iengt h of the pol yepoxi de-polyam ne adduct|it is
desired to achieve. is generally ﬁrafﬁf erre he be

present in excess in the ol yepoxi de- m ne regct,i on ure

Gener al | y sulsatleuted; hy. fﬂ‘-‘éﬁ%ﬂ"‘ed’?ggﬁgiﬁ ﬁ%ﬁ%@nta%f B3FFe P8 de

such that hTelt@i% altenpbesgﬁbuﬁrmehhaut 0.01 to 10 equival ents of epoxide

groups per equivalent of primary amno groups, preferably fromabout 0.1 to
5 equival ents of epoxi de groups per equivalent of primary am no group.

- 47 - Wth appropriate QHriations to provide for the presence of

hydr oxyl g,r@ﬂos_tiag atopedesgg |heéametaﬁ ang di éﬁgsg%m; t he-

preparation of t he 3ol yepoxi d€- pol yam ne |nterrred| adducts is al so _

applicable to the pol yepoxi de-pol yol and pol yepoxi de-am no al cohel adducts.

!
-cuz-o-@-?-@-o-cnz-ﬁm-cxz-oc-
CH, OH CH,

OI-I 0 C02CK3
N
-cnz-cn-s-ca CH,~-
O
Also included within the scope of the polyepoxides

of the instant invention are these represented by the

formula
0
/7 \
VII. RS - ¢ - ¢ - Rr14
16 17
R R 1
( )m(/ ‘m 7\ 1
X (R)p - € -¢-R
t )
R3 R2

wherein:

' R and R1-R3 are as defined hereinafore; R14
and RIS independently have the same meaning as RY: X is
an aromatic moiety: R1® and R17 are independently
selected from divalent aliphatic acyclic hydrocarbon



In order to formthe dispersants of the pres | B Ny | ong chain
hydr ocar byl substituted di carboxylic acid mﬂ@ﬂ%mN g(_bf tighyde and
hydr ocar byl substituted hydroxy aronmatic compolund is react e% ith a

pol yepoxi de- pol yam ne adduct, a pol yepoxi de- po| yd 2 &&8u1997

pol yepoxi de-am no al cohol, or a m xture thergof. The anou of

pol yepoxi de adduct and hydrocar byl substjtutgd dicarboxylic adid materi al
or the al dehyde and hydrocar byl substTtt &d hydroxy aromatic npound
utilized in this reactlon e.annunt s_.whj re.eff |

di sper sanF@Skc2 k8 |?\§f1an? ﬁr"@% Oﬁ,ub§¥gf{,ua%?gpeq§£§#¥§&lpm ﬁggfgp'fig:ct ive
anmount s. hydroddrbar ptiealst whikbsectofethex withhdhe t tvbatcarhoranount
of Polyepgybils aiiutle Wkitdiy! Mg dh@Ctile kioPUdiacdRlN iy UaHiRn Of

reactive gr oups (reactive prinar or secondary_"am no gr oups and/ or
hydroxy gr5ap8 PE the ﬁBP?ﬁE%‘kl ?)Uf nF PR R ITREL LT SFRISRMERAdr oxyl
g(rjgups :AE tEe pol yﬁpqglnd;lembolay_@l Hw:bpéndavﬁly lzéeaerair i one atwd thol srepoxi dg'
adduct ich are ai rea X i.c aci
or anhydr PE&Y F8u§é’ aﬂ\% %‘%r 8§ar%o j:'%‘\i/ﬁwb;sntlt %) £ f%%%o?ﬁ% % 0‘9

mat eri al . i€cmeral by, ohewever, the anount of the pol yepoxi de adduct is such
that sufficient polpyg ogiz%ggggctm},geqfégntr& sc%/ﬁggdf e qporatré) 5to

15, preferablgyfroma out 10, nor e pre era romabout to 4
reactive Br8&REabiYeHoss maleigg fE O et V& aﬁ%}' i @?%Ups or
hydr oxy georgo.s,, benzenod), dnapthaldne, aami obigﬁ‘gtxym de Theuparsmaticval ent

present Hno:.'leeti‘é/dﬁ'[ by¥dn d‘?rit}?tbﬁﬁtt dhgééb%%tcs.tt%(\eh@smr?”ol

The react.i on con S un e reaction ween t he po yepOX| de

adduct an®oree ning csaaerrhgn akana. ¢ (Khesel subsbithentsAre fhase afhigh
carried ogredlSubdeseeidply abfreateiveVat OambRbABCIdANAIRILIASN &agd,

temperature and pressure, with the oxirane ring. They
include, for example, alkyl, hydroxyl, nitro, and the like.

Also falling within the scope of the polyepoxides
of the instant invention are those represented by the
formula:

wherein:

R, Rl-R3, R14_.815 ana p are as defined
hereinafore; and R'® is independently selected from
divalent hydrocarbon radicals or a substituted divalent
hydrocarbon radicals which together with the two carbon
atoms of the oxirane ring forms a cyclic preferably .
cycloaliphatic, structure. .

The divalent hydrocarbon or substituted divalent
hydrocarbon radicals represented by R18 preferably
contain from 2 to about 14 carbon atoms so as to form,
‘together with the two carbon atoms of the oxirane ring, a 4
to about 16 membered ring structure, preferably a



) ENT SHEERT :
- 48 - pol yepoxi de adduct and the hydrocar by REMQEMU‘:%&%H "icar boxylic
acid material to occur. GCenerally, the reacti ¢n vm'llwﬁrocee:i at from about
50[err] to 250[err]C, preferably 100 to 210 [lenr] €2 FEBPY

super - at nospheri c pressures are not excluded,| tthe reaction gén¢rally

proceeds satisfactorily at atnospheric pressdre—The reactionjmy be
conducted using a mneral oil, e.g., 1QQ peutjral oil, as a solvyent. An
i nert organic co-solvent, e.g., xylene or toluene, may al so be used. The

reaction tdyel 8808phldtid apgng. f r Theabpreférfed Mivalent hydrocarhen
Subst | {ut PR oRTE; SHE LG, YRTL BB Aydped oA SRRSEREY, i g
reacti on preferabiyithemldadene radicadssi on of pol yi sobutenyl succinic
anhydride with an apkyl efevaiapdxi deipd 88 yheter pearbime raciiieals [err]
represented by R18 pay contain one or more substituent
groups on one or more ring carbon atoms. The substituents
are selected from those that are substantially unreactive
under ambient conditions with the oxirane ring, e.g.,
alkyl, hydroxyi, and the like.

Preferred polyepoxides of the instant invention
are those wherein at least two of the oxirane rings,
preferably the two terminal or end oxirane rings, are
unhindered. By unhindered is meant that the oxirane ring
contains one secondary carbon atom, i.e., having two
hydrogens bonded thereto, and preferably contains one
secondary carbon atom and one tertiary carbon atom, i.e.,
having one hydrogen bonded thereto. Thus, for example, an
unhindered polyepoxide of Formula V is one wherein Rl,
Rz, R5, and RS are hydrogen, preferably one wherein ’
R1-r3 and R*-R® are all hydrogen.

Some illustrative non-limiting Examples of the
polyepoxides of the instant invention include:

0
. /7 \
HyC - ¢ - CHy -0 - CHy - CHy = 0 = CHy - C =~ CHy ;
H H

/o\ " 1" 7\
HZC-C-CHZ-O-C_-(CH2)4-C—O-C32-§:-CH2 H

H ' H



[err] mxtures of esters, amdes and H H I m des.
The im de reaction product of this reaction nay be represented by the
formul a [err] © -49- [err]
where PIB is polyisobutyl ene. Further aspects of the present

I nvention reside in the formati on of nmetal conpl exes and ot her
post-treatnent derivatives, e.g., boratgeg derivatives, of the novel

0 Q o
/N ! ' I _ /°\ ]
Hzc - ? - CH2 -0 - - CH2 - CH2 -=C =0 - CH2 - ? - CHZ ’
H H
o o Q 0
7\ i I VAN
HyC - ¢=CH ~0-C~-CH=CH=-C-0=-CH -\C-xH, ;
H H
0
/A /\
HyC - C - CHy = CHy = CH, -~ CHy - § - CH
H H
A | A\
H2C - ? - CHZ -0 - CHZ - ?H - CHz -0 - CHZ - ? - CHZ ;
H CH2 H
' o
| /N
CHy - ¢ = CHy
H
0 - CH 4
R S REPLACEMENT SHEET
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/0\ Q Q
dl [i /
HyC - ? ~CH; -0 -C=CHy -CHy - C -0 - CH, - f - CHy :
H H

e
NO
~
! /O
n—a
!
o



additives prepared in accordance with this invention. Suitable netal

conpl exes nmay be formed in accordance with known techni ques of enploying a
reactive netal ion species during or after the o present
Cerr]-Cerr] lactone derived di spersant nate ]h{E EACEME‘J m ng net al
reactants include the nitrates, thiocyanates, —ttes; car boxyl

phosphat es, thio-phosphates, sulfates, and borlatles FEBaWST tijo
such as iron, cobalt, nickel, copper,-c4oremu If‘ anese, noliyRdenum
tungsten, ruthenium palladium platinum cad
antinony agd the |ike. Prigor art_digscl osur esj of these co

iing
reactions e found in UJS. RateNys 3, 306,9 6, 443.
Post -t r eat orﬁ§$i‘t i%Ts G eNude /t hose f or med by react | ng the novel
additives o e present inventia ith one or nore post-treating reagents,

usual ly sel ectgd fromthe gro consi %i ng of boron oxi de, boron oxide
hydrate, boron \alides, borolrﬁ)ac Wsul fur, sulfur\chlorides,
phosphorouﬁzeu*i'f?d-esﬂ'Qnd' &&ides, (9<y1 i ‘a@'ld or Carthﬂlzl de acyl ating
agents, epoxidesgand episul fi des and acrylonitril esH The reaction of such
post-treating agents with the novel additives of this invention is carried
out using procedures known in the art. For exanple, boration may be
acconplished in accordance with the teachigqugs of U S. Pat/ t 3,254, 025 by
treating the additive compound of the pregent 40 iQn g boron oxide,
hal i de, ester or acid. Treat rrec;\t may b arried ou 2py addl ngzabout 1-3 wt.

/ Il
HzC"C‘CHz-O‘C

4 o

~e

/\CH
g-o-¢H - ¢ 2
0 H
A " A
HyC - ¢ - CHy - 0 <(0)- ¢ ~(0)- 0 - cH, - ¢ - CH, ; and
H H
o H
/ N\ ] A
Hzc-cl:—cnz-o-@-c-@-o-cxz-?-cnz :
H H
A A
Hz°‘°‘°’*2‘°'@‘ ¢ -(9)- o O-CH; ~¢C=-CHy :

H

The polyepoxides useful in the instant invention
also include the epoxy resins. These epoxy resins are well
known in the art and are generally commercially available.
They are described, for example, in Billmeyer, F. W. Jr.,
Textbook of Polymer Science, 2nd edition,
Wiley-Interscience, New York, 1971, pp. 479-480; lLee, H and
Neville, K., "“Epoxy Resins", pp. 209~271 in Mark, H. F.,
Gaylord, N. G. and Bikales, N. M., eds., Encyclopedia of
Polymer Science and Technology, Vol. 6,' Interscience Div.,
John Wiley and Sons, New York, 1967; and in U.S. Patent



- 50- of the boron conpound, preferably boﬁ'R L C@d‘m,i'g:ahé’-’lﬁ@a'ti ng and
stirring the reaction m xture at about 135[kr ]%ﬁ%&ﬁfé 2 flot 1 to 5 hours
foll owed by nitrogen stripping and filtratipn ' de. M neral oil or

inert organic solvents facilitate the proceps] The jcdnposi tions
produced in accordance with the present invention have been flound to be
particularly useful as fuel and | ubr T cth rngLai -t . ] When t he

conposi ti of 314y, dgt/edtid OF, £08, 452§ aD1Nes "Bhion| dsei dnaeipekayeaf uel s,
such as mddle 3(11&? %gaqles bg:lp'l Ing fromabout 150[err] to x8100%.grer]F.

i ncl udi ng heFeln Ry XALAIXeNCeuc| s, hone heating fuel oil, jet fuels, etc., a
concentration of thpherddpdxye resinse {oel podyepexidegy dndlydeakhpsérom

0.001 w. % o2 e ly. 0. W, 9 0. 9 ed on
t he total ﬁ\%#‘éﬁgngi m%%éﬁsgé‘g [ éﬁg w ?I glS’siueal Y%é%égénpﬁzpo%..é#ﬁggg'

addi ti ves Theseopelyepoxides|axe spaturated op| ungaturabedsaalipbaticey

and/ or_ vargyeh ¢@1liigh akaay Y rbhddiec! W . heterocyHwieqPanAisagh this
invention fin eir. pr I I Li owever, i ybricating,oi

conposi ti oFePs ?%?ng‘;dé’gﬁgé' o?’/'F'tPn ’\mréﬁtfﬁgeﬁﬁﬁgt B §tg?"'é‘e5'|t§$ol ved
or di sper ssuch Sashhaiegeni Atomay hydraxylagroupsynethercradicals, ahds,
base oils |t g_for use in preparing the lubricating conpositions of the
present inventton I nclude those conventionally enployed as crankcase

| ubricating oils fdRrefarned pplyepexidesnpresthonglyaidel pelyethers
conbust i one£N@Pol§hydrieh mfertitid "BRAE Plthydriek £IEOHEEs, especially
the glycidyl polyethers of 2,2-bis(4-hydroxyphenyl) propane
| having an average molecular weight between about 300 and
3,000 and an epoxide equivalent weight (WPE) between about
140 and 2,000. Especially preferred are the diglycidyl
polyethers of 2,2-bis(4-hydroxyphenyl) propane having a WPE
between about 140 and 500 and an average molecular weight

of from about 300 to about 900.

Other suitable epoxy compounds include those
compounds derived from polyhydric phenols and having at
least one vicinal epoxy group wherein the carbon-to-carbon

' bonds within the six-membered ring are saturated. Such
epoxy resins may be obtained by at. least two well-~known
techniques, i.e., by the hydrogenation of glycidyl
polyethers of polyhydric phenols or (2) by the reaction of
hydrogenated polyhydric phenols with epichlorchydrin in the
presence of a suitable catalyst such as Lewis acids, i.e.,
boron trihalides and complexes thereof, and subsequent
dehydrochlorination in an alkaline medium. The method of
preparation forms no part of the present invention and the
resulting saturated epoxy resins derived by either method
are suitable in the present compositions.

Briefly, the first method comprises the
hydrogenation of glycidyl polyethers of polyhydric phenols
with hydrogen in the presence of a catalyst consisting of
rhodium and/or ruthenium supported on an inert carrier at a



{1t “F‘.‘h
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REBLAGEMEN!

marine and railroad di esel engines, and the | results are
al so achi eved by enploying the additives of tthe¢ present ér}ve t{on in base
oil's conventionally enployed in and/or adaptéd |fol 2B 3% po

transmtting fluids such as automatic transm
uni versal tractor fluids and hydraulic fluidg, heavy duty hydr
power steering fluids and the |ike. Ge&2 tubriicants,. industriall oils, punp
oils and other lubricating oil compositions can al so be

efit p
- 51 - freamperatureorbelel i ahoukerld 1 of PhimqmeEheds s EReTpRERLK:

i nventi on.gjgclosed QHé déderskt tinew. gl Tak.presens, 336241 pnisavede
sui tably incor c%atleg% I nto synthetic base oils such as al kyl esters of
di car boxylaf"l,g°a s, gl‘ygl ycol s and al cohol s; pol yal pha-ol efi ns,

pol ybut enes, al kyl Thenzhydsogenafed c epoxyT caipoundphprepaefidy the
polysilic ﬁéé’%ﬂ&oéﬁde‘i#ﬁ%. dDEpQ{:.' Wel.i CRlidy 21 £AEPeEithBlecan be
S esire

i ncl uded e additives of this invention are

0i | - sol ubl&OT duERo| ¥Rt nPFesent hcompos itigng. s iAcgARdingen: thgr are
stably di spglevaftEdtBicA Ssubel -68l ubl 8. dpaxal vRbl.e, 30338 pbhy is

Idlnzr)g(;ts;b![ fgﬁogzﬁattetdert@r%qlnoﬂ 'féf‘é@%@lc@?re' n does not necessarily

The second method comprises the condensation of a
hydrogenated polyphenol with an epihalohydrin,

" epichlorohydrin, in the presence of a suitable catalyst
such as BF3, followed by dehydrohalogenation in the
presence of caustic. When the phenol is hydrogenated
Bisphenol A, the resulting saturated epoxy compound is
sometimes referred to as "diepoxidized hydrogenated
Bisphenocl A," or more properly as the diglycidyl ether of
2,2-bis(4-cyclohexanol) propane. .

In any event, the term "saturated epoxy resin," as
used herein shall be deemed to mean the glycidyl ethers of
polyhydric phenols wherein the aromatic ring structure of
the phenols have been or are saturated.

Preferred saturated epoxy resins ‘are the
hydrogenated resins prepared by the process described in
U.S. Pat. No. 3,336,241. More'preferred are the
hydrogenated glylcidyl ethers of 2,2-bis(4-hydroxyphenyl)
propane, sometimes called the diglycidyl ethers of
2,2-bis(4-cyclohexanol) propane.

One class of useful epoxy resins are those
prepared by condensing epichlorohydrin with bisphenol-A.
They include resins represented by the general structural

sgion fluids, tfagctor fluids,

hul i c fl uids,

such as

formula
B ]
®%, ®), (’2%,, &Y,
/A T | K Fa
AR A AR RO R S MOl
P ® G, R ®S m’{; cH,




materials are soluble, dissolvable, mscible, or capable of being suspended

inoil in all proportions. |t does nean, however, that the additives, for
i nstance, are soluble or stably dispersible in oil to an extent sufficient
to exert their intended effect in the environnent in which the oil is

enpl oyed. Moreover, the additional incorporation of other additives may

al so permt i ncorporat i on of higher | eveI s of a particular polyner adduct
hereof, if desired. Accor di ngl y,43hi | p—any effective—anount of
these additives can be incorporated into the fRFPM@WEN’E_‘eﬁ{ﬁ@E’]‘ ubri cating
oi | conposition, it is%Qntean ated that suchj e t-ve—ar be
sufficient to pre sacd-ln!-be oil conpositipn of the
additive of typically ¥j gm 0.01 to about 10, and
preferably from 0. 25 O Wm. % based on the conposi tion.
The additives of the present |nvention can be |ncorporated |nto t he

| ubri cati nOwReteiR: any convenl ent way. Thus, “they—eanbe—atded directly to
the oil by dispersin di ssol v&ggﬁt he sane in the oil at the desired

117

| evel of concentrati ?E&I 19e d; hexeinafoxeyy apgd Prefezadlich
as tol uene,ar:;cabheumogem, - 52 -
R20 g ind_ependently selected from alkyl

radicals, preferably alkyl radicals containing from 1 to
about 10 carbon atoms, hydroxyl, or halogen radicals;

R21l ig independently selected from alkyl
radicals, preferably alkyl radicals containing from 1 to
about 10 carbon atoms, hydroxyl, or halogen radicals:;

v is independently selected from integers having a
value of from 0 to 4 inclusive; ‘ |

w is independently selected from integers having a
value of from 0 to 4 inclusive; and

f has a value of at least one, and varies
according to the molecular weight of the resin, with the
upper-limit of f preferably not exceeding about 10, more
preferably not exceeding about 5.

Preferred compounds of Formula X are those wherein
Rl - RS are all hydrogen, and v and w are all zero.

An example of commercially available and useful
epoxy resins are the EPON resins of Shell 0il Company

As mentioned hereinafore those polyepoxides,
including the epoxy reins, wherein the two carbon atoms of
the oxirane ring are bonded to three hydrogen atoms, e.g.,
wherein R!-R® in Formula V are all hydrogen, are
preferred. Preferred polyepoxides of this type are those.
wherein the hydrocarbon moieties bridging the epoxide
moieties, e.g., R in Formula V, contain polar groups or
atoms. These polar éroups or atoms include, but are not
limited to, the polar hetero atoms or groups described



t et r ahydr of ur an. Such bl endi ng can occur at +eem =pr el evat ed.
Nat ural base oils include mneral |ubricating BEPEAGE'ﬁﬁhﬁS va-y wi dely a.
to their crude source, e.g., whether paraffiniic [ naphthenic, [ Xed,
paraffinic- naphthenic, and the like; as well jas t¢ tpEBn9¢pr1a ion, e.g.,
distillation range, straight run or cracked, {hydrofi ned, Ire t extracted
and the |ike. More specifically, the rat ng oil base
stocks which can be used in the conposifjaons gf this invention y be
straight mneral lubricating oil or dIStI||atb gerived trom paraffinic,

naloht heni rgerafﬁaeéfé C @aﬂm @E’é@é&re&{ apd]}fy {?h u?hi Otfe DI ﬁnds
Oolls nNa e as we as rtl,cul a ose. 'O I C
asphal t1 cOBGRIL | SUEIRES ellaR3215Y (UL DRLLL S o b om Ber YL

conventlophbnatshods using acid, alkali, and/or clay or other agents such

as al um num chl oriflf e £& #@g;ﬁlgg?% ;feé gcggde O'ﬂéa%@g{ic gg%rrpl e,

by sol vent extractlon W t of pheno xi de,

furfural , PAl¥ARSNRH RPLYOLS her ami t?elrcpéwé qmd:refbﬁwéel@ﬁore
The | ubri gat ph@datk BASE isitatiduiiMAN S8aktHaghaci SeSitnerd| réyatea! |

Tooferrj coi¥n e Fro e LERBY dctiatis Canlnke | Ka v st EatPse
enpl oyed disperséntsaf theipresembsinventidnch conprises |ubricating oi
typically in a mifie arBuotoA etige ad%'ga amihl GHd Ya | PofyOhaot grount

which is effective to Inpar anceq di‘s ancy sence
of the ad8§Ptitermakhie i bpkeraghiate onglyemxdqmomlemd adsluatet ishe

parti cul agesedivediEnEorof tRet i@ AldN € didPokhiae,l OLM tHipuaaddd | ¥ per

se is thug being yiilhzed as & 100% actiye Jnaredient formuhich cap 1
the same polyepoxide molecule react[ by an oxirane ring
opening mechanism, with the primary amino groups on
different polyamine molecules to join or 1link together:
different polyamine molecules via the polyepoxide molecule.

If a polyepoxide containing more than two oxirane

rings per molecule such as a triepoxide is reacted with a
polyamine such as TEPA in a 1:3 mole ratio then three
molecules of polyamine will be linked or connected together
by the polyepoxide This is illustrated by the following
reaction scheme:

Equation 2

/7 N\ ‘ N\
- - - -— - - #
Hzc. C| CH, ’C CH, C'! CH, + 3H,N ‘E(CHZ)ZNH}E‘H

H CH H
’\
o)
CH,
H H OH H
. ! ] 1
HZN-E(CHZ)ENH%—CHZ ~CHy -N-C=-C=-CHy - C~ CHy -
_ _ 5 ,
H-C - OH
H-C-H



added to the oil or fuel fornmulation by the purchase: Alternatively, these
additives nmay be blended with suitable oil-soluble solvent and base oil to
form concentrate, which . - 53 - may then
be blended with a lubricating oil base stock to obtain the final

formul ati on Concentrates will typically contain fro
by weight of the additive, and preferabky 4rom abou LACEMEI\H‘VS%EEL“ of
or t ne addirti

the additive. The lubricating oil bass stoc el of

the present OHvthloH pically<s adapted to perforpmiseq 20#@11 | bn by
t he incorpar tJ..O QfN Cﬁ{,)’gﬁﬂ gin to formlubricating o corrpas tions
(i.e., formufati@ns). esentative additiyes—t+ypteatly—present in
such formul alli on® i ncl ude vi scosi ty nodifiers, corrgsion inhibitors,
oxidation inhibitors, friction nodifiers, ot her di spérsants, amttT=f I Ng

agents, anti-wear il?e po&%mﬁ? nt %fﬁiﬂ t?mrgetaggﬁnﬁ] I’Uét

I nhibitors and the | SEOS] €rs rnpart hi‘'gh and’l ow
t enper at ukbBreger mﬂmatzy tamine gngupeameng mplecuie pbsnused: then cpaen

shear st aBhenapolyaiihed doa@eend P 18l Bty W Sbrinéceed! 86! enybacosity
or fluidit | ow t enper- atures. hese viscosity, nodif are generally
hi gh o her polyamine molecules by three diepo:gide molecuréss “tn
such case the three primary amino groups on each polyamine
molecule react with oxirane rings on different diepoxide
molecules.

The chemistry of the polyepoxide-polyamlne_

reaction is such that the primary amino functionality in
the polyamine is more reactive than the secondary amino
functionality with the oxirane ring of the polyepoxide and
therefore the product structure illustrated in Equations 1
and 2 will be the favored product. It is also possible,
however, that the secondary amino functionality or the
hydroxyl functionality of the resulting adduct can react
with further molecules of the polyepoxide to form a
diversity of structures. .
' In general the polyepoxide-polyamine intermediate
adducts of the present invention comprise molecules of
polyamines linked to each other by polyepoxide molecules.
For purposes of illustration and exemplification only, and
assuming that the polyamine is a polyamine of Formula I and
the polyepoxide is a diepoxide of Formula V, the
polyepoxide-polyamine intermediate adduct contains at least
one of the following recurring structural units

IX. OH H
N-(CHZ)S —(Cﬂz) N-C-C'R-C-C
err H H

wherein R, R/, R’’’, s and t are as defined hereinafore.

%




nol ecul ar wei ght hydrocar bon pol yners i ncl ugtfig tyeste —1 The viscosity
nodi fiers may al so be derivatized to includ Fm meﬁﬁ}igg or functions,
such as the addition of dispersancy propertie§: Thepe| oi | sol ubl e

viscosity nodifying polymers will generally|have| peagmhi99ivel age nol ecul ar
wei ghts of from about 10,000 to 1,000,000, preferably 20,00D fo 500, 000, as
determ ned by gel perneation chromatographyjo ' i hg net hods.
Representative exanpl es of suitable uviggesitly nodifiers are ahy of the
types known to the art including polyisobutyfene —copolyners of ethylene
and propyl ene, pdherstmichilomedsy mf htheypalyepoyifienand pedyeminer dsof an

Unsat“”?ﬂtx?él Y £ Y lac oSt d Hat Ndlet@PRNEL thler Re S &f the ene
and acrylic esters, and 1Dartl_al Iy gydqugenat ed cogol %mars % .
Styrene/g%:bgpmlae—po Yamine “adduct, e.g., nhumbey, of recurring

styrene/sipwctaral amitsopngortwliacnk, asenddaldy,t hingreasihyy the
i bt RrCea (B efle, MEANLHE, BlachaBl'Hne pohyerShine ¥,
t he net &id ix geRint Weneadherehis prasant an ieguisalendmaasiuniton.
IlTustrg§¢Vexirane ring moieties per primary amino moieties,.
results in an increase in the length and molecular weight
of the intermediate adduct.

Other factors which influence the length and
molecular weight of the adduct are reaction times and
reaction temperatures and the presence or absence of other
reactive groups in the polyepoxide. Generally, assuming a
fixed amount of polyepoxide in the polyepoxide-polyamine
reaction mixture, a higher reaction temperature and/or a
longer reaction time results in longer or higher molecular
weight intermediate adduct product.

Reaction between the polyepoxide and polyamine is.
carried out by adding an amount of polyepoxide to the
polyamine which is effective to couple or link at least
some of the polyamine molecules. It is readily apparent to
those skilled in the art that the amount of polyepoxide
utilized depends upon a number of factors including (1) the
number of primary amino groups present in the polyamine,
(2) the number of oxirane rings present in the polyepoxide,
(3) and the number of polyamines that it is desired to
react, i.e., the degree of coupling or chain length of the
polyepoxide-polyamine ‘adduct it is desired to achieve. It
is generally preferred that the polyamine be present in
excess in the polyepoxide-polyamine reaction mixture. '

Generally, however, it is preferred to utilize an
amount of polyepoxide such that there are present from
about 0.01 to 10 equivalents of epoxide groups per
equivalent of primary amino groups, preferably from about
0.1 to 5 equivalents of epoxide groups per equivalent of
primary amino group. '
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ac BP Vema‘&&ﬂﬁmrsy BlFobglubler| @ iBiXEwRe t hereof. The
amounts of polyepoxide adduct and hydrocarbyl substituted
dicarboxylic acid material or the aldehyde and hydrocarbyl
substituted hydroxy aromatic compound utilized in this
reaction are amounts which are effective to form the
dispersants of the instant invention, i.e., dispersant
forming effective amounts. It will be apparent to those

- skilled in the art that the amount of polyepoxide adduct

utilized will depend, in part, upon the number of reactive
groups (reactive primary and/or secondary amino groups
and/or hydroxy groups in the polyepoxide-polyamine adduct,
reactive hydroxyl groups in the polyepoxide-polyol adduct,
etc.) present in said polyepoxide adduct which are
available for reaction with, for example, carboxylic acid
or anhydride groups of the hydrocarbyl substituted
dicarboxylic acid material. Generally, however, the amount
of the polyepoxide adduct is such that sufficient
polyepoxide adduct is present to provide from about 0.5 to
15, preferably from about 1 to 10, and more preferably from
about 2 to 4 reactive groups or equivalents, e.g., primary
or secondary amino groups or hydroxy groups, for each
dicarboxylic acid or anhydride group or equivalent present
in the hydrocarbyl substituted dicarboxylic acid material.
The reaction conditions under which the reaction
between the polyepoxide adduct and the hydrocarbyl
substituted dicarboxylic acid material is carried out are
those that are effective for coreaction between said
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the oil or additive package. The copper co und nay be inithe cuprous or
cupric form The copper may be in the form t hq ZBpBe¥9di Hydr ocar byl
thio- or dithio-phosphates. Alternatively, [the copper may he|added as the
copper salt of a synthetic or natural carbox | fTT—acTd.— Exanplles of sane
thus include CJerr] to CJerr] fatty ag spch as stearic oripalmtic
acid, but unsaturated acids such as o 2ic or branched car boxylic, aci ds such
as napt heni c, aci d r | t or
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(Rlerr] R[ﬁélfﬁ'gﬁ)l C“J.SW”%:F r%é.dgscafor 2 £0d Bhiidd- %ﬂo@bﬁuﬂbc gre t he

same or d er ent drocarb S contalning from

pr ef er abl PERaSyTres ars REF ai‘ﬁwéd‘danc}“’f’h(ﬂ% r‘r@“rﬁﬁ?%%ﬂ]él'ys@(ﬁ?°§§aal kyl ,

al kenyl , asaflisfackbkily aktkatwosphdriycpuesswimt i c ThadireaksioPamalycul arly
pref erred g éﬂﬁ@d:aanqs%eralmiﬂmp%ﬂeealgky' 166 Ohdisefl ia dsto 8
carbon atons. t he r.aast%? for e: e, be Et%}l, n- %ropyl

i -propyl, %h- Bﬂ}'ﬂ?" i- bgf‘ylln ‘Hiﬁﬂﬁl hefyﬁ '

n-heptyl, telbeene, uwayylalsodduecysed. oct'm&e(:;da,ctibnet&iylhhs;qdqraléwenyI

but yl phenyfangtégclﬁaﬁxaﬁeufreé tyl.c:}éql gggggyl propenyl, butenyl, etc. In

order to obtain ol "rhsmzyebzlulz'“.gh 5:: wte%tn the polyepoxide=-polyamine

adduct and the hydrocarbyl substituted dicarboxylic acid
material may be exemplified by the following reaction
scheme which represents the reaction of polyisobutenyl

succinic anhydride with an alkylene diepoxide/tetraethylene
pentamine adduct:

so usef ul

e
PIB - -C H H &
J i !
2 \ o+uzn-£(cxz)2m?—cxz Gl -N-C-C-af) -, -
a- C, H H
o)
OH I;I H
! '
c-c- N-{(CHZ)ZNH}T H —e npixtures of esters, amides and

imides.
The imide reaction product of this reaction may be
represented by the formula

| Onfowpelr o, -, -
oL,



nunber of carbon atons (i.e., Rerr] and Rerr],) will generally be about 5
or greater. Copper sul phonates, phenates, and acetyl acetonates may al so
be used. Exenpl ary of useful copper T r Cu[err]
and/or Cu[err] salts of al kenyl succinic aci g‘i@mﬁﬁ@f% The salts

t henmsel ves may be basic, neutral or acidic. ([They may be forrned by reacting
(a) polyal kyl ene succini m des (havi ng_pgd wner| gf oo F&B 19971 ] f 700 to
5,000) derived from pol yal kyl ene-pol yam nes, which have at | gadt one free
carboxylic acid group, with (b)oa reactive ne{al—compound. ift abl e
rective nmetal conpounds \\c I ncl ude

t hose such ;ﬁ cuprfc or cuprous hyd-rc?iaepg o] €s, acetates, borates, and
of

car bonat es cSBper Barb¥pat e. Exanpl es of these netal salts
are Cu salt pot'yi sobut enyl sugd gggg anhydride, and Cu salts of

pol yi sobut enyl succinic acid. P#eferafly, the selected netal enployed is
its divalent form e.g., Cu+2. OThe preferred substrates are pol yal kenyl
succi ni ¢ ashesei PIBHi= lpalydlsobuttylengoup has a nol ecul ar wei ght .greater

than about “700.  The ol deTydp 850K 8° thi? kel 1rBankith MG 10

1,400, and up to 2, ) _
the formation of metal complexes and other post-treatment

derivatives, e.g., borated derivatives, of the novel
additives prepared in accordance with this invention.
Suitable metal complexes may be formed in accordance with
known techniques of employing a reactive metal ion species
during or after the formation of the present Cgz-Cq
lactone derived dispersant materials. Complex-forming
metal reactants include the nitrates, thiocyanates,
halides, carboxylates, phosphates, thio-phoéphates_,
sulfates, and borates of transition metals such as iron,
cobalt, nickel, copper, chromium, manganese, molybdenun,
tungsten, ruthenium, palladium, platinum, cadmium, lead,
silver, mercury, antimony and the 1like. Prior art
disclosures of these complexing reactions may be found in
U.S. Patents 3,306,908 and Re. 26,443.

Post~-treatment compositions include those formed
by reacting the novel additives of the present invention
with one or more post-treating reagents, usually selected
from the group consisting of boron oxide, boron oxide
hydrate, boron halides, boron acids, sulfur, sulfur
chlorides, phosphorous sulfides and oxides, carboxylic acid
or anhydride acylating agents, epoxides and episulfides and
acrylonitriles. The reaction of such post-treating agents
with the novel additives of this invention is carried out
using procedures known in the art. For example, boration
may be accomplished in accordance with the teachings of
U.S. Patent 3,254,025 by treating the additive compound of
the present invention with a boron oxide, halide, ester or
acid. Treatment may be carried out by adding about 1-3 wt.



[err] of about 950 being nost preferred.
pol yi sobut yl ene succi ni c anhydri de or acid. Lerrar“”' deS|rany
be dissolved in a solvent, such as a m neral loif ?EE in the
presence of a water solution (or slurry) of the né?g earln terial.
Heati ng may take place between 70 C and about|{2p0[err]C—Fenperiat ures of
100[err]C to 140[err] C are entirely adequate It may be neces ary,
dependi ng upon the salt produced not “t 804l | ol the—teactiomTo remain at a

t enper at uge rgF:p, i
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50 to 500 L.ght f | ub f f
corrp85| ti ﬁarﬂlbgt%hgﬁ*gt déﬁ%‘f i eréfgéf é’ Itg #‘nﬁ%[ica I ngﬁgé? ¥?| ction
char act er sodiventso flagiiliitatenthei procegssi ti ons such as automatic

transm ssion fluid e t f tion
nodi fiers are f%a:}riml. T OSiﬂﬁ ﬂ%@&héﬂg?) g geﬁﬁ adlésc oa;‘es{-'?gtt

aci d est ePTeHeR gnchave,hean \found te’ %@WW%&%%& pEeful
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al kanol's; U.S. Pat gienNahe ‘edfipo8{t1805C ¢! #6195 SRvah¥ SR are ! §58a°
in normally 1liquid petroleum fuels, such as middle
distillates boiling from about 150° to 800°F. including
kercsene, diesel fuels, home heating fuel oil, jet fuels,
etc., a concentration of the additive in the fuel in the
range of typically from 0.001 wt. % to 0.5 wt. §,
preferably 0.005 wt. % to 0.2 wt. %, based on the total
weight of the composition, will usually be employed. These
additives can contribute fuel stability as well as

dispersant activity and/or varnish control behavior to the
fuel.

The compounds of this invention find their primary
utility, however, in 1lubricating oil compositions, which
employ a base oil in which the additives are dissolved or
dispersed. Such base oils may be natural or synthetic.

Thus, base oils suitable for use in preparing the
lubricating compositions of the present invention include
those conventionally employed as crankcase lubricating oils
for spark-ignited and compression-ignited internal
combustion engines, such as automobile and truck engines,
marine and railroad diesel engines, and the 1like.
Advantageous results are also achieved by employing the
additives of the present invention in base oils
conventionally employed in and/or adapted for use as power
transmitting fluids such as automatic transmission fluids,
tractor fluids, universal tractor fluids and hydraulic
fluids, heavy duty hydraulic fluids, power steering fluids
and the like. Gear lubricants, industrial oils, pump oils
and other lubricating oil compositions can also benefit



- 57 - dinerized fatty acids. U S. Patent REPLACWE\LSHEF{ h di scl oses

al kane phosphonic acid salts; U S Pat ent : i-ch| di scl oses
reaction products of a phosphonate with an ol ¢afi dlé%q:lg%?gg\ggt ent  No.
3,852,205 whi ch di scl oses S-carboxyal kyl ene hydtocarbyl succihim

S-carboxyal kyl ene hydrocarbyl succinapgiqg aci dfand m xtures thergeof; U S

Pat ent No. 3,879,306 which discloses N(hydrt ci nam ¢

aci ds or Smnitwiid%ncaﬁoﬁtbon Ntherein 982, A2 wadditdves osfstheacti on
products of éﬂ i I) phosphites and epoxides; and U. S. Patent No.
4,028, 258 RETEH cl ses ‘he al kyl ene oxi de adduct of phosphosul furized

N- ( hydr oxyal kyl ) aIMI theciadditives nf: thecpresent cinventien,may

referencespgl guialiy | Wﬁt@a bmwfmmiﬂbas@sﬁm eaeeneds
friction nodjfiers are succ alte esters #saltsth r eof

hydr ocar by? EHBst??gP&P s icar 8§Y8'ri%nﬂfdf fes ROYYE V&ﬂlss aFRQnoI s
such as desbeobelisun pbByaPphaﬁblézﬁﬁi, 8pdlybutenes,Di alicyk abenzenes), ai n

of | 50! Wil d Sl ot BbAKERLECRCEE | iol9811LBORNSRIAS), ek he

fluid thus i on an ation-or dep03|t|on
on netal pielectesl; e cﬂ%pér%ﬁﬁsqmmdeiﬁq gﬁ°ﬂﬂ°§c’tﬁ-§¢nwéﬂjht 8l kyl

succi ni m dﬁ_ﬁclddiﬁ A ddsiirgd oduct of oil-soluble polyisobutyl ene succinic
aalts thereof - onuadfiBi%eR Gp SEnl€ IRFeRbIRE £56' Mlanealibngs
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sglolvahle, or stably dispersible as that terminolcgy is
used herein does not necessarily indicate that the
materials are soluble, dissolvable, miscible, or capable of
being suspended in oil in all proportions. It does mean,
however, that the additives, for instance, are soluble or
stably dispersible in o0il to an extent sufficient to exert
their intended effect in the environment in which the oil
is employed. Moreover, the additional incorporation of
other additives may also permit incorporation of higher
levels of a particular polymer adduct hereof, if desired.

Accordingly, while any effective amount of these
additives can be incorporated into the fully formulated
lubricating oil composition, it is contemplated that such
effective amount be sufficient to provide said lube oil
compositioh with an amount of the additive of typically
from 0.01 to about 10, e.g., 0.1 to 6.0, and preferably
from 0.25 to 3.0 wt. %, based on the weight of said
composition. -

The additives of the present invention can be
incorporated into the 1lubricating oil in any convenient
way. Thus, they can be added directly to the o0il by
dispersing, or dissolving the same in the oil at the
desired level of concentration, typically with the aid of a
suitable solvent such as toluene, cyclohexane, or




optimze the low tenperature fluidity of the ]REPMCM_&;Q’T&[EI‘F]

di al kyl fumarate vinyl acetate copolyners, poljlnethacryl ates, iand wax
napht hal ene. Foam control can be provi ded by ap 41 FEBA198At of t he
pol ysi | oxane type, e.g., silicone oil and pol yd| mret hyl sil oxandg.
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anti vear nts are zinc dialkyl dlb‘é’\m og 0s qrg e and zinc

di aryl d|th| %awdr“ur!noete &mﬁ BEl Fa% PRAUF t &% FRGMude
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~ provide a %bﬂh cﬁvﬂé %Eé"é%cdénot % aigpieir]&a‘nt -oxi dation inhibitor.

Thi s appro own an
Hore specifically, the natural lubricating oil

base stocks which can be used in the compositions of this
invention may be straight mineral 1lubricating oil or
distillates derived from paraffinic, naphthenic, asphaltic,
or mixed base crudes, or, if desired, various blends oils
may be employed as well as residuals, particularly those
from which asphaltic constituents have been removed. The
oils may be refined by conventional methods using acid,
alkali, and/or clay or other agents such as aluminum
chloride, or they may be extracted oils produced, for
example, by solvent extraction with solvents of the type of
phenol, sulfur dioxide, furfural, dichlorodiethyl ether,
nitrobenzene, crotonaldehyde, etc. _

The lubricating oil base stock conveniently has a
viscosity of typically about 2.5 to about 12, and
preferably about 2.5 to about 9 cSt. at 100°C.

Thus, the additives of the present invention can
be employed in a lubricating oil composition which
comprises lubricating oil, typically in a major amount, and
the additive, typically in a minor amount, which is
effective to impart enhanced dispersancy relative to the
absence of the additive. Additional conventional additives
selected to meet the particular requirements of a-
temperatures. In this form the additive per se is thus
being utilized as a 100% active ingredient form which can 1
added to the oil or fuel formulation by the purchase:
'Alternatively, these additives may be blended with suitable
oll-soluble solvent and base oil to form concentrate, which




further el aborated herein. Conposi ti ﬁﬁﬁLﬁﬁENﬁ?&ngﬁ hT g these

conventional additives are typically blended i o~ tHe base I n anmounts
which are effective to provide their normal |atite @FEBf’igW:jo :
Representative effective anounts of such ad |t|ves are illugtnated as
follows: Additive Wi 9 ———a". i|.

(Broad) (Preferred) Viscosity Mdifiegs _ .01-12 .01-4
Corrosi on | nhibitor .01-5 OXi dation | nhibitor

.01-5 may. theh De Blcmdamith a lubricating oil baseOstock tal-8
Pou! £O Nopaine eyl einay. :%mlgaén concerfttates wifil | PnaRaigyioent s
. 001-1.5 contain from about wt. &, by weight of the
additive, and preterably from about S to 40% by weight of
the additive.

The lubricating oil base stock for the additive of
the present invention typically is adapted to perform
selected function by the incorporation of additives therein
to foram lubricating oil compositions (i.e., formulations).

Representative additives typically present in such
formulations include viscosity modifiera, corrosion
inhibitors, oxidation inhibitors, friction modifiers, other
dispersants, anti-foaming agents, anti-wear agents, pour
point depressants, detergents, rust inhibitors and the
like. o

Viscosity modifiers impart high and low
temperature operability to the lubricating oil and pernii:
it to remain shear stable at elevated temperatures and also
exhibit acceptable viscosity or fluidity at low temper-
atures. These viscosity modifiers are generally high
molecular weight hydrocarbon polymers including
polyesters. The viscosity modifiers may also be
derivatized to include other properties or functions, such
as the addition of dispersancy properties.

These o0il socluble viscosity modifying polymers
will generally have weight average molecular weights of
from about 10,000 to 1,000,000, preferably 20,000 to
500,000, as determined by gel permeation chromatography or
light scattering methods.

Representative examples of suitable viscosity
modifiers are any of the types known to the art including
polyisobutylene, copolymers of ethylene and propylene,
polymethacrylates, methacrylate copolymei‘s, copolymers of
an unsaturated dicarboxylic acid and vinyl compounad,
‘interpolymers of styrene and acrylic esters, and partially
hydrogenated copolymers of styrene/isoprens,
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(Broad) (Preferred) Friction Mdifiers
Det ergent s/ Rust Inhibitors .01-10

Bal ance Bal ance VWhen ot her additi are enpl oyed ijt nmay be
desi,rabl e, al though not necessary, to prepar - entjr at es
conprising concentrated solutions or -db&persions of the disp ant (in

concentrate anmnounts herei nabove descri bed), retteT— W t h one or nore of
sai d ot hestyxiehe/hutadisne) csneemr@m?m%wng wallggast ithe

m xture bﬁamirﬁfyrquag fatedS HEmapdlymerdadmophraddiaty aaderal
e

additi ves, can be add simul taneously to the base oil to formthe
| ubri cati $N®vnposition. Dissolution of the additive concentrate into
the lubricating oitormysixn f inhibitors, balsol known asd antivcdmxrpsive

oo, Shoti o 4 EEL el Bl tar e S iban cogeteen ol
addi ti ve centagted by 5hei lubriraking: pids compasdtdorano FNStrakiya de t he
dosy o0 sopesokcabten it fommleler phapuivabivg siipionsaaae |-
products det hghBr e%’éﬂ?q‘fﬁﬁhtqq?)ﬁaggﬁ%begxmﬁ%“f%igﬂal?faﬁouﬁﬁgs&h%—ase oi |
or other sulfarized hydrecarbenowith tanoaikaline reatth metal oxide
or hydroxide, preferably in the presence of an alkylated
phenol or of an alkylphenol thioester, and also preferably
in the presence of an alkylated phenol or of an alkylphenol
thicester, and also preferably in the presence of carbon
dioxide. Phosphosulfurized hydrocarbons are prepared by
reacting a suitable hydrocarbon such as a terpene, a heavy
petroleum ‘fraction of a C, to Cg olefin polymer such as
polyiscbutylene, with from 5 to 30 wt. $ of a sulfide of
phosphorus for 1/2 to 15 hours, at temperature in the range
of about 66 to about 316°C. Neutralization of the
phosphosul furized hydrocarbon may be effected in the manner
taught in U.S. Patent No. 1,969,324.

Oxidation inhibitors, or antioxidants, reduce the
tendency of mineral oils to deteriorate in service which
deterioration can be evidenced by the products of oxidation
such as sludge and varnish-like deposits on the metal
surfaces, and by viscosity growth. Such oxidation
inhibitors include alkaline earth metal salts of alkyl-
phenolthiocesters having preferably Cg to C;, alkyl side
chains, e.g., calcium nonylphenol sulfide, barium
toctylphenyl sulfide, dioctylphenylamine, phenylalpha-~
naphthylamine, phospho-sulfurized or sulfurized"
hydrocarbons, etc.

Other oxidation inhibitors or antioxidants useful
in this invention comprise oil-soluble copper compounds.

The copper may be blended into the oil as any suitable
oilscluble copper compound. By oil soluble it is meant

___...Jn...,......iy-»o- i_‘ 5“‘1 .01-1.5
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additives to form additive-packages cont ai ni @M@iﬁ‘é{%

col l ective anmounts of typically from about 2 0 about 90%
from about 5 to about 75% and nost preferab y f rpo REB 1978

[ of about 50% by

wei ght additives in the appropriate proporti ¢ng wth the renj

i hder being

base oil. The final fornul ati ons may |emptoy—typrcalrTy pbout 10 wt

% of "t he additive- package with the remsisnder {bei ng base oil.
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Thi s i nveFPRBAURA| paye b rime GnEEPEPBBdOEyQJPF’éFem-o tmfmpm ng
exanpl es, Mefhi nifl lthear E6rar Q::patha teopiR zgfﬁiﬁ?dﬁ ie%lﬂi%_ﬂ- ghts
not e an

are nunber uht a e _nol g {'s V\/mch I ncl ude

preferred é'm:) fﬁ@ﬁfgﬁﬁg Bne i Vﬁ"%ﬁ' e TROPPSE| BAYH P aind

il lustrat 8as sthesgopper salthof nat aynthetdc i on. natural carboxylic
acid. Examples of same thus include Cjo to C;g fatty
acids, such as stearic or palmitic acid, but unsaturated

acids such as oleic or branched carboxylic acids

such as

napthenic acids of molecular weights of from about 200 to
500, or synthetic carboxylic acids, are preferred, because

of the improved handling and solubility propertie

s of the

resulting copper carboxylates. Also useful are oil-soluble

copper dithiocarbamates of the general
(R2%R21 Ncss)zcu (where z is 1 or 2, and
R?!, are the same or different hydrocarbyl
containing from 1 to 18, and preferably 2 to 12

formula
R20 ana
radicals
, carbon

atoms, and including radicals such as alkyl, alkenyl, aryl,
aralkyl, alkaryl and cycloaliphatic radicals. Particularly

preferred as R29 anq Rr21
from 2 to 8 carbon atoms. Thus, the radicals
example, be ethyl, n-propyl, i-propyl, n-butyl,
sec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl,
butylphenyl, cyclohexyl, methylcyclopentyl, p

: groups are alkyl groups of

may, for
i-butyl,
n-octyl,
phenyl,
ropenyl,

butenyl, etc. 1In order to obtain oil solubility, the total
number of carbon atoms (i.e., R20 ang R21,) will
generally be about 5 or greater. Copper sulphonates,

phenates, and acetylacetonates may also _be used.

Exemplary of useful copper compounds are copper
cul and/or cull saits of alkenyl succinic acids or
anhydrides. The salts themselves may be basic, neutral or
acidic. They may be formed by reacting (a) polyalkylene

succinimides (having polymer groups of R,

of 700

to 5,000) derived from polyalkylene-polyamines, which have
at least one free carboxylic acia group, with (b) a
reactive metal compound. Suitable rective metal ‘compounds



EXAVPLE 1 Into a reactor vessel are c REQEACEMEB&SE??Eﬂrogen

bl anket and with stirring, 100 grans of S150N -rerat 611, 25.8 grans of
am noet hyl piperazine and 17.4 (0.1 nole) grans |of 1@ ?quge"] gl-ycol
diglycidyl ether. This mixture is pernmitted to rleact” for one hoyr at
20[err] - 60[err]C, after which reaction perio oliybut ene
succi ni ¢ anhydri de (reaction product of 5éred ei c| anhydri de and pollybut ene
having a [err] of 950, said reaction product hew- por.ybut ene to

succi ni ¢ akhglmdecthose Sugh ;a8 CUPTLF OF SUREEUS Bygroxidesy; Pideser i od.
The resul t gplet £l ONpE Xatiol ) S Attt chrboAdeled I bE aba PO assppleth

nitrogen for one-half hour. The residue is diluted further with 15.55
grans of garhenatrer al ol per 81.45 granms of residue to yield a solution
of the dispersant IExamplesvicfotiheset neXdlcrsaltsf 2we. Twesaltsolkeds.

The Tol | on8g yReBhE ety 1'S il 81nd &lf MMHPEPIaLA! | pifh OlS! R 1leg wgope of

t he i nstan ention | at no’bfo vepoxide I's Utilized in the pre aration
of this diBpadydsebutenyk suGEAnicsafident @G’%F%arﬁ??vé%ﬁﬁf&’es
only. metal employed is its divalertl form, e.g., Cu+2. The

preferred substrates are polyalkenyl succinic acids in
which the alkenyl group has a molecular weight greater than
about 700. The alkenyl group desirably has a R,
from about 9500 to 1,400, and up to 2,500, with a
-ﬁn of about 950 being most preferred. Especially
preferred is polyisobutylene succinic anhydride or acid.
These materials may desirably be dissolved in a solvent,
such as a mineral oil, and heated in the presence of a
‘water solution (or slurry) of the metal bearing material.
Heating may take place between 70°C and about 200°C.
Temperatures of 100°C to 140°C are entirely adequate. It
may be necessary, depending upon the salt produced, not to
allow the reaction to remain at a temperature above about
140°C for an extended pericd of time, e.g., longer than 5
hours, or decomposition of the salt may occur. '

The copper antioxidants (e.g., Cu-polyisobutenyl
succinic anhydride, Cu-oleate, or mixtures thereof) will be
generaily employed in an amount of from about 50 to 500 ppm
by weight of the metal, in the final lubricating or fuel
composition.

_ Friction modifiers serve to impart the proper
friction characteristics to lubricating oil compositions
such as automatic transmission fluids.

Representative examples of suitable friction
modifiers are found in U.S. Patent No. 3,933,659 which
discloses fatty acid esters and amides; U.S. Patent No.
4,176,074 which describes molybdenum complexes of poly-
isobutyenyl succinic anhydride-amino alkanols; U.S.

Patent No. 4,105,571 which discloses glycerol esters of



COVPARATI VE EXAMPLE 2 - The procedure RE%R@ENENT SE_EEE stantially.
repeated, utilizing the sanme ratios of S150N t==6TT, andlam noet hyl

pi perazi ne and pol ybutene succi ni c anhydride | acg)agu‘:EBa;gg‘}'n anple 1,
wi th the exception that no ethyl ene glycol dig] yti ~ether i resent

during the reaction. The oil solution of the|rgsi . ' regsidue is
diluted with S150NR m neral oil to substantially the sane degreg as the

resi due of Exanple 1, has a viscosity at 100[ e&+teof—76. 3 centist(ikes.
The hi gheraimeEhed | LaFEY hacids io P e8r on PAtENE: Fas| dibs 519 (338 MOLER; 5
i ??i cati veabécldwed aalkafiet! phosphdnieposcii@ lsaatbantté._cs. Exapgptent No.
effective in r n no [ g t |

-62- CLA %/B:fﬁ'sa’% qﬁfihco%’%gow#upﬁgtgi |%p¢§ip8&t§l%§d%i tol'?/ea'l n

ound use san

ol eagi nousPeapbonatenswithecand ociespidan sUehid Patentat¥Nog 3i,/8520305 i si ng
the reactigRidhOd4ScIoBes S-carboxyalkylerid ﬂéf&éécé’fﬁyi NgticEiiaidedduct
compri sed s-carboxyalkyleneOfh§3§oé§glg}t1 Or]su%rc: ngﬁ&g Oafcid and mixtures :
thereof; U.S. Patent No. 3,879,306 which discloses
N(hydroxyalkyl)alkenylsuccinamic acids or succinimides:
U.S. Patent No. 3,932,290 which discloses reaction
products of di- (lower alkyl) phosphites and epoxides:; and
U.S. Patent No. 4,028,258 which discloses the alkylene
oxide adduct of phosphosulfurized N-(hydroxyalkyl) alkenyl
succinimides. The disclosures of the above references are
herein incorporated by reference. The most preferred
friction modifiers are succinate esters, or metal salts
thereof, of hydrocarbyl substituted succinic acids or
anhydrides and thiobis-alkanols such as described in U.S.
Patent 4,344,853,

Dispersants maintain oil insolubles, resulting
from oxidation during use, in suspension in the fluid thus
preventing sludge flocculation and precipitation or
deposition on metal parts. Suitable dispersants include
high molecular weight alkyl succinimides, the reaction
product of oil-soluble polyisobutylene succinic anhydride
with ethylene amines such as tetraethylene pentamine and
borated salts thereof. '

Pour point depressants, otherwise known as lube
oil flow improvers, lower the temperature at which the
fluid will flow or can be poured. Such additives are well
known. Typically of those additives which usefully
optimize the low temperature fluidity of the fluid are
C8-Cl8 dialkylfumarate vinyl acetate copolymers,
polymethacrylates, and wax naphthalene. Foam control can
be provided by an antifoamant of the polysiloxane type,
e.g., silicone o0il and poiydimethyl siloxane.

Anti-wear agents, as their name implies, reduce
wear of metal parts. Representatives of conventional



wmET
(a) at |east one pol yepoxi de, and REPLW%%L%’&%“ one nenber

sel ected fromthe group cophsj sting of pol yari nes,

pol yols, and amino al cohols; and (1i) &2 FEBWS7 dnd of (a)
hydr ocar byl substituted CJerr|-Jerr] dicarbgxylic acid
produci ng material or (b) an al dehyde and a nydr ocar byl

-

substituted hydroxy aronatlc conpound 2. The
di spersant _o

SUBGL] Lt cRREAMAAT RTRRES 458 pEAPE) 'ageﬁa‘ﬁmﬁé% parhiha LAndo Figic

conpri sed dfarpddithiosphateoducts of an olefin polyner of a CJerr]-Clerr]

nonool efin haV|ng ge u ' o] tqlﬁpout
6, 000 and a err -Clerr nonounsatiij%ffe lrgsc\grajb ilg:m?; pro§u0| ng
mat eri al , ll alts o ré“&EhGOéFag‘é’@st Flkyl anGBOQSG) dwlfuiae

Feact Péﬁd““"91”‘“"““’962“%“2“8E““’?‘?f‘:? AP ""’“’*re. oy d"‘“ﬁf‘?‘ﬁ*‘éﬂf er
i's polyi soBa}yls@‘}é"bl‘ mono n'a ‘if'h ?ﬂ')ﬂ'ﬂ d(?I’al nfiigh iﬂer}'@ .p"sa?/d
nonounsat uf¥iged ovezbaseq) i meualdspﬂ.oducmug:mmiajhws bmlic aliadihe de.
gél dTth C?Hg%&?xdlgégﬁ?.g'ﬂﬁmﬁ”(Eg‘iae@iﬁi& XE" 3H WY caNL k) el Of
poty i requently used as detergents. Representative examples of
such materials, and their methods of preparation, are found
in co-pending serial No. 754,001, filed July 11, 1985, the
disclosure of which is hereby incorporated by referencs.

Some of these numerous additives can provide a
multiplicity of effects, e.g., a dispersant-oxidation
inhibitor. This approach is well known and need not be
further elaborated herein.

Compositions when containing these conventional
additives are typically blended into the base oil in
amounts which are effective to provide their normal
-attendant function. Representative effective amounts of
such additives are illustrated as follows:

Additive Wt.¥ a.i. We. % a.i.
(Broad) (Preferred)
Viscosity Modifier .01-12 .01-4
Corrosion Inhibitor .01=-5 .01-1.5
Oxidation Inhibitor . .01-5 .01-1.5
Dispersant .1-20 .1-8
Pour Point Depressant .01-5 .01-1.5
Anti-Foaming Agents .001-3 .001-0.15

Anti-Wear Agents . 001-5 .001-1.5



-63- about 800 to about 2,500. 6. Thd REPDACEMENE Sb.lx%’fm 1 wherei n
(i) (b) is a polyan ne. 7. The di sperjsgmt—of"¢Tarm 6 {wherein said
pol yanm ne contains at |east two reactive anin rOH?FgﬁlﬁW ed filrom primary
am no groups and secondary am no groups. . e COITFOL nd of claim
7 wherein said reactive amino groups are pringry 9.
The conpound of claim8 wherein said posyam nel further contai ns at | east
one secondary ami no group. 10. The conmpound—of—craim 7 wherein

sai d pol yaddicive an aliphatic saturated ani HR.Xepebeclted¥byaide formul a
(Broad) (Preferred)

Friction Modifiers .01=5 .01-1.5
Detergents/Rust Inhibitors .01-10 .01-3
Mineral 0il Base Balance Balance

When other additives are employed it may be
dasirable, although not necessary, to prepare additive
concentrates comprising concentrated solutions or
dispersions of the dispersant (in concentrate amounts
hereinabove described), together with one or more of said
other additives (said concentrate when constituting an
additive mixture being referred to herein as an additive
package) whereby several additives can be added
simultaneously to the base oil to form the lubricating oil
composition. Dissolution of the additive concentrate inté
the lubricating oil may be facilitated by solvents and by
mixing accompanied with mild heating, but this is not
essential. The concentrate or additive-package will
typically be formulated to contain the dispersant additive
and optional additional _addii:ives in proper amounts to
provide the desired concentration in the final formulation
‘when the additive-package is combined with a predetermined
amount of_ base lubricant. Thus, the products of the
present invention can be added to small amounts of base oil
or other compatible solvents along with other desirable
additives to form additive-packages containing active
ingredients in collective amounts of typically from about
2.5 to about 90%, and preferably from about 5 to about 75%,
and most preferably from about 8 to about 50% by weight
additives in the appropriate proportions with the remainder
being base oil.

' The final tomulations may employ typically about

10 wt. % of the additive-package with the remainder being
base oil.
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The

conpound kased .M achheeciingrefdeps) aidnd icontentted themadditivewyl ene

am nes) .

and/or updR. thelhEofRIPUEIGHY 6FaiaRy’ ¥881iLiVeSphlkage, or
formulation which will be the sum of the a.i. weight of
each additive plus the weight of total oil or diluent. '

This invention will be further understood by
reference to the following examples, wherein all parts are
parts by weight and all molecular weights are number weight
average molecular weights as noted,
preferred embodiments of the invention.

The following example illustrates a dispersant of
the instant invention.

and which include

EXAMPLE 1
Into a reactor vessel are charged,
nitrogen blanket and with stirring,
mineral oil,

under a
100 grams of S150NR
25.8 grams of aminoethyl piperazine and 17.4
(0.1 mole) grams of ethylene glycol diglycidyl ether. This
mixture is permitted to react for one hour at 20° - 60°C,
after which reaction period 200 grams of polybutene
succinic anhydride (reaction product of maleic anhydride
and polybutene having a Kn of 950, said reaction
product having a polybutene to succinic anhydride ratio of
about 1:1) are added over a 10-minute period. The
resultant reaction mixture is heated at 149°C and sparged
with nitrogen for one-half hour. The residue is diluted
further with 15.55 grams of S150NR mineral oil per 81.45
grams of residue to yield a solution of the dispersant .
having a viscosity at 100°C of 242.5 centistokes.

The following example illustrates a dispersant
falling outside the scope of the instant invention in that
no polyepoxide is utilized in the preparation of this
dispersant. This example is p'resented for comparative
purposes only.



pol yam ne is a pol y(oxyal kyl ene am ne). 13. The conpound of
claim1 wherein said pol yapoxi de contains at |east two oxirane rings joined
by a divalent organic noiety selected from hydrocarbon noieti es,
substituted hydrocarbon noieties, hydrocarbon noieties containing at |east
one-hetero atomor group, substituted _hggrocarbon noieties containing at

| east one hetero atom or group, or mxtures thereof. 14. The

conpound of claim 13 wherein yaMbaRMRARHONPIR 6ty is sel ected from
al kyl ene, cycl oal kyl ene, al ker‘lf/ ene,  arylene, alkaryl ene, aag
al karyl ens i eti efhe procedurne ofy Surkl chRbstantiatdyn the

subst it uenfepsdtes, tEEEim the bBateoqrtios f SISONRMEihGLabeldlq at ons
inr cact 1 veis SRinefiE DY ELELAE aR bR b6 aHE BARELRLS) pbB s e
16. The cospotantsi asailm 1Bxampls nlsai Wiphl thsxexcepsion that ngast
two oxi rar@thya%e/mem&alaa;ﬁ»]_e'ieays réﬂﬁefari@np?EBEHts 8124%g t enle0

hydr ogen at onb. | spersant of ¢claim 16 erein. the

second oxFFAFEEWr boRDS: &4131« ss%ﬂ‘ﬁ emt 8% %yﬁﬂﬁé’é’@'ath\‘,gh residue
is diluted with S150NR mineral oil to substantially the

same degree as the residue of Example 1, has a viscosity at
100°C of 76.3 centistokes.

The higher viscosity of the oil solution of the
residue of Example 1 is indicative of the fact that the
polyepoxide reactant of Example 1 is effective in
increasing the molecular weight of the dispersant.




18. An ol eagi nous conposition conpri sing: (A) a maj or anmpbunt
of an ol eagi nous materigl . ————_ sel ecft ed fromthe group

consi sting of fuel ﬂu “M' | ubri catd &t A m—

- 65 - - (B) Iu“ ' ummf an oi RE?EAGEEE*_’M L,”l Bl

di spersant conprising the react| roducts of |

(i) at least one internediate adduct . 412 FEBOPPT i sed of the
reaction product of (%E at lleast one pol yepQX| de, and
(b) at | east .one nenber sel ected from t-He { groups
consi stihg of pol yam nes, polyols, and arfi no

al cohol s, @RAIMS: (ii) at least one of—ay—hydrocar byl
substituted CJerr]-Cerr] dicarboxylic aci d produci ng

material or (b) an 1., A conpound usefilicagda mphmmoadulndivo in
compos: 1 SHigtatearn, sompmitiniipatictil e HRE dhe, wpmenmy T
subst it ut collBcconpcising the reaction products of: '
(i) at least one intermediate adduct conpriscd
of the reaction products of
(a) at least one polyepoxide, and
(b) at least one nember selected from the
group consisting of polyamines,
polyols, and amino alcohols; and
(ii) at least one of (a) hydrocarbyl
substituted ¢, ~C,q dicarboxylic acia
producing material or (b) an aldehyde and-
a hydrocarbyl substituted hydroxy aromatie.
compound.

- 2. The dispersant of claim 1 wherein said (ii) is
(a), with said hydrocarbyl substituted C,~Cjgq
dicarboxylic acid producing material being comprised of the
reaction products of an olefin polymer of a C,-C;g
monoolefin having a number average molecular weight of
about 500 to about 6,000 and a C4-C10 monounsaturated
dicarboxylic acid producing material, wherein there are an
average of 0.7 to about 2.0 dicarboxylic acid producing
moieties per molecule of said olefin polymer used in the
reaction..

3. The compound of claim 2 wherein said olefin
polymer is polyisobutylene. '

4. The compound of claim 3 wherein saiad
monounsaturated dicarboxylic acid preducing material is
maleic anhydride.

5. The compound of claim 4 wherein the number
average molecular weight of said polyisobutylena is from



di carboxylic acid producing material being copprised aof the rea

products of an olefin polymer of a (Jerr]-Cle REP%Q&?%@EN@L@%?%?

aver age nol ecul ar wei ght of about 500 to abou -

nonounsat ur at ed di carboxylic acid producing terigh, %@ I nit
aci ﬁbpfr ?ﬁngLn
The conpositiobn

average of about 0.7 to about 2.0 di cgnboxyli
nol ecul e of said ol efin polyner. - 20.

ction

ng a nunber
r]-Clerr]
here are an
pi eti es per
of claim19

wherein said. olefin_p Myl ol yi sobut yl eng.
conpositf%ﬁq&=qaoagﬁlgbxgﬁe?éﬁgaéaid nmonounsathe

21. The
lc acid

produci ng material is maleic anhydri de. ' 22. The conposition of

clai m 21 wherein fghe ngfciconpatnde ! Laidr 1\eiwétedt 3)(b) is a
polylsobugﬁ]eni i s fromabout 800 to about 2, 500.
yaning,

- 66 -

p The conposition of claim 18 wherein (B) (i) (b)

7. The dispersant of claim 6 wherein said
polyamine contains at least two reactive amino groups

selected from primary amino groups and secondary amino
groups.

8. The compound of claim 7 wherein said reactive
amino groups are primary amino groups.

9. The compound of claim 8 wherein said polyamine
further contains at least one secondary amino group.

10. The compound of claim 7 wherein said
polyamine is an aliphatic saturated amine represented by
the formula

oy mfm} -

wherein:

RIY, R’ and R’’’ are independently selected from
the group consisting of hydrogen, €y, to C,5 straight or

- branched chain alkyl radicals, Cy to C;, alkoxy C, to

Cg alkylene radicals, and C, to C;, alkylamino C,
to Cg alkylene radicals; -

each s is independently selected from integers
having a value of from 2 to 6; and

t is a number of 0 to 10, with the proviso that
when t = 0 at least one of RIV, R’’’ or R’ must be
hydrogen such that there are at least two of either primary
or secondary amino groups.



I's a pol yam ne. 24. The conpositi
pol yam ne contains at |east tw reactive am
am no groups and secondary am no groups.
claim 24 wherein said reactive am no groups
26. The conposition of claim25 wherein said : ins at | east
one secondary am no group. 284 - The| conposition of cliaim 23
wherein said polyam ne is an aliphatic satural i ted, hy the
fornula [err] 1lberelbhe compowidrqf Rladm 7' whexrgin Saidndently
sel ected fggfg td neClatiinles)q Cl err] straight
or branché%%g{iiﬁ%ra |£I£§&C[c%°rlrr¥¢é[qg?ﬁ al koxys?:[err] to (Jerr]

al kylene radicals, and Clerr] to (Jerr] alkylamino CJerr] to (err]

al kyl ene radical s;12. Theadompcunddepenelain st shexieinondritegers
polyamine is a poly(oxyalkylene amine).

REPTACEMENDR8HEE ei n sai d
0 electedifrom primary

1 ?EB‘@@? onposi ti on of
pri‘hery am ng groups.

i3. The compound of claim 1 wherein said
polyepoxide contains at least two oxirane rings joined by a .
divalent organic moiety selected from hydrocarbon moieties,
substituted hydrocarbon moieties, hydrocarbon mpietie;
containing at least one hetero atom or group, substituted
hydrocarbon moieties containing at least one heterc atom or
group, or mixtures thereotf.

14. The compound of claim 13 wherein saigd
hydrocarbon moiety is selected from alkylenet
cycloalkylene, alkenylene, arylene, alkarylene, anad
alkarylene moieties.

1s5. The compound of claim 13 wherein the
substituent groups present on the hydrocarbon moieties and
the hetero atoms or groups present in the hydrocarbon chain
are substantially inert or unreactive at ambient conditions
with the oxirane rings of the polyepoxide.

16. The compound of claim 13 wherein saiad
polyepoxide contains at least two oxirane rings wherein one
oxirane ring carbon atom is bonded to two hydrogen atoms.

17. The dispersant of claim 16 wherein the seconad
oxirane carbon atom is bonded to one hydrogen_atom.

18. An oleaginous composition comprising:
(A) a major amount of an oleaginous material
selected from the group consisting of fuel

an ricating oil; an / /!I/I!/ ///I!/ ”!// //ls/l // /II/



having a value of from2 to 6; and i R@LMI%EN&SH)‘EH 10, with
the proviso that whent - 0 at | east one of R eri—R R st be
hydrogen such that there are at |east two of elther gqqﬂpmp7or siecondary
am no groups. - % - 28. The
conpaqsi tion of claim 23 mhereln sald p% yam felis-selested— 0
pol y(al kyl ene am nes). THe éonpo ition of claim23} wherein
sai d polyanine is a poly(Qxyal kylene am ne THhe sition
of claim 18 wherein sal‘f?(3 él f"éﬁ‘ﬁg 2L AR Pv%ol oﬂ?mgiengs
joined by a dival ent organi dimpd:ysadtsctamimbmhp@ othidoreniction
substituted hydrocarbon nD'S%*EER gﬁﬁcarbon noi eti es containing at | east
one hetero atom or group, trtute drocarbon noi eties containing at

| east one hetero atom or grddyd, adk ﬁq%aﬁ'esomeréaﬂ:ermediate adduct

comprised of the reaction product of

(a) at least one polyepoxide, and

(b) at least one mnenmber selected from
the groups consisting of
peclyamines, polyols, and amino
alcohols, and

(ii) at least one of (a) hydrocarbyl

substituted C -C,4 dicarboxylic

acid producing material or (b) an

al&ehyde and a hydrocarbyl substituted

hydroxy aromatic compounad.

19. The composition of claim 18 wherein (B) (iii-
is (a), with said hydrocarbyl substituted C,-C;,
dicarboxylic acid producing material being comprised of the
reaction products of an olefin polymer of a Cx-Cy
monoolefin ‘having a number average molecular weight of
about 500 to about 6,000 and a C4-C10 monounsaturated’
dicarboxylic acid producing material, wherein there are an
average of about 0.7 to about 2.0 dicarboxylic acid
producing moieties per molecule of said olefin polymer.

20. The cqmpositiqn of claim 19 wherein said
olefin polymer is polyisobutylene.

21. The composition of claim 20 wherein said
monounsaturated dicarboxylic acid producing material is
maleic anhydride.

22, The composition of claim 21 wherein the
number average molecular weight of said polyisocbutylene is
from about 800 to about 2,500. -

T



31. The conposition of claim30 wherein said IRﬁBLAQEMﬁN;[ SHE y is
sel ected from al kyl ene, cycl oal kyl ene, al kenyllene, aryl ene, alikaryl ene, and
al karyl ene noi eti es. 32. The conpos| t} o 2FEBI@YM 30 lwherein the
substituent groups present the hydrocarbon noitjes and the hdtdro atons
present in the hydrocarbon chain are substantiplby—TTEerT Or unrdgactive at
anbi ent conditions with the oxirane rim§€ of the pol yepoxide
33. The conposition of claim 32 wherein said polyepoxi de ,contains at. | east
two oxirane rings wadsei Fhencoppppition of @i Jf?tpé’%rleé-nbdr?ae@)t@”tm
hydrogen ajgmy. polyamine. 34. The conposition of claim33 wherein the
second oxirane ring carbon atons is bonded to one hydrogen atom

35. The conposition of claim18 wherein said ol eagi nous material is a fuel
oi l. 24. The composition of claim 23 wherein said

polyamine contains at least two reactive amino groups
selected from primary amino groups and secondary a_mino
groups.

25. The composition of claim 24 wherein said
reactive amino groups are primary amino groups.

'26. The composition of claim 25 wherein said
polyamine contains at least one secondary amino group.

27. The composition of claim 23 wherein said

polyamine is an aliphatic saturated amine represented by
the formula )

RTV - N - (CHp)gT N - (CHp)g7— N - BRYY
R? ' R?? t él'

wherein:

va, R’ and R’’’ are independently selected from
the group consisting of hydrogen, C; to Cyg straight or
branched chain alkyl radicals, C;-C;, alkoxy C,; to
Cg alkylene radicals, and C; to C;, alkylamino C,
to Cg alkylene radicals; - _

each s is independently selected from integers
having a value of from 2 to 6; and

t is a number of 0 to 10, with the proviso that
when t = 0 at least one of RIV, R’’’ or R’ must be
hydrogen such that there are at least two of either primary

or secondary amino groups. —_—
N M



36. The conposition of claim 18 wherein s I@gpwpg riaI S
a-lubricating oil. 37. The conposji -‘é#ﬁ+~m’36 which is a
concentr at e. 38. A process for prepaying % qu| de adduct
material useful an an ol eagi nous conposition|afdik2 g%c{?égrlm ng the steps
of : (1) reacting at |east one polyopoxide af

| east one nenber selected fromthe group consi gting of (a)
pol yam ne, (b) polyols, - g7and {(c) _amno—ateotols to form
a pol yspoxi de i nternedi ate adduct: and (i)

Ireactl ng said pol yerxi dertant eéﬁ?déﬂtﬂon of clabim_zaadgug[hm }staci[mt |
east one subst err]-Clerr
di car boxyPPS'YHP&'G)‘pliﬂdaegﬁﬁtﬁﬁt £rem gog}éfai%iene Ehthebf: hydr ocar byl

substituted acid producing material, in turn, being formed
by . . 2lRact iy aBoﬁb%fsiﬂcPﬂl W®T c2fa i Cb8I hibveTediy lsaia
nonool efi n having “a number av erag nol ecul ar wei ght of
about 500Pcd¥Yamine is a poly(oxyalkglens aﬁan&)c[err] derr]

nonounsat ur at ed di carboxylic acid material, wher ein there
are an aver age of to r r I ng
noi eti es per nol ec Ie of &9 @ &%Miéﬁszﬁ% &lafim laolmﬁgeqﬂ’ge% 'F% t he

reaction, polyepoxide contajng |at deastictyocoxivane hyéln%aj\bfﬂed by a
divalent organic moiety selected from hydrocarbon mcieties,
substituted hydrocarbon moieties, hydrocarbon moieties
containing at least one hetero atom or group, substituted
hydrocarbon moieties containing at least one hetero atom or
group, or mixtures thereof.

31. The composition of claim 30 wherein said
hydrocarbon moiety is selected from alkylene,

cycloalkylene, alkenylene, arylene, alkarylene, and
alkarylene moieties.

32. The composition of claim 30 wherein the
substituent groups present the hydrocarbon moieties and the
hetero atoms present in the hydrocarbon chain are
substantially inert or unreactive at ambient conditions
with the oxirane rings of the poclyepoxide.

3. The composition of claim 32 wherein said
polyepoxide contains at least two oxirane rings wherein one
oxirane ring carbon atoms is bonded to two hydrogen atoms.

34. The composition of claim 33 wherein the

second oxirane ring carbon atoms is bonded to cne hydrogen
atom.

35. The composition of claim 18 wherein said

ocleaginous material is a fuel oil. \
T
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substituted hydroxy aromatic conpound. REE_I‘SS%ELEN; QHE H,ess of claim

38 wherein said C[err turate |carb aljmaterial S
mal ei ¢ anhydri de. llﬁ"”"l!] mrlmil ‘9‘%—%@&)& 40. The
process of claim 39 eretn eresare about tlo about 1.5 c¢inic
anhydride units per polyisobutenyl noiety prgsent in said hydr(carbyl
substituted Cerr]-Cerr] dicarboxylT¢®acid produci ng—wat-er+at=and wherein
t he nunber average nol ecul ar wei ght of said pol |sobutyl ene i s from about
800 to about. 2, 5086. The composifijon gf.cl 5#% 3B mvhergin osalid n (i)

sai d pol yaRagifeuss matetiied st B. aubbbestimpeodpl yani ne.
The process of claim41l wherein said polyamne has from2 to about 60 t ot al
carbon atons and from about 2 to about 12 nitrogen atons.

- 37. The conmposition of claim 36 which is a

concentrate.

\J

38. A process for preparing a polyepoxide adduct
material useful as an oleaginous composition additive -
comprising the steps of:

(1) reacting at least one polyepoxide with at
least one member selected from the group
consisting of (a) polyamine, (b) polyols,
and (c) amino alcohols to form a
polyepoxide intermediate adduct; and

(1i) reacting said polyepoxide intermediate
adduct with at least one of (a)
hydrocarbyl substituted Cc, -C,,
dicarboxylic acid producing material, said
hydrocarbyl substituted acid producing
material, in turn, being formed by
reacting an olefin polymer of a Cy-Cyg
monoolefin having a number average
molecular weight of about 500 to about
6,000 and a C4-C3o monounsaturated
dicarboxylic acid material, wherein there
are an average of 0.7 to 2.0 dicarboxylic
acid producing moieties per molecule of
said olefin polymer used in the reaction,
or (b) an aldehyde and a hydrocarbyl
substituted hydroxy aromatic compound. |

39. The process of claim 38 wherein said
C4=C1o monounsaturated dicarboxylic acid material is
maleic anhydride.
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43. The process of claim42 wherein at | east frSa
g REPLACENENT 8 '!IEﬁ

reactive nitrogen atoms—seteeted-fromthe gr

en atons are
primary and

secondary am no grou The propcess of clai mr 42 wher ei n
sai d pol yani ne |s anpﬂ"mml”", m ed am pe|hdV2FB B97forul a:  [err]

wherein R err] ,and R '™ awe $n endent y|sel ect ed fromtrhe gr oup
consi sting of hydrogen Clerr] to (Jerr] straight or branched fchai n al Kyl
radicals, Cerr] to (Jerr] alkoxy CJergy'to0 €6 _al kylene radical s, and

Cerr] to (Jerr] alkylamno Clerr] to C6 al kyl ene radical s;

each s is the

same or a di ffererIOnunbmeofpﬁamﬁZ of @ladnd 39i whexalrbethefef@esm 0 to
10, with thﬁown]_t ﬁeast ?iﬁi@ gﬂgﬂairﬁhsr dnik€s per R

must be suc that here areg

primary

or secondary

amino groB@dYisobutenyl mo

present in saia hydrocarbyl
substituted C, ~Cyq dicarboxylic acid producing material
and wherein the number average molecular weight of said
polyiscbutylene is from about 800 to about 2,500. '

41. The process of claim 38 wherein' in (i) said

polyepoxide is reacted with at least one polyamine.

42. The process of claim 41 wherein said
polyamine has from 2 to about 60 total carbon atoms and
from about 2 to about 12 nitrogen atoms.

43. The process of claim 42 wherein at least two
of said nitrogen atoms are reactive nitrogen atcms selected

from the group consisting of primary and secondary amino
groups.

44, The process of claim 42 wherein said

polyanine is an aliphatic saturated amine having the
formula:s

RTV - N - (CHp) g TN - (CHp)g N - RV
_ RIII t R’

wherein RIV, R’, and R’’’ are independently selected from
the group consisting of hydrogen, C; to C,5 straight or
branched chain alkyl radicals, C, to Gy, alkoxy C, to
Cg alkylene radicals, and €y to C;, alkylamino C,.
to Cg alkylene radicals; each s is the same or a
different number of from 2 to 6; and t is a number of from
0 to 10, with the priviso that when t = 0 at least one of
RIV, R’’’ or R’ must be H such that there are at least
two of either primary or secondary amino groups.



-70 45. The process of claim43, wherein said amne is selected

from pol y(al kyl ene am nes). 46. The process of claim43 wherein
said polyam ne is a poly(oxyal kyl ene ani ne). 47. The process of
claim4l wherein the pol yam ne reactant is used in excess. 48.

The process of claim4l wherein the pojyepoxide reactant is used in an
amount sufficient to provide fromabout 0 01 to about 10 equival ents of

epoxide molelles QY. ONfnd CREbEEsBe CIRLF! ¥3, SPhArLACisald it ! €Y
bei ng selected fromthe grotip consistin 2 primary and secondary am no
noi et i es is selected fyomTpely(aikyliens SP PRBY8 wherein the pol yepoxi de

reactant is used in an anmpunt sufficient to provide fromabout 0.1 to about
5 equivalents of qpoxi degiyl ehitc8ils 88 'EFE1R/ 43T dRFUS Y saia
polyanmine is a poly(oxyalkylene anmine).

47. The process of claim 41 wherein the polyamine
reactant is used in excess.

48. The process of claim 41 wherein the
polyepoxide reactant is used in an amount sufficient to
provide from about 0.01 to about 10 equivalents of epoxide
moieties per one reactive amino noiety, said reactive amino
moiety being selected from the group consisting of primary
and secondary amino moieties. :

49. The process of claim 48 wherein thé
polyepoxide reactant is used in an amount sufficient to
provide from about 0.1 to about 5 equivalents of epoxide
moieties per one reactive amino moiety.
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POLYEPOXIDE MODIFIED ADDUCTS OR_REACTANTS
AND OLEAGINOUS COMPOSITIONS

ABSTRACT

A compound useful as a dispersant additive in
oleaginous compositions selected from fuels and lubricating
oils comprising the reaction products of:

(1) at least one intermediate adduct comprised of

the reaction products of '

(a) at least one polyepoxide, and

(b) at least one member selected from the

- group consisting of polyamines, polyols,
and amino alcohols; and

(ii) at least one of (a) hydrocarbyl substituted

' C4 = €30 dicarboxylic acid producing

material or (b) an aldehyde and a hydrocarbyl
substituted hydroxy aromatic conipound.
Also included is a process for preparing said compound and
an oleaginous composition containing said compound.



