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01 MODIFIED HIGH MOLECULAR WEIGHT SUCCINIMIDES
02

03 BACKGROUND OF THE INVENTION

04

0S5 1. the Inventio

06

07 This invention relates to additives which are compatible

08 with fluorocarbon seals and are useful as dispersants and/or
09 detergents in lubricating oils. In particular, this

10 invention is directed toward modified polyamino alkenyl or
11  alkyl succinimides which are the reaction product of an

12 alkenyl- or alkyl-substituted succinic anhydride and a

13 . polyalkylene polyamine, wherein the reaction product is

14 post-treated with a cyclic carbonate. The modified

15 polyamino alkenyl or alkyl succinimides of this invention
16 have been found to be compatible with fluorocarbon seals

17 and, for concentration levels at which fluorocarbon seal

i8 compatibility is achieved, to possess improved dispersancy
19  and/or detergency properties when employed in a lubricating
20 o0il. These modified succinimides are also useful as

21 detergents and/or dispersants in fuels.

22

23 2. Prior Art
24

25 It is known in the art that alkenyl- or alkyl-substituted
26 succinic anhydrides have been used as dispersants and/or

27 detergents in lubricating oils and fuels. Such alkenyl- or
28 alkyl-subatituted succinic anhydrides have been prepared by
29 three well-known processes: a thermal process (see, e.g.,
30 U.s. Patent No. 3,361,673), a chlorination process (see,

a1 e.g., U.S. Patent No. 3,172,892) and a combination of the
32 thermal and chlorination processes (see, e.g., U.S. Patent
33 No. 3,912,764). The polyisobutenyl succinic anhydride

34 ("PIBSA") produced by the thermal process has been
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pol yal kyl’ene pol yam ne, wherein the reaction product is post-treated with a
cyclic carbonate. The nodified polyam no al kenyl or al kyl succinimdes of
this invention have been found to be conpatible with fluorocarbon seals
and, for concentration |evels at whicl fluorocarbon seal conpatibility is
achi eved, to possess inproved dispers&ncy and/ or detergency properties when
enpl oyed in a lubricating oil. These nodified succininides are al so useful
as detergents and/or dispersants in fuels. 2. Prior Art It is known in
S
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producgg byar'n:hhfdztir}fer r;r.Pil.ngD ra%(ae/sosi, Q:%Slot%'en\'.enré in the product. [(See
07 J. Weill and B. Sillion, "Reaction of Chlorinated
08 Polyisobutene with Maleic Anhydride: Mechanism Catalysis by
09 Dichloramaleic Anhydride®, Revue de l’Institut Francais du
10 Petrole, Vol. 40, No. 1, pp. 77-89 (January-February,
11 1985).] Such compositions include one~to-one monomeric
12 adducts (see, e.g., U.S. Patents Nos. 3,219,666; 3,381,022)
13 ° as well as "multiply adducted" products, adducts having
14 alkenyl-derived substituents adducted with at least
is 1.3 succinic groups per alkenyl-derived substituent (see,
16 e.g., U.S. Patent No. 4,234,435).
17
18 Alkenyl or alkyl succinimides formed by the reaction of an
19 alkenyl- or alkyl-substituted succinic anhydride and a
20 polyamine are also well known as lubricating oil dispersant
21 and/or detergent additives. See, e.g., U.S. Patent
22 Nos. 3,361,673 and 3,018,250.
23
24 As taught in U.S. Patent No. 4,612,132 (“the ‘132 patent"),
25 alkenyl or alkyl succinimides may be modified such that one
26 or more of the nitrogens of the polyamine moiety is
27 substituted with a hydrocarbyl oxycarbonyl, a
28 hydroxyhydrocarbyl oxycarbonyl or a hydroxy
29 poly(oxyalkylene) oxycarbonyl. These modified succinimides,
30 which impart improved dispersancy and/or detergency
31 properties when employed in lubricating oils, are obtained
32 by reacting the product of an alkyl or alkenyl succinic
33 anhydride and a polyamine with a cyclic carbonate, a linear
34 mono- or poly carbonate, or a chloroformate. The ‘132

This Sheet Has Been Replaced

WU MHG




Dae:,’ T - 2- characterized as a nononer
contai ning a double bond in the product. Al though the exact structure of
chl orinati on PIBSA has not been definitively determ ned, the chlorination
process PIBSA materials have been charagterized as nononers

01 patent discloses succinimide alkenyl or alkyl groups
02 containing from 10 to 300 carbon atoms; most preferred are
03 alkenyl or alkyl groups having from 20 to 100 carbon atoms.
04 However, the highest molecular weight alkenyl or alkyl group
0s specifically taught in the Examples has a molecular weight
06 of 1300. Furthermore, the ‘132 patent fails to teach
07 anything about the fluorocarbon seal compatibility of the
. 08 modified succinimides it discloses.
09
10 U.S. Patent No. 4,747,965 discloses modified succinimides
11  similar to those disclosed in the ‘132 patent, except that
12 the modified succinimides disclosed in this patent are
13 ° derived from succinimides having an average of greater than
14 1.0 succinic groups per alkenyl-derived substituent.
1s
16 While it is known in the art that succinimide additives
17 useful in controlling engine sludge and varnish may be
i8 substituted with alkenyl or alkyl groups ranging in number
19 average molecular weight ("Mn") from approximately 300 to
20 5000, no reference teaches that substituents having a Mn of
21 2000-2700 perform better than those having a Mn of about
22 1300. Two references which discuss the effect of the
a3 alkenyl-derived substituent’s molecular weight on the
24 performance of succinimides as lubricating oil additives are
as “The Mechanism of Action of Polyisobutenyl Succinimide
26 Lubricating 0il Additives," by E.S. Forbes and E.L.
27 Neustadter (Tribology, Vol. 5, No. 2, pp. 72-77 (April,
28 1972)), and U.S. Patent No. 4,234,435 ("the ’435 patent").
29
30 The Forbes and Neustadter article discusses, in part, the
31 effect of polyisobutenyl Mn on the detergency properties of
32 a polyisobutenyl succinimide. However, as shown in Figure 1
33 on page 76 of their article, the results of the tests Forbes
34 and Neustadter conducted indicate that succinimides having a
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contiaining either a double bond, a ring other than succinic anhydride ring
and/or chlorine in the product. ((See J. Weill and B. Sillion, "Reaction of
Chl ori nat ed Pol yi sobutene with Ml ei c Anhydride: Mechani sm Catal ysis by

Di chl oramal ei ¢ Anhydri de", Revue de |'|nstitut Francais du Petrole, Vol.
40, No. 1, pp. 77-89 (January-February; 1985).] Such conpositions include
one-to-one nononeric adducts (see, e.g., U S. Patents Nos. 3,219, 666;
3,381,022) as well as "nultiply adducted"” products, adducts having
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08

09 The /435 patent teaches a preferred polyalkene-derived

10 substituent group with a Mn in the range of 1500-3200. For
11 polybutenes, an especially preferred Mn range is 1700-2400.
12 However, the ’435 patent also teaches that the succinimides
13 - must have a succinic ratio of at least 1.3, that is at least
14 1.3 succinic groups per equivalent weight of polyalkene-~

15 derived substituent group. Most preferred are succinimides
16 having a succinic ratio of 1.5-2.5. The ’435 patent teaches
17 that succinimides must have have both a high Mn

18 polyalkylene-derived substituent and a high succinic ratio.
19

20 The succinimide additives disclosed in the /435 patent are
21 not only dispersants and/or detergents, but also viscosity
22 index improvers. That is, the 435 additives impart

23 fluidity modifying properties to lubricant compositions

24 containing them. However, viscosity index improving

25 properties are not always desirable for the succinimide, as
26 in the case of single-grade oil formulations, for example.
27

28 Polyamino alkenyl or alkyl succinimides and other additives
29 useful as dispersants and/or detergents, such as Mannich

30 Dbases, contain basic nitrogen. While basicity is an

31 important property to have in the dispersant/detergent

32 additive, it is believed that the initial attack on

33 fluorocarbon elastomer seals used in some engines involves
34 attack by the basic nitrogen. This attack leads to the loss
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hydroxyhydr ocar byl oxycarbonyl or a hydroxy poly(oxyal kyl ene) oxycarbonyl .
These nodi fied succinimdes, which inpart inproved dispersancy and/or

det ergency properties when enployed in lubricating oils, are obtained by
reacting the product of an al kyl or al kenyl succinic anhydride and a

pol yanmine with a cyclic carbonate, a rPnear nono- or poly carbonate, or a
chl oroformate. The ' 132 - 3- pat ent
di scl oses succi ni mi de al kenyl or al kyl groups containing from 10 to 300

Car 0onog! O IRRbrRag! SPhSC Bns, SHbSRiR Pl ShatL e BHTSARA I 0 20, ©
group 9@eci Beadkl| pndalgbs bf dbbhefxdepieablasphysbhéal upropertids in the
03 elastomer.
04
0S5 One approach towards solving the elastomer problem is
06 described in U.S. Patent No. 4,873,009 to Ronald L.
07 Anderson. This patent is also concerned, in part, with the
08 use of succinimides as lube o0il additives. Anderson
09 recognizes in Col. 2, lines 28 et seqg. that lube additives
10 prepared from "long chain aliphatic polyamines",
11 i.e., succinimides, "are excellent lube oil additives."
12 Anderson teaches such succinimides are "inferior to
13 - additives where the alkylene polyamine is hydroxyalkylated"
14 (Col. 2, lines 31-32). Such hydroxyalkylated polyamine-
15 based succinimides, however, "have the drawback that they
16 tend to attack engine seals particularly those of the
17 fluorocarbon polymer type" (Col. 2, lines 35-37).
18 ‘
19 Anderson solves his fluorocarbon polymer seal compatibility
20 problem by directly borating his hydroxyalkylated polyamine
21 bhased succinimides. Furthermore, according to Anderson, it
22 would be desirable for the additive to have a relatively
23 high concentration of N-hydroxyalkyl moieties because the
24 more N-hydroxyalkyl substituents, the cleaner the engine.
25 However, Anderson also teaches that the more amino groups in
26 the polyamine, the greater the degradation of fluorocarbon
27 seal, and that alkylene amines containing more than 2 amino
28 groups cannot be utilized (Col. 2, lines 50-62).
29
.30 Accordingly, there exists a need in the art for a
31 succinimide lubricating oil additive which is effective in
32 controlling engine sludge and varnish, but which does not

33 require boration to achieve fluorocarbon seal compatibility.
34
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of 1300.‘'Furthernore, the '132 patent fails to teach anything about the
fluorocarbon seal conpatibility of the nodified succinimdes it discloses.
U S. Patent No. 4,747,965 discloses nodified succinimdes simlar to those
disclosed in the '132 patent, except ngt t he nodified succini m des
disclosed in this patent are derived from succinin des having an average of

greater than 1.0 succinic groups per al kenyl-derived substituent. Wi | e
it is known in the art that succinimde additives useful in controlling
engi neggl udge and varni sh mayg Pshit whipdy i genyl or al kyl groups
rangi ng_.i n nunber average nol ecular wer g rom approxi mately 300 to

5000, M8 reference teaches that substituents having a Mh of 2000-2700
perforoBbet peunigae thase bEvihegifidd pblpiviho 180Keny)or edEkgnCces which

2054 1 gRLESbnghe! UEeBbBEL! 55 HYECRHRoH A koL 20U o Ut it on
Mechan®8m Psinuﬂtgneonsm gPwpbtibheg| wibbcf huordeathbon i seals@and) at
pod 08 slichubraBietateCebr IS SbriiROhBAY 10 5, 1O 2
pat ent 9. compatibility is achieved, effective in controlling engine

o8 sludge and varnish. These modified polyamino alkenyl or

09  alkyl succinimides are prepared from the succinimide

10 reaction product of 1) an alkenyl- or alkyl-substituted

11 succinic anhydride derived from a polyolefin having a Mn of

"12  about 2000 to about 2700 and a weight average molecular

13 - weight (Mw) to Mn ratio of about 1 to about 5; and 2) a

14 polyalkylene polyamine having greater than 4 nitrogen atoms

15 per mole. The modified succinimides of the present

16 invention are obtained by post-treating the succinimide

17 reaction product with a cyclic carbonate.

18

19 Among other factors, the present invention is based on the

20 finding that a unique class of succinimides is effective in

21 controlling engine sludge and varnish at concentration

22 levels for which the succinimides are simultaneously

a3 compatible with engine fluorocarbon seals. Generally, known

24 succinimides useful as dispersants and/or detergents are not

a5 always compatible with fluorocarbon seals when present in

26 lubricating oil compositions at concentration levels _

27 necessary to be effective in controlling engine sludge and

28 varnish. Accordingly, the present invention also relates to

29 a lubricating oil composition containing these modified

30 polyamino alkenyl or alkyl succinimides.

31

32 Among other factors, the present invention is also based on

33 the finding that a unique class of modified polyamino

34 alkenyl or alkyl succinimides wherein the alkenyl or alkyl
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The 'Forbées and Neustadter article discusses, in part, the effect of

pol yi sobut enyl Mh on the detergency properties of a polyisobutenyl
succi ni m de. However, as shown in Figure 1 on page 76 of their article, the
results of the tests Forbes and Neustadter conducted indicate that
succi ni m des having a -4- 1300 Mh

pol yi sobut enyl substituent are nore effective as detergents than those
havi ng a pol yi sobut enyl substituent with a Mh of 2000 or greater. In

show @t he gaetdikuhPBall 20! sﬂyhn@ksa%aagwﬁbsmﬁaoSgsgg&w f6tn
eterg%gcy’shpeii%&tkaugr%gggboi ;221 ggé tibilit d for oS
patibility an superlor
03 dispersancy and/or detergency properties compared to those
04 wherein the alkenyl or alkyl substituent has a Mn of less
05 than about 2000.
06
0?7 In addition to lubricating oil compositions, the present
08 invention also relates to fuel compositions comprising a
09 major portion of a hydrocarbon boiling in a gasoline or
10 diesel range and an amount of a modified polyamino alkenyl
11 or alkyl succinimide, compatible with fluorocarbon seals,
12 sufficient to provide dispersancy and/or detergency.
3 -
14 ED_DESCR ON TIO
1§
16 The modified polyamino alkenyl or alkyl succinimides of this
17 invention are prepared by post-treating a polyamino alkenyl
18 or alkyl succinimide with a cyclic carbonate. The polyamino
19 alkenyl or alkyl succinimides are typically prepared by
20 reaction of an alkenyl or alkyl succinic anhydride with a
21 polyamine.
22
23 Alkenyl or alkyl succinimides are disclosed in numerous
24 references and are well known in the art. Certain
a5 fundamental types of succinimides and related materials
26 encompassed by the term of art "succinimide" are taught in
27 U.S. Patent Nos. 2,992,708; 3,018,291; 3,024,237; 3,100,673;
a8 3,219,666; 3,172,892; and 3,272,746, the-disclosures of
29 which are hereby incorporated by reference. The term
30 “succinimide" is understood in the art to include many of
31 the amide, imide and amidine species which are also formed
32 by this reaction. The predominant product, however, is
33 succinimide and this term has been generally accepted as
‘34 meaning the product of a reaction of an alkenyl- or
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obt &i ned *when t he pol yi sobutenyl group has a M of about 1300. The ' 435
patent teaches a preferred pol yal kene-derived substituent group with a M
in the range of 1500-3200. For pol ybutenes, an especially preferred Wn
range is 1700-2400. However, the '435_patent also teaches that the
succi ni m des nust have a succinic ratio of at least 1.3, that is at |east
1.3 succinic groups per equival ent weight of polyal kene- derived
substituent group. Mst preferred are succinimdes having a succinic ratio

of 1.502. 5. alkg1-43BsRat@bbat 8acbeAithatiqUeEi BhN] e have both a
hi gh Ia LKyl neFderived substi%uentlandfaaﬁggﬁfgﬁgg?%F%a¥atio. The

1 gn PO’ %3 % g ; . .
succi n®fi dePRA¥PPADEs disclosed in the ' 435 patent are not only di spersants
and/ or 0&tergents, but also viscosity index inprovers. That is, the '435

addi tiggs igﬁg;%ugg;ggg;xugggEgé#gggggﬁgﬁi;ies to lubricant conpositions
cont ai ni_ng , C i mprovi ng properties are not
almays°§esirable for the succinimde, as in the case of single-grade oi
formul 96i ongarfigusena¥hbls for the preparation of alkenyl- or
07 alkyl-substituted succinic anhydride involving the reaction
08 of a polyolefin and maleic anhydride have been described in
09 the art. As mentioned above, such methods include a thermal
10 process and a chlorination process. The thermal process is
11 characterized by the thermal reaction of a polyolefin with
12 maleic anhydride. The chlorination process is characterized
13 - by the reaction of a halogenated polyolefin, such as a
14 chlorinated polyolefin, with maleic anhydride.
15 Alternatively, the alkenyl- or alkyl-substituted succinic
16 anhydride may be prepared as described in U.S. Patents
17 Nos. 4,388,471 and 4,450,281, which are totally incorporated
18 herein by reference. Other examples of the preparation of
18 alkenyl- or alkyl-substituted succinic anhydride are taught
20 in U.s. Patents Nos. 3,018,250 and 3,024,195, which are

21 totally incorporated herein by reference.
22

a3 In the case of the unique class of polyamino alkenyl or

24 alkyl succinimide compounds of this invention, the alkenyl
25 or alkyl succinic anhydride reactant is derived from a

26 polyolefin having a Mn from about 2000 to about 2700 and a
27 Mﬁ/Hn ratio of about 1 to about 5. In a preferred _

28  embodiment, the alkenyl or alkyl group of the succinimide

29 has a Mn value from about 2100 to about 2400. Most

30 preferred are alkenyl or alkyl substituents having a Mn of
31 about 2200.

32

33 Suitable polyolefiﬁ polymers for reaction with maleic

.34 anhydride include polymers comprising a major amount of C,
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Pol yam no* al kenyl or al kyl succinimdes and other additives useful as

di spersants and/or detergents, such as Mannich bases, contain basic
nitrogen. Wile basicity is an inportant property to have in the

di spersant/detergent additive, it is bglieved that the initial attack on
fl uorocarbon el astoner seals used in sOne engines involves attack by the
basic nitrogen. This attack |eads to the |oss of fluoride
ions, and eventually results in cracks in the seals and | oss of other

desi ralyse p@bSi('.Csa{noBBBREE&h?Sei.B.E h@tf&féﬁ&ﬁmﬁropylene, butylene,
02 jiso-butylene and. pentene. The polymers can be homopolymers
- 03 such as polyisobutylene as well as copolymers of 2 or more
c4 such olefins such as copolymers of: ethylene and propylene,
Qs butylene, and isobutylene, etc. Other copolymers include
06 those in which a minor amount of the copolymer monomers,
97 e.g., 1 to 20 mole percent, is a C; to Cg nonconjugated

08 diolefin, e.g., a copolymer of isobutylene and butadiene or
09 a copolymer of ethylene, propylene and 1,4-hexadiene,etc.

10

11 A particularly preferred class of olefin polymers for

12 reaction with maleic anhydride comprises the polybutenes,

13 ° yhich are prepared by polymerization of one or more of

14 l1-butene, 2~-butene and isobutene. Especially desirable are
15 polybutenes containing a substantial proportion of units

16  gerived from iscbutene. The polybutene may contain minor
17 amounts of butadiene which may or may not be incorporated in
18  ¢the polymer. These polybutenes are readily available

_1’ commercial materials well known to those skilled in the art.
20

Disclosures thereof will be found, for example, in U.S.

21 patents Nos. 3,215,707; 3,231,587; 3,515,669; 3,579,450; and
22 3 912,764, as well as U.S. Patent Nos. 4,152,499 and

23 4,605,808. The above are incorporated by reference for

24  their disclosures of suitable polybutenes.

25

26 Suitable succinic anhydride reactants also include
27

copolymers having alternating polyalkylene and succinic
28 groups, such as those'taught in U.S. Patent No. 5,112,507,

29  yhich is hereby incorporated by reference.

30

31 As used herein, the term "succinic ratio" refers to the

32 average number of succinic groups per polyolefin group in
33 the alkenyl or alkyl succinic anhydride reaction product of
‘34
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Oneappreach towards solving the el astoner problemis described in U S
Patent No. 4,873,009 to Ronald L. Anderson. This patent is also concerned,
in part, with the use of succinimdes as |ube oil additives. Anderson
recognizes in Col. 2, lines 28 et se t hat | ube additives prepared from
"l ong chain aliphatic polyam nes", éo succi ni m des, "are excellent |ube
oil additives." Anderson teaches such succinimdes are "inferior to
additives where the al kyl ene polyam ne is hydroxyal kyl ated” (Col. 2, |ines

the ar Shpachatbib EHAYSK AL R pY EURIGERT ol Rb TR £ (R SICHRHES L o
the fl Q8rocarbdn pfl s}pr@r inglfbeates:oan averagesot%Soﬁé’)suCCMrmupcpmes
his fl usrocgagwme knc Haaﬁﬂeéb 1yoPr inFéw ﬁ ﬁf&téﬂmg@fféé ng

his hy roxy ylate ne ase suc |n|n1 ernpre cordi ng
to And sonPrPF“ﬁGuld eHé§FvaBI§“Fﬁin%ﬁeréﬂﬁ?t?@e1t%5hh%%@@??%ﬁeﬂﬁvely

hi gh colcenaverage of h:bydsaxyihkyl groupsi pér bpsPyoref® gFs®p in the
Leatnel®, nabiraBYRoPE' ARRVE shORABLF ERhyanted st auct oS ap SRR *' °°
degr ad®®i on of fluorocarbon seal, and that al kyl ene ami nes contalnlng nor e
than 2o8mM nengr guBeindBNPht®8 Hhh! béedatbRlatea Ef&ﬁstﬁg'égaonification

09 number (mg KOH per gram of sample), the actives content of

10 the alkenyl or alkyl succinic anhydride product and the

11 molecular weight of the starting polyolefin. The actives

12 content of the alkenyl or alkyl succinic anhydride product

13 - is measured in terms of the actives fraction, wherein an

14 actives fraction of 1.0 is equivalent to 100 weight percent

15 actives. Accordingly, an actives fraction of 0.5 would

i6 correspond to 50 weight percent actives.

17

18 The succinic ratio of the alkenyl or alkyl succinic

19 anhydride product of maleic anhydride and polyolefin can be

20 calculated in accordance with the following equation:

21

:: Succinic ratio = © x Al;”_ x(:m x P)

24

25 wherein P = saponification number of the alkenyl or alkyl
26 succinic anhydride sample (mg KOH/g)

27

28 oL A .- = actives fraction of the alkenyl or alkyl
a9 succinic anhydride sample

30

1 MF, = number average molecular weight of the
32 starting polyolefin

33

34
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Accordingly, there exists a need in the art for a succinimde |ubricating
oil additive which is effective in controlling engine sludge and varni sh,
but which does not require boration to achieve fluorocarbon seal

conpatibility. -11-
SUMVARY COF THE | NVENTION A uni que cfass of nodified pol yam no al kenyl

-6-

al kyl succini mi de conpounds has now been found to be sinultaneously
conpatible with fluorocarbon seal s and, at

01
02
03
04
0S
06
07
08
09
10
11
12
i3
14
15
1ié
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33
34

M,, = 98 (molecular weight of maleic anhydride)

c = conversion factor = 112220 (for conversion of
gram-moles of alkenyl or alkyl succinic
anhydride per gram of sample to milligrams of
KOH per gram of sample)

The saponification number, P, can be measured using known
procedures, such as the procedure described in ASTM D94.

The actives fraction of the alkenyl or alkyl succinic
anhydride can be determined from the percent of unreacted

- polyolefin according to the following procedure. A 5.0 granm

sample of the reaction product of maleic anhydride and
polyolefin is dissolved in hexane, piaced in a column of
80.0 grams of silica gel (Davisil 62, a 140 angstrom pore
size silica gel), and eluted with 1 liter of hexane. The
percent unreacted polyolefin is determined by removing the
hexane solvent under vacuum from the eluent and weighing the
residue. Percent unreacted polyolefin is calculated
according to the following formula:

Net Weight of

Percent Unreacted Polyolefin = x 100

Sample Weight

The weight percent actives for the alkenyl or alkyl succinic
anhydride product is calculated from the percent unreacted
polyolefin using the formula:

Weight Percent

Actives = 100 - Percent Unreacted Polyolefin
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concentrdtion | evels for which fluorocarbon seal conmpatibility is achieved,
effective in controlling engi ne sludge and varni sh. These nodified

pol yam no al kenyl or al kyl succinimdes are prepared fromthe succini mde
reacti on product of 1) an al kenyl - or kyl - substituted succinic anhydride
derived froma polyol efin having a M 0f  about 2000 to about 2700 and a

wei ght average nol ecul ar weight (MM to Mi ratio of about 1 to about 5; and
2) a pol yal kyl ene pol yam ne having greater than 4 nitrogen atons per nole.
The nodjf i e LYY e Nt 4} tion o] i by
post -t Euelat [ #ﬁ%@%ﬁﬁ?ﬁﬁ%&%egg S%’% %rlg%'?ti v?nglt ﬁiia&&y%h%ggg’gfbonat e.
Among &her anhydnige tife thess salculeded a8 ifolBewsd on the finding that a
uni que @ ass of succinimdes is effective in controlling engine sludge and
varnis%‘n concentration levels for which the succinimdes are
si nul t aneously conpat Abtevest hrecgios £ e PRkcenb ACtINeS ral |y, known
succi nidf des useful as dispersants and/ or det ergem% are not al ways
conpatigg e with fluorocarbon seals when present in lubricating oil

conposi tion ﬂgygéygr | sevel t Qb e g

control9% ng%g%%ine S udégﬁgn fb%%hf?ﬁgﬁﬁg§§?g¥ﬁgﬁg,%Fﬁéhgggéénfk?ﬁvgﬁfion
al so r gt e¥aight Rarqandh aetiyes @enfedilowss cont ai ning t hese nodifi ed

09 [ )
11 actives + [an X SR]
Percent - \ !¥° J
12  conversion — — -
13 - A .
14 wt. % Mpo +l100 - ¥t %
15 actives Mg + [an % SR] actives
1‘ . F
17
18  yherein M,, = number average molecular weight of the
19 starting polyolefin
20
21 M,, = 98 (molecular weight of maleic anhydride)
22
- 23 SR = succinic ratio of alkenyl or alkyl succinic
24 anhydride product
25
26 It is, of course, understood that alkenyl or alkyl succinic
27 anhydride products having high succinic ratios can be
28 blended with other alkenyl succinic anhydrides having lower
29  succinic ratios, for example, ratios ‘of around 1.0, to
30 provide an alkenyl succinic anhydride product having an
31 intermediate succinic ratio.
32
33
34
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pol yam no" al kenyl or al kyl succi ni m des. Anong ot her factors, the present

I nvention is also based on the finding that a uni que class of nodified

pol yam no al kenyl or al kyl succinim des wherein the al kenyl or al kyl

-7- substituent has a M in the rapgg. of 2000-2700 possess both superior

fl uorocarbon seal conpatibility and superior dispersancy and/or detergency

properties conpared to those wherein the al kenyl or al kyl substituent has a
Mh of |ess than about 2000.

01 In general, suitable succinic ratios for the alkenyl or

o2 alkyl succinic anhydride reactants employed in preparing the
03 additives of this invention are greater than about 1 but

04 less than about 2. Succinic anhydrides with succinic ratios
05 of about 2, when reacted with amines having greater than

06 4 nitrogen atoms per mole and post-treated with a cyclic

07 carbonate, form gels. Accordingly, succinic ratios of about -
o8 1.7 or less are preferred.

‘09

10 ine Reactant

11

12 The polyamine to be reacted with the alkenyl or alkyl

i3 succinic anhydride in order to produce the polyamino alkenyl
14 or alkyl succinimide employed in this invention is generally
i5 a polyalkylene polyamine. Preferably, the polyalkylene

16 polyamine has greater than 4 amine nitrogen atoms per mole,
17 up to a maximum of about 12 amine nitrogen atoms per mole.
18 Most preferred are polyamines having from about 5 to about
19 7 nitrogen atoms per mole. The number of amine nitrogen

20 atoms per mole of polyamine is calculated as follows:

21
22 E N X HPO
number of nitrogen atoms =
23 per mole of polyamine 14 x 100
24
25 wherein § N = percent nitrogen in polyamine or polyamine
26 mixture
27 ‘
28 ' Hp‘ = number average molecular weight of the
29 polyamine or polyamine nmixture
30
i Preferred polyalkylene polyamines also contain from about 4
32 to about 40 carbon atoms, there being preferably from 2 to 3
33 carbon atoms per alkylene unit. The polyamine preferably
34
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In gddititon to lubricating oil conpositions, the present invention also
relates to fuel conpositions conprising a nmajor portion of a hydrocarbon
boiling in a gasoline or diesel range and an anount of a nodified pol yam no
al kenyl or al kyl succinimde, conpatiblg with fluorocarbon seals,

sufficient to provide di spersancy and/'or detergency. DETAI LED
DESCRI PTION OF THE | NVENTION  The nodi fi ed pol yam no al kenyl or al kyl
succinimdes of this invention are prepared by post-treating a pol yam no

al kenylo10r flayla SdeboR-Fodfitrbled E&Ehbcofaf?%aago%ﬂb?lpebyé%
alkenyh or alkyl succinimdes aré typically prepare y reaction of an
alkenylzor 30k succinic anhydride with a pol yani ne. Al kenyl or al kyl

succi niodi des are disclosed in nunerous references and are well known in the
enconpotsed 1By PRAVERLRe, HE0BP Be18URRR PH. A5 rE ProgAEe Be EMEE 080  nos.
2,992, #88; basig amine3per4spgeinimide.678ince the reaction of the

06 polyamino alkenyl or alkyl succinimide with a cyclic

07 carbonate is believed to efficiently proceed through a

o8 primary or secondary amine, at least one of the basic amine

09 atoms of the polyamino alkenyl or alkyl succinimide must

10 either be a primary amine or a secondary amine.

11 Accordingly, in those instances in which the succinimide

12 contains only one basic amine, that amine must either be a

13 . primary amine or a secondary amine.

14

15 The polyamine portion of the polyamino alkenyl or alkyl

16 succinimide may be substituted with substituents selected

1?7 from (A) hydrogen, (B) hydrocarbyl groups of from 1 to about

18 10 carbon atoms, (C) acyl groups of from 2 to about 10

19 carbon atoms, and (D) monohydroxy, mononitro, monocyano,

20 lower alkyl and lower alkoxy derivatives of (B) and (C).

21 ¥Lower", as used in terms like lower aikyl or lower alkoxy,

22 means a group containing from 1 to about 6 carbon atoms. At

23 least one of the substituents on one of the amines of the

24 polyamine is hydrogen, e.g., at least one of the basic

25 nitrogen atoms of the polyamine is a primary or secondary

26 anino nitrogen atom.

27 '

28 Exanmples of suitable polyamines that can be used to form the

29 compounds of this invention include the following:

30 tetraethylene pentamine, pentaethylene hexamine, Dow E-1009®

31 heavy polyamine (number average MWw=303, available from Dow

32 Chemical Company, Midland, MI.), and Union Carbide HPA-X

33  heavy polyamine (number average MW=275, available from Union

34 Carbide Corporation, Danbury, CT.). Such amines encompass
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3,219,666; 3,172,892, and 3,272,746, the-disclosures of which are hereby

I ncorporated by reference. The term "succinimde" is understood in the art
to include many of the am de, imde and am dj ne species which are al so
formed by this reaction. The predom nant product, however, is succinimnde
and this term has been generally accéﬁF%ﬂ as neani ng the product of a
reaction of an al kenyl- or al kyl -substituted succinic acid or
anhydride with a pol yam ne. THE SUCCI NI C ANHYDRI DE REACTANT

o1 isomers such as branched-chain polyamines and the previously
o2 mentioned substituted polyamines, including

03  hydrocarbyl-substituted polyamines. HPA-X heavy polyamine
04 ("HPA-X") contains an average of approximately 6.5 nitrogen
0s atoms per mole, and is a preferred polyamine.

06

07 In addition, the polyamine used as a reactant in the

08 production of succinimides of the present invention need not
09 Dbe a single compound. Instead, the polyamine may be a

10 mixture in which one or several compounds predominate with
11 the average composition indicated. For example,

i2 tetraethylene pentamine prepared by the polymerization of

13 - aziridine or the reaction of dichloroethylene and ammonia

14 will have both lower and higher amine members,

15 e.g., triethylene tetramine, substituted piperazines and

16 pentaethylene hexamine, but the composition will be largely
1?7 tetraethylene pentamine and the empirical formula of the

18 total amine composition will closely approximate that of

19 tetraethylene pentamine.

20

21 Other examples of suitable polyamines include admixtures of
22 amines of various sizes, provided that the overall mixture
23 contains greater than 4 nitrogen atoms per mole. Included
24 within these suitable polyamines are mixtures of diethylene
2s triamine ("DETA") and heavy polyamine. A preferred

26 polyamine admixture reactant is a mixture containing 20% by
27 weight DETA and 80% by weight HPA-X; as determined by the
28 method described above, this preferred polyamine reactant
29 contains an average of about 5.2 nitrogen atoms per mole.
"30

31 Methods of preparation of polyamines and their reactions are
32 detailed in sidgewick’s "The Organic Chemistry of Nitrogen®,
33 Clarendon Press, Oxford, 1966; Noller’s "Chemistry of

34 Organic Compounds", Saunders, Philadelphia, 2nd Ed., 1957;
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Vart ous ‘nethods for the preparation of alkenyl- or alkyl-substituted
succi ni ¢ anhydride involving the reaction of a polyolef in and naleic
anhydri de have been described in the art. As nentioned above, such nethods
include a thermal process and a chlorination process. The thermal process
i s characterized by the thermal reaci®8f of a polyolefin with maleic
anhydri de. The chlorination process is characterized by the reaction of a
hal ogenat ed pol yol efin, such as a chlorinated polyolefin, with maleic

annydr Phe rBbA CEURb s Le Ahdiitnedle BECHRRL RSB Preng
4,450,981, Béichespecially|Volumes py qiped 9%r¥i6. by reference. O her
exanpl gg of the preparation of al kenyl- or al kyl-substituted succinic

anhydride are taught in U S. Patents Nos, 3,018,250 and 3,024, 195, which
are” t oP4l | yTheckeastien ohad PLYARIRE Widdran alkenye araddXfl t he uni que

class 0§ posyesinic aameydtidé € kprtodiEd i gl 1Y 18 i MIKEHA Fr talikg1
et a0  hUEaShEiLe e YAHL AR SO AL S B Wt g i 2, O
about 97t o @WhdutP&tents :Nos ef2,992|,708; 3,018,291; 3,024,237; -

08 3,100,673; 3,219,666; 3,172,892 and 3,272,746. The above

09 are incorporated herein by reference for their disclosures

10 of preparing alkenyl or alkyl succinimides.

11

12 Generally, a suitable molar charge of polyamine to alkenyl

13 . or alkyl succinic anhydride for making the compounds of this

14 invention is from about 0.35:1 to about 0.6:1; although

15 preferably from about 0.4:1 to about 0.5:1.

16

17 As used herein, the phrase "molar charge of polyamine to

18 alkenyl or alkyl succinic anhydride" means the ratio of the

19 number of moles of polyamine to the number of moles of

20 succinic groups in the succinic anhydride reactant. The

21 number of moles of succinic groups in the succinic anhydride

22 reactant is determined as follows:
23

24

P
number of moles = — x weight of alkenyl or alkyl succinic
25 of succinic groups € anhydride sample (g)

27 wherein P-and C are as defined above.
28

29  pOST-TREATMENT OF THE POLYAMINO ALKENYL
30 OR ALKYL SUCCINIMIDE WITH A CYCLIC CARBONATE

31
32 The polyamino alkenyl or alkyl succinimides formed as

33 described above are then reacted with a cyclic carbonate.
34 The resulting modified polyamino alkenyl succinimide has one
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enbodi ment, the al kenyl or alkyl group of the succinimde has a M val ue
fromabout 2100 to about 2400. Most preferred are al kenyl or al kyl

substituents having a M of about 2200. Sui t abl e pol yol efin polyners for
reaction with mal ei c anhydride include Polyners conprising a maj or anount
of C2 =17- 9. to CJerr] nonool efin,

e.g., ethylene, propyl éne, butylene, iso-butylene and. pentene. The
pol ymers can be honopol ynmers such as pol yi sobutyl ene as well as copol yners

of 2 %101 &r more nitrogens of the polyamino moiety substituted with a

02 hydroxy hydrocarbyl oxycarbonyl, a hydroxy poly(oxyalkylene)
03 oxycarbonyl, a hydroxyalkylene, hydroxyalkylenepoly-

04 (oxyalkylene), or mixture thereof. The products so produced
0s are compatible with fluorocarbon seals and are effective

06 dispersant and detergent additives for lubricating oils and
07 for fuels.

o8

09 The reaction of a polyamino alkenyl or alkyl succinimide

0 with a cyclic carbonate is conducted at a temperature

11 sufficient to cause reaction of the cyclic carbonate with

12 the polyamino alkenyl or alkyl succinimide. In particular,
13 ' reaction temperatures of from about 0°C to about 250°C are
14 preferred with temperatures of from about 100°C to 200°C

15 Dbeing more preferred and temperatures of from 150°C to 180°C
16 are most prefefred.

17

18 The reaction may -be conducted neat, wherein both the alkenyl
19 or alkyl succinimide and the cyclic carbonate are combined
20 in the proper ratio, either alone or in the presence of a

21 catalyst (such as an acidic, basic or Lewis acid catalyst),
22 and then stirred at the reaction temperature. Examples of
23 suitable catalysts include, for instance, phosphoric acid,
24 boron trifluoride, alkyl or aryl sulfonic acid, alkali or

as alkaline carbonate.

26

27 Alternatively, the reaction may be conducted in a diluent.
28 For example, the reactants may be combined in a solvent such
29 as toluene, xylene, oil or the like, and then stirred at the
30 reaction temperature. After reaction completion, volatile

B S components may be stripped off. When a diluent is employed,
32 it is preferably inert to the reactants and products formed
33 and is generally used in an amount sufficient to insure

34 efficient stirring.
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such ol efins such as copol yners of: ethylene and propyl ene, butylene, and

| sobutyl ene, etc. Other copolyners include those in which a m nor anount of
t he copol yner nononers, e.g., 1 to 20 nole percent, is a (Jerr] to (err]
nonconjugated diolefin, e.g., a copolyﬂQr of isobutyl ene and butadi ene or a
copol ynmer of ethylene,. propylene and 1,4-hexadi ene, et c. A particularly
preferred class of ol efin polynmers for reaction with mal ei c anhydri de
conpri ses the pol ybutenes, which are prepared by polynerization of one or

mor e ofpal- byfagiags, %maeheeanaﬁé §§@then§n Eﬁaegbiygmiﬂssa ﬁahg BF

pol ybut enes contalnln substanti al proport en
i sobut e JoBpseiainifey @éﬁtHPnrﬁFﬁUﬁdaﬁﬁeﬁtShefrﬂﬁﬁﬁéPénEYQEPBh may

or nay 00t hﬁth%obﬁ@b&bedrl au&-liﬁgpehwaburzaeas EHEYPé&eﬁféna{rEareadl ly

| | | [ k Ile
o oel o387 oo SRR TSR AE o R st iR arRet "PRRcRien Sampletifas the
3,215, P&7: 3y2&9p5&3n 365S$r6§95d3aﬁ?&léﬁﬁtednﬂeﬁpétﬂtﬁﬁés so0etCl tas U. S.
Pat ent 0 b db
at ent glgos. %é ?.%@ uzefl grégéurZFaBPGQXEPQ% C96?9£g%3 Y

r ef erence for t osure sul t{ I'tabl e
succi ni% anﬁ?@Pﬁ@@“ﬁéa ehsmaysbej prepgant in the product.
08

09 Alternatively, a continuous system may be employed in which
10 the alkenyl or alkyl succinic anhydride and polyamine are
11 added at the front end of the system while the organic
12 carbonate is added further downstream in the system. 1In
13 ° such a continuous system, the organic carbonate may be added
14 at any time after mixing of the alkenyl or alkyl succinic
15 anhydride with the polyamine has occurred. Preferably, the
16 organic carbonate is added within two hours after mixing of
17 the alkenyl or alkyl succinic anhydride with the polyaminé,
18 preferably after the major portion of the amine has reacted
19 with the anhydride.
20 '
21 In a continuous system, the reaction temperature may be
22 adjusted to maximize reaction efficiency. Accordingly, the
23 temperature employed in the reaction of the alkenyl or alkyl
24 succinic anhydride with a polyamine may be the same as or
25 different from that which is maintained for the reaction of
26 this resulting product with the cyclic carbonate. In such a
27 continuous system, the reaction temperature is generally
28 between 0°C to 250°C; preferably between 125°C to 200°C; and
29 most preferably between 150°C to 180°C.
30

- 3% The reaction of polyamino alkenyl or alkyl succinimides with
32 cyclic carbonates is known in the art and is described in
33 U.S. Patent 4,612,152, which is totally incorporated herein
4 by reference.
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copal ymer's havi ng alternating pol yal kyl ene and succi ni c groups, such as
those taught in U S. Patent No. 5,112,507, which is hereby incorporated by
ref erence. As used herein, the term"succinic ratio" refers to the

aver age nunber of succinic groups per gglyolefin group in the al kenyl or

al kyl succinic anhydride reaction prodaét of

- 10- mal ei ¢ anhydri de and pol yol efin. For exanple, a succinic ratio of
1.0 indicates an average of one succinic group per polyolefin group in the

al kenylopr a4 Kyl -SHoe 40 fy PWWELLAR cyclic carbonate is 1,3-dioxolan-2-
02 one (ethylene carbonate). Ethylene carbonate is
- 03 commercially.available or may be prepared by methods
04 well-known in the art. '
as
06 The molar charge of cyclic carbonate employed in the post-
07 treatment reaction is based upon the theoretical number of
08 basic nitrogens contained in the polyamino substituent of
09 the succinimide. Thus, when 1 equivalent of tetraethylene
10 pentamine (“TEPA") is reacted with two equivalents of
11 succinic anhydride, the resulting bis succinimide will
12 theoretically contain 3 basic nitrogens. Accordingly, a
13 - molar charge of 2 would require that two moles of cyclic
14 carbonate be added for each basic nitrogen or in this case
s 6 moles of cyclic carbonate for each mole of bis succinimide
16 prepared from TEPA. Mole ratios of the cyclic carbonate to
17 the basic amine nitrogen of the polyamino alkenyl
18  succinimide employed in the process of this invention are
19 generally in the range of from about 1.5:1 to about 4:1;
20 although preferably from about 2:1 to about 3:1.
21 .
22 As described in U.S. Patent No. 4,612,132, cyclic carbonates
23 may react with the primary and secondary amines of a
24 polyamino alkenyl or alkyl succinimide to form two types of
25 compounds. In the first instance, strong bases, including
26 unhindered amines such as primary amines and some secondary
27 amines, react with an equivalent of cyclic carbonate to
28 produce a carbamic ester. In the second instance, hindered
29 bases, such as hindered secondary amines, may react with an
30 equivalent of the same cyclic carbonate to form a
31 hydroxyalkyleneanmine linkage. Unlike the carbamate
32 products, the hydroxyalkyleneamine products retain their
a3 basicity.
3¢
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product - *'Li kewi se, a succinic ratio of 1.35 indicates an average of 1.35
succi ni ¢ groups per polyolefin group in the al kenyl or alkyl succinic
anhydri de product, and so forth. The succinic ratio can be cal cul at ed
fromthe saponification nunber (ng KO per gram of sanple), the actives
content of the al kenyl or alkyl succi 7% anhydri de product and the

mol ecul ar wei ght of the starting polyolefin. The actives content of the
al kenyl or al kyl succinic anhydride product is neasured in terns of the

vel ght Sher cARPERAINGELY! EndTrBRELISR of % oL durhoa MR 1§ 1
corresfénd polgamimpgalkenyteor atkylesuccimimideceanivield ia mixture
al kenybaor gkkplodleekDi CwRBAYEhE dfoPAPINArSd ORI @& qﬁwﬁi&&mm
POLYOTE " £8"ehS BabEY! Alefobin SE R Secdlalnlds {8 AREY WL,
[err] '
05 it is anticipated that a large portion of the primary and
06 secondary amines of the succinimide will have been converted
07 to hydroxy hydrocarbyl carbamic esters with some
08 hydroxyhydrocarbylamine derivatives also being formed. As
09 the mole ratio is raised above 1, poly(oxyalkylene) polymers
10 of the carbamic esters and the hydroxyhydrocarbylamine
11 derivatives are expected.
12
13 ' The modified succinimides of this invention can also be
14 reacted with boric acid or a similar boron compound to form
15 Dborated dispersants having utility within the scope of this
16 invention. In addition to boric acid (boron acid), examples
17 of suitable boron compounds includeshoron oxides, boron
8 halides and esters of boric acid. Generally from about 0.1
19 equivalents to 10 equivalents of boron compound to the
20 modified succinimide may be employed.

21

22 LUBRICATING OIL COMPOSITIONS AND CONCENTRATES
CONTAINING MODIFIED SUCCINIMIDES

23

24

25 The modified polyamino alkenyl or alkyl succinimides of this
26 invention are compatible with fluorocarbkon seals. At

27 concentration levels for which the additives of this

28 ipyention are compatible with fluorocarbon seals, they are
99 effective as detergent and dispersant additives when

20 employed in lubricating oils. When employed in this manner,
33 ‘the modified polyamino alkenyl or alkyl succinimide additive
32 is usually present in from about 1 to about 5 percent by

23 weight (on a dry polymer basis) to the total composition and

34
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wherein P = saponi fi cati on nunber of the al kenyl or alkyl

succi ni ¢ anhydri de sanple (ng KOH g) A = actives fraction of the
al kenyl or al kyl succi ni ¢ anhydri de sanpl e Klerr] =
nunber average nol ecul ar wei ght of the starting polyolefin

Merr]= 98 (nolecul ar wei ght of mal ei@lhhydri de)

01 preferably less than about 3 percent by weight (on a dry

02 polymer basis).

03

04 As used herein, the phrase "dry polymer basis" indicates

05 that only the modified succinimide compounds of this

06 invention are considered when determining the amount of the
07 additive relative to the remainder of a composition (e.q.,
08 lube 0il composition, lube o0il concentrate, fuel composition
09 or fuel concentrate). Diluents and any other inactives are
10 excluded.

11 . _

12 The lubricating o0il used with the additive compositions of
13 ° this invention may be mineral oil or synthetic oils of

14 lubricating viscosity and preferably suitable for use in the
15 crankcase of an internal combustion engine. Crankcase

16 lubricating oils ordinarily have a viscosity of about 1300
17 cSt at O0°F to 22.7 cSt at 210°F (99°C). The lubricating

18 o0ils may be derived from synthetic or natural sources.

19 Mineral oil for use as the base o0il in this invention

20 includes paraffinic, naphthenic and other oils that are

21 ordinarily used in lubricating oil compositions. Synthetic
22 o0ils include both hydrocarbon synthetic oils and synthetic
23 esters. Useful synthetic hydrocarbon oils include liquid

24 polymers of alpha olefins having the proper viscosity.

as Especially useful are the hydrogenated liquid oligomers of
26 C4 to C;; alpha olefins such as l-decene trimer. Likewise,
27 alkyl benzenes of proper viscosity such as didodecyl benzene
28 can be used. Useful synthetic esters include the esters of
29  poth monocarboxylic acid and polycarboxylic acids as well as
30  monohydroxy alkanols and polyols. Typical examples are

31  didodecyl adipate, pentaerythritol tetracaproate,

32 gj-2-ethylhexyl adipate, dilaurylsebacate and the like.

33 Complex esters prepared from mixtures of mono and
34
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C ‘ conversion factor = 112220 (for conversion of gram nol es
of al kenyl or al kyl succinic anhydri de per gram of sanple to
mlligrans of KCH per gram of sanpl e) The saponification
number, P, can be measured using knowppfrocedures, such as the procedure
described in ASTM D94.  The actives fraction of the al kenyl or alkyl
succi ni ¢ anhydri de can be determ ned fromthe percent of unreacted

pol yol efin according to the follow ng procedure. A 5.0 gram sanple of the

reacti @1 pr @by Tdlceiae ian Avdr m@ﬂoaaslapalln?a%w hithéiQ' ¥8fl hfisgexane,
placed a.colu of 80.0 grans of silica ge Davisil 62, a 140 angstrom

pore S|ze ke &8 and eluted with 1 liter of hexane. The per cent
unr eactodd ponoIefln i s determ ned by renoving the hexane sol vent under

bol yol ot ' BL¥AdE WP hyteckEughl Sl BAERT sPREneREEr §Thg) BFE°S1S0
Net  Wei%nt &seful. For example, lends of 10 to 25 weight percent
06 hydrogenated l-decene trimer with 75 to 90 weight percent
07 150 SUS (100°F) mineral oil gives an excellent lubricating
08 o0il base.
09 '
10 oOther additives which may be present in the formulation
11 include detergents (overbased and non-overbased), rust
12 inhibitors, foam inhibitors, corrosion inhibitors, metal
13 . deactivators, pour point depressants, antioxidants, wear
14 inhibitors, zinc dithiophosphates and a variety of other

15 well~-known additives.
1é

'17 It is also contemplated the modified succinimides of this

18 invention may be employed as dispersants and detergents in
19 hydraulic fluids, marine crankcase lubricants and the like.
20 When so employed, the modified succinimide is added at from
21 about 0.1 to 5 percent by weight (on a dry polymer basis) to
22 the oil, and preferably at from 0.5 to 5 weight percent (on
23 a dry polymer basis).

24

25 Additive concentrates are also included within the scope of
26 this invention. The concentrates of this invention usually
27 include from about 90 to 10 weight percent of an oil of

28 lubricating viscosity and from about 10 to 90 weight percent
29 (on a dry polymer basis) of the additive of this invention.
30 Typically, the concentrates contain sufficient diluent to

31 make them easy to handle during shipping and storage.

32 Suitable diluents for the concentrates include any inert

33 diluent, preferably an oil of lubricating viscosity, so that
34 the concentrate may be readily mixed with lubricating oils
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[err] Thé weight percent actives for the al kenyl or alkyl succinic
anhydri de product is calculated fromthe percent unreacted polyolefin using
the forml a: Wi ght Percent = 100 - Percent Unreacted Pol yol efin

Acti ves -23- - 12-

01 to prepare lubricating oil compositions. Suitable

-02 lubricating oils which can be used as diluents typically

03 have viscosities in the range from about 35 to about 500

o4 Saybolt Universal Seconds (SUS) at 100°F (38°C), although an
0s oil of lubricating viscosity may be used.

06

07  FUEL COMPOSITIONS AND CONCENTRATES
08 D _Succr s

09
10 When used in fuels, the proper concentration of the additive

11 necessary in order to achieve the desired detergency is

12 dependent upon a variety of factors including the type of
13 . fuel used, the presence of other detergents or dispersants
14 or other additives, etc. Generally, however, and in the
15 preferred embodiment, the range of concentration of the

16 additive in the base fuel is 10 to 10,000 weight parts per
17 million, preferably from 30 to 2,000 weight parts per

38 Rillion, of the modified succinimide per part of base fuel.
19 If other detergents are present, a lesser amount of the

20 Mmodified succinimide may be used.

21

22 The modified succinimide additives of this invention may
23 also be formulated as a fuel concentrate, using an inert
24 stable oleophilic organic solvent boiling in the range of
25 about 150°F to 400°F. Preferably, an aliphatic or an

26 aromatic hydrocarbon solvent is used, such as benzene,

29 ‘toluene, xylene or higher-boiling aromatics or aromatic

48 ‘thinners. Aliphatic alcohols of about 3 to 8 carbon atoms,
29 such as isopropanol, iscbutylcarbinol, n~butancl and the
10 like, in combination with hydrocarbkon solvents are also

a3 Suitable for use with the fuel additive. In the fuel

32 concentrate, the amount of the additive will be ordinarily
33 at least 10 percent by weight and generally not exceed

34
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The * act|Ves fraction of the al kenyl or alkyl succinic anhydride is then
cal cul ated as follows. [err] The percent conversion of Polyolefinis
cal cul ated fromthe wei ght percent actives as foll ows: [err]

wherein Merr]

= nunber average nol ecul ar wei ght of the

starting polyolefin -24-

01 70 percent by weight and preferably from 10 to 25 weight
02 percent (all on a dry polymer basis).

- 03

04 The following examples are offered to specifically

05 illustrate this invention. These examples and illustrations
06 are not to be construed in any way as limiting the scope of
07 this inventioen.

o8
09
10

EXAMPLES

11 Example 1. Preparation of PIBSA 2200 (succinic ratio = 1.1)

12
13
14
15
16
17
18
19
20
21
22
23
24
28
26
27
28
29
30
31
32
33
34

A 35.186 Kg, 16 mol., sample of Parapol 2200 (a 2200 Mn
polybutene available from Exxon Chemical Company) was
charged to a reactor and heated to 232°C.. During this.
time, the reactor was pressurized to 40 psig with
nitrogen and then vented three times to remove oxygen.
The reactor was pressurized to 24.7 psia. Then 1500 g
maleic anhydride was added over a thirty-minute period.
Then 4581 g maleic anhydride was added over a 4-hour
period. The total charge mole ratio (CMR) of maleic
anhydride to polybutene was 3.88. After the maleic
anhydride addition was completed, the reaction was held
at 232°C for 1.5 hour. Then the reaction was cooled
and the pressure reduced to 0.4 psia to remove any
unreacted maleic anhydride. To this was then added a
light neutral diluent oil. This was heated to 160°C
for 24 hours and was then filtered. This product wvas
found to contain 37.68 wt. % actives and had a
saponification number of 19.7 mg KOH/g sample. The
succinic ratio was 1.1 based on a polybutene molecular
weight of 2246 determined by GPC.
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M err]=.98 (nol ecul ar wei ght of mal eic anhydri de) SR = succinic
rati'o of al kenyl or al kyl succinic anhydri de product It is, of
course, understood that al kenyl or al kyl succinic anhydride products having
hi gh succinic ratios can be bl ended with other al kenyl succinic anhydrides
havi ng | ower succinic ratios, for exain%?'ratios of around 1.0, to provide
an al kenyl succinic anhydri de product having an internedi ate succinic

ratio. - 13-
01 Example 2. Preparation of PIBSA 1300 (succinic ratio = 1.1)
02
03 The procedure of Example 1 was repeated except that
04 Parapol 1300 (a 1300 Mn polybutene available from Exxon
oS Chemical Company) was used instead of Parapol 2200.
06 After dilution with diluent oil and filtration, this
07 product was found to contain 49.6 wt. § actives and a -
08 saponification number of 42.2 mg KOH/g sample. The
09 succinic ratio was 1.1 based on a polybutene molecular
10 weight of 1300.
11
12 Example 3. Preparation of PIBSA 2200 (succinic ratio = 1.5)
13
14 Parapol 2200, 42.8 Kg, 19.45 mol, was charged to a
i5 reactor and the temperature was increased to 150°C.
16 During this time, the reactor was pressurized to 40
17 psig with nitrogen and then vented three times to
18 remove oxygen. Then at 150°C, maleic anhydride, 4294
19 g, 43.82 mol, and di-t-butylperoxide, 523 g, 3.58 mol,
20 was added. The first 25% was added over 30 minutes.
21 The remainder was then added over 11.5 hours. The CMR
22 of maleic anhydride to polybutene was 2.25. The
a3 reaction was held at 150°C for one hour. Then the
24 reactor was heated to 190°C for 1 hour to destroy any
25 remaining di-t-butylperoxide. Then vacuum was applied
26 to the reactor and the unreacted maleic anhydride was
27 removed. This material was then diluted with a light
28 . . neutral oil and filtered. The product after filtration
29 had a saponification number of 31.6 mg KOH/g sample and
30 contained 45.62 wt. % actives. The succinic ratio was
kB S 1.5 for this material based on a polybutene molecular
32 weight of 2200.
33
34
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In general suitable succinic ratios for the al kenyl or al kyl succinic
anhydri de reactants enployed in preparing the additives of this invention
are greater than about 1 but |ess than about 2. Succinic anhydrides with
succinic ratios of about 2, when reacted _with am nes having greater than 4
nitrogen atoms per nmole and post-treate8°with a cyclic carbonate, form
gels. Accordingly, succinic ratios of about 1.7 or less are preferred.

The Pol yam ne React ant The polyanine to be reacted with the al kenyl or

al kyl suypgi nig, drd e |1;} ekt i RIPOP1eeal tﬁo[aol @c@.?u?:l kenyl or al kyl
succi ni m de enpldyed I n thls |nven lon 1s enerally pol'yal'kyl ene
polyamlﬁ? FW%%Q%QHﬁ)A %)he pol yal kyl ene polyanlne has greater than 4 am ne
ni trogeromt ons per nole, up to a maxi num of about 12 ami ne nitrogen atons
per ol Most preferre re pol yam nes havi ng.from abou about 7

ni t rogeﬁu at ons pe%’fﬁﬂ@c& %?é’q[;ur%gr !&' &rfi+fe WL ¥38n © Bﬁé'ﬁé"dpgf’ Aol e of

pol yam i i s cal cteraitbmarid/the\temperature was increased to 150°C.

06 During this time, the reactor was pressurized to

07 40 psig with nitrogen and then vented three times to

08 remove oxygen. Then at 150°C, maleic anhydride,

09 9332.66 g (95.23 mol), and di-t-butylperoxide, 1280 g
10 (8.77 mol) was added over 5 hours. Then the reaction
11 was maintained at 150°C for an additional 2 hours. The
2 reaction was then heated to 190°C for 1 hour to destroy
i3 any residual peroxide. The pressure was then reduced
14 to 0.4 psia and the excess maleic anhydride was

15 removed. The product was found to contain 65.4 wt. %
i6 actives and had a saponification number of 94.5 mg

17 KOH/g sample. The succinic ratio was 1.9 for this

i8 material based on a polybutene molecular weight of

19 1300.

20

21 Example 4B. Preparation of PIBSA 1300 (succinic
22 ratio = 1.5)

23

24 In order to produce a PIBSA with a succinic ratio of

25 1.5, the product from Example 4A, 629.1 g (succinic

26 ratio 1.9), was blended with diluent oil, 786.1 g. and
27 the PIBSA 1300 (succinic ratio = 1.1) from Exampie 2,
28 962.8 g (succinic ratio 1.1). This gave 2388 g of

29 PIBSA 1300 (succinic ratio = 1.5) with a saponification
30 number of 40.1 and wt. % actives of 35.4 and a succinic
1 ratio of 1.5.

32

3 3 [

ae -
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[err] wherein %N = percent nitrogen in polyamne or polyam ne

m xt'ur e Merr]a nunber average nol ecul ar wei ght of the

pol yam ne or pol yanm ne m xture Preferred pol yal kyl ene pol yam nes al so
contain fromabout 4 to about 40 carbon _atons, there being preferably from
2 to 3 carbon atons per al kyl ene uni t. “®Ae pol yam ne preferably

-14- '

01 Example 5. Preparation of BIS HPA-X PIBSA 2200 Succinimide
o2 {(succinic ratio = 1.1) '

03

04 To a 22 L three-necked flask equipped with a Dean Stark
0s trap was added 7655 g (1.34 mol) of PIBSA from

06 Example 1. This was heated to 130°C under nitrogen

07 with stirring and to this was added HPA-X, 162.2 g

08 (0.59 mol) over 2 hours. The temperature was increased
09 to 165°C. The amine/PIBSA CMR was 0.44. The reaction
10 was heated an additional 4 hours at 165°C. A total of
i1 25 cc water was removed. This product was analyzed and
12 found to contain 0.74 %N, 17.0 TBN, 1.08 TAN, a

13 viscosity at 100°C of 427.6 cSt and a specific gravity
14 at 15°C of 0.9106. This product contained about 40%

15 active material.

16

17 Examples 6-10, 13 and 14. Preparation of Other Succinimides
18

19 A number of other succinimides were prepared from a

20 variety of PIBSA’s and amines using the procedure

21 reported in Example 5. The analytical data for these
22 products are reported in Table I.

23

24 Example 11. Preparation of Ethylene Carbonate-Treated BIS
25 HPA~-X PIBSA 1300 (succinic ratio = 1.1)

26

27 The product from Example 8, BIS HPA-X PIBSA 1300

28 (succinic ratio = 1.1), 146.2 Kg, was charged to a

29 reactor and the temperature was heated to 100°C. To

30 this was added 20.4 Kg of ethylene carbonate over

31 thirty minutes. The temperature was increased to 165°C
32 over 2.5 hours and then maintained at this temperature
33 for 2 hours. A total of 14 Kg of precduct was obtained.
34 This product was analyzed and found to contain 1.51 %N,
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has'a carbon-to-nitrogen ratio of fromabout 1:1 to about 10: 1. The

pol yamine is so selected so as to provide at |east one basic am ne per
succinimde. Since the reaction of the polyanm no al kenyl or alkyl
succinimde with a cyclic carbonate is_eaieved to efficiently proceed
through a primary or secondary am ne, east one of the basic am ne atons
of the polyam no al kenyl or al kyl succinimde nmust either be a primry
amne or a secondary amine. Accordingly, in those instances in which the
succi ni mgge contai gy 9”‘r§u°”§ OEEESSQHSF &t &patcagknmvét §{5t h%{%%b& a
primary amine or a“sécon am ne f

pol'yam n82al kenyl &pegifie QUGUﬁEVnﬁEelﬁﬁ9 -1 §u3393tutﬂhem#BQIEUbs§ltuents
sel ectedobrom (A) Qxeaoges thBs mxééesa&bxg GEHEQ§nQé {hOfaB1 &0 2bout 10
car bon a%g , (C) acyl groups of from2 to about 10 carbon atons, and (D)
nmonohydr OXy, nononitro, nonocyano, |ower alkyl and | ower al koxy derivati ves
of (B) a8 (Cgxamples 12, 13 and 15-19. Preparation of Other Ethylene

06 Carbonate~Treated Succinimides

07

08 A number of other post-treated succinimides were

09 prepared from a variety of succinimides prepared from a
10 variety of PIBSA’s and amines uéing the procedures

i1 reported in the previous examples. These materials are
12 | reported in Table I.

13

14 Example 20. Preparation of a Bis HPA-X Succinimide from
15 PIBSA 1300 (succinic ratio = 1.9)

16

17 PIBSA 1300 prepared as in Example 4A (succinic

i8 ratio = 1.9), 13051 g, was mixed with 10281 g diluent
19 oil. This was heated to 75°C and to this was added

20 with stirring 1512 g HPA-X, 5.5 mol. The amine/PIBSA
21 CMR was 0.5 and the wt. % actives were calculated to be
22 about 40%. The temperature was heated to 169°C over

23 two hours and kept there for an additional two hours.
24 Vacuum was applied to help remove the water. Upon

25 cooling, a gel formed. So the reaction was reheated to
26 : 165°C under full vacuum for one additional hour. The
27 . product had 1.94 %N, TBN = 34.2, viscosity at 100°C of
?8 1267 cSt, and specific graviﬁy at 15°C of 0.9320.. Then
29 2638 g of this product was charged to a reactor and

30 heated to 165°C. To this was added 459.6 g ethylene

31 carbonate (5.2 mol). The ethylene carbonate to basic
32 nitrogen ratio was 2.0. When about half of the

33 ethylene carbonate was added, massive amounts of a gel
34 were formed. This could not be redissolved by
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"Lower", 'as used in terns like |lower alkyl or |ower alkoxy, neans a group
containing from1l to about 6 carbon atons. At |east one of the substituents
on one of the am nes of the polyamne is hydrogen, e.g., at |east one of
the basic nitrogen atons of the pol yamJdygd s a primary or secondary an no
nitrogen atom Exanpl es of suitable polyam nes that can be used to form
t he conmpounds of this invention include the follow ng: tetraethyl ene

pent am ne, pentaet hyl ene hexanm ne, Dow E-100[err] heavy pol yam ne (nunber

3v er agga Vm#gOBHPaAVpkbathear nawmnnge an%athéiomﬁt’ion\/l oif a50i0 ¢/ ?iﬁ?m?
ni on i de eav ] e ilable from
Uni on Car i de Corp8?'3f| o*hg %Bg}&gnd'fgf %&é %n%%%ﬁ%

.03 indicates that there is a gel problem when using PIBSA

04 1300 with a succinic ratio of 1.9.
05

06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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-15- . isoners such as branched-chai n pol yam nes and the previously
nment i oned substituted pol yam nes, including hydrocarbyl -substituted
pol yam nes. HPA- X heavy pol yam ne ("HPA-X") contains an average of
approximately 6.5 nitrogen atons per nole, and is a preferred pol yam ne.
I n addition, the polyam ne used as a r&dlfant in the producti on of
succi ni m des of the present invention need not be a single conmpound.
I nstead, the polyam ne may be a m xture in which one or several conpounds
predom e wth the e_c Li | pdigaked. I
i TR S o SARAI gy PALETREE: EkRhRFERTRIEN e or (he

tetraet ha/l ene pentam ne préepar

reacti on9®f dichl or oet hyl ene and anmonia wil | Ir;jve bot h I%{}R&nd hi gher
am ne negder §oeT gt ethytreme—tetran e —sub St tui et Pt ar - RES—ahie—
pent aet hgleneo s e{ but the _conposition willf be {argdly tetragthylen
pent ami né' and *FhgsaRpP i cal forFR At Y he tot al|l AW 7K n%png;?m(mg)
cl osely %\-'pprﬁxi matetit—of LmTaer'hz'I-errEr peTtarTe:
6 5 bis HPA-X PIBSA 2200 0.74] 17 428 0.9106
° (SR=1.1; A/P=0.44)
07 6 bis TETA PIBSA 1300 0.99| 15 278 0.9300
09 7 bis HPA-X PIBSA 2200 1.05| 25 1688 0.9219
{SR=1.5; A/P=0.5)
10 8 bis HPA-X PIBSA 1300 1.55 36 272 0.9214
111 (SR=1.1; A/P=0.5)
12 9 bis TETA PIBSA 2200 0.64] 10 1554 0.9339
13 - {SR=1.5; A/P=0.5)
10 bis TETA PIBSA 2200 0.41 5 491 0.9093
14 {SR=1.1; A/P=0.44)
15 11 EC bis HPA-X PIBSA 1300 1.51} 20 447 0.9393
16 (SR=1.1; A/P=0.5; EC/BN=2.0)
12 EC bis TETA PIBSA 1300 0.96 8 308 0.9282
17 (SR=1.5; A/P=0.5; EC/BN=2.0)
. 18 13 bis TETA PIBSA 1300 0.87] 15 145 0.9120
19 (SR=1.5; A/P=0.5)
20 14 bis EPA-X PIBSA 1300 1.52] 37 165 0.9142
(SR=1.5; A/P=0.5)
21 15 EC bis TETA PIBSA 1300 0.99] 11 136 0.9156
22 (SR=1.5; A/P=0.5; EC/BN=2.0)
23 16 EC bis HPA-X PIBSA 1300 1.46] 19 402 0.9330
(SR=1,5; A/P=0.5; EC/BN=2.0) .
24 .
17 EC bis HPA-X PIBSA 2200 0.63 9 660 0.9188
2s (SR=1.1; A/P=0.44; BC/BN=2.0)
26 18 EC bis HPA-X/DETA PIBSA 2200 | 0.44 6 48s 0.9132
27 (SR=1.1; A/P=0.40; EC/BN=2.4) :
19 EC bis HPA-X/DETA PIBSA 1300 | 1.18] 9.7 287
28 .. (SR=1.1; A/P=0.5; EC/BN=2.0)

29 Note: SR = succinic ratio
A/P = amine/PIBSA CMR

30 BEC/BN = ethylene carbonate/basic
31 nitrogen CMR

32

33
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ot hér exanpl es of suitable polyam nes include adm xtures of am nes of
various sizes, provided that the overall m xture contains greater than 4
nitrogen atons per nole. Included within these suitable polyam nes are

m xtures of diethylene triam ne ("DETALE and heavy pol yam ne. A preferred
pol yam ne adm xture reactant is a m xturé containing 20% by wei ght DETA and
80% by wei ght HPA-X; as deternined by the nethod described above, this
preferred pol yam ne reactant contains an average of about 5.2 nitrogen

at onms peganol 81 enddhd NOF SsRhn PESPEK 3dh 1 B ypd nes and their reactions
are detg&#ed ?negigggm?ck's RThe CXgan?@q e%?itry of Nitrogen", C arendon

Press, ord, 1966; Noller's "Chem stry of organic Conpounds”, Saunders,
Phi | adel p8i a, wgnéhése, td9B¥énd and test the additives in Examples 5-19 on

o4 an equal wt. % actives basis. This was because we were

05 trying to compafe products from four different PIBSA’s with
06 different molecular weights and different succinic ratios,
07 and two different amines with and without ethylene carbonate
08 treatment. In order to do this, we calculated the %N and
09 TBN that was expected for these compounds from the molecular
10 formulas for a product that contained 40 wt. % actives.

11 These data are reported in Table II. The succinimides from
12 Examples 5-18 were then blended into the finished oil for
i3 testing at a concentration of 7.5% of the 40 wt. % actives
14 material or at 3% on a dry polymer basis. The amounts of
1is succinimides were adjusted to take into account the

16 differences between the %N of the particular batch and the
17 ¥N expected for the example. For Example 19, a 5% blend of
i8 50 wt. % actives material or 3% on a dry polymer basis was
19 made.

20

21

22

23

24

as

26

27

28

29

30

31

32 This Sheet Has Been Repla
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-16- .and Kirk-OQ hner's "Encycl opedi a of Chem cal Technol ogy”, 2nd Ed.,
especially Volunes 2, pp. 99-116. The reaction of a polyamne with an

al kenyl or al kyl succinic anhydride to produce pol yam no al kenyl or al kyl
succinimdes is well known in the art and is disclosed in U S Patents Nos.
2,992, 708; 3,018,291; 3,024,237; 3,10078%3; 3,219,666; 3,172,892 and
3,272,746. The above are incorporated herein by reference for their

di scl osures of preparing al kenyl or aIkyI succininides Generally, a

sui tabl e gnlar char ge of pohganin to_al ken succi ni ¢ anhydri de
REs ing e CAM I

for makity the conpounds oft veRHEBRE] PRt TBN35: 1 to about
0.6:1; a®2hough preferably fromabout 0.4:1 to about O0.5:1. As used
herein, §4e phrasg—rplar—eharge—ot—polyai-re—to—alkepu—or—allyl—sicclnj ¢
anhydridg; means 1heoug:tﬁaof t he
05 Example DESCRIPTION % ACTIVE| %N | TBN
06 No.:
07 S bis HPA-X PIBSA 2200 40 0.72 17
08 6 |bis TETA PIBSA 1300 40 0.77] 12
09 7 bis HPA-X PIBSA 2200 40 1.00 25
10 8 bis HPA-X PIBSA 1300 40 1.14 26
11 9 bis TETA PIBSA 2200 40 0.67| 10
12 10 |bis TETA PIBSA 2200 40 0.48| 5
13 11 EC bis HPA-X PIBSA 1300 40 1.14 15
:; 12 EC bis TETA PIBSA 1300 40 0.77 6
16 13 bis TETA PIBSA 1300 40 1.07 16
17 14 bis HPA-X PIBSA 1300 40 1.57 38
18 15 EC bis TETA PIBSA 1300 40 1.07 12
19 16 EC bis HPA-X PIBSA 1300 40 1.57 20
20 17 EC bis HPA-X PIBSA 2200 40 0.72] 10
:: 18 ggsgiszggﬁ—xlnnwa 40 [o0.59] 7
:: 19 ggs§;s1§§% X/DETA 50 [1.18] 10
25
26 The additive compounds prepared in accordance with preceding
27 Examples 5-19 were tested for fluorocarbon seal
28 compatibility using the Volkswagon PV-3344 test procedure
29 for seal testing of motor oils. The results are displayed
30 in Table IIXI. The PV-3344 test procedure is a revised
31 version of the earlier PV-3334 test procedure. This test
32 procedure measures the change in physical properties of
:: elastomer seals after they have been suspended in an oil
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nunber of" nol es of polyanine to the nunber of noles of succinic groups in
t he succinic anhydride reactant. The nunber of noles of succinic groups in
t he succinic anhydride reactant is determ ned as foll ows: [err]
wherein P and C are as defined above. _3§0ST- TREATMENT OF THE POLYAM NO
ALKENYL OR ALKYL SUCCINIM DE WTH A CYCLI C CARBONATE  The pol yam no

al kenyl or al kyl succinimdes forned as descri bed above are then reacted
with a cyclic carbonate. The resulting nodified pol yam no al kenyl

succi ni Mye hswlydkon. Tensile strength (TS) and elongation (EL) of thies is
the repléymﬁnggaéﬁgﬁgr seals are measured. In addition, the seals are
03 also visually inspected for cracks (CR) after they are
o4 removed from the test oil. Details of the PV-3344 test

05 procedure are available from Volkswagon.
06

07
08
09
10
11
12
13-
14
15
16
17
18
19
20
21
22
23
24
25
26
27
i8
29
30
31
32
33 e

————
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-17- -or nmore nitrogens of the polyanino noiety substituted with a

hydr oxy hydrocar byl oxycarbonyl, a hydroxy pol y(oxyal kyl ene) oxycarbonyl, a
hydr oxyal kyl ene, hydroxyal kyl enepol y- (oxyal kyl ene), or m xture thereof.
The products so produced are conpatible with fluorocarbon seals and are
effective dispersant and det er gent addit§Ves for | ubricating oils and for
fuel s. The reaction of a polyam no al kenyl or al kyl succinimde with a
cyclic carbonate is conducted at a tenperature sufficient to cause reaction

of the gqclic carbonate WphBrp 171 - (PV-3344 TEST RESULTS)

02 .
Additive | Concentration of TS EL CR
.03 Compound | Additive (Wt. %) | (Pass 2 8.0) | (Pass 2 160) | (Pass = N)
of Example -
04 "~ Ne.
05 1.6 10.0 203 N
06 2.0 9.4 189 N
5 2.4 8.8 196 N
07 2.4 8.0 175 Y
2.8 7.8 176 Y
08 3.2 7.2 167 Y
09 6 1.6 10.8 218 N
2.4 9.6 197 N
10
7 1.6 10.9 220 N
11
8 1.6 6.5 155 Y
1z 2.4 6.0 146 . ¢
13- 9 1.6 11.7 232 N
14 10 1.6 12.5 244 N
15 3.2 11.7 240 N
1.6 6.0 139 Y
16 i1 2.8 5.8 141 Y
17 12 1.6 10.9 216 N
18 13 1.6 11.2 224 N
19 2.4 S.4 196 N
1.6 6.9 160 Y
20 14 2.4 5.6 137 Y
21 15 1.6 11.7 ‘233 N
22 2.4 10.7 207 N
23 16 1.6 6.8 153 Y
2.4 6.4 148 Y
24
1.6 9.0 188 N
25 2.0 8.8 180 N
17 2.4 8.8 196 N
26 2.8 7.5 172 Y
28 1.6 . 12.1 238 N
2.0 11.6 233 N
29 18 2.4 11.1 220 N
2.8 10.7 220 N
30 3.2 10.0 206 N
31 19 1.6 10.1 186 N
2.8 8.3 150 Y
32
33
34
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t he '‘pol yam no al kenyl or al kyl succinimde. In particular, reaction
tenperatures of fromabout Qerr]C to about 250[err]C are preferred with
tenperatures of fromabout 100[err]C to 200[err] C being nore preferred and
tenperatures of from 150C to 180[err] C_age nost preferred. The reaction
may be conducted neat, wherein both the al kenyl or alkyl succinimde and
the cyclic carbonate are conbined in the proper ratio, either alone or in
the presence of a catalyst (such as an acidic, basic or Lewis acid

catal ystpa anehg haatéi-él;éﬁefl cpEEL 168.CHE Obhé AP € V¥ ColpRiiis wedfe
sui tabl e gataggsts i nC
e1

TP 1 vor P, ENRD: epted e g the cbeienod Vi Merigide Kert RFeSH e, @s
Al ternat P%el ydefbnedeint ASTMnPyopesed idechadi: 212 a diietest-oresstargs e, the
ko, gt noatSngroEhE Cehinds :aYE Ao Ehufile PLURYE (R85 Hha Hyeslgd "¢
conpl eti 8%, vengineevarnishecEVhay ?kﬁs%ggkﬁkﬁl%ﬁ?.r%ﬂﬂitﬁiﬁﬂﬂlkhﬁ i s
enpl oyedo6i t EEmpPoehAsEABEYEXARples 05L1¢ dLACENGNE BNdraprsiunts fprdBshqand
'S genergh Y Uelrele 2PallP Ve 0t 516" (&8 A "EEY SSlynct Fasis) Wasd' -

cse chosen as an appropriate concentration level for the Seqg. VE

09 test since treat rate levels exceeding 3% are generally too

10 high for the resulting additive package to be priced

11 competitively in the marketplace. Examples 17 and 18 were

12 each run at concentration levels of 2.0 and 1.5% (on a dry

13- polymer basis).

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31 e
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-18-° ‘Wat er, which can be present in the polyanmi no al kenyl or alkyl
succi nimde, nmay be renoved fromthe reaction systemeither before or
during the course of the reaction via azeotroping or distillation. After
reaction conpletion, the systemcan be stripped at el evated tenperatures
(100[err]C to 250[err]C) and reduced pr&38dres to renpve any vol atile
conponents which nmay beé present in the product. Alternatively, a

conti nuous system may be enployed in which the al kenyl or alkyl succinic

anhydri de fnd pol yam ne are_added %t the front end of the systemwhile the
or gani ¢ 0 TABLE IV - (SEQ. VE TEST RESULTsy

02
03 Compound of Dose AES AEV
04 Example No. (Wt. %) (Pass > 9.0) (Pass > 5.0)
05 5 3.0 9.4 5.6
o‘ 6 3.0 [ ) [ ]
07 7 3.0 9.5 6.0
08 8 3.0 7.7 4.6
09 9 3.0 9.3 5.6
10 10 3.0 8.9 4.0
11 11 3.0 9.1 5.9
12

) 12 3.0 8.7 4.1
13
14 13 3.0 9.1 5.1
18 14 3.0 9.3 5.4
16 15 3.0 9.4 5.3
17 16 3.0 9.4 . 6.4
18 2.0 9.4 5.9
15 17 1.5 9.2 5.3
20 2.0 9.3 5.1

18 1.5 8.7 4.4

21
22 19 3.0 8.9 4.7
23

24 Tables V-VII examine the effect of three structural

as parameters on PV-3344 and Seq. VE test performance. TS data
26 (@ a concentration level of 1.6 wt. %) is used as an _

27 indication of PV-3344 test performance. AES and AEV data

28 are used as an indication of Seq. VE test performance.

29 Table V shows the effect of the polybutene substituent’s

30 molecular weight on the additive’s performance in both

31 tests; Table VI shows the effect of the number of amine

32 nitrogen atoms per mole on the additive’s performance in

33 both tests; and Table VII shows the effect of post-treatment
34
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carbonate’ is added further downstreamin the system

system
al kenyl
Pr ef erab
t he al ke
after th

the organic carbonate may be added at any tine after

or al kyl
ly,
nyl
e nmaj or

or al kyl

In such a conti nuous

m xi ng of the

succi nic anhydride with the pol yam ne has occurred.
m xi ng of
preferably

succi ni ¢ anhydri dé

t he organic carbonate is added within two hours after
' 3¢t h the pol yani ne,
portion of the am ne has reacted with the anhydri de.

In

continuous system the reaction tenperature may be adjusted to maxim ze

reactio
of the a
as or

t he rea
preferab

succi ni na es
U S. Patent

ff|
eny

Ol’lt

FLE donffé

¢ i

1'9‘%%%%‘?%"

07 compounds listed in Table

dhatdh bt

Pifer 48 i

er y el oye

VR BeEtorhan
di 92 er dvoth rkestsat which is maintained for the reaction of this
resul tingg product with the cyclic carbonate.

n the r.eaction

a

e ithe sane

In such a continuous system
rature i s general ly between O[err]C é§b250[err]c

11%- [EVi G (the@gipqunds are
150[ err]ast o éaﬁ’&i i, thd hﬁ:ﬂ;&ﬁﬁid@raﬂffeiolmry

PRAHES -beFR&en
%hhﬁ&ﬂat%&eab&ﬁhlned

i.n the i S descrlbed in
%glﬁ PAd LR gnce

(effect of polybutene Mn)

08 compares Examples 6 and 10. Example 6 has a succinic ratio
09 of 1.1, is made from a TETA polyamine, is not post-treated
10 with ethylene carbonate, and contains a 1300 Mn polybutene
11 substituent. Example 10 likewise has a succinic ratio of"
12 1.1, is made from a TETA polyamine, and is not post-treated
13° with ethylene carbonate. However, Example 10 contains a
14 2200 Mn polyisobutene substituent.
i5
16 TABLE V -~ (EFFECT OF POLYBUTENE Mn)
17
Ethylene
18 Compound Carbonate
of Example|Succinic|Amine Post~- Polybutens | PV-3344| Seq. Seq.
19 No.: Ratio Type [ Treatment Mn TS VE AES|VE AEV
20 6 1.1 | TETA No 1300 10.8 8.0 3.4
21 10 1.1 | TETA No 2200 12.5 8.9 4.0
S 1.1 jHPA-X No 2200 10.0 9.4 5.6
23 11 1.1 |upa-x| ves 1300 6.0} 9.1 s.9
25 14 1.5 |BHPA-X No 1300 6.9 9.3 5.4
7 1.5 HPA~-X No 2200 10.9 9.5 6.0
26 .
13 1.5 TETA No 1300 11.2 9.1 5.1
27 9 1.5 | TETA No 2200 11.7 9.3 5.6
m
28 Average - - - 1300 - 8.3 8.6 4.9
Average - - - 2200 10.8 9.3 5.4
29
30
31 Table V demonstrates that a polyisobutene Mn of 2200 gives
32 better PV-3344 and better Seq. VE results than a
33 polyisobutene Mn of 1300.
34

110
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- 19- . A particularly preferred cyclic carbonate is 1, 3-di oxol an-2- one
(et'hyl ene carbonate). Ethylene carbonate is commercially avail able or may
be prepared by nmethods well-known in the art. The nol ar charge of cyclic
carbonat e enpl oyed in the post- treatnggh_reaction I s based upon the

t heoretical nunber of basic nitrogens coftained in the polyam no
substituent of the succinimde. Thus, when 1 equivalent of tetraethylene
pentam ne ("TEPA") is reacted with two equival ents of succinic anhydride,

the resuyjing bis succinimpdg Wy - (EFFECT OF AMINE TYPE)

02
Ethylene
03 Compound Carbonate
of Example]Polybutens|Succinici Post- Amine |PV-3344| Seq. Seq.
04 No.: Ma Ratio |Treatment| Type TS |VE AES |VE aEv
05 6 1300 1.1 No TETA 10.8 8.0 3.4
06 8 1300 1.1 No HPA~X 6.5 7.7 4.6
07 10 2200 1.1 No TETA 12.5 8.9 4.0
5 2200 1.1 No HPA-X 10.0 9.4 5.6
08 9 2200 1.5 No TerA | 11.7| 9.3 | 5.6
09 7 2200 1.5 No HPA-X 10.9 9.5 6.0
10 12 1300 1.1 Yes TETA 10.9 8.7 4.1
11 1300 1.1 Yes HPA-X 6.0 9.1 5.9
11
13 1300 1.8 No TETA 11.2 9.1 5.1
2 14 1300 1.5 No HPA-X 6.9 9.3 5.4
13 15 1300 1.5 Yes TETA 11.7 9.4 5.3
16 1300 1.5 Yes HPA-X 6.8 9.4 6.4
14 — - = _= e SR
15 Average - - TETA 11.5 8.9 4.6
Average - - HPA-X 7.9 9.1 5.6
16
17
18 17 2200 1.1 Yes HPAX 9.0 9.4 5.9
18 2200 1.1 Yes DETAMPAX | 12,1 9.3 5.1
19 11 1300 1.1 Yes HPAX 6.0 9.1 5.9
20 19 1300 1.1 Yes DETARPAX | 10.1 8.9 4.7
21 Average - - - HPAX 7.8 9.25 5.9
Average - - - DETAMPAX 11.1 9.1 4.9
22
23

24 When comparing TETA (4 N atoms per mole) and HPA-X (avg. of
25 6.5 N atoms per mole) polyamines, Table VI shows better

26 PV-3344 performance for TETA. The Seq. VE (AES) results for
27 HPA-X were slightly better than for TETA. Also, Seq. VE

28 (AEV) ‘results were significantly better for the HPA-X :

29 Ppolyamine than for TETA. While TETA appears to be the best
30 amine type for PV-3344 performance, it is unacceptable for
33 Seq. VE performance. The concentration levels of additives
32 containing a TETA amine necessary to achieve suitable Seq.
33 VE performance (AEV in particular) are generally

34
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thebietibhlly contain 3 basic nitrogens. Accordingly, a nolar charge of 2
woul d require that two noles of cyclic carbonate be added for each basic
nitrogen or in this case 6 noles of cyclic carbonate for each nole of bis
succi ni m de prepared from TEPA. Ml e ratiges of the cyclic carbonate to the
basic am ne nitrogen of the polyam no alkenyl succinimde enployed in the
process of this invention are generally in the range of fromabout 1.5:1 to
about 4:1; although preferably fromabout 2:1 to about 3:1.  As described
in US Patenﬁn&eceﬁtéafelﬁaca&yélwefaéi@r@é&&a@v teapl1y tfod e primary
and secoggary an1nei gf aﬁpol am no al kenyl or alkyl succinimde to form
two typesof TOMRBBLELVe | tredk ¥3%®:t instance, strong bases, including
unhi nder@3 am nes such as prinmary am nes and sone secondary am nes, react
with an ggui vighgn L C nat e~ r%ﬂuﬁg | er, Jn the
second i pstance, ?ﬁ%ae?%%&l')a%fé??ﬂg%hﬁé&s%:?n ere %e%%%ygw eg(, J'r"rlay
react wiPH anT3Qle Bf cFiovs Ehat sthe RETA/HPA-X (Rakvanine fgave a
Eygroxya“y: eSLgi PEcaneik gf'etﬁ&!trlﬂ@-:{fhﬂ C@ébéiﬂ@éte %! dolparison also
ydroxyasy! eeaiL "EnPt HELE &5 A1y P& ‘than the DETA/HPA-X

08 admixture for Seq. VE (AES) results. Also, the Seqg. VE

09 (AEV) results were better for HPA-X than for the DETA/HPA-X
10 admixture.

11
12 TABLE VII - (EFFECT OF POST-TREATMENT WITH
i3. ETHYLENE CARBONATE)
14
Ethylens
15 Compound Carbonate
of Example Poly~- Succinic| Amine Post- |PV-3344|8eq. VE|Saq. VE

16 No.1 butene Man | Ratio Type | Treatment TS AES ARV
17 ' 5 2200 1.1 | =#PA-X No 10.0 9.4 5.6
18 17 2200 1.1 HPA-X Yes 9.0 9.4 5.9
19 6 1300 1.1 TETA Ro 10.8 8.0 3.4

12 1300 1.1 TETA Yes 10.9 8.7 4.1
20. 8 1300 1.1 |HPA-X No 6.5 7.7 4.6
21 11 1300 1.1 HPA=-X Yes 6.0 9.1 5.9
22 13 1300 1.5 TETA No 11.2 9.1 5.1

15 1300 1.8 TETA Yes 11.7 9.4 5.3
23
24 16 1300 1.5 HPA-X Yes 6.8 9.4 6.4
25 Average - - - No 9.1 8.7 4.8
26 Average - - - Yes 8.9 9.2 5.5
27

28 Table VII shows that post-treatment with ethylene carbonate
29 gives slightly poorer PV-3344 performance than without

30 post-treatment. However, those succinimides which were

31 modified by post-treatment with ethylene carbonate performed
32 significantly better in the Seq. VE test (both AES and AEV).
33

34
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Thi-s is.the replacenent sheet - 20-
Accordingly, the reaction of a cyclic carbonate with a polyam no al kenyl or
al kyl succinimde may yield a m xture of products. Wen the nolar charge of
the cyclic carbonate to the basic nitrogen of the succinimde is about 1 or
less, it is anticipated that a | arge pofOron of the primary and secondary
am nes of the succinimde will have been converted to hydroxy hydrocar byl
carbam c esters with sone hydroxyhydrocar byl am ne derivatives al so being
formed. €§ The conclusions that can be drawn from the above Tables are

o2 summarized in Table VIII.

03

04 TABLE VIII (CONCLUSIONS)

08 Batter Better Better

06 PV~3344 Seg. VB (AES) | Seq. VE (AEV)
07 Performance Performance Parforsance

o8 ™ fgggg'ggfﬁ;gﬁoﬁn 2200 2200 2200

09 B. Post-Treatment (Yes No

10 ::rggx)m::th ethylene (slightly) Yes Yes

11

12 O eTa be HPA-X TETA (.ffgﬁziy, HPA-X

13 2. HPA or DETA/HPA-X DETA/BPA-X ‘.fgz:ZEY’_ HPA=X

14 -

15

16 Table VIII shows that the most desirable additives contain a
17 2200 Mn substituent, are derived from a polyamine having
18 greater than 4 nitrogen atoms per mole, and are post-treated
19 with ethylene carbonate.

20 ’

21 While TETA appears to be the best amine type for PV-3344
22 performance, the concentration levels required for this

23 amine type to achieve suitable Seq. VE performance (AEV

24 results in particular) are unacceptable because they are too
25 high to allow for a competitive treat rate. Accordingly,
26 the amine should have greater than 4 nitrogen atoms per

27 mole.

28 .o . :

29 For multi-grade oil applications, the succinimide additive
30 Ay be derived from a succinic anhydride having a succinic
31 ratio of approximately 1.5. However, the viscosity index
32 improvement which accompanies succinimides having succinic
33 ratios of about 1.3 or greater is not always desirable.

34 Instead, for some applications, such as single-grade oil
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the nole ratio is raised above 1, poly(oxyal kyl ene) pol yners of the
carbam c esters and the hydroxyhydrocarbyl am ne derivatives are expected.
The nodified succinimdes of this invention can also be reacted with boric
acid or a simlar boron conpound to forigqorated dispersants having utility
Wi thin the scope of this invention. In addition to boric acid (boron acid),
exanpl es of suitable boron conpounds include boron oxides, boron halides
and esters of boric acid. Generally fromabout 0.1 equivalents to 10

equi val elis offowuqat%moanéubemhe a‘adhbi stéuﬁﬁéﬂi abgeteyzbe enpl oyed.

LUBRICATI G O L NG MODI FI ED

SUCCI NI M gES PreLEr Nf Sggﬁ‘& E&SS\IC% R@ﬁ?l dS?iﬁéi?Ly\‘F suERFRREFMeECof this
i nventi of3ar e Exampdei 20c (watle firoor ther BiBSAcef SExdmplensR)it shbwsnthavel s
Lo, ahi odl e sRidGubike Rkl oot DBUER! 108 2EE GANBBLLEARLY bLclbuR! 9674 PO"

seal s, they are efrective as t “and dispersan
enpl oyed %°n | ake E9EMRG - oj %coméngém syseimct ratigangreater than 1 but

06 less than about 2 are acceptable, with succinic ratios less
07 than about 1.7 preferred.

08

09 Succinimide additives having a 2200 Mn alkenyl or alkyl

10 group which are derived from an amine having greater than 4
11 nitrogen atoms per mole, and which are post-treated with

12 ethylene carbonate, are compatible with fluorocarbon seals
13- at concentration levels for which they are excellent

14 detergent additives. Such additive compounds (Examples 17
15 and 18) pass the Seq. VE test at low concentration levels
16 and are desirable because less of the additive is needed in
17 additive packages, thereby resulting in lower-cost oil

18 formulations.
19

20
21
a2
23
24
25
a6
27
28
29
30
31
32
33
34
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t he nodi fi'ed pol yam no al kenyl or al kyl succininmide additive is usually
present in fromabout 1 to about 5 percent by weight (on_a dry_pol ymer
basis) to the total conposition and -21-
preferably | ess than about 3 percent by weight (on a dry mfmsm&m Réplace

As used herein, the phrase "dry polynerﬁ%wls" |nd|cates

nodi fi ed SUCC|n|n1de conpounds of this invention are cons

determ ning the amount of the additive relative to the renaln

conmposi t iggn (ﬁHﬂT’IEUEiAQkEDCTQDOS't'On | ube oil concentrate, fuel

conposi tion
02

03 1. A modified polyamino alkenyl or alkyl succinimide

04 comprising the succinimide reaction product of:

0S5 '

06 (i) an alkenyl- or alkyl-substituted succinic

07 anhydride derived from a polyolefin having a Mn
08 of about 2000 to about 2700 and a Mw/Mn ratio of
09 about 1 to about 5; and

10

11 (ii) a polyalkylene polyamine having greater than

12 4 nitrogen atoms per mole;

13

14 wherein the succinimide reaction product is

s post-treated with a cyclic carbonate.

b N

17 2. A modified polyamino alkenyl or alkyl succinimide

-18 according to Claim 1 wherein the charge mole ratio of
19 (ii) to (i) is from about 0.35:1 to about 0.6:1; and
20 the charge mole ratio of cyclic carbonate to basic
21 amine nitrogen in the succinimide reaction product is
22 from about 1.5:1 to about 4:1.

a3

24 3. A modified polyaminc alkenyl or alkyl succinimide

2s according to Claim 1 wherein the polyolefin has a Mn
26 value of about 2100 to about 2400.

27

28 4. A modified polyamino alkenyl or alkyl succinimide

29 according to Claim 3 wherein the polyolefin has a Mn
30 value of about 2200.

31

32 5. A modified polyamino alkenyl or alkyl succinimide

33 according to Claim 1 wherein the polyolefin is

34 polybutene.
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or fuel concentrate). Diluents and any other inactives are- excluded. .- .- The-
| ubricating oil used with the additive conpositions of th& tipon

be mneral oil or synthetic oils of lubricating viscosity

suitable for use in the crankcase of an jnternal conbustio ﬁ Tﬁ
Crankcase lubricating oils ordinarily haVe a viscosity of

Jerrel]F to 22.7 ¢St at 210[err]F (99[err]C, The lubricating oils nay be
derived fromsynthetic or natural sources. Mneral oil for use as the base
oil in this igvent e hbni hthe s that
are ordipgrllg use BOBPQ%F?C 25ﬁ ? éikeﬁ P 6€n§iﬁ%?n€%8%bﬁio? % I ncl ude
both hyd8car bon s?ﬁFﬁEﬂP&goFPsC&ﬁHms§th@¥¢éﬂe§b%rB°1Ih%tﬁmes?ﬂthet|c
hydrocarb8n oils i peliyisobugehd.pol ymers of al pha ol efins having the proper
viscosity, Especially useful are the hydrogenated liquid oligoners of C6 to
derr] alpha ol ef ins such as 1-decene trinmer. Likew se, alkyl benzenes of
proper vP3cosi7ty sdchodéfdedopetyambrazalkenph or alleyll siseéimimideé hetic

t | ude th f
aci 05 as el | as TeRoRydrs COrERaTRC R ahasets nd BELAERPENE Ao
di dodecyP?adi pat e, ﬂﬁnEHGP?FHrFPéD ﬁeFPaEB@FEa}% natrqgemhytm@aype:mmque
di l auryl ¢8bacate and the |ike.

09 8. A modified polyamino alkenyl or alkyl succinimide

10 according to Claim 7 wherein the polyalkylene polyamine
11 has from about 5 to about 7 nitrogen atoms per mole.

12

13" 9, A modified polyamino alkenyl or alkyl succinimide

14 according to Claim 8 wherein the polyalkylene polyamine
15 is Union Carbide HPA-X heavy polyamine.

16

17 10. A modified polyamino alkenyl or alkyl succinimide

18 according to Claim 8 wherein the polyalkylene polyamine
19 comprises 20% by weight diethylene triamine and 80% by
20 weight heavy polyamine.

2l

22 11. A modified polyamino alkenyl or alkyl succinimide

23 according to Claim 1 wherein the succinic anhydride has
24 a succinic ratio from about 1 to less than about 2.

28

26 12. A modified polyamino alkenyl or alkyl succinimide

27 ' according to Claim 11 wherein the succinic anhydride

28 has a succinic ratio from about 1 to less than about

29 1.3.

30

31 13. A modified polyamino alkenyl or alkyl succinimide

32 according to Claim 11 wherein the succinic anhydride

a3 has a succinic ratio from about 1.3 to about 1.7.

34




Conpl ex €sters prepared from nixtures of nmono and-

-22- di carboxylic acid and nono and di hydr oxy aH% @ﬂ&§ﬂgqﬁﬂgi e@e used.
Bl ends of hydrocarbon oils with synthetic oils are a

exanpl e, blends of 10 to 25 wei ght pergggt hydrogena rlner
with 75 to 90 wei ght percent 150 SUS (100[err]F) mn

excel lent lubricating oil base.

01 14. A modified polyamino alkenyl succinimide according to

02 Claim 1 wherein the cyclic carbonate is ethylene
. 03 carbonate.
04
05 15. A modified polyamino alkenyl or alkyl succinimide
06 according to Claim 1 wherein the polyolefin is
07 polyisobutene having a Mn of about 2200, the succinic
08 anhydride has a succinic ratio from about 1 to about
09 1.7, the polyalkylene polyamine comprises Union Carbide
10 HPA-X heavy polyamine, the charge mole ratio of (ii) to
11 (i) is from about 0.4:1 to about 0.5:1, the cyclic
12 carbonate is ethylene carbonate, and the charge mole
13- ratio of cyclic carbonate to basic amine nitrogen in
14 the succinimide reaction product is from about 2:1 to
s about 3:1.
16
1?7 16. A modified polyaminc alkenyl or alkyl succinimide
18 according to Claim 1 wherein the polyolefin is
19 polyisobutene having a Mn of about 2200, the succinic
20 anhydride has a succinic ratio from about 1 to about
21 1.7, the polyalkylene polyamine comprises 20% by weight
22 diethylene triamine and 80% by weight Union Carbide
23 HPA-X heavy polyamine, the charge mole ratio of (ii) to
24 (1) is from about 0.4:1 to about 0.5:1, the cyclic
a5 carbonate is ethylene carbonate, and the charge mole
26 ratio of cyclic carbonate to basic amine nitrogen in
27 the succinimide reaction product is from about 2:1 to
28 about 3:1.
29
30 17. A lubricating oil composition comprising a major amount
31 of an oil of lubricating viscosity and an effective
32 amount of a modified polyamino alkenyl or alkyl
33 succinimide sufficient to be compatible with
34 fluorocarbon seals and simultaneously control engine
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Ot her additives which may be present in the formulation include detergents

i nhi bitors,

(overbased and non-overbased), rust inhibitors, foam i nhi bi tBrsShes tasBesn
i nhi bitors,

addi ti ves.

nmet al
zinc
It i

deactivators, pour point depressants, antio
dlthlophosphates and ggariety of other meH
s also contenplated the nodified su00|n|n1des

i nvention may be enpl oyed as di spersants and detergents in hydraullc
fluids, marine crankcase |ubricants and the |ike. \Wen so enpl oyed, the

”Dd'f'edlsucc'”'”bdﬁd ® aﬁaedaehiEhQnwaagainotﬁetﬁoéiffé&egﬁcéynfﬁiaét (on

a dry paly
percent%(

nmer bas

within ©8e scope of this invention. The concentrates of this invention

usual 1y gigh
VISCOSIt%
of the &3di

clude f
and fro
itive o

e Rk R e A O
f thi sanhvénﬂﬂsnderipaéatrsm ahpowqbeﬁinahvs BYNA HMm

L

i

IS and era rom0.5 to 5 wei ght
on a drycﬁgpygéPsb Ps?ucclﬁgBFFFVEeEéﬁgﬁﬂtPﬁ?ﬁgcﬁrﬁfalso |gcluded

i ng

mer basi s)

suffici gt diluent to ng¢cabb@® 8880 6. Hﬁadhezﬁdb'aﬁdsb'ﬁWYﬂﬂ PREi St OF age.
SU|tabI%7d|Iuents for thgoc%ncentra es_inclu g any inert

o8
09
10
11
12

13-

14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

18.

19.

20.

to about 5; an

(1i) a polyalkylene polyamine having greater than
4 nitrogen atoms per mole;

wherein the succinimide reaction product is
post-treated with a cyclic carbonate.

A lubricating oil composition according to Claim 17
wherein the charge mole ratio of (ii) to (i) is from
about 0.35:1 to about 0.6:1; and the charge mole ratio
of cyclic carbonate to basic amine nitrogen in the
succinimide reaction product is from about 1.5:1 to
about 4:1.

A lubricating oil composition according to Claim 17
wherein the polyolefin has a Mn of about 2100 to about

2400.

A lubricating oil composition according to Claim 19

wherein the polyolefin has a Mn of about 2200.

2l.

22.

A lubricating oil composition according to Claim 17
wherein the polyolefin is polybutene.

A lubricating oil composition according to Claim 21
wherein the polybutene is polyisobutene.

————m
—
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dil uent, .preferably an oil of |ubricating viscosity, sqﬁphat_thgﬁ
concentrate may be readily mxed with lubricating oils ”

This is the replacenent sheet _ TMSﬂwa}hsanﬁ&mmm to
prepare lubricating oil compositions. Suitable |ubrica h can

be used as diluents typically have viscB4fTies in the ut 35

to about 500 Saybolt Universal Seconds (SUS) at 100[erre]F ,

al though an oil of lubricating viscosity may be used.
01  23. A lubricating oil composition according to Claim 17

02 wherein the polyalkylene polyamine has greater than 4
03 to about 12 nitrogen atoms per mole.

04

05 24. A lubricating oil composition according to Claim 23
06 wherein the polyalkylene polyamine has from about 5 to
07 about 7 nitrogen atoms per mole.

08

09 25. A lubricating oil composition according to Claim 24
i0 wherein the heavy polyamine is Union Carbide HPA-X
11 heavy polyamine.

12 N

13- 26. A lubricating o0il composition according to Claim 24
14 wherein the polyalkylene polyamine comprises 20% by
15 weight diethylene triamine and 80% by weight heavy
16 polyamine.

17

18 27. A lubricating oil composition according to Claim 17
19 wherein the succinic anhydride has a succinic ratio
20 from about 1 to less than about 2.

21

22 28. A lubricating oil composition according to Claim 27
23 wherein the succinic anhydride has a succinic ratio
24 from about 1 to less than about 1.3.

25

26 29. A lubricating oil composition according to Claim 27
27 wherein the succinic anhydride has a succinic ratio
28 from about 1.3 to about 1.7.

29

30 30. A lubricating oil composition according to Claim 17
31 wherein the cyclic carbonate is ethylene carbonate.
32

33 31. A lubricating oil composition according to Claim 17
34 wherein the amount of the modified polyamino alkenyl or
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FUEL' COMPOSI TI ONS AND CONCENTRATES CONTAI NI NG MODI FI ED SUCGI NI-M DES.. VWhen

used in fuels, the proper concentration of the additive nece;&a |n or der )
to achi eve the desired detergency i s dependent upon a varlety aced
i ncluding the type of fuel used, the Rresence of other det erg T)i T'

di spersants or other additives, etc. GEneraIIy, however, and

preferred embodi ment, the range of concentration of the addltlve in th
base fuel is 10 to 10,000 weight parts per mllion, preferably fron130 to

2,000 wehpght partag_ﬁgﬁ, BlkbifAfni Q5 iQefPBﬂ ib@?‘ési'%é”éﬂ&@@ §%e§%§ m)dl tied

base fuel. If othe etergents _are present sser anount of t
succi ni BRde may beersent °nTﬁedﬁﬁd991¥Be§u€%$ﬁ$n1de additives of this
inventi @8 may al so be fornmulated as a fuel concentrate, using an inert

t abl I A I b th f._ about, 15 F
o 2000 47T E32pr cRolHBRsCaRing Phn prrbBRttion, SraePeiag S &4 Lhi vent
i s used%Ssuch as whbereds, thel amountxgfetbe onodifbed - polyaminaralicenyts ar
aronat i get hi nner s ;3L PRELEEn2hEQBOLS PEedPOHAN 3abOue § AP PiPcent

0?7 on a dry polymer basis.
08
09 33. A lubricating oil composition according to Claim 17
10 wherein the amount of the modified polyamino alkenyl or
11 alkyl succinimide is less than about 3 weight percent
2 on a dry polymer basis and vherein the polyolefin is
13 - polyisobutene having a Mn of about 2200, the succinic
i4 anhydride has a succinic ratio from about 1 to about
15 1.7, the polyalkylene polyamine comprises Union Carbide
16 HPA-X heavy polyamine, the charge mole ratio of (ii) to
17 (i) is from about 0.4:1 to about 0.5:1, the cyclic
18 carbonate is ethylene carbonate, and the charge mole
19 ratio of cyclic carbonate to basic amine nitrogen in

. 20 the succinimide reaction product is from about 2:1 to
21 about 3:1.
22
23 34. A lubricating oil composition according to Claim 17
24 wherein the amount of the modified polyamino alkenyl or
25 alkyl succinimide is less than about 3 weight percent
26 on a dry polymer basis and wherein the polyolefin is
27 polyisobutene having a Mn of about 2200, the succinic
as anhydride has a succinic ratio from about 1 to about
29 1.7, the polyalkylene polyamine comprises 20% by weight
30 diethylene triamine and 80% by weight Union Carbide
3 HPA-X heavy polyamine, the charge mole ratio of (ii) to
32 (i) is from about 0.4:1 to about 0.5:1, the cyclic
33 '~ carbonate is ethylene carbonate, and the charge mole
34 ratio of cyclic carbonate to basic amine nitrogen in

* C L L] s *



such ésirsopropanol, | sobutyl carbi nol, n-butanel and-the-like;-i-n
conbi nation with hydrocarbon sol vents are al so ﬁysis%e@% 1l-les for,use.wth the

fuel additive. In the fuel concentrate, the anou e Replacef o wi || be
ordinarily at |east 10 percent by wei g_f}lt and geﬁ'ﬂi m@m@ ﬁeed
- 24- 70 percent by weight and preferably fro ht percent
(all on a dry polymer basis). The followi ng exanples are offered to
specifically illustrate this invention. These exanples and illustrations

01 the succinimide reaction product is from about 2:1 to

02 about 3:1.

03 .

o4 35. A lubricating oil concentrate comprising from about 90

- 05 to about 10 weight percent of an oil of lubricating

06 viscosity and from about 10 to about 90 weight percent

07 on a dry polymer basis of a modified polyamino alkenyl -

08 or alkyl succinimide comprising the succinimide

09 reaction product of:

10

11 (i) an alkenyl- or alkyl-substituted succinic

12 anhydride derived from a polyolefin having a Mn

13- of about 2000 to about 2700 and a Mw/Mn ratio of

14 about 1 to about 5; and

1s

16 (ii) a polyalkylene polyamine having greater than 4

17 nitrogen atoms per mole;

.18

i3 wherein the succinimide reaction product is

20 post-treated with a cyclic carbonate.

21

22 36. A lubricating oil concentrate according to Claim 35

a3 wherein the polyolefin is polyisobutene having a Mn of

24 about 2200, the succinic anhydride has a succinic ratio

25 from about 1 to about 1.7, the polyalkylene polyamine

26 comprises Union Carbide HPA-X heavy polyamine, the

27 ' charge mole ratio of (ii) to (i) is from about 0.4:1 to

28 about 0.5:1, the cyclic carbonate is ethylene

29 carbonate, and the charge mole ratio of cyclic

30 carbonate to basic amine nitrogen in the succininide

31 reaction product is from about 2:1 to about 3:1.

32

33 37. A lubricating oil concentrate according to Claim 35

34 wherein the polyolefin is polyiscbutene having a Mn of

i



are-riot tb be construed in any way as liniting-the scope of fHTé”ThVéhtion -
Exanpl e 1. Preparation of PIBSA 2200 (succinic ratio = 1.1) ThisSheet HaéB3R R&Hed

Kg, 16 nol., sanple of Parapol 2200 (a 2200 M polybute

from Exxon Chem cal Conpany) was charged to a reactor gy{gﬂw
232[err]C. During this time, the reactor was pressurlze

W th nitrogen and then vented three tines to renobve oxygen. The
reactor was pressurized to 24.7 psia. Then 1500 g mal ei ¢ anhydri de was
added ovey a thi rtanaheuwo@erw@l succinil@einiriride ML £ AYHideHaD
added ovel a 4- hour The t ot al ch%”?e nole ratio

od,
mal ei ¢ anhydrfﬂﬁmtﬁbg%Fybu?%n%bQ%E L. Bg.the rel xqﬁ;yﬁgqgﬁpol}amlne
anhydri.de3addi t i oncomprise®| 2o%dby theigicadiethybendictrianine aind® ey C

for 1.5 pgur. The e SUYhE T dto
0.4 psi abto remvgwégghéeeﬁibﬁreac ﬁeﬁeil % %%&)éaiya oh htgh%cg‘%%
added a 9% | ghtmetetratiaqi ¢£|eh1-ib|t0 i) sisvfromabkant @O .460 &9 jabout
for 24 hogrs and wgsstfenché! Epeefe ditBomd€dUtd ¢@iylene carbonate, and

07 the charge mole ratio of cyclic carbonate to basic

08 amine nitrogen in the succinimide reaction product is
09 from about 2:1 to about 3:1.

10

11 38. A fuel composition comprising a hydrocarbon boiling in
iz the gasoline or diesel range and from about 10 to about
13- 10,000 weight parts per million on a dry polymer basis
14 of a modified polyamino alkenyl or alkyl succinimide
is comprising the succinimide reaction product of:

16

i7 (1) an alkenyl- or alkyl-substituted succinic

18 anhydride derived from a polyolefin having a Mn
1 of about 2000 to about 2700 and a Mw/Mn ratio of
20 | about 1 to about 5; and

21 .

22 (ii) a polyalkylene polyamine having greater than

23 4 nitrogen atoms per mole;

24

25 wherein the succinimide reaction product is

26 post-treated with a cyclic carbonate.

27 ’

28 39. A fuel concentrate comprising an inert stable

29 oleophilic organic solvent boiling in the range of

30 150°F to 400°F and from about 10 to about 70 weight

k2 3 percent on a dry polymer basis of a modified polyamino
32 alkenyl or alkyl succinimide comprising the succinimide
33 reaction product of:

34

) ) llIII I



found'ta“contain 37.68 wt. %actives and had a saponi fi cati on nunber
of 19.7 ng KOH g sanple. The succinic ratio was 1.1 b&biefheotHaaBeen Replaced

pol ybut ene nol ecul ar wei ght of 2246 determ ned by GPC.
- 25- Exanpl e 2. Preparation of PIB§_(;§OO (succinic rati :
The procedure of Exanple 1 was repeated except that Par apo a
1300 Mnh pol ybut ene avail abl e from Exxon Chem cal Conpany) was used
i nstead of Parapol 2200. After dilution with diluent oil and
filtratiggn, this ¢4y  an alkenyl- or alkyl-substituted succinic
02 anhydride derived from a polyolefin having a Mn
03 of about 2000 to about 2700 and a Mw/Mn ratio of
04 about 1 to about 5; and
05
06 (ii) a polyalkylene polyamine having greater than
07 4 nitrogen atoms per mole;
o8
09 wherein the succinimide reaction product is

10 post-treated with a cyclic carbonate.
11

12
13-
14
15
16
1?7
18
19
20
21
T 22
23
24
25
26
27
28
29
3o
31
32
33
34
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product.vias found to contain 49.6 wt. %actives and a saponlflcatlon
nunber of 42.2 ng KOH g sanple. The succi ni ¢ raﬂh e on a
pol ybut ene nol ecul ar wei ght of 1300. Exanpl e 3. f PIBSA

2200 (succinic ratio = 1.5) Par apol 2200, 42.8

charged to a reactor and the tenpelture was increased to 150

During this time, the reactor was pressurized to 40 psig with n|trogen
and then vented three tinmes to renove oxygen. Then at 150[err]C,

mal ei ¢ %nhydrlde 4294 g, . 43.82 nDI and_di-t-butyl peroxi de, 523 g,
3.58 nol”, was added. TheAPRSIRACTCQF,IHE DISGLASURES( ni nut es. The
renaindam was then added over 11.5 hours The CWR of mal ei ¢ anhydri de

hour TRA,CT RaktavE B2 alB01, sucqifiyanl aMBTrEGeH FhichIBES Hie  iedt T oy
any 04 | c ygiagitignd produgty bfepokigh. mPRhesularuweight appemau- or to the
reactor ognd Ta*l@cXims%%‘tfi‘iu’E%hebﬁcéﬁml@rh we de ang! ﬁng ali]{giéngate“ al

was then diluted wi,th a neutra e product
after fi%raPodyamine 9581§955HOHVPF689|85 HHﬁﬂEPrthBE $ ﬁgtREHFﬁ AEAPF e
and 07 per mole, wherein the reaction product is post-treated with

08 a cyclic carbonate, are compatible with fluorocarbon engine
09 seals and, for concentration levels at which fluorocarbon
10 seal compatibility is achieved, possess improved dispersancy
11 and/or detergency properties when employed in lubricating
12  oils and fuels.

13"

14

15

16

a7

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33 e

34
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contained 45.62 wt. % actives. The SucCinic ratig. Whg CE o] 5—fOP t hi's
mat eri al based on a pol ybut ene nol ecul ar i Weig 2 200 ,“°ﬂs‘ié‘ﬁf
“26- - Exanple 4A. Preparation of PlIBSA 1300;C‘u001nuc ratijo: 4.1 9)

Par apol 1300, 6.9 Kg, 47.6 nol, was charged tp sreacteororand it e
temperature was I ncreased to 150C -1~ EUrlng hﬁls tiqe, :the..rgact or:- was
pressurized to 40 psig with nitrogen and then vented three times to i
renove oxygen. Then at 150C, nal eic anhydrlde ~@f¢r L £ LA 3

MODIFIED HIGH MOLECULAR WEIGHT SUCCINIMIDES

i
!

“._? *\;_ t

CEGROUN

1. Field of the Invention

This invention relates to additives which are compatible
with fluorocarbon seals and are useful as dispersants and/or
detergents in lubricating oils. In particular, this
invention is directed toward modified polyamino alkenyl or
alkyl succinimides which are the reaction product of an
alkenyl- or alkyl-substituted succinic anhydride and a
polyalkylene polyamine, wherein the reaction preoduct is
post-treated with a cyclic carbonate. The modified
polyamino alkenyl or alkyl succinimides of this invention
have been found to be compatible with fluorocarbon seals
and, for ccncentration levels at which fluorocarbon seal
compatibility is achieved, to possess improved dispersancy
and/or detergency properties when employed in a lubricating
oil. These modified succinimides are also useful as
detergents and/or dispersants in fuels.

2. Prior aArt

It is known in the art that alkenyl- or alkyl-substituted
succinic anhydrides have been used as dispersants and/or
detergents in lubricating oils and fuels. Such alkenyl- or
alkyl-substituted succinic anhydrides have been prepared by
three well-known processes: a thermal process (see, e.g.,
U.S. Patent No. 3,361,673), a chlorination process (see,
e.g., U.S. Patent No. 3,172,892) and a combination of the
thermal and chlorination processes (see, e.g., U.S. Patent
No. 3,912,764). The polyisobutenyl succinic anhydride
("PIBSA") produced by the thermal process has been

This is the replacement sheet
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9332.66 g (95.23 nol), and di-t-butyl peroxide, 1280 g (8.77 nol) was
added over 5 hours. Then the reaction was mai ntained at 150[err]C for
an-addi tional 2 hours. The reaction was then heated to 190[err]C for 1
hour to destroy any residual peroxide. The pressure was then reduced

to 0.4 psia and the excess mal ei ¢ anhydri de was renoved. The product
was found to contain 65.4 wt. % =2actives and had a saponification nunber
of 94.5 ny KOH g sanple. The succinic ratio was 1.9 for this

mat eri al based on a pol ybut ene nol ecul ar meight of 1300. Exanpl e 4B.
Preparati on of PIBSA 1300 (succinic ratiq = 1.5) In order to produce
a Pl BSA Gharagtexdzed asy a ponomer °°ni=a§mme apﬂﬁﬂh:‘te e Saanthe 4A

623 19 ﬁﬁﬁ&ﬁg&g C Altho a&. the %d@%t@lﬁ;ﬁﬁ% }Mﬁ h:tadwzlmtmﬁ pfﬁ% ézgg
?gucm ni Etafsgf‘f’% geﬁ‘ QI%S@?%%&““ ) ﬁ%&% etSfR:%I nic ratio 2
1.5) MAtpreeeapo?ﬁﬂﬁ@aﬂa&nrials Mmmhemeﬂh‘bharanhhaned%&aﬂmomamets35.4
and a sugghRhGning eithe? A abuble bond, a ring other than succinic
anhydride ring and/or chlorine in the product. [(See
J. Weill and B. S8illion, “"Reaction of Chlorinated
Polyisobutene with Maleic Anhydride: Mechanism Catalysis by
_Dichloramaleic Anhydride", Revue de l’/Institut Francais du
Petrole, Vol. 40, No. 1, pp. 77-89 (January~February,
1985).] Such compositions include one-to-one monomeric
adducts (see, e.g., U.S. Patents Nos. 3,219,666; 3,381,022$
" as well as "multiply adducted® products, adducts having
alkenyl-derived substituents adducted with at least
1.3 succinic groups per alkenyl-derived substituent (see,
e.g., U.S. Patent No. 4,234,435).

Alkenyl or alkyl succinimides formed by the reaction of an
alkenyl- or alkyl-substituted succinic anhydride and a
polyamine are also well known as lubricating oil dispersant
and/or detergent additives. See, e.g., U.S. Patent |

Nos. 3,361,673 and 3,018,250.

As taught in U.S. Patent No. 4,612,132 ("the ‘132 patent"),
alkenyl or alkyl succinimides may be modified such that one
or more of the nitrogens of the polyamine moiety is
substituted with a hydrocarbyl oxycarbonyl, a
hydroxyhydrocarbyl oxycarbonyl or a hydroxy
poly(oxyalkylene) oxycarbonyl. These modified succinimides,
which impart improved dispersancy and/or detergency
properties when employed in lubricating oils, are obtained
by reacting the product of an alkyl or alkenyl succinic
anhydride and a polyamine with a cyclic carbonate, a linear
mono- or poly carbonate, or a chloroformate. The ’132



-27- Exanpl e 5. Preparation of BI'S HPA-X PI BSA 2200 Succi ni m de
(succinic ratio = 1.1) To a 22 L three-necked flask equi pped with a
Dean Stark trap was added 7655 g (1.34 nol) of PIBSA from Exanpl e
1. This was heated to 130[erer] C under nitrogen with stirring and to
this was added HPA-X, 162.2 g (0.59 nol) over 2 hours. The tenperature
was i ncreased to 165*C. The ami ey PI BSA CMR was 0.44. The reaction

was heated an additional 4 hours at 165[err]C A total of

patent discloses succinimide alkenyl or alkyl groups
containing from 10 to 300 carbon atoms; most preferred are
alkenyl or alkyl groups having from 20 to 100 carbon atoms.
However, the highest molecular weight alkenyl or alkyl group
specifically taught in the Examples has a molecular weight
of 1300. Furthermore, the ‘132 patent fails to teach
anything about the fluorocarbon seal compatibility of the
modified succinimides it discloses.

U.S. Patent No. 4,747,965 discloses modified succinimides
similar to those disclosed in the ‘132 patent, except that
the modified succinimides disclosed in this patent are
derived from succinimides having an average of greater than
1.0 succinic groups per alkenyl-derived substituent.

While it is known in the art that succinimide additives
useful in controlling engine sludge.and varnish may be
substituted with aikenyl or alkyl groups ranging in number
average molecular weight (*Mn") from approximately 300 to

- 5000, no reference teaches that substituents having a Mn of
2000~2700 perform better than those having a Mn of about
1300. Two references which discuss the effect of the
alkenyl-derived substituent’s molecular weight on the
performance of succinimides as lubricating oil additives are
"The Mechanism of Action of Polyisobutenyl Succinimide
Lubricating 0il Additives," by E.S. Forbes and E.L.
Neustadter (Tribology, Vol. 5, No. 2, pp. 72-77 (April,
1972)), and U.S. Patent No. 4,234,435 ("the 435 patent").

The Forbes and Neustadter article discusses, in part, the
effect of polyisobutenyl Mn on the detergency properties of
a polyisobutenyl succinimide. However, as shown in Figure 1
on page 76 of their article, the results of the tests Forbes
and Neustadter conducted indicate that succinimides having a

This, s 1he renigoemert sneel
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25 cc water was renoved. This product was anal yzed and found to

contain 0.74 %N, 17.0 TBN, 1.08 TAN, a viscosity at 100[err]C of 427.6
€St and a specific gravity at 15[ err]C of 0.9106. This product
cont ai ned about 40% active material . Exanpl es 6-10, 13 and 14.
Preparatlon of Ot her Succinimdes A nunber of other succinimdes
were prepared froma vari ety of~PIBSA' s and ami nes usi ng the procedure
reported in Exanple 5. The anal ytical data for these products are
reported in Table I. npl e 11. Preparation of Ethylene

5‘32382?ﬁ%éne%iav?@f%f‘ggﬁ%é'ﬂp@ib%ﬁ%&%%*@ R, ek fortiVaas = 1. 1),

146. 2 Kgdebvexgents gtbanothose havingtarpailpisbbutemydr atubst itasenteat ed to
100[ err]&iedCa Mp okhtaowaéraggsgtap 4 ¥4 gh %M égwt@f over

thirty mnutes. The tenperat was |ncrease
polyisobutenyl molecular weight on succinimide etergency,
this article teaches that maximum detergency performance is

obtained when the polyisobutenyl group has a Mn of about
1300.

The ‘435 patent teaches a preferred polyalkene-derived

~ substituent group with a Mn in the range of 1500-3200. For
polybutenes, an especially preferred Mn range is 1700-2400.
However, the ‘435 patent also teaches that the succinimides
must have a succinic ratio of at least 1.3, that is at least
1.3 succinic groups per equivalent weight of polyalkene-~
derived substituent group. Most preferred are succinimides
having a succinic ratio of 1.5-2.5. The ‘435 patent teaches
that succinimides must have have both a high Mn
polyalkylene-derive& substituent and a high succinic ratio.

The succinimide additives disclosed in the ‘435 patent are
not only dispersants and/or detergents, but also viscosity
index improvers. That is, the ‘435 additives impart
fluidity modifying properties to lubricant compositions
containing them. However, viscosity index improving
properties are not always desirable for the succinimide, as
in the case of single~grade oil formulations, for example.

Polyamino alkenyl or alkyl succinimides and other additives
useful as dispersants and/or detergents, such as Mannich
bases, contain basic nitrogen. While basicity is an
important property to have in the dispersant/detergent
additive, it is believed that the initial attack on
fluorocarbon elastomer seals used in some engines involves
attack by the basic nitrogen. This attack leads to the loss

This is the replacement sheet
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over 2.5 hours and then maintained at this tenperature for 2 hours. A

total of 14 Kg of product was obtai ned. Thi s product was anal yzed and
found to contain 1.51 9%\, - 28-

20.3 TBN, a viscosity at 100[err]C of 446.6 cSt, and a specific
gravity at 15[err] C of 0.9393. The anal yti cal data for this materi al

is- contained in Table I. Exanpl es 137 13 and 15-19. Preparation of O her
Et hyl ene Car bonat e- Treat ed Succi ni m des

of fluoride ions, and eventually results in cracks in the

seals and loss of other desirable physical properties in the
elastomer.

One approach towards solving the elastomer problem is
described in U.S. Patent No. 4,873,009 to Ronald L.
Anderson. This patent is also concerned, in part,: with the
use of succinimides as lube cil additives. Anderson
recognizes in Col. 2, lines 28 et seq. that lube additives
prepared from "long chain aliphatic polyamines",

i.e., succinimides, "are excellent lube oil additives.™
Anderson teaches such succinimides are "inferior to
additives where the alkylene polyamine is hydroxyalkylated"
(Col. 2, lines 31-32). Such hydroxyalkylated polyamine~
based .succinimides, however, "have the drawback that they
tend to attack engine seals particularly those of the
fluorocarbon polymer type* (Col. 2, lines 35-37).

Anderson solves his fluorocarbon polymer seal compatibility
problem by directly borating his hydroxyalkylated polyamine
based succinimides. Furthermore, according to Anderson, it
would be desirable for the additive to have a relatively
high concentration of N-hydroxyalkyl moieties because the
more N-hydroxyalkyl substituents, the cleaner the engine.
However, Anderson also teaches that the more amino groups in
the polyamine, the greater the degradation of fluorocarbon
seal, and that alkylene amines containihg more than 2 amino
groups cannot be utilized (Col. 2, lines 50-62).

Accordingly, there exists a need in the art for a
succinimide lubricating oil additive which is effective in
controlling engine sludge and varnish, but which does not
require boration to achieve fluorocarbon seal compatibility.

Thig is the repiacemeqf sheet
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A nunber of other post-treated succini mdes were prepared froma
variety of succinimdes prepared froma variety of PIBSA's and am nes
usi ng the procedures reported in the previous exanpl es. These
materials are reported in Table I. Exanpl e 20. Preparation of a Bis
HPA- X Succi ni m de from PI BSA 1300 (succinic ratio = 1.9) Pl BSA 1300
prepared as in Exanple 4A (succinic °" ratio = 1.9), 13051 g, was m xed
with 10281 g dil uent oil. This was heated to 75[err]C and to this was
added with stirring 1512 g HPA-X, 5.5 nol. The am ne/ Pl BSA CVR

was 0.5 and the wt. % acti \g§s I o} about 40% The
tenperature was heated to ours and kept there for
an additional two hours. Vacuum was applied to help renove the water.

Upon & ©9lqued cTasilof GidPe 1 SIByARPRS | IKUAPL I SHCATRGL L O

165[err]C unge vacuum one 0 The product had

1. 94 o, S¥ER Eﬁé SAMRAN i/Qﬁs]RRHK?%ﬂ“ngb“ngz%q P& and specific
gravity sumﬁmbunddﬁsﬁy(bdﬁﬁHtibﬂ&Kﬂlth flﬁﬁeﬁcﬂrbéntbeslﬁr@ddctaﬂﬁs
char 980 L0, o AN Yor Yhvels HGR\HLAR HHEbE6ESBodCabd] s WBS added 459, 6

g et hyl ene
compatibility is achieved, effective in controlling engine

sludge and varnish. These modified polyamino alkenyl or
alkyl succinimides are prepared from the succinimide
reaction product of 1) an alkenyl- or alkyl-substituted
succinic anhydride derived from a polyolefin having a Mn of
about 2000 to about 2700 and a weight average molecular

- weight (Mw) to Mn ratio of about 1 to about 5; and 2) a
polyalkylene polyamine having greater than 4 nitrogen atoms
per mole. . The modified succinimides of the present
invention are obtained by post-~treating the succinimide
reaction product with a cyclic carbonate.

Among other factors, the present invention is based on the
finding that a unique class of succinimides is effective in
controlling engine sludge and varnish at concentration
levels for which the succinimides are simultaneocusly
compatible with engine fluorocarbon seals. Generally, known
succinimides useful as dispersants and/or detergents are not
always compatible with fluorocarbon seals when present in
lubricating oil compositions at concentration levels
necessary to be effective in controlling engine sludqé and
varnish. Accordingly, the present invention also relates to
a lubricating oil composition containing these modified
polyamino alkenyl or alkyl succinimides.

Among other factors, the present invention is also based on
the finding that a unique class of modified polyamino
alkenyl or alkyl succinimides wherein the alkenyl or alkyl

oy . N
TiiE e 2 g2t $e 13 AY L5
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carbonate (5.2 nol). The ethyl ene carbonate to basic nitrogen ratio

was 2.0. Wien about half of the et hyl ene carbonate was added, massive
ampunts of a gel were formed. This could not be redissol ved by
- 29- prol onged heating or by the addition of 500 g diluent oil. The

reaction was stopped. This reaction indicates that there is a gel problem
vihen using PIBSA 1300 with a succini/Tatio of 1.9,

substituent has a Mn in the range of 2000-2700 possess both
superior fluorocarbon seal compatibility and superior
dispersancy and/or detergency properties compared to those

wherein the alkenyl or alkyl substituent has a Mn of less
than about 2000.

In addition to lubricating oil compositions, the present
invention also relates to fuel compositions comprising a
major portion of a hydrocarbon boiling in a gasoline or
diesel range and an amount of a modified polyamino alkenyl
or alkyl succinimide, compatible with fluoroccarbon seals,
sufficient to provide dispersancy and/or detergency.

ED CR ON N

The modified polyamino alkenyl or alkyl succinimides of this
invention are prepared by post-treating a polyamino alkenyl

or alkyl succinimide with a cyclic carbonate. The polyamino
alkenyl or alkyl succinimides are typically prepared by

reaction of an alkenyl or alkyl succinic anhydride with a
polyanine. '

Alkenyl or alkyl succinimides are disclosed in numerous
references and are well known in the art. Certain
fundamental types of succinimides and related materials
encompassed by the term of art “"succinimide" are taught in
U.S. Patent Nos. 2,992,708; 3,018,291; 3,024,237; 3,100,673;
3,219,666; 3,172,892; and 3,272,746, the-disclosures of
which are hereby incorporated by reference. The term
"succinimide® is understood in the art to include many of
the amide, imide and amidine species which are also formed
by this reaction. The predominant product, however, is
succinimide and this term has been generally accepted as
meaning the product of a reaction of an alkenyl- or
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- 30- TABLE I - (Analytical Data For Exanples 5-19)

MEASURED Conpound of Exanpl e DESCRI PTI ON IN TBH VIS
100 spG No. 8 (cst)

(15[ err] 0 S bi s HPA- X PI BSA 2200 0.74 17 428

0. 9106 (SR-1.1; A P=0. 44) 6 bis TETA PI BSA 1300

0.-99 15 278 0. 9300 =8= (SR-1.1; A/ P=0.5) 7 bi s
HPA- X PI BSA 2200 1.05 25 1688 0. 9219 (SR-1.5;
A/ P=0. 5) 8 bi s HPA- X PI SSA 1300 1.55 36 272
0.9214

alkyl-substituted succinic acid or anhydride with a
polyamine.

THE SUCCINIC ANHYDRIDE REACTANT

Various methods for the preparation of alkenyl- or
alkyl-substituted succinic anhydride involving the reaction
of a polyolefin and maleic anhydride have been described in
the art. As mentioned above, such methods include a thermal
process and a chlorination process. The thermal process is
characterized by the thermal reaction of a polyolefin with
maleic anhydride. The chlorination process is characterized
by the reaction of a halogenated polyolefin, such as a
chlorinated polyolefin, with maleic anhydride.
Alternatively, the alkenyl- or alkyl-substituted succinic
anhydride may be prepared as described in U.S. Patents

Nos. 4,388,471 and 4,450,281, which are totally incorporated
herein by reference. Other examples of the preparation of
alkenyl- or alkyl-substituted succinic anhydride are taught
in vU.S. Patents Nos. 3,018,250 and 3,024,195, which are
totally incorporated herein by reference.

In the case of the unique class of polyamino alkenyl or
alkyl succinimide compounds of this invention, the alkenyl
or alkyl succinic anhydride reactant is derived from a
polyoletin having a Mn from about 2000 to about 2700 and a
Mw/Hn ratio of about 1 to about 5. 1In a preferred
embodiment, the alkenyl or alkyl group of the succinimide
has a Mn value from about 2100 to about 2400. Most

preferred are alkenyl or alkyl substituents having a Mn of
about 2200.

Suitable polyolefid polymers for reaction with maleic
anhydride include polymers comprising a major amount of C,

et o sk y g ¥
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(SR=1.1; A/ P=0Q.5) 9 bis TETA PI BSA 2200 0.64 10 1554

0. 9339 (SR-1.5; A/P-0.5) 10 bis TETA PI BSA 2200

0.-41 5 491 0. 9093 ( SR=1.1 A/ P=0. 44) 11 EC bis
HPA- X PI BSA 1300 1.51 20 447 0. 9393 (SR=1. 1,

A/ P-0.5; EC/ BN-2.0) 12 EC bis TETA PI BSA 1300 0. 96 8

305 0. 9282 (SR=1.5; AM®0.5; EC BN=2.0) 13 bis TETA

Pl BSA 1300 - 0. 87 15 145 0.9120 (SR-1.5;

A P=0.5) 14 bi s HPA- X PI BSA 1300 1.52 37 165

0.9142 R=1.5; A/ P=0.5 EC bis TETA Pl BSA 1300
0.99 11t Cs ”:'L%&feéigwﬁ 9., et%yle“f’-SRPf"S’(onobS‘ tydensn 2. 0) 16
BC bi s HPfs¥- 0

I's HPfs& Bh%@i\eia% Qnd @yntjerfé6 THe 2o lbyl'n'f;éigsPA_ 3 PI it niozpoolymers 0. 63

SR-1.5; A/P=0.5
g seBuch 65928 Y15° leng 48 Wl A$-GPPRlYRRYSENeH 3)or mong Sc

bi . EPA- X6RERAoRe$3As?230¢h @si4opolimers oS et &ir% and pro ylene
(SR— 1.1 %gyi)eﬁg EgdBl}!:FéﬁiL%yfen ’P%%ECI%%-IPA- %’EA Pl 88 08| . i. 18
ratlo those in which a minor amount of the copolymer monomers,

e.g., 1 to 20 mole percent, is a ¢4 to C3 nonconjugated

diolefin, e.g., a copolymer of isobutylene and butadiene or

a copolymer of ethylene, propylene and 1,4~-hexadiene,etc.

A particularly preferred class of olefin polymers for
reaction with maleic anhydride comprises the polybutenes,
which are prepared by poclymerization of one or more of
l1-butene, 2-butene and isobutene. Especially desirable are

- polybutenes containing a substantial proportion of units
derived from isobutene. The polybutene may contain minor
amounts of butadiene ‘which may or may not be incorporated in
the polymer. These polybutenes are readily available
commercial materials well known to those skilled in the art.
Disclosures thereof will be found, for example, in U.S.
Patents Nos. 3,215,707; 3,231,587; 3,515,669; 3,579,450; and
3,912,764, as well as U.S. Patent Nos. 4,152,499 and
4,605,808. The above are incorporated by reference for
their disclosures of suitable polybutenes.

Suitable succinic anhydride reactants also include
copolymers having alternating polyalkylene and succinic
groups, such as those'taught in U.s. pPatent No. 5,112,507,
which is hereby incorpocrated by reference.

As used herein, the term “succinic ratio" refers to the
average number of succinic groups per polyolefin group in
the alkenyl or alkyl succinic anhydride reaction product of

Rt la o)
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Al P - am ne/ PXBSA CVR " EC/ BN = et hyl ene carbonat e/ basi ¢

nitrogen CVR - 31- Bl endi ng of Sanpl es
on an Equal Basis W chose to blend and test the additives in Exanpl es
5-19 on an equal w. % actives basis. This was because we were trying to
conpare products fromfour different PIBSA's with different nol ecul ar

wei ghts and different succinic ratimd®-and two different amines with and
wi t hout ethyl ene carbonate treatnment. In order to do this, we cal cul ated

the 9N and
maleic anhydride and polyoclefin. For example, a succinic
ratio of 1.0 indicates an average of one succinic group per
polyolefin group in the alkenyl or alkyl succinic anhydride
product. Likewise, a succinic ratio of 1.35 indicates an
average of 1.35 succinic groups per polyolefin group in the
alkenyl or alkyl succinic anhydride product, and so forth.

The succinic ratio can be calculated from the saponification

- number (mg KOH per gram of sample), the actives content of
the alkenyl or alkyl succinic anhydride product and the
molecular weight of the starting polyolefin. The actives
content of the alkenyl or alkyl succinic anhydride product
is measured in terms of the actives fraction, wherein an
actives fraction of 1.0 is equivalent to 100 weight percent
actives. Accordingly, an actives fraction of 0.5 would
correspond to 50 weight percent actives.

The succinic ratio bf the alkenyl or alkyl succinic
anhydride product of maleic anhydride and polyolefin can be
calculated in accordance with the following equation:

- = Mo x P
Succinic ratio © x A)'- L % P)

wherein P = saponification number of the alkényl or alkyl
succinic anhydride sample (mg KOH/q)

A - = actives fraction of the alkenyl or alkyl
succinic anhydride sample

Hﬁ, = number average molecular weight of the
starting polyolefin
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TBN that was expected f or these conpounds fromthe nol ecular fornulas for
a product that contained 40 wt. % actives. These data are reported in Table
I"lI-. The succini m des from Exanpl es 5-18 were then bl ended into the finished
oil for testing at a concentration of 7.5%of the 40 wt. % actives materi al
or at 3% on a dry polyner basis. Thgjamunts of succinimdes were adjusted
to take into account the differenceslbetmeen the %N of the particular batch
and the %N expected for the exanple. For Exanple 19, a 5% blend of 50 wt.
% actives material or 3% on a dry pol yner basis was made.

- 32- My, FARE (doledifaRRid (it %8¢ AN BN anhydride)

(o] = conversion factor = 112220 (for conversion of
gram-moles of alkenyl or alkyl succinic
anhydride per gram of sample to milligrams of
KOH per gram of sample)

The saponification number, P, can be measured using known
procedures, such as the procedure described in ASTM D94.

The actives fraction of the alkenyl or alkyl succinic
anhydride can be determined from the percent of unreacted

' polyolefin according to the following procedure. A 5.0 gram
sample of the reaction product of maleic anhydride and
polyolefin is dissolved in hexane, placed in a column of
80.0 grams of silica gel (Davisil 62, a 140 angstrom pore
size silica gel),'and:eluted with 1 liter of hexane. The
percent unreacted péiyolefin is determined by removing the
hexane solvent under vacuum from the eluent and weighing the
residue. Percent unreacted polyolefin is calculated
according to the following formula:

Net Weight of

Percent Unreacted Polyolefin = x 100

Sample Weight

The weighg percent actives for the alkenyl or alkyl succinic
anhydride product is calculated from the percent unreacted
polyolefin using the formula:

Weigzgvzgrcent = 100 - Percent Unreacted Polyolefin

whe roplacement sheel
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Conmpound Exanpl e DESCRI PTI ON % ACTI VE %N TBN .

No. . : 5 bi s HPA- X PI BSA 2200 40 0.72 17 6

bi s TETA PI BSA 1300 40 0.77 12 7 bi s HPA- X PI BSA 2200
40 1.00 25 8 bi s HPA- X PI BSA 1300 40 1.14 26

9 . bis TETA PI BSA 2200 40 O 67. 10 10 bi s TETA PI BSA
2200 40 0. 48 5 EC bi s HPA- X PI BSA 1300 40

1.14 15 12 . EC bis TETA PIB%%flSOO 40 0.77 6

13 bi s TETA PI BSA 1300 40 1.07 16 14 bi s HPA-X

Pl BSA 1300 40 1.57 38 15 EC bis TETA PI BSA 1300

40 1.07 12 16 EC bi s HPA- X PI BSA 1300 40 1.57 20

17 EC bi.s THRAaXt v&iSAra2fon of 1.-.h$0a].ke19%;l égAa%é&bcﬁuccinlc 18 19EC ol s

HPA- X/ DETA anhyarmellﬂ, EC bi s
HPA- X/ DETA theg §§?°9ﬁ?ted as follows: p| BSA 1300

Actives Fraction = MMMLA%

100

The percent conversion of polyolefin is calculated from the
weight percent actives as follows: . |

wt. & ’
actives ¥ e
Percent | Mo * [H’“ x sn]
Conversion =
wt. % ‘
actives ¥ v +{100 - ¥E- %
‘ Hpo + [Hm % -SR] actives

. )
herein Hpo = number'average molecular weight of the

starting polyolefin

M, = 98 (molecular weight of maleic anhydride)

SR = guccinic ratio of alkenyl or alkyl succinic

anhydride product

It is, of course, understood that alkenyl or alkyl succinic
anhydride products having high succinic ratios can be
blended with other alkenyl succinic anhydrides having lover
succinic ratios, for example, ratios of around 1.0, to

provide an alkenyl succinic anhydride product having an
intermediate sucecinic ratio.
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The additive conpounds prepared in accordance with precedi ng Exanples 5-19

were tested for fluorocarbon seal conpatibility using the Vol kswagon

P\V- 3344 test procedure for seal testing of notor oils. The results are

di splayed in Table I1l. The PV-3344 test procedure is a revised version of

the earlier PV-3334 test procedure. This test procedure neasures the change
i'n physical properties of el ast oner 4831 s after t hey have been suspended in
an oi l ' - 33- solution. Tensile strength

(TS) and elongation (EL) of the elastoner seals are neasured. In addition,

the seals Al ¢ éHeay! Wil dabl &' REL £1 L OFabi8E ot TBhe?hiRoN, 162" ©
alkyl succinic anhydride reactants employed in preparing the
additives of this invention are greater than about 1 but
less than about 2. Succinic anhydrides with succinic ratios
of about 2, when reacted with amines having greater than
4 nitrogen atoms per mole and post-treated with a cyclic

carbonate, form gels. Accordingly, succinic ratios of about
1.7 or less are preferredqd. '

a eactant

The polyamine to be reacted with the alkenyl or alkyl
succinic anhydride in order to produce the polyamino alkenyl
or alkyl succinimide employed in this invention is generally
a polyalkylene polyamine. Preferably, the éolyalkylene
polyamine has greater than 4 amine nitrogen atoms. per mole,
up to a maximum of about 12 amine nitrogen atoms per mole.
Most preferred are bolyamines having from about 5 to about

7 nitrogen atoms per mole. The number of amine nitrogen
atoms per mole of polyamine is calculated as follows:

$ N x H%,
- number of nitrogen atoms = —
per mole of polyamine 14 x 100

wherein t N = percent nitrogen in polyamine or polyamine
mixture

Hp. = number average molecular wveight of the
polyamine or polyamine mixture

Preferred polyalkylene polyamines also contain from about 4
to about 40 carbon atoms, there being preferably from 2 to 3
carbon atoms per alkylene unit. The polyamine preferably

This is the replacement sheet
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renoved fromthe test oil. Details of the PV-3344 test procedure are

avai |l abl e from Vol kswagon. - 34-
TABLE 111 - (PV-3344 TEST RESULTS) Additive Concoutration of TS

EL CR Conpound Additive (W. % (Pass [err] 8.0) (Pass [err] 160)
(Pass = N) of ExanplLe No. 1.6 10. 203
N - 2.0 =g 189 N

has a carbon-to-nitrogen ratio of from about 1:1 to about
10:1.

The polyamine is so selected so as to provide at least one
basic amine per succinimide. Since the reaction of the
polyamino alkenyl or alkyl succinimide with a cyclic
carbonate is believed to efficiently proceed through a
primary or secondary amine, at least one of the basic amine
atoms of the polyamino alkenyl or alkyl succinimide must
either be a primary amine or a secondary amine.
Accordingly, in those instances in which the succinimide
contains only one basic amine, that amine must either be a
- primary amine or a secondary amine.

The polyamine portion of the polyamino alkenyl or alkyl
succinimide may be substituted with substituents selected
from (A) hydrogen, (B) hydrocarbyl groups of from 1 to about
10 carbon atoms, (c) acyl groups of from 2 to about 10
carbon atoms, and (D) monchydroxy, mononitro, monocyano,
lower alkyl and lower alkoxy éérivatives of (B) and (C).
“Lower", as used in terms like lower aikyl or lower alkoxy,
means a group containing from 1 to about 6 carbon atoms. At
least one of the substituents on one of the amines of the
polyamine is hydrogen, e.g., at least one of the basic

nitrogen atoms of the polyamine is a primary or secondary
amino nitrogen atonm.

Examples of suitable polyamines that can be used to form the
compounds of this invention include the following:
tetraethylene pentamine, pentaethylene hexamine, Dow E-100®
heavy polyamine (number average MW=303, available from Dow
Chemical Company, Midland, MI.), and Union Carbide HPA-X
heavy polyamine (number average Mw=275, available from Union
Carbide Corporation, Danbury, CT.). Such amines encompass
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5 2.4 8.8 196 N

2.4 8.0 175 Y 2.8

t.8 176 Y 3.2 7.2 167
Y 1.6 10. 8 218 N 6
2.4 9.6 197 N ' 7 1.6

I0.9 220 N ~-15- 1.6 6.5 155
y - 2.4 6.0 146 Y 9

1.6 11.7 232 N 10 1.6

12.5 244 N 3. 11.

240 isomers such as branched-chagp(polyamines(pqﬁ the prngpusly

<

mentiched substituted polyanilles, includihg 12

1162 hyd%ggfrbyl-subé%fiuted polyanmines. :ﬁ%ajgzpeavy polygpﬁpe
196 ("HEA-X") cdnktains an averaqefbf approximately 6.5 nil6bogen
2.4 1.6

11 7 ato&})%er mole, i{nd is a preferred polyamine.

In addition, the polyamine used as a reactant in the
production of succinimides of the present invention need not

. be a single compound. Instead, the polyamine may be a
mixture in which one or several compounds predominate with
the average composition indicated. For example,
tetraethylene pentamine prepared by the polymerization of

" aziridine or the reaction of dichloroethylene and ammonia
will have both lower and higher amine members,
e.g., triethylene tetramine, substituted piperazines and
pentaethylene hexamipe, but the composition will be largely
tetraethylene pentamine ‘and the empirical formula of the
total amine compositioh will closely approximate that of
tetraethylene pentaﬁine.

Other examples of suitable polyamines include admixtures of
amines of various sizes, provided that the overall mixture
contains greater than 4 nitrogen atoms per mole. Included
within these suitable polyamines are mixtures of diethylene
triamine ("DETA") and heavy polyamine. A preferred
polyanine admixture reactant is a mixture containing 20% by
weight DETA and 80% by weight HPA-X; as determined by the
method described above, this preferred polyamine reactant
contains an average of about 5.2 nitrogen atoms per mole.

Methods of preparation of polyamines and their reactions are
detailed in sidgewick’s "The Organic Chemistry of Nitrogen",
Clarendon Press, Oxford, 1966; Noller’s "“Chemistry of
Organic Compounds®, Saunders, Philadelphia, 2nd Ed., 1857;

. .
b Y %, P VR P
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2.4 10. 7 207 N 16
6.8 153 Y 2.4
148 Y 1.6 9.0 188
2.0 8.8 180 N 17
8.8 196 N 2.8
172 Y -16~ 3.2 7.9 169
1.6 12. 1 238 N
11.6 233 N 18 2.4
and %égk-othmer'sNggfcyclopedﬁﬁqu Chemigégérechnoloégmz 2nd
Ed.,lespecially Vedumes 2, ppN 99-1169 2.8
150 Y
The reaction of a polyamine with an alkenyl or alkyl
succinic anhydride to produce polyamino alkenyl or alkyl
succinimides is well known in the art and is disclosed in
U.S. Patents Nos. 2,992,708; 3,018,291; 3,024,237;"
3,100,673; 3,219,666; 3,172,892 and 3,272,746. The above
~ are incorporated herein by reference for their disclosures
of preparing alkenyl or alkyl succinimides.
Generally, a suitable molar charge of polyamine to alkenyl
or alkyl succinic anhydride for making the compounds of this
invention is from about 0.35:1 to about 0.6:1; although
preferably from about 0.4:1 to about 0.5:1.
As used herein, the phrase "molar charge of polyamine to
alkenyl or alkyl succinic anhydride" means the ratio of the
number of moles of polyamine to the number of moles of
succinic groups in the succinic anhydride reactant. The
number of moles of succinic groups in the succinic anhydride
reactant is determined as follows:
5 .
nunber of moles = — x weight of alkenyl or alkyl succinic
of succinic groups C anhydride sample (9)

wherein P and C are as defined above. _

POST-TREATMENT OF THE POLYAMINO ALKENYL
OR ALKYL SUCCINIMIDE WITH A CYCLIC CARBONATE

The polyamino alkenyl or alkyl succinimides formed as
described above are then reacted with a cyclic carbonate.
The resulting modified polyamino alkenyl succinimide has cne
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- 35- The detergency properties of the additive conpounds were then
tested using the Sequence VE engi ne test procedure, as defined in ASTM
Pr-oposed Met hod: 212. This test neasures, anong other things, average engi ne
sl udge (AES) and average engi ne varnish (AEV). The AES and AEV results for
t he conpounds of Exanpl es-5-19 are shown in Table IV. A dosage or treat
rate level of 3.0% (on a dry pol yneriMasis) was chosen as an appropriate
concentration |evel for the Seq. VE test since treat rate | evels exceeding
3% are generally too high for the resulting additive package to be priced
conpetitively in the marketplace. Exanples 17 and 18 were each run at
concent r aProRoreyvBitregensocfinthe. podyaninodmoipbyysubstisuged with a

hydroxy hydrocarbyl oxycarbonyl, a hydroxy poly(oxyalkylene)
oxycarbonyl, a hydroxyalkylene, hydroxyalkylenepoly-
(oxyalkylene), or mixture thereof. The products so produced
are compatible with fluorocarbon seals and are effective

dispersant and detergent additives for lubricating oils and
for fuels.

. The reaction of a polyamino alkenyl or alkyl succinimide
with a cyclic carbonate is conducted at a temperature
sufficient to cause reaction of the cyclic carbonate with
the polyamino alkenyl or alkyl succinimide. 1In particular,

" reaction tempefatures of from about 0°C to about 250°C are
preferred with temperatures of from about 100°C to 200°C

being more preferred and temperatures of from 150°C to 180°C
are most preferred.

The reaction may be conducted neat, wherein both the alkenyl
or alkyl succinimide and the cyclic carbonate are combined
in the proper ratio, either alone or in the presence of a
catalyst (such as an acidic, basic or Lewis acid catalyst),
and then stirred at the reaction temperature. Examples of
suitable catalysts include, for instance, phosphoric acid,
boron trifluoride, alkyl or aryl sulfonic acid, alkali or
alkaline carbonate.

Alternatively, the reaction may be conducted in a diluent.
For example, the reactants may be combined in a solvent such
as toluene, xylene, oil or the like, and then stirred at the
reaction temperature. After reaction completion, volatile
components may be stripped off. When a diluent is employed,
it is preferably inert to the reactants and products formed

and is generally used in an amount sufficient to insure
efficient stirring.

Thie is the renlacement sheet



- 36- TABLE |V - (SEQ VE TEST RESULTS)  Conpound of

Dose ABS AEV Exanpl e No. (W. % (Pass
[ferr] 9.0) (Pass [err] 5.0) 5 3.0 9.4
6 3.0 8.0 3.4 7
9.5 - 6.0 8 3.0 7.7
9 3.0 -18- 9.3 5.6 10
8.9 4.0 113 3.0 9.1
12 3.0 8.7 4.1 13
3.0 9.3

9.% 5.1 14
Water, which can be)present in the polyamino alkenyl or 16
alkyl 8Suécinimide, mdy be removed from the reactibn system 9.4
. 1 1. 9.2 5 3
elthergigfore or é%rﬁﬁ%_the course qg;the reaﬁF%Qn via
azeotroping or distillation. After reaction completion, the
system can be stripped at elevated temperatures (100°C to
250°C) and reduced pressures to remove any volatile
conmponents which may be present in the product.

8.7

ANOLWAOWA WAL
NOwWObhODOWOOO®

Alternatively, a continuocus system may be employed in which
the alkenyl or alkyl succinic anhydride and polyamine are
added at the front end of the system while the organic
carbonate is added further downstream in the system. In
such a continuous system, the organic carbonate may be added
at any time after mixing of the alkenyl or alkyl succinic
anhydride with the polyamine has occurred. Preferably, the
organic carbonate is added within two hours after mixing of
the alkenyl or alkyl. succinic anhydride with the polyaminé,
preferably after the major portion of the amine has reacted
with the anhydride.

In a continuous system, the reaction temperature may be
adjusted to maximize reaction efficiency. Accordingly, the
temperature employed in the reaction of the alkenyl or alkyl
succinic anhydride with a polyamine may be the same as or
different from that which is maintained for the reaction of
this resulting product with the cyclic carbonate. In such a
cdntinuous gsystem, the reaction temperature is generally
between 0°C to 250°C; preferably between 125°C to 200°C; and
most preferably between 150°C to 180°C.

The reaction of polyamino alkenyl or alkyl succinimides with
cyclic carbonates is known in the art and is described in
U.S. Patent 4,612,152, which is totally incorporated herein
by reference.
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19 3.0 8.9 4.7 Tabl es V-VI1 exam ne the
effect of three structural paraneters on PV-3344 and Seq. VE test
performance. TS data (@a concentration level of 1.6 w. % is used as an

i ndi cation of PV-3344 test performance. AES and AEV data are used as an

i ndi cation of Seq. VE test performance. Table V shows the effect of the

pol ybut ene substituent's nol ecul ar Wdi%ht on the additive's perfornance in
both tests; Table VI 'shows the effect of the nunber of am ne nitrogen atons
per nole on the additive's performance in both tests; and Table VII shows

- -37-
the EffeCtAcgaﬁ%Téuiég %ngpéferred cyclic carbonate is 1,3-dioxold%-2-

one (ethylene carbonate). Ethylene carbonate is

commercially available or may be prepared by methods
well-known in the art.

&he molar charée of cyclic carbonate employed in the post-
treatment reaction is based upon the theoretical number of
basic nitrogens contained in the polyamino substituent of
the succinimide. Thus, when 1 equivalent of tetraethylene
pentamine (“TEPA") is reacted with two equivalents of
succinic anhydride, the resulting bis succinimide will
theoretically contain 3 basic nitrogens. Accordingly, a
molar charge of 2 would require that two moles of cyclic
carbonate be added for each basic nitrogen or in this case
6 moles of cyclic carbonate for each mole of bis succinimide
prepared from TEPA. Mole ratios of the cyclid carbonate to
the basic amine nitrogen of -the polyamino alkenyl
succinimide employed in the process of this invention are
generally in the ranée of from about 1.5:1 to about 4:1;
although preferably from about 2:1 to about 3:1.

As described in U.s. Patent No. 4,612,132, cyclic carbonates
may react with the primary and secondary amines of a
polyamino alkenyl or alkyl succinimide to form two types of
compounds. In the first instance, strong bases, including
unhindered amines such as primary amines and some secondary
anines, react with an equivalent of cyclic carbonate to
produce a carbamic ester. In the second instance, hindered
bases, such as hindered secondary amines, may react with an
equivaleﬁt of the same cyclic carbonate to form a
hydroxyalkyleneamine linkage. Unlike the carbamate
products, the hydroxyalkyleneamine products retain their
basicity.
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wi th ethylene carbonate on the additive's performance in both tests. In
Tables V-VII, the conpounds are listed in pairs. For each pair, the
c¢anmpounds differ only by the feature examned in the respective table. For
i nstance, the first pair of conmpounds listed in Table V (effect of

pol ybut ene M1) conpares Exanples 6 and 10. Exanple 6 has a succinic ratio
of 1.1, is made froma TETA pol yanra@s~ is not post-treated with ethyl ene
carbonate, and contains a 1300 Mh pol ybut ene substituent. Exanple 10

| i kew se has a succinic ratio of 1.1, is nmade froma TETA polyanm ne, and is

not post-treated hyl en arbonate However, Exanple 10 contains a
2200 Mh réﬁmﬁ 'Sl?o&%at n of a cyclic carbqmate with arrecT oF

PCLYBUTENBHyﬁnino alkenyl or alkyl succiﬁiﬁi&@ema Gpiapdnd mixture

ca.r bonagﬂgt | ép‘cﬁ%ggl)'r ea‘{?‘ %C'éh c anre cH Ox%:%e ?g g%%ut en Egvéggggnggg Seq.
to the basic nitrogen of the succinimide is about 1 or less,
it is anticipated that a large portion of the primary and
secondary amines of the succinimide will have been converted
to hydroxy hydrocarbyl carbamic esters with some
hydroxyhydrocarbylamine derivatives also being formed. As

. the mole ratio is raised above 1, poly(oxyalkylene) polymers

of the carbamic esters and the hydroxyhydrocarbylamine
derivatives are expected.

" The modified succinimides of this invention can also be
reacted with boric acid or a similar boron compound to form
borated dispersants having utility within the scope of this
invention. 1In addition to boric acid (boron acid), examples
of suitable boron cghpounds‘include boron oxides, boron
halides and esters of boric acid. Generally from about 0.1
equivalents to 10 equivalents of boron compound to the
modified succinimide may be employed.

LUBRICATiNG OIL COMPOSITIONS AND CONCENTRATES
CONTAINING MODIFIED SUCCINIMIDES

The modified polyamino alkenyl or alkyl succinimides of this
invention are compatible with fluorocarbon seals. At
concentration levels for which the additives of this
ipyention are compatible with fluorocarbon seals, they are

| effective as detergent and dispersant additives when

. employed in lubricating oils. When employed in this manner,
the modified polyamino alkenyl or alkyl succinimide additive
is usually present in from about 1 to about 5 percent by
weight (on a dry polymer basis) to the total composition and
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6 1.1 TETA No 1300 10. 8 8.0 3.4 10 1.1
TETA NO 2200 12.5 8.9 4.0 8 1.1 NPA-X No
300 6.5 7.7 4.6 5 1.1 HPA-X No 2200 10.0
9.4 5.6 11 1.1 HPA-X yes 1300 6.0 9.1 5.9

17 1.1 NPA-X Yes 2200 9.0 9.4 5.9 14 1.5
HPA- X  No 1300 6.9 9T3l- 5 4 7 1.5 HPA-X No
2200 10.9 9.5 6.0 13 1.5 TETA No 1300 11.2
9.1 51 9 1.5 TETA No 2200 11.7 9.3 5.6
Aver age 4.9

Aver age preferably less than abouégg%ercem:. §>y8'w§.i§ht (?éno?aé%yy

denonst r apedymeat bagia)yi sobut ene Mh of 2200 gives better PV-3344 and
better Seq. VE results than a polyisobutene Mh of 1300.
This is the repl acenent sheet

As used herein, the phrase "dry polymer basis" indicates

that only the modified succinimide compounds of this
invention are considered when determining the amount of the
additive relative to the remainder of a composition (e.g.,
lube 0il composition, lube o0il concentrate, fuel composition

' or fuel concentrate). Diluents and any other inactives are
excluded.

The lubricating oil used with the additive compositions of

" this invention may be mineral oil or synthetic oils of
lubricating viscosity and preferably suitable for use in the
crankcase of an internal combustion engine. Crankcase
lubricating oils ordinarily have a viscosity of about 1300
cSt at O°F to 22.7 ¢St at 210°F (99°C). The lubricating
oils may be derived from synthetic or natural sources.
Mineral oil for use as the base oil in this invention
includes paraffinic, naphthenic and other oils that are
ordinarily used in lubricating oil compositions. Synthetic
oils include both hydrocarbon synthetic oils and synthetic
esters. Useful synthetic hydrocarbon oils include liquid
polymers of alpha olefins having the proper viscosity.
Especially useful are the hydrogenated liquid oligomers of
C¢ to Cjp alpha olefins such as 1-decene trimer. Likewise,
alkyl benzenes of proper viscosity such as didodecyl benzene
can be used: Useful synthetic esters include the esters of
both monocarboxylic acid and polycarboxylic acids as well as
monohydroxy alkanols and polyols. Typical examples are
didodecyl adipate, pentaerythritol tetracaproate,
di-2-ethylhexyl adipate, dilaurylsebacate and the like.
Complex esters prepared from mixtures of mono and

Yaale : .' ponpl marl? anoe’
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- 38- TABLE VI - (EFFECT OF AM NE TYPE)
Et hyl ene Conpound Car bonat e of Exanpl e Pol ybut ene Succinic

Post - Am ne PV-3344 seq. Seq. No. Vvh Ratio Treatnment type
TS VE AES VE AEV 6 1300 1.1 NO TETA 10. 8 8.0
3.4 8 1300 1.1 NO, HPA- X 6.5 7.7 4.6 10
7200 1.1 No TETA 12782 8.9 4.0 5 2200 1.1
No HPA- X 10.0 9.4 5.6 9 2200 1.5 NO TETA
11. 7 9.3 5.6 7 2200 1.5 No HPA- X 10.9 9.5
6.0 diéarbox%%qg acid akdlmon6“§hd dﬂﬁ?&*ox&Qafkanglg caé'afso

be used.

Blends of hydrocarbon oils with synthetic oils are also
useful. For example, blends of 10 to 25 weight percent
hydrogenated l-decene trimer with 75 to 90 weight percent

150 SUS (100°F) mineral oil gives an excellent lubricating
oil base.

Other additives which may be present in the formulation
include detergents (overbased and non-overbased), rust

inhibitors, foam inhibitors, corrosion inhibitors, metal
deactivators, pour point depressants, antioxidants, wear

inhibitors, zinc dithiophosphates and a variety of other
well-known additives.

It is also contemplated the modified succinimides of this
invention may be embloyed as dispersants and detergents in
hydraulic fluids, marine crankcase lubricants and the like.
When so employed, the modified succinimide is added at from
about 0.1 to 5 percent by weight (on a dry polymer basis) to
the o0il, and preferably at from 0.5 to 5 weight percent (on
a dry polymer basis).

Additive concentrates are also included within the scope of
this invention. The concentrates of this invention usually
include from about 90 to 10 weight percent of an oil of
lubricating viscosity and from about 10 to 90 weight percent
(on a dry polymer basis) of the additive of this invention.
Typically, the concentrates contain sufficient diluent to
make them easy to handle during shipping and storage.
Suitable diluents for the concentrates include any inert
diluent, preferably an oil of lubricating viscosity, so that
the concentrate may be readily mixed with lubricating oils

This is the replacement sheet
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11 1300 1.1 Yes HPA-X 6.0 9.1 5.9 13 1300

1.5 NO TETA 11.2 9.1 5.1 14 1300 1.5 NO
HRA- X 6.9 9.3 5.4 15 1300 1.5 You TETA 11.7
9.4 5.3 16 1300 1.5 You HPA-X 6.8 9.4 6.4
Aver age _ ' -JEIA  11. 5 8.9 4.6 Average

- - HPA- X 7.9 9.1 5.6 17 2200 1.1 Yes
HPA. X 9.0 9.4 5.9 18 2200 1.1 yes [err] 12.1 9.3
51 11 1300 1.1 yes HPA- X 6.0 9.1 .5.9 19
1300 tol pteparéubrik@tihg 431lcompoBitiohs. AVEAIable _

9 25 A T I 11. 91 . When

conpar Yﬁgrgi%&mt"&}? ﬁbt‘cﬁof:éf‘ brqused 3s dijuents; CAME per

mol e) pol havienedscbailtded ishahe Panhger fE\de%@qwmfsorumm?dtorsoTtETAN The
Seq. VE HRA- r ' I n rTETA SO,
Soq. VE E%E%*’Jrlﬁ GirliveeHa1Becdnk cgr?t%]'r"l}g R R EL U hp?c??‘ﬁ%rﬁ‘he

t han for FéiAPﬁwmuh?ingndnspygépgsﬁ&yb@awh@ebggpd-

FUEL COMPOSITIONS AND CONCENTRATES
D _SUCCIN

When used in fuels, the proper concentration of the additive
necessary in order to achieve the desired detergency is
dependent upon a variety of factors including the type of

. fuel used, the presence of other detergents or dispersants
or other additives, etc. Generally, however, and in the
preferred embediment, the range of concentration of the
additive in the base fuel is 10 to 10,000 weight parts per
million, preferably from 30 to 2,000 weight parts per
million, .of the modified succinimide per part of base fuel.

If other detergehts are present,'a lesser amount of the
modified succinimide may be used.

The modified succinimide additives of this invention may
also be formulated as a fuel concentrate, using an inert
stable oleophilic organic solvent boiling in the range of
about 150°F to 400°F. Preferably, an aliphatic or an
aromatic hydrocarbon solvent is used, such as benzene,
toluene, xylene or higher-boiling aromatics or aromatic
thinners. Aliphatic alcohols of about 3 to 8 carbon atoms,
such as isopropanol, isobutylcarbinol, n-butanol and the
like, in combination with hydrocarbon solvents are also
suitable for use with the fuel additive. In the fuel
concentrate, the amount of the additive will be ordinarily
at least 10 percent by weight and generally not exceed

T ) H - o g ¢
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am ne type for PV-3344 performance, it is unacceptable for Seq. VE
performance. The concentration |evels of additives containing a TETA am ne
necessary to achieve suitable Seq. VE performance (AEV in particular) are

general ly _ - 39- unaccept abl e because
they are too high to allow for a conpetitive treat rate. The conpari son
of HPA-X and an adm xture of DETA/HRA-X in Table VI shows that the

DETA/ HPA- X pol yam ne gave significantly better PV-3344 results. This
conparison al so shows that HPA-X was slightly better than the DETA/ HPA- X

70 percent by weight and preferably from 10 to 25 weight
percent (all on a dry polymer basis).

The following examples are offered to specifically
illustrate this invention. These examples and illustrations

are not to be construed in any way as limiting the scope of
this invention. ‘

EXAMPLES

Example 1. Préparation of PIBSA 2200 (succinic ratio = 1.1)

A 35.186 Kg, 16 mol., sample of Parapol 2200 (a 2200 Mn
polybutene available from Exxon Chemical Company) was
charged to a reactor and heated to 232°C.. During this.
time, the reactor was pressurized to 40 psig with
nitrogen and then vented three times to remove oxygen.
The reactor was pressurized to 24.7 psia. Then 1500 g
maleic anhydride was added over a thirty-minute period.
Then 4581 g maleic anhydride was added over a 4-hour
period. The total charge mole ratio (CMR) of maleic
anhydride to polybutene was 3.88. After the maleic
anhydride addition was completed, the reaction was held
at 232°C for 1.5 hour. Then the reaction was cooled
and the pressure reduced to 0.4 psia to remove any
unreacted maleic anhYdride. To this was then added a
light neutral diluent oil. This was heated to 160°C
for 24 hours and was then filtered. This product was
found to contain 37.68 wt. $ actives and had a
saponification number of 19.7 mg KOH/g sample. The
succinic ratio was 1.1 based on a polybutene molecular
weight of 2246 determined by GPC.



adm xture for Seq. VE (AES) results. Also, the Seq. VE (AEV) results were

better for HPA-X than for the DETA/ HPA- X adni xt ure. TABLE VI -
(EFFECT OF POST- TREATMENT W TH ETHYLENE CARBONATE)
Et hyl ene Conpound Carbonate of Exanple Poly-
Succinic Amne Post- PV-3344 Seq. VS Seq. VS No. butane Mn Ratio
Treatnent TS AES AEV 5 =252200 1.1 HPA-X No 10.0
9.4 5.6 17 2200 1.1 HPA-X Yes 9.0 9.4 5.9
1300 1.1 TETA No 10. 8 8.0 3.4 12 1300
1.1 TETA Yes 10.9 8.7 4.1 8 1300 1.1 HPA-X
No 6.5 Example 24 cPreparatiion of 1RDBSA 13901(swppinic watio = 5,D)
9.1 5.9 13 1300 1. 5 TETA No 11 2 9 1 5.1
15. 1300 1.5 TETA Yes 1300

1.5 HPA-X No The prepeduxe of E’Salaple 1 WEB repeie% exce!lt 5L X
Yes 6.8 ParapoD. ¥300\ve4 aUP00 Mn pelybutene available f¥om ExZon 1
7 4.8 Averagechemical Company) was used J\.(ﬁétead §f9Paragog 22063.' =
After dilution with diluent oil and filtration, this
product was found to contain 49.6 wt. % actives and a
saponification number of 42.2 mg KOH/g sample. The

succinic ratio was 1.1 based on a polybutene molecular
weight of 1300.

Example 3. Preparation of PIBSA 2200 (succinic ratio = 1.5)

Parapol 2200, 42.8 Kg, 19.45 mol, was charged to a
reactor and the temperature was increased to 150°C.
During this time, the reactor was pressurized to 40
psig with nitfogen and then vented three times to
remove oxygen. Then at 150°C, maleic anhydride, 4294
g, 43.82 mol, and di-t-hutylperoxide, $23 g, 3.58 mol,
was added. The first 25% was added over 30 minutes.
The remainder was then added over 11.5 hours. The CMR
of maleic anhydride to polybutene was 2.25. The
reaction was held at 150°C for one hour. Then the
reactor was heated to 190°C for 1 hour to destroy any
‘remaining di-t-butylperoxide. Then vacuum was applied
to the reactor and the unreacted maleic anhydride was
removed. This material was then diluted with a light

" neutral oil and filteréd. The product after filtration
had a saponification number of 31.6 mg KOH/g sample and
contained 45.62 wt. % actives. The succinic ratio was
1.5 for this material based on a polybutene molecular
weight of 2200.

This is the replacement sheet
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Table VIl shows that post-treatnent with ethyl ene carbonate gives slightly
poorer PV-3344 performance than wi thout post-treatnent. However, those
succi ni m des which were nodified by post-treatnent with ethyl ene carbonate
performed significantly better in the Seq. VE test (both AES and AEV).

- 40- The conclusions that can be dfawn fromthe above Tables are

sunmari zed in Table VIII. TABLE VI Il ( CONCLUSI ONS)

Example 4A. Preparation of PIBSA 1300 (succinic
ratio = 1.9)

Parapol 1300, 6.9 Kg, 47.6 mol, was charged to a
reactor and the temperature was increased to 150°C.
buring this time, the reactor was pressurized to

40 psig with nitrogen and then vented three times to
remove oxygen. Then at 150°C, maleic anhydride,
9332.66 g (95.23 mol), and di-t-butylperoxide, 1280 g
(8.77 mol) was added over S5 hours. Then the reaction
was maintained at 150°C for an additional 2 hours. The
reaction was then heated to 190°C for 1 hour to destroy
any residual peroxide. The pressure was then reduced
to 0.4 psia and the excess maleic anhydride was
removed. The procduct was found to contain 65.4 wt. %
actives and had a saponification number of 94.5 mg
KdH/g sample. The succinic ratio was 1.9 for this

material based on a polybutene molecular weight of
1300. '

Example 4B. Preparation of PIBSA 1300 (succinic
ratio = 1.5)

In order to produce a PIBSA with a succinic ratio of
1.5, the product from Example 4A, 629.1 g (succinic
ratio 1.9), was blended with diluent oil, 786.1 g. and
the PIBSA 1300 (succinic ratio = 1.1) from Example 2,
962.8 g (succinic ratio 1.1). This gave 2388 g of
PIBSA 1300 (succinic ratio = 1.5) with a saponification
number of 40.1 and wt. % actives of 35.4 and a succinic
ratio of 1.5.

This s the repiacement shoetl
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Better Better Better PV-3344 Seq. VE

(ASS) Seq. VE (AEV) Per f ormance Performnce
Performance A. Polyi[err]obutene Wn 2200 2200 2200
(1300 or (2200) B. Post-Treatnent (Yes) No or No) with
ethylene (slightly) Yes carbonate C. Anmi ne type

HPA- X 1. TETA or HPA-X TETA =27=(slightly) HPA- X 2. SPA or

DETA/ HPA- X DETA/ HPA-X  (slightly) PA-X Table VII1 shows that the nost
desirabl e additives contain a 2200 Wnh substituent, are derived froma

I ' havi h Ni I .
ost -t cat cAXARERScey| ERERARASINR ST BionHE B XEPAPAApEaPE FHChanimidses:
anm ne type flencRini®isardf & tailde, the concentration levels required for

this am ne type to achieve suitable Seq. VE performance (AEV results in

particul ar) are unacceptabl e because they are toq .
To a 22 L three-necked flask equipped with a Dean Stark

trap was added 7655 g (1.34 mol) of PIBSA from

Example 1. This was heated to 130°C under nitrogen
with stirring and to this was added HPA-X, 162.2 g
(0.59 mol) over 2 hours. The temperature was increased
to 165°C. The amine/PIBSA CMR was 0.44. The reaction
was heated an additional 4 hours at 165°C. A total of
25 cc water was removed. This product was analyzed and
found to contain 0.74 %N, 17.0 TBN, 1.08 TAN, a
viscosity at 100°C of 427.6 cSt and a specific gravity
at 15°C of 0.9106. This product contained about 40%
active material.

Examples 6-10, 13'énd 14. Preparation of Other Succinimides

A number of other succinimides were prepared from a
~variety of PIBSA’s and amines using the procedure
reported .in Example 5. The analytical data for these
products are reported in Table I.

Example 11. Preparation of Ethylene Carbonate-Treated BIS
HPA~-X PIBSA 1300 (succinic ratio = 1.1)

The product from Example 8, BIS HPA-X PIBSA 1300
(succinic ratio = 1.1), 146.2 Kg, was charged to a
reactor and the temperature was heated to 100°C. To
this was added 20.4 Kg of ethylene carbonate over
thirty minutes. The temperature was increased to 165°C
over 2.5 hours and then maintained at this temperature
for 2 hours. A total of 14 Kg of product was obtained.
This product was analyzed and found to contain 1.51 %N,

tay oF P Sy P T B TIDRT
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high to allow for a conpetitive treat rate. Accordingly, the am ne shoul d
have greater than 4 nitrogen atons per nole. For multi-grade oi
applications, the succininmde additive may be derived froma succinic
anhydride having a succinic ratio of approximtely 1.5. However, the
viscosity index inprovement which acc ani es succi ni m des having succinic
rati os of about 1.3 or greater is not < ways desirable. Instead, for some
applications, such as single-grade oi

This is the replacenent sheet

20.3 TBN, a viscosity at 100°C of 446.6 cSt, and a
specific gravity at 15°C of 0.9393. The analytical
data for this material is contained in Table I.

Examples 12, 13 and 15-19. Preparation of Other Ethylene
Carbonate-Treated Succinimides

A number of other post-treated succinimides were
prepared from a variety of succinimides prepared from a
variety of PIBSA’s and amines using the procedures '
reported in the previoué exanmples. These materials are
reported in Table I.

Example 20. Preparation of a Bis HPA-X Succinimide from
PIBSA 1300 (succinic ratio = 1.9)

PIBSA 1300 pxépared as in Example 4A (succinic

ratio = 1.9), 13051 g, was mixed with 10281 g diluent
oil. This was heated to 75°C and to this was added
with stirring 1512 g HPA-X, 5.5 mol. The amine/PIBSA
CMR was 0.5 and the wt. % actives were calculated to ke
about 40%. The temperature was heated to 169°C over
two hours and kept there for an additional two hours.
Vacuum was applied to help remove the water. Upon
cooling, a gel formed. So the reaction was reheated to
165°C under full vacuum for one additional hour. The
product had 1.9%94 %N, TBN = 34.2, viscosity at 100°C of
1267 cst, and specific graviéy at 15°C of 0.9320.. Then
2638 g of this product was charged to a reactor and
heated to 165°C. To this was added 459.6 g ethylene
carbonate (5.2 mol). The ethylene carbonate to basic
nitrogen ratio was 2.0. When about half of the
ethylene carbonate was added, massive amounts of a gel
were formed. This could not be redissolved by

This is the replacemsnti sheet
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-41- formul ation, a succinic ratio |ess than about 1.3, preferably
closer to 1, is nore desirable. Furthernore, Exanple 20 (nmade fromthe
P1.BSA of Exanple 4A) shows that succinic ratios of about 1.9 are

unaccept abl e because gels are fornmed. Accordingly, succinic ratios greater
than 1 but |ess than about 2 are accepigble, with succinic ratios |less than
about 1.7 preferred.  Succinimde additives having a 2200 Mh al kenyl or

al kyl group which are derived froman am ne having greater than 4 nitrogen
atons per nole, and which are post-treated with ethylene carbonate, are
conpati bl e with prodcagedbheatdaks oxt byorstantaddiitoion ef®|$006 o dtiwént hey
are excellent de gen ddi ti h iLtive nples 17 and
18) pass the Seq.ai%E tgg? gfgfg\?v%goﬁégnts%gﬁpoégﬂ e%aw#%scaé%esi rabl e
because | ess of thdigagesi thats therécds m gl rinablew ks using aIBSA

resulting in | owgRpeOHith b ERCEINGY ¥atio of 1.9.
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iy g

«

the replasement sheet

Date: 1 ( MAR 1997



-42- VWHAT IS CLAI MED | S: 1. A nodified polyam no al kenyl or alkyl

succi ni m de conprising the succinimde reaction product of: (i)
an al kenyl - or al kyl -substituted succinic - anhydri de derived from
a polyolef in having a Wn of about 2000 to about 2700 and a

MV Mh ratio of about 1 to about 5; and (ii) a

pel yal kyl ene pol yanmi ne having great er3@han

TABLE I - (Analytical Data For Examples 5-19)

NEASURED
Compound
of Example DESCRIPTIOM M | TBN | VIE 100 8pGr
Ko.t (cSt) (15°C)
5 bis HPA-X PIBSA 2200 0.74 17 428 0.9106
(SR=1.1; A/P=0.44)
(3 bis TETA PIBSA 1300 0.99 15 278 0.9300
(SR=1.1; A/P=0.5)
7 bis HPA-X PIBSA 2200 1.08] 2s 1688 0.9219
(SR=1.5; A/P=0.5)
8 bis HPA~X PIBSA 1300 1.55| 36 272 0.9214
(SR=1.1; A/P=0.5)
9 bis TETA PIBSA 2200 0.6¢| 10 1554 0.9339
(SR=1.5; A/P=0.5)
10 bis TETA PIBSA 2200 0.41 5 451 0.9093
(SR=1.1; A/P=0.44)
11 EC bis HPA~X PIBSA 1300 1.511 20 447 0.9393
(SR=1.1; A/P=0.5; EC/BN=2.0)
12 EC bis TETA PIBSA 1300 0.96 8 308 0.9282
(SR=1.5; A/P=0.5; EC/BN=2.0) .
13 bis TETA PIBSA 1300 0.87( 15 145 0.9120
(SR=1.5; A/P=0.5) _ .
14 bis HPA-X PIBSA 1300 ° 1.52] 37 165 0.9142
{SR=1.5; A/P=0.5)
15 EC bis TETA PIBSA 1300 0.99] 11 136 0.9156
(SR=1.5; A/P=0.5; EC/BN=2.0)
16 EC bis HPA-X PIBSA 1300 1.46] 19 402 | 0.9330
(SR=1.5; A/P=0.5; BC/BN=2,.0)
17 EC bis HPA-X PIBSA 2200 0.63 9 660 0.9188
(SR=1.1; A/P=0.44; EC/BN=2.0)
18 EC bis HPA-X/DETA PISSA 2200 | 0.44 6 485 0.9132
(SR=1.1; A/P=0.40; EC/BK=2.4) .
19 EC bis HPA-X/DETA PIBSA 1300 1.18 9.7 287
i (SR=1.1; A/P=0.5; EC/BN=2.0)

Note: SR = succinic ratio
A/P = amine/PIBSA CMR
EC/BN = ethylene carbonate/basic
nitrogen CMR

=R T Gl penivien g + o -
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4 nitrogen atons per nole; wherein the succinimde reaction product

S post-treated with a cyclic carbonate. 2. A nodified polyam no
al.-kenyl or al kyl succini m de according to Caim1 wherein the charge
nole ratio of (ii) to (i) is fromabout 0.35:1 to about 0.6:1; and,
the charge nole ratio of cyclic carbopgje to basic amne nitrogen in
the succinimde reaction product is fromabout 1.5:1 to about 4:1.

3. A nodified polyam no al kenyl or al kyl succinimde according to
Claim1 wherein the polyolefin has a M val ue of about 2100 to about
2400. 4. pPenashgi e¢ gghpqggn@nmgﬁagdudy'gﬂggg succi ni m de

according to Caim3 wherein the polyolefin has a Wn val ue of about
2200.

We chose to blend and test the additives in Examples 5-19 on
an equal wt. ¥ actives basis. This was because we were
trying to compare products from four different PIBSA’s with
different molecular weights and different succinic ratios,
and two different amines with and without ethylene carbonate
treatment. In order to do this, we calculated the %N and
TBN that was expected for these compounds from the molecular
formulas for a product that contained 40 wt. % actives.
These data are reported in Table II. The succinimides from
. Exanmples 5-18 were then blended into the finished oil for
testing at a concentration of 7.5% of the 40 wt. % actives
material or at 3% on a dry polymer basis. The amounts of
succinimides were adjusted to take into account the
differences between the %N of the particular batch and the
%N expected for the example. For Example 19, a 5% blend of

50 wt. % actives material or 3% on a dry polymer basis was
made. ' '
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5. A nodified polyam no al kenyl or al kyl succinim de according to

Claim1l wherein the polyolefinis pol ybut ene.

- 43- 6. A nodified polyam no al kenyl or al kyl succinim de

according to Claim5 wherein the polybutene is pol yi sobut ene. 7. A
nodi fi ed pol yam no al kenyl or aIkyI_aggpininide according to Caim1l

wherei n the pol yal kyl ene pol yan ne

has greater than 4 to about 12
nitrogen atons per nole.

TABLE II - THEORETICAL %N AND TBN

Compound

31;2;1. DESCRIPTION % ACTIVE| %N | TBN

No.$ .
5 |bis HPA-X PIBSA 2200 40 0.72| 17
6 |bis TETA PIBSA 1300 40 0.77| 12
7 |bis HPA-X PIBSA 2200 40 1.00| 25
8 bis HPA~X PIBSA 1300 40 1.14] 26
9 |bis TETA PIBSA 2200 40 0.67| 10
10 |bis TETA PIBSA 2200 . | 40 0.48| s
11 |Ec bis HPA-X PIBSA 1300 40 1.14] 15
12 |EC bis TETA PIBSA 1300 40 0.77] 6
13 |bis TETA PIBSA 1300 40 1.07| 16
14 |bis HPA-X PIBSA 1300 40 1.57| 38
15 |EC bis TETA PIBSA 1300 . 40 1.07| 12
16 |EC bis HPA-X PIBSA 1300 40 1.57] 20
.17 |EC bis HPA-X PIBSA 2200 40 Jo0.72] 10
e msioe I
19 ggagislggg-X/DETA 50 |1.18) 10

The additive compounds prepared in accordance with preceding
Examples 5-19 were tested for fluorocarbon seal
compatibility using the Volkswagon PV-3344 test procedure
for seal testing of motor oils. The results are displayed
in Table III. The PV-3344 test procedure is a revised
version of the earlier PV-3334 test procedure. This test
procedure measures the change in physical properties of
elastomer seals after they have been suspended in an oil
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S. A nodi fi ed pol yam no al kenyl or al kyl succinimde according to

Claim?7 wherein the pol yal kyl ene pol yam ne has from about 5 to about 7
ni tTogen atoms per nole. 9. A nodi fi ed pol yam no al kenyl or al kyl

succi ni m de according to Caim8 wherein the pol yal kyl ene pol yam ne

i s.Union Carbide HPA-X heavy pol yam neg3- 10. A nodified pol yam no al kenyl
or al kyl succinimde according to Claim8 wherein the pol yal kyl ene

pol yam ne conprises 20% by wei ght diethylene triam ne and 80% by

wei ght heavy pol yam ne. 11. A nodified polyam no al kenyl or al kyl

succi ni m de‘i;;a ut Zbeor ﬂ'iangtiﬁz t@ta':ngthv\mhesgi gnﬁ?@l&h@ﬁiltriioq‘ Z(lmg_r%@q:é{kas

a succini ¢ &épasCohePNs an_abg : modi fi e

pol yam no al feny? or aIaE;!/F gugc?ﬁl %ﬁggﬁ. I%aélé&’%riﬁ&' %he SA161 afeerein
the succi ni 218RnhY4PYALLY” inspestedsfiori arackat i(GR)r aftakowhely ad €ss than
about removed from the test oil. Details of the PV-3344 test

procedure are available from Volkswagon.
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1.3. 13. A nodified pol yam no al kenyl or al kyl succinimde accordi ng

to Caim11ll wherein the succinic anhydride has a succinic ratio from
about 1.3 to about 1.7. : - 44- 14. A
nodi fi ed pol yam no al kenyl succinim de according to Claim1 wherein the
cyclic carbonate is ethylene car_l_)gpgt e. 15. A nodi fied pol yam no
dkkenyl or al kyl succinimde

TABLE III - (PV-3344 TEST RESULTS)

Additive | Concentration of T8 EL CR

Compound | Additive (Wt. %) | (Pass 2 8.0) | (Pass = 160) | (Pass = N)
of Example .

1.6 10.0 203 N

2.0 9.4 i89 N

5 2.4 8.8 196 N

2.4 8.0 178 Y

2.8 7.8 176 Y

3.2 7.2 167 b4

6 1.6 10.8 218 N

2.4 9.6 197 N

7 1.6 10.9 220 N

8 1.6 6.5 155 Y

2.4 6.0 146 b4

9 1.6 - 11.7 232 N

10 1.6 12.5 244 N

3.2 11.7 240 N

11 1.6 6.0 - 139 Y

. 2.8 $.8 ' 141 4

12 1.6 10.9 216 N

13 1.6 11.2 224 N

. . 2.4 9.4 196 N

14 1.6 6.9 160 Y

2.4 5.6 137 Y

15 1.6 11.7 ‘233 N

2.4. 10.7 207 N

16 1.8 6.8 183 b 4

2.4 6.4 148 b4

1.6 9.0 188 N

2.0 8.8 180 N

17 2.4 8.8 196 N

2.8 7.5 172 Y

3.2 7.9 169 Y

1.6 12.1 238 N

2.0 11.6 233 N

i8 2.4 11.1 220 N

2.8 10.7 220 N

3.2 10.0 206 N

19 1.6 10.1 186 N

2.8 8.3 150 4

This is the replacement sheet
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according to Caim1 wherein the polyolefin is pol yi sobut ene having a

Wh of about 2200, the succinic anhydri de has a succinic ratio from
about 1 to about 1.7, the polyal kyl ene pol yam ne conpri ses Uni on

Car bi de HPA- X heavy pol yam ne, the charge nole ratio of (ii) to

(i) is fromabout 0.4:1 to about 0.5:gthe cyclic carbonate is

ét hyl ene carbonate, and the charge nole ratio of cyclic carbonate to
basic am ne nitrogen in t he succinim de reaction product is from about
2:1to about 3:1. 16. A nodified pol yam no al kenyl or al kyl

succi ni m dethe deteanpaniyprapéieies lofhthei adtitive vompbundss were

| yi sobut | t de .h
Bt nic.r ST rhaged iy EhE SedtbRee! I8 BGING Soot prfblLN AT °
conpri ses Mijyet%\eilgmsm Propesed| Bethod: 2aRne Thd sgdrsty measynesni on
Car bi de Bﬁﬁ@@vﬂhﬁﬁé’ a”&@&raéaeeﬁﬁihﬁe s'ﬂh%er JnES)OTarld Iaverge

carbonate Is

(i) |sfromabu t 0 about -
et hyl ene ca?’b‘l)fﬁ‘l" %%al? hEAEYGr ge %I QES an Qﬁvo SRS fox. Fhsonate to
basi ¢ am necasmpamm of Examplée 5¢18i arel dhownadin Makhleodwit iz dosageabout

2:1to o@bei"éaé:éate level of 3.0% (on a dry polymer basis) was
chosen as an appropriate concentration level for the Seq. VE
test since treat rate levels exceeding 3% are generally too
high for the resulting additive package to be priced
competitively in the marketplace. Examples 17 and 18 were
~each run at concentration levels of 2.0 and 1.5% (on a dry
polymer basis).

Thie is the replacement sheet
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17. A lubricating oil conposition conprising a major anount of an oi

of lubricating viscosity and an effective anmount of a nodified
pol yam no al kenyl or al kyl succinimde sufficient to be conpatible
W th fl uorocarbon seals and simnultaneously control engine
- 45- sl udge and varni sh, wherein the nodified succinimde
conpri ses the succinimde reaction ﬁFHHUct of : (i) an al kenyl- or
al kyl -substituted succinic anhydride derived froma polyol efin
havi ng a M of about 2000 to about 2700 and a MW Wh ratio of
TABLE IV - (SEQ. VE TEST RESULTS)
- Compound of Dose AES AEV
nxanglc No. (Wt. %) (Pass > 9.0) (Pass > 5.0)
5 3.0 9.4 5.6
6 3.0 8.0 3.4
7 3.0 9.5 - 6-0
8 3.0 7.7 4.6
9 3.0 9.3 5.6
10 3.0 8.9 4.0
11 3.0 9.1 5.9
12 3.0 8.7 4.1
13 3.0 9.1 5.1
14 3.0 9.3 5.4
i5 3.0 9.4 5.3
16 3.0 9.4 . 6.4
2.0 9.4 5.9
17 1.5 9.2 5.3
2.0 9.3 5.1
18 1.5 8.7 ‘4.4
19 3.0 8.9 4.7

Tables V-VII examine the effect of three structural
parameters on PV-3344 and Seq. VE test performance. TS data
(8 a2 concentration level of 1.6 wt. %) is used as an
indication of PV-3344 test performance. AES and AEV data
are used as an indication of Seq. VE test performance.

Table V shows the effect of the polybutene substituent’s
molecular weight on the additive’s performance in both
tests; Table VI shows the effect of the number of amine
nitrogen atoms per mole on the additive’s performance in
both tests; and Table VII shows the effect of post-treatment

R T SR R U P i :
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about 1 to about 5; and (ii) a polyal kyl ene pol yan ne havi ng greater

t han 4 nitrogen atons per nol e; wherei n the succini mde
reaction product is post-treated with a cyclic carbonate. 18. A
lubricating oil conposition according to Claim 17 wherein the charge
nole ratio of (ii) to (i) is from bout 0.35:1 to about 0.6:1; and the
charge nole ratio of cyclic carbo%Zfe to basic amne nitrogen in the
succinimde reaction product is fromabout 1.5:1 to about 4:1. 19. A
| ubricating oil conposition according to Caim17 wherein the

pot yol ef | nyigh @ehly 1A RAboRhiR h A aadit AN perfbrdadddrifal i Ng

oil conposition according to Clalm
both tests.

In Tables V-VII, the compounds are listed in pairs. For
each pair, the compounds differ only by the feature examined
in the respective table. For instance, the first pair of
compounds listed in Table V (effect of polybutene:Mn)
compares Examples 6 and 10. Example 6 has a succinic ratio
of 1.1, is made from a TETA polyamine, is not post-treafed
with ethylene carbonate, and contains a 1300 Mn polybutene
substituent. Example 10 likewise has a succinic ratio of
.1.1, is made from a TETA polyamine, and is not post-treated
with ethylene carbonate. However, Example 10 contains a
2200 Mn polyisobutene substituent.

TABLE V - (EFFECT OF POLYBUTENE Mn)

o !thy;linc
Coapound Carbonate| .

of Example|Succinic|Amine Post- Polybutene [ PV=-3344| Saq. Seq.
No.: Ratio Type | Treatment Ma T8 VE AES|VE ARV

6 1.1 TETA No 1300 10.8 8.0 3.4

10 1.1 TETA No 2200 12.5 8.9 4.0

8 1.1 JHPA-X No 1300 6.5 7.7 4.6

S 1.1 [HPA-X] No 2200 10.0 9.4 5.6

13 1.1 [}HPA-X Yes 1300 6.0 9.1 5.9

17 1.1 }HPA-X Yes 2200 9.0 9.4 5.9

14 1.5 |BPA~X No 1300 6.9 9.3 $.4

7 1.5 |}(BPA~X No 2200 10.9 9.5 6.0

13 1.5 TETA No 1300 11.2 9.1 5.1

9 1.5 TETA %o 2200 11.7 9.3 5.6
. B e e
Average - - - 1300 8.3 8.6 4.9
Average - - - 2200 10.8 9.3 5.4

Table V demonstrates that a polyisobutene Mn of 2200 gives
better PV-3344 and better Seq. VE results than a
polyisobutene Mn of 1300.

This is the replacement sheet
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wherein the polyolefin has a M of about 2200. 21. A lubricating oi

conposition according to Caim17 wherein the polyolefin is polybutene.
22. A lubricating oil composition according to Claim?21 wherein the
pol ybut ene i s pol yi sobut ene. - 46- 23.
A lubricating oil conposition accordlﬂ%_to Caim17 wherein the

pol yal kyl ene pol yam ne has greater thanh 4 to about 12 nitrogen atons
per nol e.

TABLE VI - (EFFECT OF AMINE TYPE)

Ethylane
Compound _ Carbonate

of Example|Polybutens|Succinic Post~ Amine [PV-3344; Beq. 8eq.
No.t Nn Ratio |Treatment| Type T8 VE AES | VE AEV

-] 1300 1.1 No TETA 10.8 8.0 3.4

8 1300 1.1 No HPA=-X 6.5 7.7 4.6
10 2200 1.1 No TETA 12.8 8.9 4.0

$ 2200 1.1 No HPA-X 10.0 © 9.4 5.6

9 2200 1.5 No TETA 11.7 9.3 5.6

7 2200 1.5 No HPA-X 10.9 9.5 6.0

12 1300 1.1 Yes TETA 10.9 8.7 4.1

13 1300 1.5 No TETA 11.2 5.1 5.1

14 1300 1.5 No HPA~-X 6.9 9.3 5.4

h § 1300 1.5 Yes TETA 11.7 9.4 5.3

16 1300 1.5 Yes HPA-X 6.8 9.4 6.4
—

Average - - TETA 11.5 8.9 4.6

Average - - HPA=-X 7.9 9.1 5.6

17 2200 1.1 Yeos HPAX 9.0 9.4 5.9

18 2200 1.1 Yes DETARRAX | 12,1 9.3 5.1

11 1300 1.1 . Yes wPAX 6.0 9.1 | s.9

19 1300 1.1 Yes Derateax | 10.1 8.9 4.7

e
Average - - - WAX 7.5 9.25 5.9
Average - - - DETAMEAX 11.1 9.1 4.9

When comparing TETA (4 N atoms per mole) and HPA-X (avg. of
6.5 N atoms per mole) polyamines, Table VI shows better
PV-5344 performance for TETA. The Seq. VE (AES) results for
HPA-X were slightly better than for TETA. Also, Seq. VE
(AEV) results were significantly better for the HPA-X :
polyamine than for TETA. While TETA appears to be the best
amine type for PV-3344 performance, it is unacceptable for
Seq. VE performance. The concentration levels of additives .
containing a TETA amine necessary to achieve suitable Seq.
VE performance (AEV in particular) are generally

This is the replacement sheet
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24. A lubricating oil conposition according to C aim 23 wherein the

pol yal kyl ene pol yam ne has from about 5 to about 7 nitrogen atons per
ol e. 25. A lubricating oil conposition according to Cl aim 24

wherein the heavy polyamne is Union Carbide HPA-X heavy pol yam ne.

26. A lubricating oil conposition acegrgding to C aim 24 wherein the
pol yal kyl ene pol yam ne conprises 20% by wei ght diethylene triam ne and
80% by wei ght heavy pol yam ne. 27. A lubricating oil conposition
according to Claim17 wherein the succinic anhydride has a succinic
rati o fnacceptablé becivss they abeuto@ higli8to Allabr foxt ang oil

conpositionc@ﬁﬁg{géggeterg;@jP&@g. wherei n the succinic anhydride has a

succinic ratio
The comparison of HPA-X and an admixture of DETA/HPA-X in
Table VI shows that the DETA/HPA-X polyamine gave
significantly better PV-3344 results. This comparison also
shows that HPA-X was slightly better than the DETA/HPA-X

admixture for Seq. VE (AES) results. Also, the Seq. VE

(AEV) results were better for HPA-X than for the DETA/HPA-X
admixture.

TABLE VII - (EFFECT OF POST-TREATMENT WITH
ETHYLENE CARBONATE)

Ethylene
Compound Carbonate
of Exanmple Poly- Succinic] Amine Post~ PV-3344| Seq. VE| Seq. VE
No.s butene Mn | Ratio Type | Treatment 8 AES
6 1300 . 1.1 TETA No 10.8 8.0 3.4
12 1300 1.1 TETA Yes 10.9 8.7 4.1
11 1300 1.1 HPA-X Yos 6.0 9.1 5.9
13 1300 1.5 TETA No 11.2 9.1 §.1
18 . 1300 1.5 TETA Yas 11.7 9.4 5.3
14 1300 1.5 |HPA-X No 6.9 | 9.3 5.4
—— -
AVthgC - - - Yes 8 . 9 9 . 2 5.5

Table VII shows that post-treatment with ethylene carbonate
gives slightly poorer PV-3344 performance than without
post-treatment. However, those succinimides which were
modified by post~treatment with ethylene carbonate performed
significantly better in the Seg. VE test (both AES and AEV).



fromabout 1 to | ess than about 1.3. 29. A lubricating oil conmposition
according to Caim27 wherei n the succinic anhydride has a succinic

rati o

fromabout 1.3 to about 1.7. 30. A lubricating oi

conposition according to Claim 17 wherein the cyclic carbonate is

17
* C

L

et hyl ene carbonate. 31. A Iubrlcatlng oi | conposition according to Claim
il

wherein the anount of the ndd

I ed pol yam no al kenyl or
M S *

The conclusions that can be drawn from the above Tables are
summarized in Table VIII.

TABLE VIII (CONCLUSIONS)

Better Batter Better

PV~334é Seg. VE (AES) |Seq. VE (AEV)
Perforsancs Perforaance Performance

A. Polyisobutene Mn

(1300 or (2200) 2200 2200 2200
B. Post-Treatment {(Yes No

g:rggz‘:ith ethylene (slightly) _ Yem Yes
C. Anine type HPA-X -

1. TETA or HPA-X TETA (slightly) HPA-X

2. HPA or DETA/HPA-X DETA/HPA-X ('fggzgiz). HPA-X

Table VIII shows that the most desirable additives contain a
2200 Mn substituent, are derived from a polyamine having

greater than 4 nitrbgen atoms per mole, and are post-treated
with ethylene carbonate. '

While TETA appears to be the best amine type for PV-3344
performance, the concentration levels required for this
amnine type to achieve suitable Seq. VE performance (AEV
results in particular) are unacceptable because they are too
high to allow for a competitive treat rate. Accordingly,

the amine should have greater than 4 nitrogen atoms per
mole.

Fér'multi-giade oil applications, the succinimide additive
may be derived from a succinic anhydride having a succinic
ratio of appréximately 1.5. However, the viscosity index
improvement which accompanies succinimides having succinic
ratios of about 1.3 or greater is not always desirable.
Instead, for some applications, such as single-grade oil

This is the replacement sheet
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-47- al kyl succinimde is fromabout 1 to about 5 weight per cent

on a dry pol yner basis. 32. A lubricating oil conposition according to
G.ai m 31 wherein the anount of the nodified pol yam no al kenyl or

al kyl succinimde is |ess than about 3 wei ght percent on a dry polyner
basi s. 33. A lubricating oil conposgi+on according to Claim1l7

wherein the anmount of the nodified polyam no al kenyl or al kyl
succinimde is | ess than about 3 wei ght percent on a dry polymer basis
and wherein the polyolefinis pol yi sobut ene having a Mh of about 2200,

t he succi ni €ormulatidbngr adsuwssdndcsratiion desst ithamn a¢haatodt. 3, t o about

1.7, the poLygekyhply BIb%RT B8 940G Hoteldedira®1?d.d€ Furthermore,
Exanple 20 (made from the PIBSA of Example 4A) shows that
succinic ratios of about 1.9 are unacceptable because gels
are formed. Accordingly, succinic ratios greater than 1 but
less than about 2 are acceptable, with succinic ratios less
than about 1.7 preferred.

Succinimide additives having a 2200 Mn alkenyl or alkyl
group which are derived from an amine haying greater than 4
nitrogen atoms per mole, and which are post-treated with

~ ethylene carbonate, are compatible with fluorocarbon seals
at concentration levels for which they are excellent
detergent additives. Such additive compounds (Examples 17
and 18) pass the Seg. VE test at low concentration levels
and are desirable because less of the additive is needed in
additive packages, thereby resulting in lower-cost oil
formulations. '

This is the replacement sheet
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HPA- X heavy pol yam ne, the charge nole ratio of (ii) to (1) is from
about 0.4:1 to about 0.5:1, the cyclic carbonate is ethyl ene

car bonate, and the charge nole ratio of cyclic carbonate to basic

am ne nitrogen in t he succinimde reaction product is fromabout 2:1
to about 3:1. 34. A Iubricagégg oi | conposition according to Claim
17 wherein the amount of the nodified polyam no al kenyl or al kyl
succinimde is |less than about 3 wei ght percent on a dry polymer basis
and wherein the polyolefinis pol yi sobut ene having a Mh of about 2200,

the succi AT IS cANYMED d&.has a succinic ratio fromabout 1 to about
1.7, the polyal kyl ene pol yam ne conpri ses 20% by wei ght di et hyl ene
triam ne and 80% by wei ght Uni on Carbi de HPA- X heavy pol yam ne, the

charge nolie rati modfifiied polyamind iglkenyX aie sy 1 Osdedih@malaut 0.5: 1,

th i [ e J I b t d t h I
e SYELT et oM s SRS S8 Ao e e ™ ©

(i) an alkenyl- or alkyl-substituted succinic
anhydride derived from a polyolefin having a Mn
of about 2000 to about 2700 and a Mw/Mn ratio of
about 1 to about 5; and

(ii) a polyalkylene polyamine having greater than
4 nitrogen atoms per mole;

wherein the succinimide reaction product is
post-treated with a cyclic carbonate.

2. A modified polyamino alkenyl or alkyl succinimide
according to élaim 1 wherein the charge mole ratio of
(ii) to (i) is from about 0.35:1 to about 0.6:1; and
the charge mole ratio of cyclic carbonate to basic
amine nitrogen in the succinimide reaction product is
from about 1.5:1 to about 4:1.

3. A modified polyamino alkenyl or alkyl succinimide
according to Claim 1 wherein the polyolefin has a Mn
value of about 2100 to about 2400.

4. A modified polyamino alkenyl or alkyl succinimide
according to Claim 3 wherein the polyolefin has a Mn
value of about 2200.

5. A modified polyamino alkenyl or alkyl succinimide
according to Claim 1 wherein the polyolefin is

polybutene.
B Uhie e e reniseement sheel
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- 48- t he succinimde-reaction product is fromabout 2:1 to about

3:1. 35. A lubricating oil concentrate conprising from about 90 to
about 10 wei ght percent of an oil of lubricating viscosity and from
about 10 to about 90 wei ght percent on a dry polyner basis of a
nodi fi ed pol yam no al kenyl or al kygz-succini m de conprising the

succi ni m de reacti on product of: (i) an al kenyl- or

al kyl -substituted succinic . anhydride derived froma polyolefin
havi ng a M of about 2000 to about 2700 and a MW Wh ratio of

about 1 to é&boutASmodifiied polyamino alkenyl or alkyl succinimide

according to Claim 5 wherein the polybutene is
polyisobutene. '

7. A modified polyamino alkenyl or alkyl succinimide
according to Claim 1 wherein the polyalkylene polyamine
has greater than 4 to about 12 nitrogen atoms per mole.

8. A modified polyamino alkenyl or alkyl succinimide
accordipg to Claim 7 wherein the polyalkylene polyamine
has from about 5 to about 7 nitrogen atoms per mole.

9. A modified polyamino alkenyl or alkyl succinimide
according to Claim 8 wherein the polyalkylene polyamine
is Union Carbide HPA-X heavy polyamine.

10. A modified polyamino .alkenyl or alkyl succinimide
according to Clain 8 wherein the polyalkylene polyamine
comprises 20% by weight diethylene triamine and 80% by
weight heavy polyamine.’

11. A modified polyamino alkenyl or alkyl succininmide
according to Claim 1 wherein the succinic anhydride has
a succinic ratio from about 1 to less than about 2.

12. A modified polyamino alkenyl or alkyl succinimide
' according to Claim 11 wherein the succinic anhydride
has a succinic ratio from about 1 to less than about
1.3.

13. A modified polyamino alkenyl or alkyl succinimide
according to Claim 11 wherein the succinic anhydride
has a succinic ratio from about 1.3 to about 1.7.

his is the replacement sheét
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(i1) a polyal kyl ene pol yam ne having greater than 4 ni trogen

atons per nol e; wherein the succinimde reaction product is
pest-treated with a cyclic carbonate. 36. A lubricating oil concentrate
according to Caim35 wherein the polyolefin is polyisobutene having a
Vh of about 2200, the succinic -4dwdride has a succinic ratio
fromabout 1 to about 1.7, the polyal kyl ene pol yani ne conpri ses Union
Car bi de HPA- X heavy pol yam ne, the charge nole ratio of (ii) to (i) is
fromabout 0.4:1 to about 0.5:1, the cyclic carbonate is ethyl ene

car bonat e,14nd A Heodhtied pol¥aminpoadkenydl issiccinimdgieh@emarding s c

ami ne nitrogen d:I‘airQelS#ﬁéfatH‘ fRe cyclﬁ%aga%n%rﬁ@‘i“st 5&{1@{8 about 2:1
to about 3:1. A | ubricating concentrate according to Caim 35

wherein the poI?%FE??ﬂ Bs polylsobutene havi ng a M of

15. A modified polyamino alkenyl or alkyl succinimide
'according to Claim 1 wherein the polyolefin is
polyisobutene having a Mn of about 2200, the succinic
anhydride has a succinic ratio from about 1 to about
1.7, the polyalkylene polyamine comprises Union Carbide
HPA-X heavy polyamine, the charge mole ratio of (ii) to
(1) is from about 0.4:1 to about 0.5:1, the cyclic
carbonate is ethylene carbonate, and the charge mole
ratio of cyclic carbonate to basic amine nitrogen in

the succinimide reaction product is from about 2:1 to
about 3:1.

16. A modified polyamino alkenyl or alkyl succinimide
according to Claim 1 wherein the polyolefin is
polyisobutene having a Mn of about 2200, the succinic
anhydride has a succinic ratio from about 1 to about
1.7, the polyalkylene polyamine comprises 20% by weight
diethylene triamine and 80% by weight Union Carbide
HPA-X heavy polyamine, the charge mole ratio of (ii) to
(i) is from about 0.4:1 to about 0.5:1, the cyclic
carbonate is ethyléne carbonate, and the charge mole
ratio of cyclic carbonate to basic amine nitrogen in

the succinimide reaction product is from about 2:1 to
about 3:1.

17. A lubricating oil composition comprising a major amount
of an oil of lubricating viscosity and an effective
amount of a modified polyamino alkenyl or alkyl
succinimide sufficient to be compatible with
fluorocarbon seals and simultaneously control engine

Thie is the repiacement shast
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- 49- about 2200, the succinic anhydride has a succinic ratio
fromabout 1 to about 1.7, the polyal kyl ene pol yam ne conpri ses 20% by
Weti ght di et hyl ene triam ne and 80% by wei ght Uni on Car bi de HPA- X heavy
pol yam ne, the charge nole ratio of (ii) to (i) is fromabout 0.4:1 to
about 0.5:1, the cyclic carbonate4$s ethyl ene carbonate, and t he
charge nol e ratlo of ‘cyclic carbonate to basic am ne nitrogen in the
succi ni m de reaction product |s f rom about 2'1 to about 3:1. 38. A
t he gasollne or

fuel conpositio r|S|n g rbo b%l
di esel range an&lf'\%(g% gﬁ’gut fﬁ' raM hﬁ)%f\fkﬁ‘brﬁuwft
mllion on a dr gopprimes ithel succinimide reaction product of:

(i) an alkenyl- or alkyl-substituted succinic
anhydride derived from a polyolefin having a Mn
of about 2000 to about 2700 and a Mw/Mn ratio of
about 1 to about §; and

(ii) a polyalkylene polyamine having greater than
4 nitrogen atoms per mole;

wherein the succinimide reaction product is
post-treated with a cyclic carbonate.

18. A lubricating oil composition according to Claim 17
wherein the charge mole ratio of (ii) to (i) is from
about 0.35:1 to about. 0.6:1; and the charge mole ratio
of cyclic carbonate to basic amine nitrogen in the

succinimide reaction product is from about 1.5:1 to
about 4:1.

19. A lubricating oil composition according to Claim 17

vherein the polyolefin has a Mn of about 2100 to about
2400,

20. A lubricating oil composition accord;ng to Claim 19
wherein the polyolefin has a Mn of about 2200.

21. A lubricating oil composition according to Claim 17
wherein the polyolefin is polybutene.

22. A lubricating oil composition according to Claim 21
wherein the polybutene is polyisobutene.

“Z‘“-B‘. Srp i o oy b - [
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of a nodified polyam no al kenyl or al kyl succinimde conprising the

succi ni m de reaction product of: (i) an al kenyl- or

al.kyl - substituted succinic anhydride derived froma polyol efin
having a M of about 2000 to about 2700 and a MW Wh ratio of
about 1 to about '5; and (i1) -aepol yal kyl ene pol yam ne havi ng
greater than 4 nitrogen atons per nole; wherein the
succi nim de reaction product is post-treated with a cyclic carbonate.
39. A fuel concentrate conprising an inert stable, ol eophilic organic

sol vent boi23.ng A nidlheicarigey dil compddittion RRc¢co¥digatd €latmabgut 10 to
about 70 weight . r t ol,yam no
al kenyl or al kyl SUCC%I%]?@ %&i’e&é’ &f‘ﬁé% % &QQQL;- gRFR A

uccr nim reaction
product of: to about 12 nitrogen atoms per mole.

24. A lubricating oil composition according to Claim 23

wherein the polyalkylene polyamine has from about S to
about 7 nitrogen atoms per mole.

25. A lubricating oil composition according to Claim 24

wherein the heavy polyamine is Union Carbide HPA-X
heavy polyamine.

26. A lubricating oil composition according to Claim 24
wherein the polyalkylene polyamine comprises 20% by
weight diethylene triamine and 80% by weight heavy
polyanmine.

27. A luhricatiné oil composition according to Claim 17
wherein the succinic anhydride has a succinic ratio
from about 1 to less than about 2.

28. A lubricating oil composition according to Claim 27
wherein the succinic anhydride has a succinic ratio
from about 1 to less than about 1.3.

29. A lubricating oil composition according to c1aim.27
wherein the.succinic anhydride has a succinic ratio
from about 1.3 to about 1.7.

30. A lubricating oil composition according to Claim 17
wherein the cyclic carbonate is ethylene carbonate.

31. A lubricating oil composition according to Claim 17
wherein the amount of the modified polyamino alkenyl or
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- 50- (i) an alkenyl- or alkyl-substituted succinic anhydri de

derived froma pol yol efin having a Wn of about 2000 to about 2700 and
a’*Mv Mh ratio of about 1 to about 5; and (ii) a polyal kyl ene
pol yam ne havi ng greater than 4 nitrogen atons per nole; wherein

the succinimde reaction product is-@#¥t-treated with a cyclic carbonate

alkyl succinimide is from about 1 to about 5 weight
percent on a dry polymer basis.

32. A lubricating ocil composition according to Claim 31
wherein the amount of the modified polyamino alkenyl or
alkyl succinimide is less than about 3 weight percent
on a dry polymer basis.

33. A lubricating oil composition according to Claim 17
wherein the amount of the modified polyamino alkenyl or
alkyl succinimide is less than about 3 weight percent
on a dry polymer basis and wherein the polyolefin is
polyisobutene having a Mn of about 2200, the succinic
anhydride has a succinic ratio from about 1 to about
1.7, the polyalkylene polyamine comprises Union Carbide
HPA-X heavy polyamine, the charge mole ratio of (ii) to
(i) is from about 0.4:1 to about 0.5:1, the cyclic
carbonate is ekhylene carbonate, and the charge mole
ratio of cyclic carbonate to basic amine nitrogen in
the succinimide reaction product is from about 2:1 to
about 3:1.

34. A lubricating oil composition according to Claim 17
wherein the amount of the modified polyamino alkenyl or
alkyl succinimide is less than about 3 weight percent
on a dry polymer basis and wherein the polyolefin is
polyisobutene having a Mn of about 2200, the succinic
anhydride has a succinic ratio from about 1 to about
1.7, the polyalkylene polyamine comprises 20% by weight
diethylene triamine and 80% by weight Union Carbide
HPA-X heavy polyamine, the charge mole ratio of (ii) to
(i) is from about 0.4:1 to about 0.5:1, the cyclic
carbonate is ethylene carbonate, and the charge mole
ratio of cyclic carbonate to basic amine nitrogen in
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the succinimide reaction product is from about 2:1 to
about 3:1.

A lubricating oil concentrate comprising from about %0
to about 10 weight percent of an oil of lubricating

viscosity and from about 10 to about 90 weight percent
on a dry polymer basis of a modified polyamino alkenyl

or alkyl succinimide comprising the succinimide
reaction product of:

(i) an alkenyl- or alkyl-substituted succinic
anhydride derived from a polyolefin having a Mn

of about 2000 to about 2700 and a Mw/Mn ratio of
about 1 to about $; and

(ii) a polyalkylene polyamine having greater than 4
nitrogen atoms per mole;

wherein the succinimide reaction product is
post~treated with a cyclic carbonate.

A lubricating oil. concentrate according to Claim 35
wherein the polyolefin is polyisobutene having a Mn of
about 2200, the succinic anhydride has a succinic ratio
from about 1 to about 1.7, the polyalkylene polyamine
comprises Union Carbide HPA-X heavy polyamine, the
charge mole ratio of (ii) to (i) is from about 0.4:1 to
about 0.5:1, the cyclic carbonate is ethylene
carbonate, and the charge mole ratio of cyclic
carbonate to basic amine nitrogen in the succinimide
reaction product is from about 2:1 to about 3:1.

A lubricating oil concentrate according to Claim 35
wherein the polyoclefin is polyisobutene having a Mn of
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about 2200, the succinic anhydride has a succinic ratio
from about 1 to about 1.7, the polyalkylene polyamine
comprises 20% by weight diethylene triamine and 80% by
weight Union carbide HPA-X heavy polyamine, the charge
mole ratio of (ii) to (i) is from about 0.4:1 to about
0.5:1, the cyclic carbonate is ethylene carbonate, and
the charge mole ratio of cyclic carbonate to basic
amine nitrogen in the succinimide reaction product is
from about 2:1 to about 3:1.

A fuel composition comprising a hydrocarbon boiling in
the gasoline or diesel range and from about 10 to about
10,000 weight parts per million on a dry polymer basis
of a modified polyamino alkenyl or alkyl succinimide
comprising the succinimide reaction product of:

(1) an alkenyl- or,glkyl-substituted suceinic
anhydride derived from a polyolefin having a Mn
of about 2000 to about 2700 and a Mw/Mn ratio of
about 1 to about §; and

(ii) a polyalkylene polyamine having greater than
- 4 nitrogen atoms per mole;

wherein the succinimide reaction product is
post-treated with a cyclic carbonate.

A fuel concentrate comprising an inert stable:
oleophilic organic solvent boiling in the range of
150°F to 400°F and from about 10 to about 70 weight
percent on a dry polymer basis of a modified polyaninc
alkenyl or alkyl succinimide comprising the succinimide
reaction product of:
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(1) an alkenyl- or alkyl-substituted succinic
anhydride derived from a polyolefin having a Mn
of about 2000 to about 2700 and a Mw/Mn ratio of
about 1 to about $; and

(ii) a polyalkylene polyamine having greater than
4 nitrogen atoms per mole;

wherein the succinimide reaction product is
post~treated with a cyclic carbonate.
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MODIFIED HIGH MOLECULAR WEIGHT SUCCINIMIDES

STRACT ' s

Alkenyl or alkyl succinimide additives which are the
reaction product of a high molecular weight alkenyl- or
alkyl-substituted succinic anhydride and a polyalkylene
polyamine having an average of greater than 4 nitrogen atoms
per mole, wherein the reaction product is post-~treated with
a cyclic carbonate, are compatible with fluorocarbon engine
seals and, for concentration levels at which fluorocarbon
seal compatibility is achieved, possess improved dispersancy
and/or detergency properties when employed in lubricating

- 0ils and fuels.
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