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in the preparation of novel high molecular weight dispersants that have

superior dispersant properties for dispersing sludge and varnish and superior

Viton Seal compatibility.
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The high molecular weight dispersants of the present invention also
advantageously impart fluidity modifying properties to lubricating oil
compositions sufficient to allow elimination of some proportion of viscosity
index improver from multigrade lubricating oil compositions that contain these

15 dispersants.

A N E INV

Alkenyl-substituted succinic anhydrides have been used as

20 dispersants. Such alkenyl-substituted succinic anhydrides have been
prepared by various processes, including a thermal process (ses, e.g., U.S.
Pat. No. 3,361,673) and a chlorination process (see, e.g., U.S. Pat. No.
3,172,892). The polyisobutenyl succinic anhydride (“PIBSA") produced by the
thermal process has been characterized as a monomer containing a double

25 bond in the product. Although the exact structure of chlorination PIBSA has
not been definitively determined, the chiorination process PIBSAs have been
characterized as monomers containing either a double bond, a ring, other
than a succinic anhydride ring and/or chlorine in the product. [See J. Weill and
B. Sillion, “Reaction of Chiorinated Polyisobutene with Maleic

30 Anhydride:Mechanism Catalysis by Dichloromaleic Anhydride,” Revue de !
‘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. Pat. Nos. 3,219,666; 3,381,022) as well as adducts having polyalkenyl-
derived substituents adducted with at least 1.3 succinic groups per

35 polyalkenyl-derived substituent (see, e.g., U.S. Pat. No. 4,234,435).

In addition, copolymers of maleic anhydrides and some aliphatic alpha-
olefins have been prepared. The polymers so produced were useful for a
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BACKGROUND OF THE | NVENTI ON ' Al kenyl - substitut ed succinic
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anhydride groups to the hydrocarbon groups in those copolymers is generally
1.0.
SUMMARY OF THE INVENTION
15
The present invention is a copolymer of an unsaturated acidic reactant
and a high molecular weight olefin, the copolymer having a ratio of anhydride
groups to the hydrocarbon groups that is at least 1.3. Preferably, the ratio of
anhydride groups to the hydrocarbon groups is between 1.3 and 2.0. The
20 copolymer can be formed by reacting the high molecular weight olefin and the
unsaturated acidic reactant in the presence of a free radical initiator.

These copolymers are useful as dispersants themselves and also as
intermediates in the preparation of other dispersant additives having improved
25 dispersancy and/or detergency properties when employed in a lubricating oil.
They do not contain double bonds, rings, other than succinic anhydride rings,
or chiorine (in contrast to thermal and chlorination PIBSAs) and as such have
improved stability, as well as improved environmental properties due to the

absence of chlorine.
30
Preterably, the unsaturated acidic reactant is of the formula:
35
[
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In addition, copolyners of mal ei ¢ anhydri des and sone aliphatic al pha-

o] efins have been prepared. The polymers so produced were useful for a

-2- variety of. purposes, including dispersants for pigments and
intermediates in the preparation of .polyesters by their reaction with

pol yol s or pol yepoxi des. However, olefins'ﬁaving more than about 30 carbon
atons were found to be relatively unreactppve. (See, e.g., U S. Pat. Nos.
3,461, 108; 3 ,560, 455; 3,560, 456; 3,560,4%7; 3,580,893; 3,706, 704,

3,729, 450; and 3,729 ,451). U.S. fBatent No. 5,112,507 shows

copol ynmers of unsaturated acidic reactapfs wnd hi gh nol ecul ar wei ght
olefins that are useful as dispersantgin lulgicating oils and fuels and as
intermediates in the preparation of pollysuccinimde additives that give
excel | ent &eposit control. The rati oH@ X

C
Il
o)

10 Wherein X and X' are each independently selected from the group consisting
of —OH, —Cl, —O—lower alkyl and when taken together, X and X' are —O—
. More preferably, the acidic reactant comprises maleic anhydride.

The high molecular weight olefin has a sufficient number of carbon

15 atoms such that the resulting copolymer is soluble in lubricating oil. The olefin
can be an alpha olefin or an alkylvinylidene olefin. Preferably, the high
molecular weight olefin is a high molecular weight alkylvinylidene olefin. More
preferably, the olefin has at least 1 branch per 2 carbon atoms along the
chain. Most preferably, the olefin is polyisobutene having an average

oo molecular weight of 500 to 5000 (more preferably from 900 to 2500) and the
alkylvunyhdene isomer is methylvinylidene.

In one embodiment, the copolymer has the formula:

LOYoyo-

25

D_O_D
l n
P-O-2

30 L dy

L in

wherein n is 1 or greater; either Ry and Ry are hydrogen and one of Rz and
R, is lower alkyl and the other is high molecular weight polyalkyl, or R3 and
35 R, are hydrogen and one of R, and R is lower alkyl and the other is high
molecular weight polyalkyl; and wherein x and y are 1 or greater, such that
the sum of x is at least 1.3 times the sum of y for the total mixture. Preferably,
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anhydri de groups to the hydrocarbon groups in those copolyners is generally
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ratio of polyamine to succinic groups in copolymer is from about 1 to about

10 0.1. The polysuccinimide can be reacted with a cyclic carbonate or with a
boron compound.

Since the copolymers of the present invention contain greater than 1.3
anhydride groups per hydrocarbon groups, polysuccinimides made from these
15  will contain a higher concentration of nitrogen than dispersants made with one
anhydride group per hydrocarbon group. This may be advantageous, for
example, in controlling engine deposits in automobile engines, or in
dispersing soot in diesel engines.

20 However, in general, dispersants containing higher nitrogen levels are
more aggressive towards Viton seals, for example in the VW 3334 test. We
have surprisingly found that the polysuccinimides of the present invention
perform better in the VW 3334 test than the other dispersants examined,
especially at the equal nitrogen level.

25
in addition the copolymers and polysuccinimides of the present
invention contain little if any chlorine (less than 50 ppm). Thus these products
are preferable to use from an environmental point of view.
30 In addition, the present invention is directed to modified

polysuccinimides wherein one or more of the nitrogens of the polyamine

component is substituted with a hydrocarbyl oxycarbonyl, a

hydroxyhydrocarby! oxycarbonyl or a hydroxy poly(oxyalkylene)-oxycarbonyl.

These modified polysuccinimides are improved dispersants and/or detergents
35 for use in fuels or oils.

Accordingly, the present invention also relates to a lubricating oil
composition comprising a major amount of an oil of lubricating viscosity and

N
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wherein X and X are each

mdependent |y sel ected fromthe group consisting

10

15

20

25

30

35

-5.
an amount of a copolymer, polysuccinimide or modified succinimide additive
of the present invention sufficient to provide dispersancy and/or detergency.
The additives of the present invention may also be formulated in lubricating oil
concentrates which comprise from about 90 to about 50 weight percent of an

oil of lubricating viscosity and from about 10 to about 50 weight percent of an
additive of the present invention.

Another composition aspect of the present invention is a fuél
composition comprising a major portion of a fuel boiling in a gasoline or diesel
range and from about 30 to about 5000 parts per million of copolymer,
polysuccinimide or modified succinimide additives. The present invention is
also directed to fuel concentrates comprising an inert stable oleophilic organic
solvent boiling in the range of about 150° F. to about 400° F. and from about
5 to about 50 weight percent of an additive of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to assist the understanding of this invention, reference will now
be made to the appended drawings. The drawings are exemplary only, and
should not be construed as limiting the invention. -

Figure 1 shows a plot of tensile strength versus calculated ppm N for
polysuccinimides with 1300 MW tail.

Figure 2 shows a plot of tensile strength versus calculated ppm N for
polysuccinimides with 2400 MW tail.

EFTHE |

In its broadest aspect, the present invention encompass'es a copolymer
of an unsaturated acidic reactant and a high molecular weight olefin, wherein

.the ratio of anhydride groups to the hydrocarbon groups is at least 1.3. The

olefin can be an alpha olefin or alkylvinylidene olefin. The olefin has a
sufficient number of carbon atoms such that the resulting copolymer is soluble
in lubricating oil.
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of -QH, -d, -Olower alkyl and when taken together, X and X are -O

Nore preferably, the acidic reactant conprises mal ei c anhydri de.

The hi gh nol ecul ar wei ght ol efin has a sufficient nunber of carbon

atons such that the resulting copolyner isgsoluble in lubricating oil. The
olefin can be an al pha g?efi n or an al kyl vinyli dene
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preferably, the olefin has at |least 1 branch per 2 carbon atons al ong the
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al kyl vi nylLi déerctarishithe gepemhiarmuai i dene. I n one
enbodi rren@, t he copol yner has the formul a: [err]
)
g
AN
HC"/ X
10 HC\ X'
e
Il
0

15 Wherein X and X' are the same or different, provided that at least one of X and
X' is a group that is capable of reacting to esterify alcohols, form amides or
amine salts with ammonia or amines, form metal salts with reactive metals or
basically reacting metal compounds and otherwise function to acylate.

20 Typically, X and X' are —OH, —O—hydrocarbyl, —OM* where M+
~ represents one equivalent of a metal, ammonium or amine cation, —NH3,

—Cl, —Br, and taken together X and X- can be —O-— so as to form an
anhydride. Preferably, X and X' are-such that both carboxylic functions can
enter into acylation reactions. Preferred are acidic reactants where X and X'

o5 are each independently selected from the group consisting of —OH, —ClI,
—O— lower alkyl and when taken together, X and X' are —O—. Maleic
anhydride is the preferred acidic reactant. Other suitable acidic reactants
include electron-deficient olefins such as monophenyl maleic anhydride;
monomethyl, dimethyl, monochloro, monobromo, monofluoro, dichloro and

30 difluoro maleic anhydride; N-phenyl maleimide and other substituted
maleimides; isomaleimides; fumaric acid, maleic acid, alkyl hydrogen
maleates and fumarates, dialkyl fumarates and maleates, fumaronilic acids
and maleanic acids; and maleonitrile, and fumaronitrile.

35 B. High Molecular Weight olefin

The term “high molecular weight olefins” refers to olefins (including
polymerized olefins having a residual unsaturation) of sufficient molecular
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wherein n is 1 or greater';‘ either Rerr] and R err] are hydrogen and one of

R3 and R4 is | ower alkyl and the other is high nol ecul ar
wei ght polyal kyl, or R3 and R4 are hydrogen and one of
Rl and R2 is | over al kyl and the other is Jllﬂ gh nmol ecul ar
wei ght pol yal kyl; and wherein x and y are 1 or greater, such that

' H‘Z ‘s lrqubf)f X v&e?gﬁttadoeél%n lertth tdRshd SSuISiH lﬁﬂubhcfaﬂhgfd'ﬁo&l@éuﬂl'edvtibh?LZ i gh

nol ecul ar vvelng@duq,’o%l Jupically elgfips havingahaut P2LabeRs Obg@%e'dp"%?@@ﬁst
about 50 car byt iinBBot B2 taRhs B indre) Sufieehy ! .

5 The term “soluble in lubricating oil” refers to the ability of a material to
dissolve in aliphatic and aromatic hydrocarbons such as lubricating oils or
fuels in essentially all proportions.

High molecular weight olefins are generally mixtures of molecules

10 having different molecular weights and can have at least one branch per 6
carbon atoms along the chain, preferably at least one branch per 4 carbon
atoms along the chain, and particularly preferred that there be about one
branch per 2 carbon atoms along the chain. These branched chain olefins
may conveniently comprise polyalkenes prepared by the polymerization of

15 olefins of from 3 to 6 carbon atoms, and preferably from olefins of from 3 to 4
carbon atoms, and more preferably from propylene or isobutylene. The
addition-polymerizable olefins employed are normally 1-olefins. The branch
may be of from 1 to 4 carbon atoms, more usually of from 1 to 2 carbon atoms
and preferably methyi.

20

Preferably, the high molecular weight olefin is a high molecular weight
alkylvinylidene olefin, but it can also be an alpha olefin. The preferred
alkylvinylidene isomer comprises a methyl- or ethylvinylidene isomer, more
preferably the methylvinylidene isomer.

25 :

The term “alkylvinylidene” or “alkylvinylidene isomer” refers to high
molecular weight olefins and polyalkylene components having the following
vinylidene structure

CH;

30 /\
R v

wherein R is alkyl or substituted alky! of sufficient chain length to give the
resulting molecule solubility in lubricating oils and fuels, thus R generally has
at least about 30 carbon atoms, preferably at least about 50 carbon atoms
and Rv is lower alkyl of about 1 to about 6 carbon atoms.

35
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The present invention is also directed to polysuccinimdes that are
prepared by reacting a copol yner of the present invention with a pol yam ne
having at | east one basic nitrogen atomto give a pol ysuccinim de.
Preferably, t he pol yam ne has the forrrulg Herr]N(CYNH [err]H wherein Y is
al kylene of 2 to 6 carbon atons and p 15%in integer from1l to 6.

Preferably, the chEi@frD!dbha bRtihOretérsi8!hi éﬂaﬂé@h&b%fi%%ﬂﬁsei n

copolymer is fro bout 1 to about ., 0.1 e pol ysuccl e can b

reacted with %Plﬁkﬁﬁeeé@m&s kaving the @"owﬁtﬁﬁﬁu@ﬁ%ound. Si nce
t he copolyners of the present invention cdiHain greater than 1.3

anhydri de groups per hydrocarbon groups, p§lysuccinimdes nade fromthese
will contain a higher concentration of ni£rdgen than dispersants nmade with
one anhylri de group per hydrocarbon gRoup. HBhis may be advant ageous, for

Crer < g scHBbleR B RRASTS A5eslEeR dic & sEHRERRbeR SPGh s rlnd "

di spersants cesullingimglebulgreniubilityim gdmicating bils and fuelstbus Ruggneradly has

surpri i ngly Tasad 30y SPRERS) S, mebrelhy 3 foalf Bbouto certlAiamss

performbetter in the VW3334 test than the other dispersants exam ned,

especi al 110 at t he £glusbd RbkiRARB tbAY SSuccinic ratio” refers to the average number
of succinic groups per polyolefin group in the alkenyl or alkyl succinic
anhydride reaction product of maleic anhydride and polyolefin. For example,
a succinic ratio of 1.0 indicates an average of one succinic group per
polyoiefin group in the alkenyl or alkyl succinic anhydride product. Likewise, a

15 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
20 (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 alkeny! 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
25 0.5 would cortespond to 50 weight percent actives.

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

30 _
Succini . M, xP
ucclnic rato = (CX A)— (M,,,,, < P)
wherein P = saponification number of the alkenyl or alkyl succinic
35 anhydride sample (mg KOH/g)

actives fraction of the alkenyl or alkyl succinic anhydride
sample

>-
0
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I'n addition the copol yners and pol ysucci ni mi des of the present I nvention
“contain | ittle if any chlorine (less than 50 ppm) . Thus these products

are preferable to use froman environnmental point of view. |In addition,
the present invention is directed to nodifded pol ysucci ni m des wher ei n
one or nore of the nitrogens of the polyam ne conponent is substituted

with a hydrocarbyl Ngeycar bpuamber averageyrolegylay seigrardiyhe staytirg polyplefior a
hydr oxy pol y(oxyal kyl ene) - oxycar bonyl . These nodi fied pol ysucci ni m des
are inproved dispersants and/ or detergents for use in fuel's or oils.
Accordingly, the prbsent= i 88émolesulativeaighestaneleia ankydrids) i cating oi |

conposition conprising a maj or anount of an oil of lubricating viscosity
and

5 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
10 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

15 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 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 formuia:

20 :
Net Weight of Residue

Sumple Weight

x 100

Percent Unreacred Pulvolefin =

The weight percent actives for the alkeny! or alkyl succinic anhydride
o5 Productis calculated from the percent unreacted polyolefin using the formula:

Weight Percent

Actives = 100 - Percent Unreacted Polyolefin

The actives fraction of the alkenyl or alkyl succinic anhydride is then
80 calculated as follows:

Weight Percent Actives
100

Actives Fraction =

35 The especially preferred high molecular weight olefins used to prepare
the copolymers of the present invention are polyisobutenes which comprise at
least about 20% of the more reactive methylvinylidene isomer, preferably at
least 50% and more preferably at least 70%. Suitable polyisobutenes include

T i



-5- 3n amount  of a copol yrrer pol ysuccinim de or nodified succinimnde
additive of the present invention sufficient to provide di spersancy and/ or
detergency. The additives of the present invention may al so be fornul at ed
in lubricating oil concentrates which conggpi.se fromabout 90 to about 50
wei ght percent of an oil of lubricating viscosity and from about 10 to
about 50 wei ¢dsepsrepardd ofing BFadritalysis. dhet prepprativerdf such@olyissbutenes
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and from abogongositionss descamabingdS. ?%e‘NOSnJr 15349 a0d #AH0MBP

pol ysucci ni m de or nodified succinimde additives. The present I nvention is

also directed to fuel concentrat [ bl hili
o oant ¢ Bl vent _bETBleed sreal BazyEney havpb RvemgeroleqiarwsigBise ool or

F. and from aipput 560 t®abbRB0CY) Bepapiilynsretsrdd afe thosatdvingvaverage he

" order 1o AadBElat edteel e A0 oA 280 nvent  on, ref erence will now

be nmade to the appended draw ngs. The drawi ngs are exenplary only, and
C. COPOLYMER

10

The copolymers of the present invention are prepared by reacting a
high molecular weight olefin and an unsaturated acidic reactant in the
presence of a free radical initiator. Preferably, at least about 20% of the total
olefin composition comprises the alkylvinylidene isomer.

15 _

The copolymers of the present invention differ from the copolymers
disclosed in U.S. Patent No. 5,112,507 in that the ratio of anhydride groups to
the hydrocarbon groups in the present invention is at least 1.3. Preferably,

. the ratio is between 1.3 and 2.0.
20

Copolymers of an olefin, including high molecular weight olefins with
an unsaturated acidic reactant are well known in the art (U.S. Patent Nos.
3,461,108; 3,560,455; 3,560,456; 3,560 457; 3,580,893; 3,706,704,
3,729,450; 3,729,451; and 5,112,507). As reported by Trivedi and Culbertson

25  in “Maleic Anhydride: 1982, Plenum Press, pg 288, as a rule, olefin-maleic
anhydride copolymerizations, run in the presence of free radical initiators, give
only equimolar copolymers. Moreover, conditions are known where random
copolymers may be prepared that contain less than equimolar amounts of
maleic anhydride. However, copolymers that contain greater than 1.3

30 anhydride groups per hydrocarbon group are less well known. Surprisingly,
during the course of our studies we have now found how to produce these
desirable materials.

What is required is to use an unsaturated acidic reagent to polyolefin
35 charge mole ratio (CMR) of greater than 1.3:1and a sufficient temperature of
reaction to produce a ratio of anhydride groups to hydrocarbon group of at
least 1.3:1. The greater the CMR the greater the likelihood of producing a
product with greater than 1.3 anhydride groups per hydrocarbon chain. In
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shoul.d not be construed as limti ng the invention. Figure 1 shows a
pl ot of tensile strength versus cal cul ated ppm N for polysuccinimdes with

1300 MWtail. . Figure 2 shows a plot of tensile strength versus
cal cul ated ppm N for pol ysuccinimdes with 2400 MVtail.
DETAI LED DESCRIPTION OF THE INVENTION  ~11- |n its broadest aspect, the

present invengd Pnﬁ? r e b 3 Gy
react ant andr%dﬁ:?rﬁ% ecu @r%féﬁﬂﬁoﬂ%@% r?pgr\)\%@rs g?&n%’td ha?'@gtr%g%#tq”_lth
anhydri de gr crpelefia is pe impartadtiastn. fioseyample. &t 3 R 0h2.9, atighergrliei n can
be an al pha ofq dﬂ&e@'r&dp%}é’ﬂo’%dré@d?ﬁoﬁ'cﬂﬁld‘is obieing at HBoh &than atuisbPci ent
nunber of car or;l_ tém'rf__l such that the ,resulting copolyner is .soluble in
| ubricating d¢i .The CMR and temperature of the reaction can vary over a wids range

5 such that the combination of CMR and temperature is sufficient to produce

the desired result.

Since the high molecular weight olefins used to prepare the
copolymers of the present invention are generally mixtures of individual
10 molecules of different molecular weights, individual copolymer molecules
resulting will generally contain a mixture of high molecular weight polyalkyl
groups of varying molecular weight.

The copolymers of the present invention have the general formula: -

15 B} -
W z-\
0=C c=0]| [R,
/ 1©
CH—CH —[C — Ct+4+—
R x| |
20 Ri1 Ra
y
| _n

wherein W' and Z' are independently selected from the group consisting of

—OH, —O— lower alkyl or taken together are —O— to form a succinic
o5 anhydride group, n is one or greater, and Ry, Ry, Rz and R, are selected from
hydrogen, lower alkyl of about 1 to 6 carbon atoms and higher molecular
weight polyalkyl wherein x and y are 1 or greater, such that the sum of x is at
least 1.3 times the sum of y for the total mixture. Either R, and R, are
hydrogen and one of Ry and R, is lower alkyl or hydrogen and the other is
high molecular weight polyalkyl, or R; and R4 are hydrogen and one of R,
and R, is lower alkyl or hydrogen and the other is high molecular weight
polyalkyl. The variables x and y can vary over the length of the polymer.

30

The term “high molecular weight polyalkyl” refers to polyalkyl groups of
35 sufficient molecular weight and hydrocarbyl chain length that the products
prepared having such groups are soluble in lubricating oil. Typically these
high molecular weight polyalkyl groups have at least about 30 carbon atoms,
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- 6 -. A _Unsaturated Acidic Reactant The term "unsaturated acidic
reactants" refers to maleic or fumaric reactants of the general fornula:
[err] : 11
' -12 -
preferably at least about 50 carbon atoms. These high molecular weight
polyalkyl groups may be derived from high molecular weight olefins.

In a preferred embodiment, when maleic anhydride is used as the

5 unsaturated acidic reactant, the reaction produces copolymers predominately
of the following formula:

0]
" XY
[ T

D_O_.D
I nN
P-O-D

ey

wherein n is about 1 to about 100, preferably about 2 to about 20, more
preferably 2 to 10, and R,, R,, R; and R, are selected from hydrogen, lower

 alkyl of about 1 to 6 carbon atoms and higher molecular weight polyalkyl
wherein x and y are 1 or greater, such that the sum of x is at least 1.3 times
the sum of y for the total mixture. Either R, and R, are hydrogen and one of
R, and Ry is lower alkyl and the other is high molecular weight polyalkyl, or
R3 and R, are hydrogen and one of R, and R, is lower alkyl and the other is
high molecular weight polyalkyl. The variables x and y can vary over the
length of the polymer.

20

25

Preferably, the high molecular weight polyalkyl group has at least
about 30 carbon atoms (more preferably at least about 50 carbon atoms).
Preferred high molecular weight polyalkyl groups include polyisobutyl groups.
Preferred polyisobutyl groups include those having average molecular
weights of about 500 to about 5000, more preferably from about 900 to about
2500. Preferred lower alkyl groups include methyl and ethyl; especially
preferred lower alkyl groups include methyl.

30

Generally, such copolymers contain an initiator group, 1, and a
terminator group, T, as a result of the reaction with the free radical initiator
used in the polymerization reaction. In such a case, the initiator and
terminator groups may be

35
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wherein X and X are the sane or different, provided that at |east one of X
‘and X' is a group that is capable of reacting to esterify alcohols, form
am des or amne salts with ammonia or am nes, formmetal salts with
reactive netals or basically reacting rret corrpounds and ot herw se
function to acyl ate. Typi cal |y, a%d X are -OH -O hydrocarbyl,
-OMerr] where Merr] represeniys one eqw val ent a netal, ‘ammoni um or

am ne cation, -NHerr], -d, %r, and tlaken toge%;ﬂer X and X- can be -Oso

as to forman anhgdri ﬁg)_frlq b—'-yR?@ that both
carboxylic funct|0n§ carf” enter into acyl atlon reactions. Preferred are
acidic reactants where X and X are each independently selected fromthe
group consisting of -OH, -d, -0 lower alkyl and when taken together, X

gﬂudt ;(bl 2r fc QvherstR Ismydwgwraudﬁ ayl, tallt?rplr ei«ﬂ?alk gl arkost| ccyo&mlk@ryt, ﬁcﬂ her

I d c I n ctron- {
nonophenyl Ilg?riy mﬁ%ﬂ%’l 5‘4%1@ §/¥| aréﬂ ﬁi?%%fﬁﬂ %@)@&I %t a‘xé%ogfono
monof | uoro, dvithiidod samsunmnks Mependermycsesiad:tgdmm nittilep ketoy halogesi, mi de and
other substi tdlfrsdalrgiaégl BtPey Ilkéorm{e?hé'ﬁ&?f 1th% tngtchd ngI' eic acid, .

al kyl hydrogen mar at es d nmal eat es,
fumaroniljc aterra@at%afowamaambe dgrived | roahwwerf&ae&m prqdust °fam? intiRQroMtR ri | e.

B. H gh M ecarlcrieMbiaedtial sLes a8 solvent; for example, the initiator may react with
toluene to produce a benzyl radical.

The copolymers of the present invention differ from the PIBSAs
prepared by the thermal process in that the thermal process products contain
a double bond and a singly substituted succinic anhydride group. The
copolymers of the present invention differ from the PIBSAs prepared by the
chiorination process, since those products contain a double bond, a ring,
other than a succinic anhydride ring or one or more chlorine atoms. The
copolymers of the present invention differ from the copolymers of unsaturated
acidic reactants and high molecular weight olefins in that ratio of anhydride
groups to hydrocarbon groups is at least 1.3:1.

15

20

As noted above, the copolymers of the present invention are prepared
by reacting a reactive high molecular weight olefin and an unsaturated acidic
reactant in the presence of a free radical initiator. The reaction may be
conducted at a temperature of about -30° C. to about 210° C., preferably from
about 120° C. to about 180° C.

25

The reaction may be conducted neat, that is, both the high molecular
30 weight olefin, and acidic reactant and the free radical initiator are combined in
the proper ratio, and then stirred at the reaction temperature.

Alternatively, the reaction may be conducted in a diluent. For example,
the reactants may be combined in a solvent. Suitable solvents include those
35 in which the reactants and free radical initiator are soluble and include
acetone, tetrahydrofuran, chloroform, methylene chloride, dichloroethane,
toluene, dioxane, chlorobenzene, xylenes, or the like. After the reaction is

Sheet Has Been Re laced

T ||H



The t.erm "hi gh nol ecul ar melght ol efins" refers to ol efins (including

pol yneri zed ol efins having a residual unsaturation) of sufficient nolecular
- 7 - wei ght and chain Iength to lend solubility in

| ubricating 0|I to their reaction products. Typically

ol efi ns having about 32 carbons or greater (preferably

ol efins havi oqmﬁtmgtvdiatllea:otrmwems mayd)e stripped eff. When a diluent is

Th " i
Lo o™ =Othbisyed! g BUBRH el g Sefinfrld Brebls Bl B < <D
as | ubri cati ggnedally used in an amount suff|C|ent to eneuee efﬁc:eggeﬁmrlngl ly all

proportions. H gh nol ecul ar wei ght olefins are
general ly_m xtures of nol ecul es
5 The reaction solvent, as noted above, must be one that dissolves both

the acidic reactant and the high molecular weight olefin. It is necessary to

dissolve the acidic reactant and high molecular weight olefin so as to bring

them into intimate contact in the solution polymerization reaction. It has been

found that the solvent must also be one in which the resultant copolymers are
10 soluble.

Suitable solvents include liquid saturated or aromatic hydrocarbons
having from six to 20 carbon atoms; ketones having from three to five carbon
atoms; and liquid saturated aliphatic dihalogenated hydrocarbons having from

15 one to five carbon atoms per molecule, preferably from one to three carbon
atoms per molecule. By “liquid” is meant liquid under the conditions of
polymerization. In the dihalogenated hydrocarbons, the halogens are
preferably on adjacent carbon atoms. By “halogen” is meant F, Cl and Br.
The amount of solvent must be such that it can dissolve the acidic reactant

20 and high molecular weight olefin in addition to the resulting copolymers. The
volume ratio of solvent to high molecular weight olefin is suitably between 1:1
and 100:1 and is preferably between 1.5:1 and 4:1.

Suitable solvents include the ketones having from three to six carbon
25 atoms and the saturated dichlorinated hydrocarbons having from one to five,
more preferably one to three, carbon atoms.

Examples of suitable solvents include, but are not limited to:

30 1. ketones, such as: acetone; methylethylketone; diethylketone; and
methylisobutylketone;

2. aromatic hydrocarbons, such as: benzene; xylene; and toluene;

35 3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chloroethane; 1,1-dibromoethane; 1,1-
dichloroethane: 1,2-dichloroethane; 1,3-dibromopropane; 1,2-
dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
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having different nol ecul ar weights and can have at | east one branch per 6
carbon atons along the chain, preferably at |east one branch per 4 carbon
atons along the chain, and particularly preferred that there be about one
branch per 2 carbon atons along the chain, {dhese branched chain ol efins
may- conveni ently conprise pol yal kenes prepared by the pol ynerization of
ol efins of from 3! .ﬂgﬁ@"'@@ﬂb@ﬁﬂm;dn%-,dimomaﬂmbI-tyoh'roemonlarbpmpaﬂé; from3

to 4 -di .at ) . f ' I
| Sobutyl ene. The "2 dcnloRBLRANY: . 58 0pe R, B ol oBB IR Bl oy oc

are normally 1 -olefins. The branch may be of from1l to

4 carbon atong, rmbeureslithe abbvd, sdieh st Qeﬁzéf?érhéﬂh%@t slone. .

and prefers\xgly nmet hyl . ref'erably, the high

nmol ecul ar ight olefin is a high nol ecul ar wei ght

al kyl vi nyl i dene ol €hé neadiion dan aiso belcaorida oahusihg asprobess similaf iethy sher r ed

o ef er ably 1 Mo ROy, O HiaR5s. 37228 hnerdtn oiliorisht coBBlnd SRR js T
"al kyl vi nyl i d@’ﬁéeae oy PIaflust Al ANedensatiratatkacidicapagtant andithghigh molecular
mol ecul ar* wei whighobiffinDis wstdl #9h Y sblkehte RS tAE TPRARIMRA B Jei ttEnf, HldeoVi NY
vinyli den.’lao St faidal rineitiétSF,rJnd the high molecular weight olefin. In this process, the
unsaturated acidic reactant, free radical initiator, and high molecular weight
olefin are added to a sufficient amount of oligomeric copolymer to afford

solubility of the reactants.

15 In addition copolymerization can be accomplished in the presence of
dispersing agents. This copolymerization is called suspension
copolymerization.

A charge mole ratio (CMR) greater than 1.3 is required to pfoduce the
20 copolymers of this invention. The CMR is defined as the ratio of the number
of moles of maleic anhydride to the number of moles of polybutene.

In addition the temperature of reaction must be sufficient to facilitate
the production of copolymer with a succinic ratio greater than 1.3. Generally,
25 temperatures in excess of about 110° C are required. However, the
temperature required to produce a copolymer with a succinic ratio greater
than 1.3 is also dependent on the CMR and the concentration. In general, the
higher the CMR and the more concentrated the reaction mixture, the lower
the temperature of reaction that is required to produce a copolymer with
30 greater than a 1.3 succinic ratio.

In general, the copolymerization ¢can be initiated by any free radical
initiator. Such initiators are well known in the art. However, the choice of free
radical initiator may be influenced by the reaction temperature employed.

35

The preferred free-radical initiators are the peroxide-type
polymerization initiators and the azo-type polymerization initiators. Radiation
can also be used to initiate the reaction, if desired.
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whersin Ris al kyl or sub;titut ed al kyl of sufficient chain |ength to gi ve
t.he _ resulting nolecule solubility in lubricating oils
and fuels, thus R generally has at | east about 30
carbon atons, preferably at |east about 501gar bgn at ons
and Rv is lower alkyl of about 1 to about 6 carbon atons. . _
- 8- The termjm%llpﬁﬁ%?"&'é\fﬂerf’e?‘é? ¢al IRHalar GaNme ergania okspganialteéi ns
and pol yal ky| erganiohading the gerenahorinuéa: fRIOOM; Ngherer R Istrfy organic radical
CH2 nd R is sel rom the. aroun..c R'r'?‘ Y\IBEI’EII’] Rnldsar?”éylan?cr
substituted atigfaoP selgared from the groue, CRYSHNY 8T YFo9eR& y org

radical. Both Rj and Ry’ can be organic radicals, preferably hydrocarbon,

5 aroyl, and acyl radicals, carrying, if desired, substituents such as halogens,
etc. Preferred peroxides include di-tert-butyl peroxide, tert-buty!

peroxybenzoate, and dicumyl peroxide.

Examples of other suitable peroxides, which in no way are limiting,

10  include benzoyl peroxide; lauroy! peroxide; other tertiary butyl peroxides; 2,4-
dichlorobenzoyl peroxide; tertiary butyl hydroperoxide; cumene
hydroperoxide; diacetyl peroxide; acetyl hydroperoxide;
diethylperoxycarbonate; tertiary butyl perbenzoate; and the like.

15 The azo-type compounds, typified by alpha,alpha'-
azobisisobutyronitrile, are also well-known free-radical promoting materials.
These azo compounds can be defined as those having present in the
molecule group —N=N wherein the balances are satisfied by organic radicals,
at least one of which is preferably attached to a tertiary carbon. Other

20 suitable azo compounds include, but are not limited to, p-
bromobenzenediazonium fluoborate; p-tolyldiazoaminobenzene; p-
bromobenzenediazonium hydroxide; azomethane and phenyldiazonium
halides. A suitable list of azo-type compounds can be found in U.S. Pat. No.
2,551,813, issued May 8, 1951 to Paul Pinkney.

25

The amount of initiator to empiloy, exclusive of radiation, of course,
depends to a large extent on the particular initiator chosen, the high molecular
olefin used and the reaction conditions. The initiator must, of course, be
soluble in the reaction medium. The usual concentrations of initiator are

30 between 0.001:1 and 0.2:1 moles of initiator per mole of acidic reactant, with
preferred amounts between 0.005:1 and 0.10:1.

The polymerization temperature must be sufficiently high to
decompose the initiator to produce the desired free-radicals. A suitable
35 initiator is ditertiarybutyl peroxide, which decomposes at a sufficient rate over
the temperature range of 120° to 180° C.
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resulting nolecule solubility in lubricating oils and fuels, thus R
generally has at | east about 30 carbon atons, preferably at |east about 50
carbon atons. - As used herein, the term"succinic ratio” refers to
the average nunber of succinic groups perpQl yolefin group in the al kenyl
or al kyl succinic_anhydride reaction product of naleic anhydride and

pol yol efi n. For eXhapeaction pressung shaudd be sofficierd to MInmreﬁ'\aasolnemrarg:b of

one succi ni Cufl (48 Bk RNRrH b RIAYBNLES! Prodlfenhn Hardldrévapioc ni ¢

anhydri de product succl ni aver age
of 1.35 succPaiweas aeps ateospbesorad A0RsiLer highehe al kenyl or al kyl
succi ni ¢ anhydri de product, and so forth. The succinic ratio can be

| cul f f I h
Setives content of ereadeie RSt dRaresub R BT aha « ne
nol ecul ar wecgmpleté coheerstar ¢fithg aodiy cdazitamt. anthieigh choleeslac weigihtiolefn fohe
al kenyl —or a%:&%lyﬁﬁ mﬁ“rﬂb%&&f&éﬂ{dw@‘?sg @ﬂlg%e&ﬁe&?ﬁ%raﬁﬂ IS G Rl the

actives frac I'ves rac guivalent to 100
wei ght per ceRfe ﬁﬁed\i%%cmﬂdme@bﬁ@v%ﬁﬂMD&NI%@OWﬁaCt|on of 0.5 woul d
correspond to 50 wei ght percent actives. The succinic ratio of the

| kenyl | kyl i drid duct
alkenyl gy a1y ?‘chc'ogloﬁ/mer IZ ccrbhveemgnt? ggpargted from solvent and unreacted

acidic reactant by conventional procedures such as phase separation, solvent
distillation, precipitation and the like. If desired, dispersing agents and/or
cosolvents may be used during the reaction.

15 The isolated copolymer may then be reacted with a polyamine to form
a polymeric succinimide. The preparation and characterization of such
polysuccinimides and their treatment with other agents to give other
dispersant compositions is described herein.

20 Preferred copolymers include those prepared using a polyisobutene of
average molecular weight of about 500 to about 5000, preferably of about 950
to about 2500 and wherein at least about 50 percent of the total polyisobutene
comprises the alkylvinylidene isomer. Preferred alkylvinylidene isomers
include methylvinylidene and ethylvinylidene. Especially preferred is

25 methylvinylidene. Particularly preferred copolymers have an average
molecular weight of about 900 to about 2500.

D. POLYSUCCINIMIDES

30 The copolymer of the present invention can be reacted with a
polyamine having at least one basic nitrogen atom to form polyamino
polysuccinimides. Polysuccinimides that may be prepared include.
monopolysuccinimides, bis-polysuccinimides, higher succinimides, or
mixtures thereof. The polysuccinimides produced may depend on the charge

35 mole ratio of polyamine to succinic groups in the copolymer molecule and the
particular polyamine used. Charge mole ratios of polyamine to succinic group
in copolymer of about 1:1 may produce predominately monopolysuccinimide.
Charge mole ratios of polyamine to succinic group in copolymer of about 1:2

DN Sttt
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mal ei.c anhydri de and pol ybl efin can be calculated in accordance with the
fol | ow ng equati on: Merr] x

P : Succinic ratio =
(Cx A) - (Merr] x P) wherein P = saponi fication number of the
al kenyl or al kyl succinic - 18- anhydri de sanple (nmg KOH Q)

A | C activemaiRetiedpRladriRafk SRoIpuctinitlos YAk boRRI¥dRIiGes
sanpl e may be produced if there is branching in the polyar}ﬁne éo that it may react
with a succinic group from each of greater than two copolymer molecules.
Preferably, the charge mole ratio of polyamine to succinic groups in
S copolymer is from about 1:1 to about 0.1:1.

The preparation of polyamino polysuccinimides by reacting copolymers
with a polyamine is fully described in U.S. Patent No. 5,112,507, which is
hereby incorporated by reference for all purposes. Reference is made to U.S.

10 Patent 5,112,507 for a full description of preparation procedures for producing
polysuccinimides.

The polyamine employed to prepare the polyamino polysuccinimides is
_preferably polyamine having from 2 to about 12 amine nitrogen atoms and
15 from 2 to about 40 carbon atoms. The polyamine is so selected soasto
provide at least one basic amine per succinimide group. The polyamine
preferably has a carbon-to-nitrogen ratio of from about 1:1 to about 10:1.

The more preferred polyamines employed in this reaction are generally
20 represented by the formula:
HaN(YNH).H

wherein Y is an alkylene group of 2 to 10 carbon atoms, preferably from 2 to 6
carbon atoms, and a is an integer from about 1 to 11, preferably from 1 to 6.

25 However, the preparation of these alkylene polyamines does not produce a
single compound and cyclic heterocycles, such as piperazine, may be
included to some extent in the alkylene diamines. Reference is made to U.S.
Patent 5,112,507 for a full description of preferred polyamines.

30 Preferred monopolysuccinimides include those having the following
formula:

35
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M err
M err]

conversi on factor

of al kenyl or alkyl succinic anhydride perygramof sanple to '

mlligrams of KOH per gram of sanple)

nunber aver age rml ecul ar weight of the starting polyol ef| n
98 (rmol ecul ar wei ght of mal eic anhydride) C '
1 12220 (for conversion of gram noles

The saponi fication nunber,

P,

can be neasured using knowf{ procedures,qsuch as the profedure descri bed I n
ASTM D94. The activds| f rRet i oﬁso t he al kenyl or{ al kyl succinic
anhydride can be determined from\th€ pefcent of unreactfd pol yol efin
according to the follow nglp ocedNe. Al5.0 gram sanpl gl of the reaction
product of mal ei c anhydridd kand pdlyolefin is dissolved i'n hexane, placed
in a col ug of 80.0 grans {f| sil iAR gel | (Davisil 62, a 40 angstrom pore
size sili gel), and el ut4dd withll I'itér of hexane. Th percent unreacted
pol yolefin is determ ned by y@no hexane sol vent]| under vacuum from
the el uent and wei ghing thgq feWy ejcent| pr eret ed polyolefinis
cal cul ated according to thg fol fornmul g | '
Net Wei ght of Residue J cC—C

| |

X
10 | Ra.y

n

wherein Am is a linking group having from 0 to 10 amine nitrogen atoms and

from 2 to 40 carbon atoms; n is 1 or greater; Rs and R are independently
hydrogen, lower alkyl of 1 to 6 carbon atoms, phenyl or taken together are
alkylene of 3 to 6 carbon atoms to give a ring; and wherein x and y are 1 or

15

greater, such that the sum of x is at least 1.3 times the sum of y for the total
mixture. Rj, Ra, Ra, and Ry are selected so that either Ry and R are -
hydrogen and one of Rz and R, is lower alkyl and the other is high molecular

-'.._ 20

weight polyalkyl, or R3 and R4 are hydrogen and one of Ry and Rz is lower

alkyl and the other is high molecular weight polyalkyl.

Preferred polysuccinimides include those which partially comprise at
least in part a bis-polysuccinimide structure. Some of these preferred
polysuccinimides are random polysuccinimides that comprise units selected

25 from: |
om:
i ]
R 1
I
30 A |m
N
o) 0 - -
Tz ?4
al . C _ C bl
5 | !
3 X L R 1 Ra
-y
- 4" and
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Per cent Unreacted Pol yol efin = Net Wi ght of Residue x 100

Sanpl e Wi ght The wei ght percent actives for the al kenyl or alkyl
succini c anhydride product is calculated fromthe percent unreacted

pol yol efin using the formul a: .20 Wi ght Percent= 100 - Percent
Unreacted Pol yol efin Actives The actlves fraction of the al kenyl or
al kyl succinic anhydride is then calculagf Fol T ows:

Actives Fraction = VEith Percent Acti \es, 2 4

100 The espgcidl I

|y preferregd hi qttrml(f: at_vweight olefins used to
o* a

prepare the copolynergjof tfhe pregent i nvent e pol yi sobut enes whi ch
conprise at | east abouff 20P6 of ¥ hg nor e pet hyl vinylidene isoner,

preferablyzat |east 5(%o no, refer(ﬁﬂy at | epst 70% Suitable

pol yi sobut 8nes i ncl ude N . -y
i
A
O N o i . 1 l-
R2 Rs
10 [
a C—C b

R Rz

15 .
wherein Am is a linking group having from about 0 to 10 amine nitrogen

atoms and from about 2 to 40 carbon atoms; R;, Ry, Rs, R4 Ry, Ry, Ry, RS,
R," R,", R", and R," are selected from hydrogen, lower alkyl of one to 6
carbon atoms and high molecular weight polyalkyl, wherein x, y, and y' are 1
op ©F greater, such that the sum of x is at least 1.3 times the combined sum of y
and y' for the total mixture; and a, a', b and b’ are sites for a covalent bond;
' provided that at least one a or a' site of each unit is covalently bonded to a b
or b’ site. Either R, and R, are hydrogen and one of R; and R, is lower alkyl
~ and the other is polyalkyl, or R; and R, are hydrogen and one of R, and R, is
lower alkyi and the other is polyalkyl; either R,' and R,' are hydrogen and one
of Ry’ and R,' is lower alkyl and the other is polyalkyl, or Ry' and R,' are
hydrogen and one of R,' and R, is lower alkyl and the other is polyalkyl; and
either R," and R," are hydrogen and one of Ry" and R," is lower alkyl and the
other is polyalkyl or R;" and R," are hydrogen and one of R;" and R," is lower
alkyl and the other is polyalkyl and Rg and Rg are independently hydrogen,
lower alkyl of 1 to 6 carbon atoms, phenyl or taken together are alkylene of 3
to 6 carbon atoms to give a ring. '

25

30

Preferred high molecular weight polyalky! groups include polyisobutyl
groups having at least about 30 carbon atoms, more preferably, at least about
50 carbon atoms. Especially preferred are polyisobutyl groups having an
average molecular weight of about 500 to about 5000, more preferably from
about 900 to about 2500.

35
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- 10 - those prepared using BF[err] catalysis. The preparation of such

pol yi sobut enes in which the nethylvinylidene i somer conprises a high

percentage of the total conposition is described in U S. Pat. Nos. 4,152
, 499 and 4, 605, 808. Preferred are pg]yisobutenes having average

rml ecul ar wei ghts of about 500 to about 5000. Especially preferred are

t hose having aver dijrefened tawartralldignoups ioclutiscuethgdand etfaioEspasialy  C.

COPOLYMER referéTftF égﬁr‘iq:st%ﬁ@ﬁe% Pllyl YRRl Mepy Prepared by

reacting a hi an’u ur at aci di ¢ react ant
In the presence of a free rad| cal initiator. Preferably, at |east about 20%

of the total ol efiPreigia@ard tOMpPoAABE Wheke R)anal iyhM MYdrbgen@r nfatApI -
5 Especially preferred Rs and Rg groups include hydrogen.

Preferred are Am groups having from about 0 to about 10 amine
nitrogen atoms and from about 2 to about 40 carbon atoms. More preferred
are Am groups of the formula —{(ZNH)pZ'}—wherein Z and Z' are

10 independently alkylene of from about 2 to about 6 carbon atoms and p is an
integer from 1 to 6. Especially preferred are Am groups where Z and Z' are
ethylene and p is 2, 3 or 4.

Preterred are random polysuccinimides where the average sum of A

15 and B units is from about 2 to about 50. Preferred are random
polysuccinimides having molecular weights of from about 10,000 to about
150,000. Preferred are compounds in which the bis-succinimide structure
predominates, that is, those having more B units than A units, preferably on
the order of about 2 to about 10 times as many B units as A units. Such

20 compounds are preferred in part due to their high average molecular weights,
on the order of about 10,000 to about 150,000, which may be related to their
exhibiting an advantageous V.l. credit as well as dispersantability when used
in a lubricating oil composition.

25 Higher polysuccinimides are prepared by reacting the copolymers of
the present invention with a polyamine having branching such that it can react
with a succinic group from each of greater than two copolymer molecules.
Due to this crosslinking, it is believed that these higher polysuccinimides may
have gel-like properties besides the dispersant properties possessed by the

30 other polysuccinimides.

A polysuccinimide having at least one primary or secondary amine
group can be reacted with a cyclic carbonate or it can be reacted with a boron
compound, such as boron oxide, boron halide, boric acid or esters of boric

35 acid. Reference is made to U.S. Patent 5,112,507 for a full description of
those post treatments.
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The copolyners of the present invention differ fromthe copol yners
disclosed in U S. Patent No. 5,112,507 in that the ratio of anhydride
groups to the-hydrocarbon groups in the present invention is at |east 1.3.
Preferably, the ratio is between 1.3 and.200. Copol yners of an

ol efin, including_high nolecular weight olefins with an unsaturated acidic
reactant are wel | Tihessapolymense palysucainigidesasdmodified polysucdiomides 60, 455;

3, 560, 456; 3, i ; ; it . X d
5212, 507 . fa8 indonfion arg HReid g gerdidenfadd afpbsart Adties e o7 de:
1982, " Pl enu@Mplayed injlybrigating:ails;and;|ubricaling pihcaacenteatasny beildericating

g O}ool yneri zalgilgdmpddition Rad 88 oﬂr&wmtiﬁ% vigeesity add aadispershhbéifadtivedi ve
nly equi |

SRRl (A M g T e
nal ei ¢ anhydrTihgdubticatingeoil corgentrateshas froat 90 tmbaiweightepdreentt dfeam il 8f
SO ng ¢ ne e JATRARAD VIXSSRy R0 0 o i Behl of ARUmEN L ) 10,
desi rabl e natPlysscsinimides or magitied pelysueginimides.s Otheradditivesmbighmay ed
aci di ¢ reagede prese ivahe formunimsromciiesuspinhibitordfdamiinBibRais cofrogionl. 3: 1
and a Suf1f()' s nlf)itct)r%%%rtfltcuera%ti%tors, pour point depressants, antioxidants, V.I.
improvers (either dispersant or nondispersant), and a variety of other well-
known additives. It is also contemplated the additives of this invention may
be employed as dispersants and detergents in hydraulic fluids, marine
crankcase lubricants and the like.
15
Also, the copolymers, polysuccinimides and modified polysuccinimides
of this invention are useful in fuel compositions and fuel concentrates. The
fuel composition has a hydrocarbon boiling in a gasoline or diesel range and
from 30 to 5000 parts per million of copolymers, polysuccinimides or modified
20 polysuccinimides. The fuel concentrate has an inert stable oleophilic organic
solvent boiling in the range of 150° F. to 400° F. and from 5 to 50 weight
percent copolymers, polysuccinimides or modified polysuccinimides.

EXAMPLES
25 ‘

The invention will be further illustrated by following examples, which
set forth particularly advantageous method embodiments. While the
Examples are provided to illustrate the present invention, they are not
intended to limit it.

30

Example 1: Preparation of a copolymer from maleic anhydride and
polybutene with 1300 molecular weight and a CMR of 2.0.

To a 22 L, 3 neck flask equipped with a stirrer, condenser and heating
35 mantle was added 12068 g (9.28 mol) polybutene of 1300 molecular weight,
and about 70% methylvinylidene content (Glissopal EC 3251). This was
heated to 110° C. To this was added maleic anhydride (1820 g, 18.57 mol).
The maleic anhydride/polybutene charge mole ratio was 2.0. The mixture

D — —
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reactdi on to produce a rati o of anhydride gr.oups to hydrocarbon group of at
least 1.3:1. The greater the CVR the greater the |ikelihood of producing a
product with greater than 1.3 anhydride groups per hydrocarbon chain. In
addition the tenperature of the reaction of an unsaturated acidic reagent
with an olefin is an inportant factor. F0?3exarrpl e, at a CMR of 2.0, a

looLerr] C t ﬁéﬁ%ﬁ%‘%’)[deﬁ‘ﬁ?g%?*”?ﬁ%?wg%m%é’féﬁi Q.45 FRD AR, .
vary over a WIQRWIE@Qyer 8diva howapetind dbapianadditions amnief di-trper ature is
sufficient tpuisetesiae!(88.64950.292 iisiihs added dropbide dviPfive hallrsahgcul ar
wei ght ol efi the Pesé%ﬂortw gva%rﬁé)a%g a%ha%ditional 5 hours at 160° C. The di-t-
5 butylperoxide/polybutene charge mole ratio was 0.075. The reaction was

th_en heated to 200° C and excess maleic anhydride removed in a vacuum.

To this product was then added 100 N diluent oil (2310 g). The material was

filtered to give a product with a SAP number of 56.6 mg KOH/g sample. (SAP

number was determined by using ASTM procedure D24-80.) The succinic

10 ratio was calculated to be 1.5. This product contained 50 % active material.

Example 2: Preparation of a copolymer from maleic anhydride and
polybutene with 2400 molecular weight and a CMR of 2.0.

15 The procedure in Example one was repeated except that instead of
using polybutene of 1300 molecular weight, 8310 g (3.46 mol) polybutene of
2400 molecular weight, (Glissopal EC 3252), was used. In this example the
maleic anhydride/polybutene charge mole ratio was 2.0 and the di-t-
butylperoxide/polybutene charge mole ratio was 0.05. Half of the maleic

20 anhydride (169.54 g, 1.73 mol) and one quarter of the di-t-butylperoxide (6.32
g, 0.043 mol) was added initially. The rest of the maleic anhydride and di-t-
butylperoxide was added after 5 hours of heating. After the completion of the
reaction the excess maleic anhydride was removed at 200° C in a vacuum,
3780 g diluent oil was added and the product was filtered. This product had a

25 SAP number of 26.4 mg KOH/g sample and contained 40% actives. The
succinic ratio was calculated to be 1.5.

Example 1 and 2 show that a copolymer with a succinic ratio of 1.5 is
produced in good yield over a range of polybutene molecular weights (1300 to
30 2400) at 160° C reaction temperature and a CMR of 2.0.

Example 3. Preparation of a copolymer from maleic anhydride and
polybutene with 1300 molecular weight using a CMR of 1.0.

35 To a 500 ml 3-neck flask fitted with a thermometer, condenser,
mechanical stirrer, and heating mantle was added 130 g Ultravis 30 (0.1 mol),
100 g 1,1,2,2-tetrachloroethane, and 9.8 g maleic anhydride (0.1 mol). The
Ultravis 30 contained about 65% methylvinylidene content. This was heated
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copol.ynmers of the present invention are generally m xtures of individual
nol ecul es of different nol ecul ar wei ghts, individual copol ynmer nol ecul es
resulting will-generally contain a m xture of high nol ecul ar wei ght

pol yal kyl groups of varying nol ecul ar wei_ght. The copol yners of the
present invention have the general fornula: [err]

n wherei n W tai807C andaftevenehaendityouyiperaxide { t.4éhg B ymol)pvasadded i ng of
-O4, -0 | OWnd%hEYémBérété}éeﬂbstSGI%Q"C af ﬁﬁ[w%s TéaﬁF(H rﬁggi’cﬁ‘\ the

anhydri de grouF n iIs gre err] and R err]
are sel ect ed 1 Hé@- tﬁtmcngﬂethaawa%namvaﬁrln@omuumtJhe residbewas ons and

hi gher nol ecdigolve lahie@ﬁb)é@idwderé@ﬁf Rirflove aﬁn‘éaﬁtéﬁ ﬁai’el@énﬁyd’ﬁdéarThéUCh
that the sumof x is at

Either R[&rr ]heéﬁae Mtaesrr[efnoglleg ina vactuum Tﬁg%rg uct %ad a éXiv rtlurgbélp(t)ﬂs 81 xture.

and contained 59.3 % actives. The succinic ratio was calculated to be 1.0.

Example 3 shows that when a CMR of 1.0 was used and a
temperature of 140° C was used a copolymer with a succinic ratio greater
10 than 1.3 was not produced.

Example 4. Preparation of a copolyme'r from maleic anhydride and
polybutene with 1300 molecular weight using a CMR of 0.33.

15 The procedure of Example 3 was repeated exactly except that 0.15
mol polybutene and 0.05 mol maleic anhydride was used. This product had a
SAP number of 15.0 mg KOH/g sample and contained 31.7 % actives. The
succinic ratio was calculated to be 0.6.

20 Example 4 shows that when a CMR of 0.33 was used at a temperature
of 140° C a copolymer with a succinic ratio greater than 1.3 was not
produced.

Example 5. Preparation of a copolymer from maleic anhydride and
25 polybutene with 1300 molecular weight using a CMR of 3.0.

The procedure of Example 3 was repeated exactly except that 0.05
mol polybutene and 0.15 mol maleic anhydride was used. This product had a

SAP number of 78.1 mg KOH/g sample and contained 67 % actives. The
30 succinic ratio was calculated to be 1.5.

Example 5 shows that when a CMR of 3.0 was used at a temperature
of 140° C a copolymer with a succinic ratio of 1.5 was produced.

35

heet Has Been RTlaced

T



hydrocgen and one of Rlerr] and R err] is | ower alkyl or hydrogen and the
ot her is high nolecular weight polyalkyl, or Rerr] and R err] are hydrogen
and one of Rerr] and R2 is |lower al kyl or hydrogen and the other is high
nol ecul ar wei ght pol yal kyl. The vari abl es %Cand y can vary over the length
of the pol yner. The term "hi gh nol%®tul ar wei ght pol yal kyl " refers

to pol yal kyl gro f .. sufficient nolecular_wei ght and hydrocarbyl chain

| ength t hat tﬂ@'ﬁﬁ@d@d’ §epﬁ‘?3§&i} @{ja P EDF:'I‘P"@?WS& ﬁﬂ@ygﬁﬂﬁtﬂd in

| ubricating gdlybiitericwithy1 30temoleduleh weigkrwithra OMRB lof 300 Lisiidaldigr oups
have at | east @pgﬁémﬁ §ar bon at ons,.

-12- pref erabq I g * about 50 carbon atons. These high nol ecul ar wei ght
pol yal kyl groups may -be derived from hi gh nol ecul ar wei ght ol efins.

The procedure of Example 5 was repeated exactly except that di-t-
amylperoxide (1.74 g, 0.01 mol) was used instead of di-t-butylperoxide. The
product from this reaction had a SAP number of 82.1 mg KOH/g sample and
contained 65 % actives. The succinic ratio was calculated to be 1.6.

10 Example 6 shows that other initiators besides di-t-butylperoxide can be
used.

Example 7. Preparation of a copolymer from maleic anhydride and
polybutene with 1300 molecular weight with a CMR of 3.0 using t-
15 butylperoctoate at 84° C.

To a 500 ml 3-necked flask equipped with a mechanical stirrer,
condenser, thermometer, and heating mantle was added 65 g (0.05 mol)
Ultravis 30 (containing about 65% methylvinylidene content), 14.7 g (0.15
mol) maleic anhydride, and 100 g 1,2-dichloroethane. This was heated to 60°
C and to this was added 2.19 g (0.01 mol) t-butylperoctoate. The mixture was
heated to 84° C and heated overnight. Then the solvent was removed in a
vacuum. The product was dissolved in hexane and filtered to remove
unreacted maleic anhydride. The hexane was removed in a vacuum. The
product had a SAP number of 54.6 mg KOH/g sample, and contained 65%
actives. The succinic ratio was calculated to be only 1.1. '

20

25

Example 7 shows that when the temperature of reaction is 84° C using
a CMR of 3.0, a copolymer with a succinic ratio greater than 1.3 was not
30 produced.
Example 8. Preparation of a copolymer from maleic anhydride and
polybutene with 2400 molecular weight with a CMR of 2.0 in 100 neutral
oil as diluent at 130° C.
35
To a 2 L 3-neck flask equipped with a thermometer, mechanical stirrer,
and heating mantle was added 480 g (0.2 mol) Glissopal ES 3252 (2400
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In a.preferred enbodi nent, when mal ei c anhydride is used as the unsaturated
acidic reactant, the reaction produces copol yners predom nately of the
following formula: [err] wherein n is about 1 to about 100,
preferably about 2 to about 20, nore prefeagbly 2 to 10, and Rerr],
Rerr], R[er%‘]'l and Rlerr] are sg:l ected from hydrogen, |ower alkyl of about
1 to 6 carborNeleskiar WeighHianser0 omathdnyldansheontent).3%21g (9 medlhmaleiod vy
are 1 or greainplydrigeCahd 168 gt 1tR) seuRradilseh iP(CiHéiﬁéMé RF)! s sum of 'y
for the total m'éﬁ rg oEithgr E{sﬁrr; agd ﬁoerr are h}/groéen an%rlagne of R3
and R4 is | ol E&x 0%HANHQ thisuas addsg 1929 @0RImmel) dit-Butyingsoyidexy| , or

The temperature was increased to 130° C and heated overnight. Then the
5 excess maleic anhydride was removed in a vacuum. The product was

dissolved in hexane and filtered. The hexane was removed in a vacuum. A

product was obtained that had a SAP number of 27.8 mg KOH/g sample and

contained 50 % actives. The succinic ratio was calculated to be 1.2.

10 Example 8 shows that 100 neutral oil is a satisfactory diluent oil for the
reaction. The succinic ratio was less than 1.3, however, due to a combination
of low CMR (2.0) and temperature (130° C).

Example 9. Preparation of a copolymer from maleic anhydride and
15 polybutene with 2400 molecular weight with a CMR of 2.0 in 100 neutral
oil as diluent at 160° C. :

The procedure of Example 8 was repeated exactly except that 160° C
was used. This product had a SAP number of 40.9 mg KOH/g sample and
20 contained 53.2 % actives. The succinic ratio was caiculated to be 1.8.

This experiment shows that in order to get a copolymer with a succinic
ratio greater than 1.3 using a CMR of 2.0 and 100 neutral oil as diluent, a
temperature of about 160° C was needed.
25
Example 10. Preparation of a polysuccinimide using the copolymer from
Example 1, and DETA as the polyamine.

To a 1 L 3-neck flask equipped with a mechanical stirrer, the.'rmometer.

30 Dean Stark trap, condenser and a heating mantle was added 300.69 g
(0.1517 mol of succinic groups) of the copolymer of Example 1. This was
heated to 140° C and to this was added 13.61 g DETA (0.1319 mol). The
DETA/copolymer CMR was 0.87. This was heated to 160° C for about 7
hours collecting the water in the Dean Stark trap as the reaction proceeded.

35 The polysuccinimide product was analyzed and found to contain 1.63 %N, a
TBN of 23.7, and a viscosity at 100° C of 2696 c¢St. The succinic ratio was
1.5.
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Rlerr] and Rl err] are hydrogen and one of R err] and R err] is |ower alkyl
and the other is high nolecular weight polyal kyl. The.variables x and y can
vary over the length of the polyner. Preferably, the high nolecul ar
wei ght pol yal kyl group has at |east about carbon atons (nore preferably
at | east about 50 carbon atons). Preferred’hi gh nol ecul ar wei ght polyal kyl

groups inclu S ylo.groups. Preferred,pol,yi sobutyl groups include:
t hose havi ng%ﬁ%@ %HZC LﬂngaoﬁI%Pi Pefvwﬁlﬂyéestwasmﬂewu@Mm e
preferably frand difterenbf6lyaminesut 2500. Preferred |ower alkyl groups

i nclude nmethyl and ethyl; especially preferred | ower al kyl groups include

nmet hyl . General ly, such copolyners contain an initiator group, I,
and a terninator Thedvrecedyre:nf Exaneglalt0 was fdiloweekexactiy except thae f r ee
radical iRt igifferent poIgEmice/ S0l ALY RIS Bhb At EACAAmIdS Weiudedtase. the

Lo t e t or roups
initiator ang | productd proddced are reported in Table 1. The succinic ratio was 1.5.

Example 18. Preparation of a post treated polysuccinimide using a

10 cyclic carbonate.

To a 1 L 3-neck flask equipped with a mechanical stirrer, condenser,
Dean Stark trap, and mechanical stirrer was added 311.3 g of the bis DETA
PIBSA 1300 polysuccinimide from Example 14. This was heated to 160° C
and to this was added 23.5 g ethylene carbonate (0.267 mol). This was _
heated at 160° C overriight. The post treated polysuccinimide was analyzed
and found to contain 1.02 % N, a TBN of 8.9, and a viscosity at 100C of 2687
cSt.

15

Example 19. Preparation of post treated polysuccinimide using TETA as
20 the polyamine. '

The procedure of Example 18 was repeated except that 313.5 g of the
bis TETA PIBSA 1300 polysuccinimide from Example 15 was used. This was
reacted with 30.0 g (0.34 mol) ethylene carbonate. The properties of this
25 product are reported in Table 1.

Example 20. Preparation of post treated polysuccinimide using TEPA as
the polyamine.

30 The procedure of Example 18 was repeated except that 316.2 g of the
bis TEPA PIBSA 1300 polysuccinimide from Example 16 was used. This was
reacted with 38.6 g (0.439 mol) ethylene carbonate. The properties of this
product are reported in Table 1.

35
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-13- - [err] where R err] is hydrogen, alkyl, aryl, alkaryl,
cycl oal kyl, al koxy, cycl oal koxy, acyl, al kenyl , cycl oal kenyl

al kynyl; or alkyl, aryl or alkaryl optionally substituted with 1 to
4 substituents independently selected frop?gttrile, ket o, hal ogen,

nitro, alkyl, aryl, and the like. AlternatTvely, the initiator group and/or

term nator gr e rived fromthe reaction prqduct, of the initiator
Wit h gggﬂ@# Zﬁﬁtﬂ-ﬁpgraeg% R? ROSL gqe\;gﬁﬁ P°?36?'-P%l'a‘f%'|d@, using HRA:ast or
may react wi tthe polyamineol uene to produce a benzyl radical.

The copol yners of the present invention differ fromthe PlIBSAs

prepared by the thermal process in that the thermal process products
cont ai n al B@ epvasduon af Examales1 dylas repbateidt excegt that 26i& g ahthalr i de

group. Thé® pis HPA PIBSA 1300 polysuccinimide from Example 17 was used. This was
reacted with 62.8 g (0.714 mol) ethylene carbonate. The properties of this
product are reported in Table 1.

Example 22. Preparation of a polysuccinimide using the copolymer
10 from Example 2 and DETA as the polyamine.

To a 500 ml 3-neck flask equipped with a mechanical stirrer, Dean
Stark trap, condenser, thermometer, and heating mantle was added 200.0 g
of the copolymer from Example 2 (0.047 mol of succinic groups). The
reaction was heated to 110° C and to this was added DETA (4.22 g, 0.041
mol). The DETA/copolymer CMR was 0.87. The reaction was heated to 160°
C for 5 hours. The product was analyzed and found to contain 0.77% N, TBN
of 16.07, a TAN of 1.34, and a viscosity at 100° C of 1317 ¢St. The succinic
ratio was 1.5

15

20

Example 23-29. Preparation of polysuccinimides using different CMRs
and different polyamines.

The procedure of Example 22 was repeated except that different
polyamines and different polyamine/copolymer CMRs were used. The
analytical data for these compounds are reported in Table 1. The succinic
ratio was 1.5. : '

25

Example 30. Preparation of post treated polysuccinimide usiné acyclic
30 carbonate.

To a 500 mi 3-neck flask equipped with a mechanical stirrer,
thermometer, condenser and heating mantle was added 200 g of the bis
DETA polysuccinimide from Example 26. This was heated to 165° C and to
this was added ethylene carbonate 4.27 g (0.0486 mol). The ethylene
carbonate/basic nitrogen CMR for this reaction was 2.0. This was heated at

35
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copolynmers of the present invention differ fromthe PIBSAs prepared by the
chlorination process, since those products contain a double bond, a ring,
ot her than a succinic anhydride ring or one or nore chlorine atons. The
copolynmers of the present invention differ,.fromthe copol yners of

unsat ur at ed acidic reactants andzﬁfgh mol ecul ar wei ght olefins in

t1 hgt 1r ati o ofiegnyfdr 5dfours. Th{-:ﬂ proatﬁég\leés %ﬁal?iéﬂ aﬁéﬁémj q&%rﬁéinimgt%'t east
.30 1. , e’ copo S .0 e.presen

i nvention ar & JBN9f 487, aTAN 0?8@%%@&‘4'5@5@5/ raééégfbeofhﬁ%q &Rt ecul ar

wei ght ol efin and an unsaturated acidic . reactant in the presence
of a free rag L4t hat e We) d at a
Cerer at ur o SPemplsi3t-38" RrepdidIERr bR At théateq ngiypusFpIt

about 120fer Using atcyclisnarbosetesrr] C. The reacti on may be

conducted neat, that is, both the high nol ecul ar wei ght ol efin,
and acidic reacta[ﬁgﬁand the fr radical injtiator are combjped in

the proper ratio, IBRPTPFROMEGHEXaMRle 30as tollowed excerhiiah difiegent
Al t er nat i vel polyshecinimides averarigelie Thesd wtitugedian eth§idnearrbomate/mast ! e,

o et e NARAEMEPBA OF e B AlE Hre Al PR ROETHE 1 AR 0o

acet one, 10et imMgbleot.ur an, chl orof orm nethyl ene chloride, dichl oroet hane,

MPARATIVE E

Example A. Preparation of a polysuccinimide from a copolymer that
15 contains a succinic ratio of less than about 1.3 and a polybutene
molecular weight of 1300.

The procedure of Example 10 was followed except that a copolymer
with a succinic ratio of less than 1.3 was used. DETA was used as the
20 polyamine. The product was analyzed and found to contain 0.74 % N, and a
viscosity @ 100° C of 1193 ¢St.

Example B-D. Preparation of polysuccinimides from a copolymer that
contains a succinic ratio of less than about 1.3 with different
25 polyamines.

The procedure of Example A was followed using TETA, TEPA, and
HPA. These products were analyzed and the data is reported in Table 1.

30 Example E. Preparation of a polysuccinimide from a copolymer that -
' contains a succinic ratio of less than about 1.3 and a polybutene
molecular weight of 2400.

The procedure of Example 22 was followed except that a copolymer
35 with a succinic ratio of less than 1.3 was used. DETA was used as the
polyamine. The product was analyzed and found to contain 0.31 % N, had a
TBN of 3.3, and had a viscosity @ 100° C of 571 cSt.
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t ol uene, dioxane, chl orobenzene, xylenes, or the like. After the reaction
i's ~ - 14 - conplete, volatile
conponents may- be stripped off. When a diluent is enployed, it is
preferably inert to the reactants and proggets fornmed and is generally used
in an anount sufficient to ensure efficient stirring. The reaction

¢ oot ant gﬁde?ﬁg‘i’ﬁ?gﬁ’ﬁn{ﬂ“ﬁhréwaﬁ PIYSUCEIRRILES IO & cOBBIIALEIRL ol ve
the acidic reantaing M%ﬂé&{ﬂi{ﬂ ‘\é\ﬁﬁg&thﬂ@lﬂ?ﬂmdl if"f'ﬁ‘ aﬁf%@"?o bring them

into intinatpolyamiines.i n the solution polymerization reaction. It has been
found that the solvent nust also be one in which the resultant copol yners
are sol ubée. :

The procedure of Example D was followed except that TETA, TEPA
and HPA were used instead of DETA. These products were analyzed and the
data is reported in Table I.

Examples A through H had a succinic ratio of 1.0.
10

15
20
25
30

35
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Suitabl e solvents include Iiquid saturated or aromati c hydrocarbons havi ng
from.six to 20 carbon atons; ketones having fromthree to five carbon
atons; and liquid saturated aliphatic di hal ogenated hydrocarbons havi ng
fromone to five carbon atons per nol ecul preferably fromone to three
carbon atons per nolecule. By "liquid" is™eant |iquid under the conditions
of polynmerization. In the dihal ogenat efiaABygriocar bons t he hal ogens are
preferably on adj at By h " an , C _and Br.
The anmount of sogmé‘ﬁg E&@i Lﬁ(ﬁgirhat |t—&ﬁ-&§]l SSG t&égaci'dlgﬂreact ant
and high nol ecul ar wei ght ol ef iTBEATaddition to the resulting copol yners.
The volune ratioqgf sol ven high m gh nol ec wei ght S S abl y
between 1:1 and 190 1 and |b38t70referabl y bgb%’én 1.5: 118% bggé 55‘7

Sui t abl e Sol vent 31i ncl ude Dl&?pketones haviTgTArom t Hr.2@ t 8321 x c37.Mon at oms
and the saturategadichl ori pgzed hydrocar bo,r@p};naw ng %‘égm qBs4to %#ye, nor e
preferably one t three Cﬁ&b]on at ons. es of suitabl'e

sol vents i ncl ude Sphut are linmted to: HPA, ket @n%%, 36290 as97.4cet one:
met hyl et hyl ket on&4 di et hyl @& one; and DETRt hyl i sioboit ypkegoneis.0

15 0.5 TETA 1.27 3267 196
10 16 0.5 ~ TEPA 1.62 4049 334
17 0.5 * HPA 2.14 5523 498
18 05 EC DETA 1.02 2689 89
19 05 EC TETA 120 4187 129
20 05 EC TEPA 1.55 9249 157
15 21 05 EC HPA 2.02 90130 224
22 0.87 DETA 0.77 1317  16.1
23 087 " TETA 1.01 1309 229
24 0.87 TEPA 1.23 1599 35.0
25 0.87 HPA 1.71 1856  37.0
20 26 0.5 DETA 0.51 1338 5.8
27 0.5 TETA 0.61 1491 10.6
28 0.5 TEPA 076 1794  16.1
29 0.5 HPA 1.04 2164 25.1
30 05 EC DETA 0.49 1350 4.9
25 31 05 EC TETA 0.73 1636 7.3
32 05 EC TEPA 0.82 2191 8.3
33 05 EC HPA 0.97 3703 117
A 0.5 DETA 0.74 1193
B 0.5 TETA 0.91 971 15.4
30 c 0.5 TEPA 1.08 1179 165
D 0.5 HPA 1.46 1707 320
E 0.5 DETA 0.31 571 3.3
F 0.5 TETA 0.40 578 5.6
G 0.5 TEPA 0.55 612 8.9
35 H 0.5 HPA 0.68 672 18.2

Some lubricating oil additives have been identified as being deleterious
to fluoroelastomers such as Viton that are currently used as gasket materials

is Sheet Has Been Re‘placed

T \I I




2. aromatic hydrocarbons, such as: benzene; xylene; and tol uene; 3.
satur ated di hal ogenat ed hydrocarbons, such as: dichl oronethane;

di br ononet hane; 1-brono-2-chl oroet hane; 1, 1-di bronoet hane; 1, 1-

di chl or oet hane; 1, 2-di chl or oet hane; 1,3-dj€ onopr opane; 1, 2-

di br onopr opane; 1, 2-di br ono-2- et hyl propangT 1, 2-di chl or opr opane;

- 15 - linlautomiobile @enginesn EurdpdanlenginersulideBAR&ve now placed
1- br ono- 2- chl

5 di oni or opltaa@BREer seal teds FitB4el 8RB reciicgiiangs One such test is™ "
benzenenet hyl ehyolkewvagen VW3334 (Septembact 987) Seal SWelbThSt. CEHis ibesbeRitire USi NY
a process si Mgl dqdschiBed th¥ hird Symposium of the European Coordination Council
5 (CEC) 1989 in an article entitled “Engine and Bench Aging Effects on the
Compatibility of Fluoroelastomers with Engine Oils” by Dr. S. W. Harris and J.
C. Downey of Amoco Petroleum Additives Company.

The VW3334 (September 1987) Seal Swell Test was carried out on

10 samples of Viton from the Parker Prudifa Company, which were cut into
dumbbell shapes, using a formulated lubricating test oil that contained
succinimide dispersant, overbased detergent, antioxidant and viscosity index
improver materials at a bath temperature of 150°C for a 96 hour immersion
time. The immersion procedure was similar to ASTM D471-79 Standard Test

15 Method for Rubber Property-Effect of Liquids. The Viton samples were then |
subjected to analysis of their tensile properties using procedures similar to
ASTM D412-87 Standard Test Method for Rubber Properties in Tension. The
properties that were measured were cracking at 120 percent elongation,
percent change in tensile strength (TS) and percent change in elongation at

20 break (EL), in accordance with the VW3334 Seal Swell Test requirements.
The results are shown in Table II.

TABLE Il
| - Example TS EL Cracks ppmN
25 (Calc)
10 <14 17 No 978
11 -37 -33 Yes 1194
12 35 -32 Yes 1590
13 -35 33 Yes 2118
30 _ 14 10 02 No 600
15 10 03 No 762
16 01 -08: No 972
17 -3¢ -32  Yes 1284
18 -01 -05 No 612
35 19 02 -05 . No 720
20 26 -20 No 930
21 -42 -34 No 1212
22 -10  -16  No 462
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descri bed.by U S. Patent 5,175,225 where the oligoneric copolyner, which is
the reaction product of the unsaturated acidic reactant and the high

nol ecul ar weight olefin, is used as a "solvent" for the unsaturated acidic
reactant, free radical initiator, and the high nolecul ar weight olefin. In
this process, the unsaturated acidic reactddt, free radical initiator, and
hi gh nol ecul ar wei ght olefin are added to a sufficient anount of oligoneric
copol ymer to afford soluBBlity of tRE red8tarl¥e. 606 |n addition

copol yneri zati on can be ggconpl i she@g3i n .pge prg&senceygg di spersing agents.
Thi s copol ynerization is.called suspensi 85 cqpol yneri zation. A
charge mole ratio (CWR) 3 eater tharvl. 3%Fs r |red19%6pro§juce t he
copolynmers of this invengon. The QMR i sQdefiNgd as Bpe rati o of the nunber
?f nol es d maleic anhydrzi7de to theq:?urrb.ﬁtrj of,, ool es %§pol ybutene.

n addition the tenperature of reaction st 'B® suff ent to facilitate

t he production. of copol yABr with a-88cci-Abc M™eio grés6er than 1.3.

General ly, tenperatures pg excess Qf13abQ317 1¥derr] gogre required.
However, the tenperature 6EQUI red to produce @@copol mer with a succinic
ratio greater than 1.3 i SVal so depé?‘?dent‘oén t CVR 884 the concentration.
No

In general, the 31 -02 -06 438
10 32 10 -12 No 492
33 28 -26 No 582
B -03 03 No 546
C 09 -13 No 648
D -17  -18 No 876
15 E 01 06 No 186 |
F 01 -05 No 240
G 07 13 No 330 b U by
These P""/s*“‘“"‘“;lg "“‘;°1 ?"‘Y"’,\‘l'o“‘m"haiegs fludidy modify: P dsqﬂ-i aa
: R 1/30f3 weay “ g prroes
20 TABLE & ﬁ%é?# INDEX FOR GOPOLYMERS — By
- I 11/30/93
Example Conc. V.I.In Exxon 100N V.1 In Exxon N
26 10 154 108 '
27 10 136 110
28 10 149 118
25 29 10 151 | 119
30 10 153 116
31 10 147 106
32 10 153 114
33 10 169 116
30
In contrast the V.. for the same examples as 26-33 except that the
conventional thermal PIBSA was used is shown in the following table.
WL it f30/43
1% E?/J 1f3e/93 -
TABLE 4L V] DATAF NVENTI !
35 Example Conc. V.. In Exxon 100N V.I In Exxon 600N
bis DETA 10 140 105
bis TETA 10 133 99
This Sheet Has Been Replaced
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hi gher the CVR and the nore concentrated the reaction m xture, the |ower
the tenperature of reaction that is required to produce a copolynmer wth
greater than a- 1.3 succinic ratio. In general, the

copol yneri zation can be initiated by any f4ee radical initiator. Such
initiators are well known in the art. However, the choice of free radical
initiator may be ibi$ TePfced bylOhe red@8 on tenperat w8 enpl oyed.

The preferred fregy jfal inighators @rue the peroxi dg-t ype polynerization
initiators and th?igg@oéi‘e poﬁorreri ze;?ﬂon initiat orgaoRadi ation can also

be used to initiatRCbiEDEdACti 88, if d@%ired. 99
- 16 - The = eid FETAYPE1HT ee-radigcal initiatorggan be organic or
i norgani c,. the .
5 EC bis TEPA 10 124 103
EC bis HPA 10 133 105

These data show that the V.1. is greater for the polysuccinimides of the
present invention compared to the conventional succinimides.

10
While the present invention has been described with reference to

specific embodiments, this application is intended to cover those various
changes and substitutions that may be made by those skilled in the art
without departing from the spirit and scope of the appended claims.

15 ' :

20

25

30

35
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or gani ¢ havi ng t he generél-forrrula: Rlerr] OOR[err]' where Rerr] is any
organic radical and Rerr]' is selected fromthe gro st
hydrogen and any organic radical. Both R err] and R[er,f Ce?ﬂas%erpﬁ %nl C

radi cal s, preferably hydrocarbon, aroyl, _acyl radic
desired, substituents such as hal ogens, ettt Preferred E Ili m Irlﬂ
di-tert-butyl peroxide, tert-butyl peroxybenzoate, and

Exanpl es of suj tabl e peroxides, which in no way are limting, i ncI ude
benzoyl peroi&‘}cl}@ti lﬂ"&ﬁde' Seroxi de; other tertiary butyl peroxides; 2,4-

di chl orobenzoyl peroxide; tertiary butyl hydroperoxide; cunene

0 et by per oxy bar o ioRmBEpf EhThsafiidiet achiE LORTRATAdEA righ. molaguler
The azo-type corrrnghltsQlet"ypumerem the ratiploh aahpdride gronipisiteitisebydracarban i | e,

are also well-kn r a ounds
can be defined a?e?hé)igeat I%%ﬁg‘g&%ﬁ“ E@l%%?ﬂ%ﬁeg?@iﬁwéﬁﬁzﬁmerel n

the bal ances ar e C95EiStiRg ARd adienivinylideng;olef Eh@tnddﬁiée"@f” chis
preferably attachdsfirt hagatsetficientinuersdras cafdreatoms §wd hatte BRGNS

I ncl ude, but are zenedi azoni um f | uobor at e; )
p-tol yl di azoam n&%@hyﬁg'ggg'“&’f W@BB%@%QZW um hydr oxi de; azonet hane
and phenyl@i azoni um
2. A copolymer according to Claim 1 wherein the ratio of anhydride groups
to the hydrocarbon groups is between 1.3 and 2.0.

3. A copolymer according to Claim 1 wherein the unsaturated acidic

15 reactant is of the formula:
0]
(I:I,
AN
HC/ X
20 It
HC\ X
C/
il
O
25

wherein X and X' are each independently selected from the group
consisting of —OH, —CI, —O—lower alkyl and when taken together, X
and X' are —O—,

4. A copolymer according to Claim 3 wherein the acidic reactant comprlses
30 maleic anhydride.

5. A copolymer according to Claim 1 wherein the high molecular weight
olefin is a high molecular weight alkylvinylidene olefin having at least 1
35 branch per 2 carbon atoms along the chain.
6. A copolymer according to Claim 5 wherein the olefin has an average
molecular weight of from 500 to 5000.
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halides. A suitable list of azo-type conpounds can be found: wng{ngag’gL Replaced

No. 2,551,813, issued May 8, 1951 to Paul Pinkney.

initiator to enploy, exclusive of radiation, of course, depen HMMIIIEHP“

extent on the particular initiator chosen_,3g he hi gh nol ecul ar

and the reaction conditions. The initiator nust, of course, soluble in

t he reaction mdmpdmeuecmrdmdo@iamﬁlmemthemleilmhas aaraweré)gé ween

0.001:1 and 0.2 e of acidic reactant, with

preferred armunti’n e%%%ﬁ@@h@%fr?h%%@@f%%@dl The pol yneri zati on

tenperature nust be sufficiently high to deconpose the initiator to

br oduce Lhe, Bis! neshrafer agiciaing 1o/ sadtein MeldidfiPle palyidbbaichbar youLY!

per oxi de, whi ch deconposes at ‘a Sufficient rate over t % erature range

of 120[err5] to 180[err] C
A copolymer according to Claim 8 wherein the alkylvinylidene isomer is

methylvinylidene.

10. A copolymer according to Claim 1 wherein the copolymer has the

10 formula:
0. .0 [ ]
R, R
y \ 4RI
L Jx | |
Ry Rj
L 3y
e ol n
20 wherein n is 1 or greater; and

wherein either:
(1) R; and R; are hydrogen and one of R and Ry is lower alkyl
and the other is high molecular weight polyalkyl, or .
(2) Rsand R4 are hydrogen and one of Ry and R; is lower alky!
25 and the other is high molecular weight polyalkyl; and
wherein x and y are 1 or greater, such that the sum of x is at least 1.3
times the sum of y for the total mixture.

11. A copolymer according to Claim 10 wherein the high molecular weight
30 polyalkyl comprises a polyisobutyl group of at least 50 carbon atoms.

12. A copolymer according to Claim 11 wherein the lower alky! is methyl.

13. A polysuccinimide prepared by reacting a copolymer according to Claim
35 1 with a polyamine having at least one basic nitrogen atom.

KA O R



- 17- . The reaction pressure should be sufficient t@uSheRitRal Bech R la
solvent and the free radical initiator in the liquid phas

therefore vary between about atnospheric and 100 psig or Mﬂﬂm'lUnﬂll
reaction time is usually sufficient to re}; in the subst ete
conversion of the acidic reactant and hi gﬁ fol ecul ar weight olefin to

copol ymer. Tig wgs{ybeeclﬁ nﬂee'a%céw.ﬁglw @Ia@ﬁtﬂ@aﬁﬁe@‘ﬁﬂ?&nﬁo@émh%'ﬁés (t)i‘(éy

preferred reactio | mes wo and ten

conveni ent | y seaamwéd*zhl(m@gw@hﬁreah& 5 alkyienee! o @perm@a@pmg
conventional prasedunegep ol fso Bhase separation, solvent distillation,
precipitation and the lI'ike. If desired, dispersing agents and/or cosolvents
may be used during the reaction. The isol ated copol yner may then be
reacted vt hi% p%bp@sﬂo@nimidéacomﬂirm)twﬁmﬁmd4swbeie1'rh thelehargeenplegptioat i on

and characteri zgli ; [ &1 tment with.
ot her agents t oaégfl ﬁ'ﬂ%#sgf’g‘gér s@epbgéd:rbp%?a}llﬁgﬂ'sst IS de{sd(’ﬁﬁbed her ei n.
16. A product prepared by the process which comprises reacting a
polysuccinimide according to Claim 13 with a cyclic carbonate, wherein
10 the polysuccinimide has at least one primary or secondary amine group.

17. A product prepared by the process which comprises reacting a
polysuccinimide according to Claim 13 with a boron compound selected
from the group consisting of boron oxide, boron halide, boric acid and

15 esters of boric acid.

18. A lubricating oil composition comprising an oil of lubricating viscosity and
a dispersant effective amount of a polysuccinimide according to Claim
13.
20
19. A lubricating oil concentrate comprising from 90 to 50 weight percent of
an oil of lubricating viscosity and from 10 to 50 weight percent of a
polysuccinimide according to Claim 13.

25 20. A fuel composition comprising a hydrocarbon boiling in a gasoline or
diesel range and from 30 to 5000 parts per million of an polysuccinimide
according to Claim 13.

21. A fuel concentrate comprising an inert stable oleophilic organic solvent
30 boiling in the range of 150° F. to 400° F. and from 5 to 50 weight percent
of a polysuccinimide according to Claim 13.

22. A copolymer according to Claim 1 prepared by the process which
comprises reacting a high molecular weight olefin with an unsaturated
35 acidic reactant in the presence of a free radical initiator.
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Preferred.copol yners incl.ude those prepared using a polyisobutene of

aver age nol ecul ar wei ght of about 500 to about 5000, preferably of about
950 to about 2500 and wherein at |east about 50 percent of the total

pol yi sobut ene conprises the al kyl vinylidene isoner. Preferred

al kyl vinyl i dene i soners include nethyl vi n\@8idene and et hyl vi nyli dene.
Especially preferred is nethylvinylidene. Particularly preferred copol yners
have an average nol ecul ar wei ght of about 900 to about 2500. D.

‘POLYSUCCI NI M DES The copol ynsABSTRAQGT present invention can be
reacted with a polyam ne having at | east one basic nitrogen atomto form
pol yam no pol ysucci ni m des. Pol ysucci ni m des that may be prepared incl ude
nonopol ysucci ni mi dayvel QQBOM@W%QKW%'(MM?Ciﬁi@lﬁéﬂtmgﬂdihiﬂfww,lewar

m xtures ghemgsight defnaleysEiti Y disgesaRtOUGS LAY SIRRETIURI dMEafshar ge

| [ f [ r ou| h | cul d
The. part 1 cu8Y BEEeRTn oferiiis BobisiidoiRs ahskalber BhstyiaaadPREIMES succ i c
group in comsefurin lubicatingbilsadd fesls.pTheuatio pf adioydrivet grioyps to the _
monopol yS“CC'hQEEBUc%‘?q%&FB?Ip%‘?n st AGVdI AepBmfih YRR 1BEst PaSuccini ¢ group in

copol yner of

25 i

35



-18- may produce predom nately bis-polysuccini mde. H gher polysuccinimdes
may be produced if there is branching in the polyamne so that it nay react
with a succinic group fromeach of greater than two copol ynmer nol ecul es.
Preferably, the charge nole ratio of polyam ne to succinic groups in
copolynmer is fromabout 1:1 to about O0.1:1. The preparation of

pol yam no pol ysucci ni m des by reacting copolymers with a poryamme s fully
described in U S. Patent No. 5,112,507, which is her elns shaeQisHREPESEY
reference for all purposes. Reference is made to U. S 07 for
a full description of preparation procedures for produH!ﬂE l"ﬂl"!m ﬂ

pol ysucci ni m des. The pol yam ne enpl oyed to pre m no

pol ysuccinim des is preferably polyam ne having from2 to about 12 am ne
nitrogen atons and

Tenslile Strength
20 SRof1.5

|
10 N B SR of 1.0

0 . ’ .
(10) * '

(20

(30)

(40)400 l 600 800 1000 1200 1400
Calculated ppm N

Polysuccinimides with 1300 MW Tail

Figure 1



from<2 to. about 40 carbon atons. The polyamne is so selected so as to

provi de at | east one basic amine per succinimnmde group. The pol yan ne
preferably has. a carbon-to-nitrogen ratio of fromabout 1:1 to about 10:1.
The nore preferred pol yam nes enployed in this reaction-are generally -

represented by the formul a:

wherein Y is an alkylene group of 2 to 10 carbon ato m 2
to 6 carbon atons, and a is an integer fromabout 1t y from
1 to 6. However, the preparation of these al kyl ene po

produce a single conmpound and cyclic heterocycles, such as plpera2|ne may
be included to sone extent in the al kylene diam nes. Reference is nade to
U S. Patent 5,112,507 for a full description of preferred pol yam nes.
Preferred nonopol ysucci ni mi des include those having the foll ow ng fornmnula:

Tensile Strength
5 ; SRof 1.5
i n -
0 ¢ m | SR of 1.0
2
X - 2
(5)
i \ g
(10)
n P -
(1 5) 1 L L 1 1 1

100 200 300 400 500 600 700

Calculated ppm N

Polysucinimides with 2400 MW Tail

Figure 2
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oA nfol® . _
;. DATE OF RECEIPT ...":pyi yMERIC DISPERSANTS HAVING

POLYALKYLENE AND SUCCINIC GROUPS

The present invention relates to compositions that are useful as
intermediates for dispersants used in lubricating oil compositions or as
dispersants themselves. In addition, some of these compositions are useful
in the preparation of novel high molecular weight dispersants that have

superior dispersant properties for dispersing sludge and varnish and superior
Viton Seal compatibility.

The high molecular weight dispersants of the present invention also
advantageously impart fiuidity modifying properties to lubricating oil
compositions sufficient to allow elimination of some proportion of viscosity

index improver from multigrade lubricating oil compositions that contain these
~ dispersants. '

D E INV

Alkenyl-substituted succinic anhydrides have been used as
dispersants. Such alkenyl-substituted succinic anhydrides have been
prepared by various processes, including a thermal process (see, e.g., U.S.
Pat. No. 3,361,673) and a chlorination process (see, e.g., U.S. Pat. No.
3,172,892). The polyisobutenyl succinic anhydride ("PIBSA") produced by the
thermal process has been characterized as a monomer containing a double
bond in the product. Although the exact structure of chlorination PIBSA has
not been definitively determined, the chlorination process P_lBSAs have been
characterized as monomers containing either a double bond, a ring, other
than a succinic anhydride ring and/or chlorine in the product. {See J. Weill and
B. Sillion, “Reaction of Chlorinated Polyisobutene with Maleic
Anhydride:Mechanism Catalysis by Dichloromaleic Anhydride,” Revue de |
‘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. Pat. Nos. 3,219,666; 3,381,022) as well as adducts having polyalkenyl-
derived substituents adducted with at least 1.3 succinic groups per
polyalkenyl-derived substituent (see, e.g., U.S. Pat. No. 4,234,435).

In addition, copolymers of maleic anhydrides and some aliphatic alpha-
olefins have been prepared. The polymers so produced were useful for a

This is the replacement sheet
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from2 to 40 carbon atons; nis 1 or greater; Rerr] and Rerr]

i ndependently hydrogen, |ower alkyl of 1 to 6 carbon atons, phenyl
together are al kylene of 3 to 6 carbon atons to give a ring;

sel ected so that either Rlerr] and R[err

are

or taken

and wherein Xx
and y are 1 or greater, such that the sumof x is at least 1.3 tinmes the

sumof y for the total mxture. Rerr], REerr] Rlerr], and Rerr]
I

are

are hydrogen and one of Rferr]

gde[R[Gﬂ]r] é Wr U 55@%3@&&&@ Oﬁgt%of Pg{brﬁ?ﬁ\ do“fnté\% hté%:oihyal kyl,

al kyl and tme afem'au@n af gﬁlyﬁsqeé%ame'm@%pnwwapms or o{ye

| ower

oﬁdﬁﬁer red
pol ysucci ni Helpgvernsletids habingemevhe tianpasdut8d darb@ﬁmtom werd foasid torbepart a

nl m des are

Phndbm bol s BLTRY ek Cvtﬁg[(%@snﬁrq Rl 3,008, oy j

3,560,456; 3,560,457; 3,580,893; 3,706,704; 3, 729 450 and 3, 51).

U.S. Patent No. 5,112,507 shows copolymers of unsaturated acidic
reactants and high molecular weight olefins that are useful as dispersants in

. lubricating oils and fuels and as intermediates in the preparation of

polysuccinimide additives that give excellent deposit control. The ratio of

anhydride groups to the hydrocarbon groups in those copolymers is génerally :
1.0.

SUMMARY OF THE INVENTION

The present invention is a copolymer of an unsaturated acidic reactant
and a high molecular weight olefin, the copolymer having a ratio of anhydride
groups to the hydrocarbon groups that is at least 1.3. Preferably, the ratio of
anhydride groups to the hydrocarbon groups is between 1.3 and.2.0. The
copolymer can be formed by reacting the high molecular weight olefin and the
unsaturated acidic reactant in the presence of a free radical initiator.

These copolymers are useful as dispersants themselves and also as
intermediates in the preparation of other dispersant additives having improved
dispersancy and/or detergency properties when employed in a lubricating oil.
They do not contain double bonds, rings, other than succinic anhydride rings,
or chlorine (in contrast to thermal and chlorination PIBSAs) and as such have

improved stability, as well as nmproved environmental properties.due to the
absence of chlorine.

Preferably, the unsaturated acidic reactant is of the formula:

This is the replacemen_t sheet
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o .

[err]

xl
N %/
0

wherein X and X' are each independently selected from the group consisting
of —OH, —Clt, —O—lower alkyl and when taken together, X and X' are —O—
- More preterably, the acidic reactant comprises maleic anhydride.

The high molecular weight olefin has a sufficient number of carbon
atoms such that the resulting copolymer is soluble in lubricating oil. The olefin
can be an alpha olefin or an alkylvinylidene olefin. Preferably, the high

- molecular weight olefin is a high molecular weight alkylvinylidene olefin. More

preferably, the olefin has at least 1 branch per 2 carbon atoms along the
chain. Most preferably, the olefin is polyisobutene having an average

molecular weight of 500 to 5000 (more preferably from 900 to 2500) and the
alkylvinylidene isomer is methylvinylidene.

In one embodiment, the copolymer has the formula:

Y]

-

4
I |

wherein n is 1 or greater; either R, and R are-hydrogen and one of Rz and
R, is lower alkyl and the other is high molecular weight polyalkyl, or Rz and
R4 are hydrogen and one of R, and R; is lower alkyl and the other is high
molecular weight polyalkyl; and wherein x and y are 1 or greater, such that
the sum of x is at least 1.3 times the sum of y for the total mixture. Preferably,

This is the replacement sheet
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wherein Amis a linking group having fromabout O to 10 am ne nitrogen
;atonms and from about 2 to 40 carbon atons; Rerr], R[err], Rerr], R[err],
Rlerr]', Rerr]', Rerr]', Rerr]', Rerr]", R[err] R', and R err]" are
sel ected from hydrogen, |ower alkyl of one to 6 carbon atons and hi gh

nol ecul ar wei ght pol yal kyl, wherein X, and y' are 1 or greater, such
that the sumof x is at Ieast 1.3 tlnes fﬂe conbi ned sumof y and y' for

bt e, S HGP mOBSue b tpdpa cctised EpAREomISLIE Bl
to ab or b%&gﬁ‘{@é cﬁfsqq%&oﬁ[se?w ﬁ%ﬁw@"’ﬁ'@?‘ﬂ' %Fbetﬁ ldrogen and one of R3 and
R4 is | ower alkyl and the other is polyal kyl, or R[err] and Rlerr] are

ol yalkyl - ei tnor Rderpttndghy L diko b Abliled é&ﬁr%i%r and
Rlerr]' is Peparedbyreagtiog am@po!mer ofsthpcprgzaerktylnveatrlo r§ polyam lmperr]
a(r)fe glygr f)gehaemg aznéasxfodﬂ Bagit g;}%ﬁ" lo giv& a %%uaéthﬁgb@rmeley:?]r i's
bod” R o r | W& pBlaifine R ithe forfille FIaRIENHIG E RRIPRSY o ARkMelor2 196

(I?E ﬁ (ra r ] | Sar glclambmgtamaadd @ris anfinteiger fich drtd 63 Preferably, thevahargé Inytbleanldos\ge
2l kyl of ?ﬁ“’%”?@aﬂ‘"ﬁ““mﬁf“g b% In Sfolmcr R RORPSbYLLY I8 ABBte | °3°)
6 carbon at Skk tbe@qwt&cm'mgie can be reacteddwith a&yche gﬁrbﬁnaéemravnm@. ght

pol yal kyl groiew cofpousid. pol yi sobutyl  groups having at |east about 30
carbon, atons, nore preferably, at |east about 50 carbon atons. Especially
preferred are p0|§ll sobutyl groups having an

ince the copolymers of the present invention contain greater than 1.3

anhydride groups per hydrocarbon groups, polysuccinimides made from these
will contain a higher concentration of nitrogen than dispersants made with one
anhydride group per hydrocarbon group. This may be advantageous, for
example, in controlling engine deposits in automobile engines, or in
dispersing soot in diesel engines.

However, in general, dispersants containing higher nitrogen levels are
more aggressive towards Viton seals, for example in the VW 3334 test. We
have surprisingly found that the polysuccinimides of the present invention
perform better in the VW 3334 test than the other dispersants examined,
especially at the equal nitrogen level.

In addition the copolymers and polysuccinimides of the present
invention contain little if any chlorine (less than 50 ppm). Thus these products
are preferable to use from an environmental point of view.

In addition, the present invention is directed to modified
polysuccinimides wherein one or more of the nitrogens of the polyamine
component is substituted with a hydrocarbyl oxycarbonyl, a
hydroxyhydrocarby! oxycarbonyl or a hydroxy poly(oxyalkylene)-oxycarbonyl.
These modified polysuccinimides are improved dispersants and/or detergents

‘. for use in fuels or oils.

Accordingly, the present invention also relates to a lubricating oil
composition comprising a major amount of an oil of Iub_ric_ating viscosity and

This is the replacement sheet
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av‘erage nol ecul ar wei ght of about® 500 to about 5000, mor e preferably from
. about 900 to about 2500. - 21

- Preferred | ower al kyl groups include nethyl and ethyl. Especially
preferred are conpounds where the | ower al kyl group is nethyl.

Preferred are conpounds where Rlerr]- and _Rerr] are hydrogen or nethyl.
Especially preferred R err] and R err] groups include hydrogen.
Preferred aman amognbobs cbpaiyngerf polysateinimife too ndidified SQceinimideraddithgen

ar oUps of Iﬁi“}@PPé%e"*t futtlofiiodtgyetipertahey BhAIGF ety )
al kyl ene of Theoaddilives obthepr; eut -naeemrbmayaalmeatﬁﬁnplatgd immlubricating oil
concentrates which comprise from about 90 to about 50 weight percent of an

oil of lubricating viscosity and from about 10 to about 50 weight percent of an
additive of the present invention.

Another composition aspect of the present invention is a fuel
composition comprising a major portion of a fuel boiling in a gasoline or diesel
- range and from about 30 to about 5000 parts per million of copolymer,
polysuccinimide or modified succinimide additives. The present invention is
also directed to fuel concentrates comprising an inert stable oleophilic organic
solvent boiling in the range of about 150° F. to about 400° F. and from about
5 to about 50 weight pércent of an additive of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to assist the understanding of this invention, reference will now
be made to the appended drawings. The drawings are exemplary only, and
should not be construed as limiting the mventnon

Figure 1 shows a plot of tensnle strength versus calculated ppm N for
polysuccnmmldes with 1300 MW tail.

‘Figure 2 shows a plot of tensile strength versus calculated ppm N for
polysuccinimides with 2400 MW tail.

DETAILED DESCRIPTION OF THE INVENTION

In its broadest aspect, the present invention encompasses a copolymer
of an unsaturated acidic reactant and a high molecular weight olefin, wherein
the ratio of anhydride groups to the hydrocarbon groups is at least 1.3. The

" olefin can be an alpha olefin or alkylvinylidene olefin. The olefin has a
sufficient number of carbon atoms such that the resulting copolymer is soluble
in Iub}icating oil.
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integer from1l to 6. Especially preferred are Am groups -where Z and Z' are
ethylene and p is 2, 3 or 4. Preferred are random pol ysucci ni m des
where the average sumof A and B units is fromabout 2 to about 50.
Preferred are random pol ysucci ni mi des havi ng nol ecul ar wei ghts of from
about 10,000 to about 150,000. Preferred.ge conpounds in which the

bi s-succini mde structure predom nates, that is, those having nore B units

than A unitsy, Ur%fa?ﬁ?ﬁlbﬁ Keldid Redctient of about 2 to about 10 tines as many
B units as A units. Such conpounds are preferred in part due to their high

average nol ecul ar wei ghts, on the order of about 10,000 to about 150, 000,
vvn: fh maé be rel aTisslteran tunsaturated Qéitiidh@ai@mbrad\/me@geoulale% or fumanig t as
we as disper bt ed in a lubricating oil conposition.

Hi gher pol y§§8§%ﬁﬁgﬁﬁ‘§’ i‘?‘igﬁﬁé’g’i‘ﬁ‘g&h by reacting the copolynmers of the
present invention with a polyam ne having_branching such that it can react
with a succinic group fromeach of greatéP t han two copol yner nol ecul es.

Due to this crosslinking, it is believed ¥hat these higher pol ysuccinin des

may have gel -li ke properties besides the i{per sant properties possessed by
t he ot her pol ysucci ni m des. HC/ X _

e x
N/

]
o

wherein X and X' are the same or different, provided that at least one of X and
X' is a group that is capable of reacting to esterify alcohols, form amides or
amine salts with ammonia or amines, form metal salts with reactive metals or
basically reacting metal compounds and otherwise function to acylate.

Typically, X and X' are —OH, —O—nhydrocarbyl, —OM* where M+
represents one equivalent of a metal, ammonium_or amine cation, —NH.,
—Cl, —Br, and taken together X and X- can be —O— so as to form an
anhydride. Preferably, X and X' are such that both carboxylic functions can
enter into acylation reactions. Preferred are acidic reactants where X and X'
are each independently selected from the group consisting of —OH, —Cl,
—O— lower alkyl and when taken together, X and X' are —O—. Maleic
_anhydride is the preferred acidic reactant. Other suitable acidic reactants
include electron-deficient olefins such as monophenyl maleic anhydride;
monomethyl, dimethyl, monochloro, monobromo, monofiuoro, dichloro and
difluoro maleic anhydride; N-phenyl maleimide and other substituted
maleimides; isomaleimides; fumaric acid, maleic acid, alkyl hydrogen
maleates and fumarates, dialkyl fumarates and maleates, fumaronilic acids
and maleanic acids; and maleonitrile, and fumaronitrile.

B. High Molecular Weight olefin

The term “high molecular weight olefins” refers to olefins (including
polymerized olefins having a residual unsaturation) of sufficient molecular
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A’pol ysucci ni mi de having at | east one primary or secondary am ne group can
. be reacted with a cyclic carbonate or it can be reacted with a boron
conmpound, such as boron oxide, boron halide, boric acid or esters of boric

acid. Reference is nmade to U S. Patent 5, 112 507 for a full description of
t hose post treatnents. - 22 -

The copol yners, pol ysucci ni m des and nodi ?I ed pol ysuccinimdes of this

:n\éenti?n anei @‘ndct%n@igth@lﬁnd%&uldih prigBridatm@ooil to/teinveastionp! oyed in
ubrica |ng o]

ihe | ubr,i i ng oil
conpositi onP %ﬁ gY‘P'CS 5@3}@?% qgga%ﬁlggiiqq OHﬁ@rQrﬂ?éﬁéP@é\@b&fect I ve
amount of t blefinspavingabout s ganbons r more} sofficeodi fi ed pol ysucci ni mi des.
The lubricating oil concentrate has from90 to 50 wei ght percent of an oil

of lubricating viscosity and from 10 to 50 wei ght percent of copol yners,
The term™soluble in lubricating oil” refers to the ability of a material to

dissolve in aliphatic and aromatic hydrocarbons such as lubricating oils or
fuels in essentially all proportions.

High molecular weight olefins are generally mixtures of molecules
having different molecular weights and can have at least one branch per 6
carbon atoms along the chain, preferably at least one branch per 4 carbon
atoms along the chain, and particularly preferred that there be about one
branch per 2 carbon atoms along the chain. These branched chain olefins
may conveniently comprise polyalkenes prepared by the polymerization of
olefins of from 3 to 6 carbon atoms, and preferably from olefins of from 3to 4
carbon atoms, and more preferably from propylene or isobutylene. The
addition-polymerizable oletins employed are normally 1-olefins. The branch

may be of from 1 to 4 carbon atoms, more usually of from 1 to 2 carbon atoms
and preferably methyl.

Preferably, the high molecular weight olefin is a high molecular weight
alkylvinylidene olefin, but it can also be an alpha olefin. The preferred
alkylvinylidene isomer comprises a methyl- or ethylvinylidene isomer, more
preferably the methylvinylidene isomer.

The term “alkylvinylidene” or “alkylvinylidene isomer” refers to high
molecular weight olefins and polyalkylene components having the following
vinylidene structure

CH2

R/\q v
wherein R is alkyl or substituted alkyl of sufficient chain length to give the
resulting molecule solubility in lubricating oils and fuels, thus R generally has

at least about 30 carbon atoms, preferably at least about 50 carbon atoms
and Rv is lower alkyl of about 1 to about 6 carbon atoms.
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pol ysucci ni mi des or nodified pol ysuccini mides. Ot her additives which may be
- present in the forrmulation include rust inhibitors, foaminhibitors,
corrosion inhibitors, metal deactivators, pour point depressants,
antioxidants, V.I. inprovers (either dispersant or nondi spersant), and a
variety of other well- known additives. It is also contenplated the
additives of this invention nay be enpld%%d as di spersants and detergents

|0 hydrautic f1 afiSentialita itk férefs id Righilebuliidvdifht bietifs and |

Al so, the c%&(‘)ﬁll&r]ers, Fn(‘)ﬁa/su?chmm des ap yodi fied polysucci ni m des of
this inven®d gne cemponents Nayingdns dQHQWinaStMetruel “ concentrat es. - The
fuel conposition has a hydrocarbon boili@Hén a gasoline or diesel range

and from 30 to 5000 parts per mllion of Jtopol yners, polysuccinim des or
nodi fi ed pol ysucci ni m des. The fuel congeny ate has an inert stable

ol eophi f'i ¢ organi ¢ sol vent boi ling in Rhe rddge of 150[err] F. to -
a00[ er éngo‘@@%&ﬁﬁﬁF Ay or Subktictida BRYFSMLurfiGRAL Xﬁ%?enﬁlﬂ'txsg‘f Shfm des or
The i nvent ireaulingimolectler solubility indubricating ois and fuals.thus Bhgenellykiaisch set
forth part ieﬁ%l{a?ét'ébo%ﬁ’ &HB6R Atoms! P@e@ﬁ%’ﬁi Ié%lgi aboltd Baftioh atbrTP! €s are
provi ded to i ustrate the present nvention, they are not
o 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 maleic anhydride and polyolefin. 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 éuccinic ratio of the alkenyl or alkyl succinic anhydride product of
maleic anhydride and polyolefin can be calculated in accordance with the
following equation: '

MNXP
(CxA)—=(M,, xXP)

Succinic ratio =

wherein P = saponification number of the alkenyl or alkyl succinic
' anhydride sample (mg KOH/g)
A = actives fraction of the alkenyl or alkyl succinic anhydride

sample
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intended to limt it. Exanpl e 1: Preparation of a copolynmer fromnaleic
. anhydride and pol ybutene with 1300 nol ecul ar wei ght and a CVR of 2.0. '
To a 22 L, 3 neck flask equipped with a stirrer, condenser and heati ng
mant| e was added 12068 g (9.28 nol) pol ybutene of 1300 nol ecul ar wei ght,
and about 70% net hyl vi nyl i dene content (G, ssopal EC 3251). This was
heated to 110[err]C. To this was added maPsi ¢ anhydride (1820 g, 18.57

). Th | ei ' '
mol ) e maleic Mpydsi gentalnadverfiemdieddgr wetg?nro@f_wé%sgﬁﬁmgépﬁggtTe o

m xture
160[err] C and di-t-butyl peroxide (67.74 g, 0.464 nol) was added dropw se
over a five hour pdhpd= BBematsculdoweigmal nedieicrdinigidridie) t - '

C = conversion factor = 112220 (for conversion of gram-moles
of alkeny! or alky! 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 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 Residue

x 100
Sumple Weight

Percent Unreacred Polxolefin =

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

The actives fraction of the alkeny! or alkyl sugcinic anhydride is then
calculated as follows:

Weight Percent Actives
100

Actives Fracrion =

The especially preferred high molecular weight olefins used to prepare
the copolymers of the present invention are polyisobutenes which comprise at
least about 20% of the more reactive methylvinylidene isomer, preferably at
least 50% and more preferably at least 70%. Suitable polyisobutenes include
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but yl peroxide (33.87 g, 0.232 nol) was added dropw se over five hours and
.the reaction was heated an additional 5 hours at 160[err] C The di-t-
but yl per oxi de/ pol ybut ene charge nole ratio was 0.075. The reaction was then
heated to 200[err] C and excess nal ei c anhydride renoved in a vacuum To
this product was then added 100N diluent_ okl (2310 g). The material was
filtered to give a product with a SAP nunbér of 56.6 ng KOH g sanple. (SAP

number was those prepaded ysing B3 o8Bl gis.0Thd prep&iafiol of suth pohisehitehes at | O

Eramte b: [ nich B melyiinleeOehiier SIS R AEEbhAGE T R 18l cne
wi th 2400 nEPETGSHonsidascribag in USRPeY. Now 4,152 499 amthd, 605:808ur © | n

Exanpl e one was repeated except that instead of using polybutene of 1300
nol ecul ar wei ght, 10 3. 46, no ol ybut ene of 2400 nol ecul ar wei ght,
(dissopal EC 32?2’?,%' [?s@‘alywp}?{’f%l%s having pxerage majesular weights of

zgn hyflri de/ pgwfegm abauty5000) Espatially peeferred a@dhbé@hldi%/inb];aveﬁage o
ut yl per oxi 18I I é 0.05. Half of the maleic
anhydr i de (169813%591ude§§_l§§%?n§5%5ggbg%ga LERPO9. of the di-t.butyl per oxi de
(6.32 g, 0.043 nol) was added initially. The rest of the maleic anhydride
and di-t- b@.yCOPOKYMERas added after 5 hours of heating. After the '

conpletign of the reaction the excess nal ei c anhydride was renoved at
200[err]C in a vacuum

The copolymers of the present invention are prepared by reacting a
high molecular weight olefin and an unsaturated acidic reactant in the
presence of a free radical initiator. Preferably, at least about 20% of the total
olefin composition comprises the atkylvinylidene isomer.

The copolymers of the present invention differ from the copolymers
disclosed in U.S. Patent No. 5,112,507 in that the ratio of anhydride groups to

the hydrocarbon grou'ps in the present invention is at least 1.3. Preferably,
the ratio is _between 1.3 and 2.0.

Copolymers of an olefin, including high molecular weight olefins with
an unsaturated acidic reactant are well known in the art (U.S. Patent Nos.
3,461,108; 3,560,455; 3,560,456; 3,560 457; 3,580,893; 3,706,704;
3,729,450; 3,729,451; and 5,112,507). As reported by Trivedi and Culbertson
in “Maleic Anhydride: 1982," Plenum Press, pg 288, as a rule, olefin-maleic
anhydride copolymerizations, run in the presence of free radical initiators, give
only equimolar copolymers. Moreover, conditions are known where random
copolymers may be prepared that contain less than equimolar amounts of
maleic anhydride. However, copolymers that contain greater than 1.3
anhydride groups per hydrocarbon group are less well known. Surprisingly,

during the course of our studies we have now found how to produce these
desirable materials.

What is required is to use an unsaturated acidic reagent to polyolefin
charge mole ratio (CMR) of greater than 1.3:1 and a sufficient temperature of
reaction to produce a ratio of anhydride groups to hydrocarbon group of at
least 1.3:1. The greater the CMR the greater the likelihood of producing a
product with greater than 1.3 anhydride groups per hydrocarbon chain. In
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3780 g diluent oil was added and the product was filtered. This product had
.a SAP nunber of 26.4 ng KOH g sanpl e anhd contai ned 40% acti ves. The

succinic ratio was cal culated to be 1.5. Exanple 1 and 2 show t hat
a copolynmer with a succinic ratio of 1.5 is produced in good yield over a
range of pol ybutene nol ecul ar wei ghts (1300 to 2400) at 160[err]C reaction

tenperature and a CW\R of 2. 0. Exanpl e 3.11Preparation of a copolymer from
mal ei ¢ anhydri e a d buten with 1300 m)l ecul ar wei ght using a CVR of
1. 0. ‘% QM@&? the zRaction gfan wpsaturatedAcidisseagent with

cL;Jlotndenjser » ameldfnan? @l mﬁid(gtrahefactomlf:diﬁ?iatrﬁ Ielg%ﬂbl@wlaéf 2.090athidrér ftio ol e
ravi s el.r ac r.oe o el cC
anhydri de (O&Oamdé'ﬂ{gl"p Eﬁ?ﬁ)"i‘(ﬂcé?%‘ chAInds Rbga"é%%@f qgg /ﬁ@?ﬁﬁ%vﬁﬂll i dene
content. Thi€. vidie GMA and temperature of the reaction can vary over a wide range

such that the combination of CMR and temperature is sufficient to produce |
the desired result.

Since the high molecular weight olefins used to prepare the
copolymers of the present invention are generally mixtures of individual
molecules of different molecular weights, individual copolymer molecules

resulting will generally contain a mixture of high molecular weight polyalkyl
groups of varying molecular weight.

The copolymers of the present invention have the general formula:

-
w2

o) c/ \c ol [R, R,]

\ / e
CH—CH ——-|C —C
L x| [
R:i Ra

-y-

A n

wherein W' and Z' are mdependently selected from the group consisting of
—OH, —O— lower alkyl or taken together are —O— to form a succinic
‘anhydride group, n is one or greater, and R,. Ry, R; and R, are selected from
hydrogen, lower alkyl of about 1 to 6 car!?on atoms and higher molecular
weight polyalkyl wherein x and y are 1 or greater, such that the sum of x is at
least 1.3 times the sum of y for the total mixture. Either R, and R, are
hydrogen and one of Ry and R, is lower alkyl or hydrogen and the other is
high molecular weight polyalkyl, or R, and R, are hydrogen and one of R,
and R, is lower alky! or hydrogen and thé other is high molecular weight
polyalkyl. The variables x and y can var;'/ over the length of the polymer.
The term “high molecular weight g’)olyalkyl" refers to polyalkyl groups of
- sufficient molecular weight and hydrocarbyl chain length that the products
prepared having such groups are soluble in lubricating oil. Typically these
high molecular weight polyalkyl groups ﬂave at least about 30 carbon atoms,
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-'24 - to 100[err]C and after one hour di-t-butyl peroxide (1.46 g, 0.01
nol) was added and the tenperature rose to 140[err]C. This was heated
overnight. Then the 1,1, 2,2-tetrachl oroet hane was renoved in a vacuum The
resi due was dissolved in hexane and filtered to renove unreacted nal eic
anhydri de. The hexane was renoved in a vacuum The product had a SAP nunber
of 45.0 and cont ai ned 59.3 % actives. Thel&uccinic ratlo vvas cal cul at ed to

be 1.0.
t enperature of Gik a fé]a%t mdeg% copor% Glr>\{li%V\/|'°(gtﬂ SUCCI nic r@ﬁ 0 greater

than 1.3 waBOW rURsInay bedein 9@’@%*?'%5?%!??6‘#?’ Me'gf‘tdliﬁﬁmf'yrrer from
mal ei ¢ anhydri de and poI ybutene with 1300 nol ecul ar wei ght using a CVR of

0.33. . 3 d t| t that
032 ot pol ybut B SEET e hafii e et Relel BeR S K ead e B bguns
had a SAP nunbaturatedHgidic mgadtant, the segutionprddooces aopetynﬁrsbréfdamﬁna&esl The
succinic rabfﬁlé’\féﬁoﬁlﬂ'{d:fgrﬁ\hféj to be 0.6.

o) 0 0 I T

\ 4R

L Jx clci
| R, R

wherein n is about 1 to about 100, preferably about 2 to about 20, more
preferably 2 fo 10, and R,, Ry, R4 and R, are selected from hydrogen, lower
alkyl of about 1 to 6 carbon atoms and higher molecular weight polyalkyl
wherein x and y are 1 or greater, such that the sum of x is at least 1.3 times
the sum of y for the total mixture. Either Ry and R, are hydrogen and one of
R3 and R, is lower alkyl and the other is high molecular weight polyalkyl, or
R3 and R, are hydrogen and one of Ry and R, is lower alkyl and the other is

“high molecular weight polyalkyl. The variables x and y can vary over the
length of the polymer.

Preferably, the high molecular weight polyalkyl group has at least
about 30 carbon atoms {more preferably at least about 50 carbon atoms).
Preferred high molecular weight polyalkyl groups include polyisobutyl groups.
Preferred polyisobutyl groups include those having average molecular
weights of about 500 to about 5000, more preferably from about 900 to about
2500. Preferred lower alkyl groups include methyl and ethyl; especially
preferred lower alkyl groups include methyl.

Generally, such copolymers contain an initiator group, |, and a_
terminator group, T, as a result of the reaction with the free radical initiator

used in the polymerization reaction. In such a case, the initiator and
terminator groups may be '
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Exérrpl e 4 shows that when a CVR of 0.33 was used at a tenperature of
. 140[err] C a copolyner with a succinic ratio greater than 1.3 was not

pr oduced. Exanpl e 5. Preparation of a copolyner from nal ei c anhydride and
pol ybutene with 1300 nol ecul ar wei ght using a CVR of 3.0. The

procedure of Exanple 3 was repeated exact except that 0.05 nol

pol ybut ene and 0.15 nol mal ei ¢ anhydride Was used. This product had a SAP
nunber of 78.1 ng KOH g sanpl eoand cont ai ned 67 9%.actives. The succinic
ratio was calculated to be 1. 5y Exanpl ee% shows that when a CVR of

3.0 was used at qq#_enpgg_@u %%C@Llﬁ%@lud)gahg_o _lbn_gr Wi th a succinic
ed.’ ' | !

ratio of 1.5 was produ

where Ry is hydrogen, alkyl, aryl, alkaryl, cycloalkyl, alkoxy, cycloalkoxy, acyl,
alkenyl, cycloalkenyl, alkynyl; or alkyl, aryl or alkaryl optionally substituted '
with 1 to 4 substituents independently selected from nitrile, keto, halogen,
nitro, alkyl, aryl, and the like. Alternatively, the initiator group and/or
terminator group may be derived from the reaction product of the initiator with
another material such as solvent; for example, the initiator may react with
toluene to produce a benzyi radical. -

The copolymers of the present inv@erit’ion differ from the PIBSAs
prepared by the thermal process in that the thermal process products contain
a double bond and a singly substituted succinic anhydride group. The
copolymers of the present invention differ from the PIBSAs prepared by the
chlorination process, since those products contain a double bond, a ring,
other than a succinic anhydride ring or one or more chlorine atoms. The
copolymers of the present invention differ from the copolymers of unsaturated
acidic reactants and high molecular weight olefins in that ratio of anhydride
groups to hydrocarbon groups is at least 1.3:1.

As noted above, the copolymers of the present invention are prepared
by reacting a reactive high molecular weight olefin and an unsaturated acidic
reactant in the presence of a free radical initiator. The reaction may be

conducted at a temperature of about -30° C. to about 210° C., preferably from
about 120° C. to about 180° C. :

The reaction may be conducted neat, that is, both the high molecular
weight olefin, and acidic reactant and the free radical initiator are combined in -
the proper ratio, and then stirred at the reaction temperature.

Alternatively, the reaction may be conducted in a diluent. For example,
the reactants may be combined in a sol{/ent. Suitable solvents include those
in which the reactants and free radical initiator are soluble and include
acetone, tetrahydrofuran, chloroform, methylene chloride, dichloroethane,
toluene, dioxane, chlorobenzene, xylenes, or the like. After the reaction is
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-'25 - Exanple 6. Preparation of a copolynmer from nal ei c anhydri de and
pol ybutene with 1300 nol ecul ar weight with a CVR of 3.0 using a di-t- anyl
per oxi de. The procedure of Exanple 5 was repeated exactly except
that di-t- anmyl peroxide (1.74 g, 0.01 nol) was used instead of
di -t-butyl peroxi de. The product fromthis reaction had a SAP nunber of 82.1
ny KOH g sanpl e and contai ned 65 % act i"Viés- “The succinic ratio was
cal cul at edchmphste Lvéiatile comporerisT shpied &t lifeht Rt Or s besi des
di -t - butyl peroxi o(lg,c,an be u%ied. _ Exaglrr'g?en . Sﬁéﬁamé{}g%dépbgt%épquner from
mel ei ¢ anh§EAIKEG IS preiprRlx nerhia herseotanss apdiripdugisfRIMAF@RdIS VR of
3.0 using genbrdilylusedds aadmoait fAlicient 0 ensure efficidat stiriRg. 1 3- necked
flask equi pped wth a nmechanical stirrer, -
The reaction solvent, as noted aque. must be one that dissolves both

the acidic reactant and the high molecular weight olefin. It is necessary to

dissolve the acidic reactant and high molecular weight olefin so as to bring

them into intimate contact in the solution polymerization réaction. 1t has been

found that the solvent must also be one in which the resultant copolymers are
soluble. ' |

Suitable solvents include liquid saturated or aromatic hydrocarbons

having from six to 20 carbon atoms; ketones having from three to five carbon

~ atoms; and liquid saturated aliphatic dihalogenated hydrocarbons having from
one to five carbon atoms per molecule, préferably from one to three carbon
atoms per molecule. By “liquid” is meant liquid under the conditions of
polymerization. In the dihalogenated hydrocarbons, the halogens are
preferably on adjacent carbon atoms. By “halogen” is meant F, Cl and Br.
The amount of solvent must be such that it can dissolve the acidic reactant
and high molecular weight olefin in additior) to the resulting copolymers. The
volume ratio of solvent to high molecular weight olefin is suitably between 1:1
and 100:1 and is preferably between 1.5:1 and 4:1.

- Suitable solvents include the ketonés having from three to six carbon
atoms and the saturated dichlorinated hydrocarbons having from one to five,
more preferably one to three, carbon atoms.

Examples of suitable solvents include, but are not limited to:

1. ketones, such as: acetone; methylethylketone; diethylketone; and
methylisobutylketone;

2. aromatic hydrocarbons, such as: beniene; xylene; and toluene;

3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chloroethane; 1,1-dibromoethane; 1,1-
dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane; 1,2-
dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
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condenser, thernoneter, and heating mantl e was added 65 g (0.05 nol)
Utravis 30 (containing about 65% net hyl vinylidene content), 14.7 g (0.15
nol) mal ei ¢ anhydride, and 100 g 1, 2-di chl oroet hane. This was heated to
60[err] C and to this was added 2.19 g (0.01 nol) t-butyl peroctoate. The
m xture was heated to 84[err] C and heated_overnight. Then the sol vent was
renoved in a vacuum The product was di s&dPved in hexane and filtered to

t Th
broduct "had e SapT CeiBrabRud: cer-dgfoldprafid ol B Ethiblobgag ™ e
actives. The sudc?ﬁ"ih 9%”&?%5‘ é%%yemr@@tmr;p@%h.ﬁydlghlpropentane °'Exarrp| e

7 shows that when the tenperature of reaction is 84[err] C using a CWR of

3.0, a copo ater t yas not produced.
Exanpl e 8. epe(p')gw gﬁ%(ﬁ#%gb% I{}‘f?%' %&ﬁzgg?gﬁeihygﬁ%vﬁﬁ%%e ‘and pol ybut ene
wi th 2400 nol ecul ar wei ght with a CW\R of 2.0 in 100 neutral 0|I as dlluent
at 130[err] C The red o?a@aﬁal%o'}fé? rfnba%m%gméqoagg%déés% ﬁaél
mechani cal | r aﬂ \A/a a g 8 |ssopal
ES 3252 (24 scri dby atent 752 5 where the ohgomen c polymer hich
the reaction product of the unsaturated acidic reactant and the high molecular
weight olefin, is used as a “solvent” for the unsaturated acidic reactant, free
radical initiator, and the high molecular weight olefin. In this process, the
unsaturated acidic reactant, free radical initiator, and high molecular weight

olefin are added to a sufficient amount of olugomenc copolymer to afford
solubility of the reactants.

In addition copolymerization can be accomplished in thé presence of
dispersing agents. This copolymerization is called suspension
copolymerization.

A charge mole ratio (CMR) greater than 1.3 is required to produce the
copolymers of this invention. The CMR is defined as the ratio of the number
of moles of maleic anhydride to the number of moles of polybutene.

In addition the temperature of reaction must be sufficient to facilitate

the production of copolymer with a succinic ratio greater than 1.3. Generally,
"/, temperatures in excess of about 110° C are required. However, the
temperature required to produce a cobo!ymer with a succinic ratio greater
than 1.3 is also dependent on the CMR and the concentration. In general, the
higher the CMR and the more concentrated the reaction mixture, the lower
the temperature of reaction that is required to produce a copo!ymer with
. greater than a 1.3 succinic ratio.

" in general, the copolymerization can be initiated by any free radical
initiator. Such initiators are well known in the art. However, the choice of free
radical initiator may be influenced by the reaction temperature employed.

The preferred free-radical initiato?s are the peroxide-type:
polymerization initiators and the azo-type polymerization initiators. Radiation
can also be used to initiate the reaction, if desired.
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- '26 - nol ecul ar weight and 70 % net hyl vi nyl i dene content), 39.2 g (0.4

.ol ) mal eic anhydride, and 100 g 100 neutral diluent oil (Chevron 100NR).
This was heated to 80[err]C and to this was added 2.92 g (0.02 nol)

di -t-butyl peroxide. The tenperature was increased to 130[err]C and heat ed

overni ght. Then the excess nmaleic anhydnge was renoved in a vacuum The

product was di ssolved in hexane and filtered. The hexane was renoved in a

vacuum A pr oducthexperoxideatypedreereadibaldnitiaRikRanibe ergariic 2t irforggniétiiey
saml e and RN ALY Bimy B TLOOR Myl sty ksl | o be

i s°a sa ctor |Iuent
0| I “for theaﬂcbast'$§ﬁ|ecﬁféffgﬁb@ier9f@l’9élq"§'$ﬂﬁ§ Q éygr@mamd@nymaém due to
a conbi nat i ragical. Bem ﬁylaneawhaarué SRJAPRS Ridides (df%@érabrﬁ Kydroc&tampl e 9.
Preparation of a dp ”/rgsr frommale}g nh dri nd
aroyl, and acyl radicals, carrying, it desire subsmuents such as halogens,
etc. Preferred peroxides include di-tert-butyl peroxide, tert-butyl

peroxybenzoate, and dicumyl peroxide.

Examples of other suitable peroxidés. which in no way are limiting,
include benzoyl peroxide; lauroyl peroxide; other tertiary butyl peroxides; 2,4-
dichlorobenzoyl peroxide; tertiary butyl hydroperoxide; cumene-
hydroperoxide; diacetyl peroxide; acetyl hydroperoxide;
diethylperoxycarbonate; tertiary butyl perbenzoate; and the like.

The azo-type compounds, typified by alpha,alpha'-
azobisisobutyronitrile, are also well-knowr) free-radical promoting materials.
These azo compounds can be defined as those having present in the
molecule group —N=N wherein the balances are satisfied by organic radicals,
at least one of which is preferably attached to a tertiary carbon. Other
suitable azo compounds include, but are not limited to, p-
bromobenzenediazonium fluoborate; p-tolfyldiazoaminobenzene; p-
bromobenzenediazonium hydroxide; azomethane and phenyldiazonium
halides. A suitable list of azo-type compounds can be found in U.S. Pat. No.
2,551,813, issued May 8, 1951 to Paul Pinkney.

The amount of initiator to employ, exclusive of radiation, of course,
depehds to a large extent on the particular initiator chosen, the high molecular
olefin used and the reaction conditions. The initiator must, of course, be
soluble in the reaction medium. The usual concentrations of initiator are
between 0.001:1 and 0.2:1 moles of initiator per mole of acidic reactant, with
preferred amounts between 0.005:1 and 0.10:1.

The polymerization temperature must be sufficiently high to
decompose the initiator to produce the deﬁ_sired free-radicals. A suitable

initiator is ditertiarybutyl peroxide, which decomposes at a sufficient rate over
the temperature range of 120°to 180° C.
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pol ybut ene wi th 2400 nol ecul ar weight with a CVR of 2.0 in 100 neutral oil

. as diluent at 160[err]C The procedure of Exanple 8 was repeated
exactly except that 160[err]C was used. This product had a SAP nunber of

40.9 nmg KOH/ g sanpl-e and contai ned 53.2 % actives. The succinic rati.o was

calculated to be 1.8. Thi s experi1 nt shows that in order to get a

copolymer with a succinic ratio greater tHan 1.3 using a CMR of 2.0 and 100

nEXeut rial (iiol as d'ﬂ’hé&_éhctiéhf bmalf@sammwe s\gﬂcﬁbnﬂﬁpﬁﬁﬁ&ﬁ mssdle@ﬁk%f d
anpl e . 4Preparatio a. ucci ni i usin e copolynmer from
Exampl o 1, HiRPBRraics! infetdioh Jad it shale” Prefisltbs;cin drkBidteManti
equi pped wi bbtweereabeut atedosphieric and t0@epsigroethigher Dean Stark trap,
condenser and a heating mantl e was added 300.69 g (0.1517 nol of succinic
groups) of the copolyner of Exanple 1. This was heated to 140[err]C and to
this was added 13heregclitimeos usuellyrsyificient o resufindbpaupsant@lir was 0. 87.
This was hegbapléte coPNbrsi6n of I adiitrbadtan 8HEHiG® MSI6EUIRD WelightWibf td N t he
Dean Stark trap, as t react.i o roceed F The polé/sugca ni m de“})i‘oduct was
anal yzed an&op&ymgrt rrﬁagixﬂn ﬁn&tsmnage between one and 24 hours, wit

preferred reaction times between two and ten hours.

The copolymer is convéniently separated from solvent and unreacted
acidic reactant by conventional procedures such as phase separation, solvent
distillation, precipitation and the like. If desired, dispersing agents and/or
cosolvents may be used during the reaction. ' '

o The isolated copolymer may then be reacted with a polyamine to form
a polymeric succinimide. The preparation and characterization of such
polysuccinimides and their treatment with other agents to give other
dispersant compositions is described herein.

Preferred copolymers include those prepared using a polyisobutene of
average molecular weight of about 500 to about 5000, preferably of about 950
to about 2500 and wherein at least about 50 percent of the total polyisobutene
comprises the alkylvinylidene isomer. Preferred alkylvinylidene isomers
include methylvinylidene and ethylvinylidéné. Especially preferred is
methylvinylidene. Particularly preferred copolymers have an average
molecular weight of about 900 to about 2500.

D. POLYSUCCINIMIDES

The copolymer of the present invention can be reacted with a
polyamine having at least one basic nitrogen atom to form polyamino
polysuccinimides. Polysuccinimides that may be prepared include
monopolysuccinimides, bis-polysuccinimides, higher succinimides, or '
mixtures thereof. The polysuccinimides produced may depend on the charge
mole ratio of polyamine to succinic groups in the copolymer molecule and the
particular polyamine used. Charge mole ratios of polyamine to succinic group
in copolymer of about 1:1 may produce predominately monopolysuccinimide.
Charge mole ratios of polyamine to succinic group in copolymer of about 1:2
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TBN of 23. 7, and a viscosity at 100[err]C of 2696 cSt. The succinic ratio

-was 1.5. - 27 - Exanples
11-17. Preparation of polysuccininmdes using different CVMRs and different
pol yam nes. The procedure of Exanple 10 was foll owed exactly except

that different pol yam ne/copolynmer CMRs and different polyam nes were used.
The products produced are reported in Tabll8-1. The succinic ratio was 1.5.

ng‘gglngt é? rhaf PRORIdSBredorfinBit) bls S8 ST ARmISEC Highdl Systdciimiuss ¢! 1 €
may be produced if there is branching in the polyamine so that it may react
with a succinic group from each of greater than two copolymer molecules.

Preferably, the charge mole ratio of polyamine to succmlc groups in
copolymer is from about 1:1 to about 0.1:1.

The preparation of polyamino polysuccinimides by reacting copolymers
with a polyamine is fully described in U.S. Patent No. 5,112,507, which is
hereby incorporated by reference for all purposes. Reference is made to U.S.

Patent 5,112,507 for a full description of preparation procedures for producing -
polysuccinimides.

The polyamine employed to prepare the polyamino polysuccinimides is
preferably polyamine having from 2 to about 12 amme nitrogen atoms and
from 2 to about 40 carbon atoms. The polyamine is so selected so as to
provide at least one basic amine per succinimide group. The polyamine
preferably has a carbon-to-nitrogen ratio of from about 1:1 to about 10:1.

The more preferred polyamines employed in this reaction are generally
represented by the formula:

HaN(YNH)aH

wherein Y is an alkylene group of 2 to 10 carbon atoms, preferably from 2 to 6
carbon atoms, and a is an integer from about 1 to 11, preferably from 1 to 6.
However, the preparation of these alkylene polyamines does not produce a
single compound and cyclic heterocycles, such as piperazine, may be
included to some extent in the alkylene diamines. Reference is made to U.S.
Patent 5,112,507 for a full description of preferred polyamines.

Preferred monopolysuccinimides include those having the following
formula:
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To a 1 L 3-neck flask equi pped with a mechanical stirrer, condenser, Dean
.Stark trap, and nmechanical stirrer was added 311.3 g of the bis DETA PLBSA
1300 pol'ysuccinimde from Exanple 14. This was heated to 160[err]C and to
this was added 23.5 g ethylene carbonate (0.267 nol). This was heated at
160[ err] C overni ght. The post treated pol {gucci ni mde was. anal yzed and
found to contain 1.02 % N, a TBN of 8.9,” ahd a viscosity at 100C of 2687
cSt. Exanple 19. Preparatten of post -%reat_ ed pol ysuccflni m de usi ng TETA as
t he pol yam ne. Thg pr@gdur 8,1 Exanple 18 was |repeated except that
313.5 g of the bis TETA PHBSA N0Qpol ysucci ni m de from Exanpl e 15 was
used. This was reacted wi tthf 30. ONg (0. 34 nol ) ethyl enejcarbonate. The
properties of this product] pre rdportedq in Table 1. Efanple 20.

Preparati on of post treatdd| pol ysmcci ni{rm de usi ng TEPA}as the pol yam ne.
The procedure of Exanple 18| was rlepeat ¢d except that 3136.2 g of the

O 0
7 [‘?2 Ry
T
X
t - l R, R,
y
. L B n
wherein Am is a linking group having from 0 to 10 amine nitrogen atoms and
from 2 to 40 carbon atoms; n is 1 or greater; Rs and Rg are independently
hydrogen, lower alkyl of 1 to 6 carbon atoms, phenyl or taken together are
alkylene of 3 to 6 carbon atoms to give a ring; and wherein xand y are 1 or
greater, such that the sum of x is at least 1.3 times the sum of y for the total
mixture. R;, Rz, R3, and R4 are selected so that either Ry and Rz are
hydrogen and one of R3 and R, is lower alkyl and the other is high molecular

weight polyalkyl, or Rs and R4 are hydrogen and one of Ry and Rz is |owe_r
alkyl and the other is high molecular weight polyalkyl.

, Preferred polysuccinimides include those which partially comprise at
least in part a bis-polysuccinimide structure. Some of these preferred
polysuccinimides are random polysuccinimides that comprise units selected

from:
K/RJ
I
Alm . '
o M ol ;
(Y [t
a c—c D
N R
3
| | T
L Jn and
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bi s TEPA PI BSA 1300 pol ysuccini m de from Exanpl e 16 was used. This was

-reacted with 38.6 g (0.439 nol) ethylene carbonate. The properties of this
product are reported in Table 1.

- 28 - Exanple 21. Preparation of post treated pol ysucci ni m de usi ng HPA

as the polyam ne. The procedure of §><_arrpl e 18 was repeated except
that 326.8 g of the bis HPA PIBSA 1300 po? succi nimde from Exanple 17 was

used. This was reacteff with 62.8 g (0714 nol)qethyl ene carbonate. The
properties of this prefduct are reportedrﬁm ’I;‘able | .

a : C—C b
I I
PQNRER
N L _

-y
|
Alm -
o AN o r -
4Rk
a - - C—=C b
i I} R
R R3»
i ) Ty

wherein Am is a linking group havmg from about 0 to 10 amine nitrogen
atoms and from about 2 to 40 carbon atéms; R,, R, Rs, R4 Ry, Ry, Ry, Ry

R,* R, R", and R," are selected from hydrogen, lower alkyi of one to 6
carbon atoms and high molecular weight polyalkyl, wherein x, y, and y' are 1
or gréater. such that the sum of x 1s at Iejast 1.3 times the combined sum of y
and y’ for the total mixture; and a, a', b and b' are sites for a covalent bond;
provided that at least one a or a' site of each unit is covalently bonded toa b
or b' site. Either R, and R, are hydrogen and one of R; and R, is lower alkyl
and the other is polyalkyl, or Rz and R, ére hydrogen and one of R, and R, is
lower alkyl and the other is polyalkyl; ei@her R,' and R,' are hydrogen and one
of Ry’ and R, is lower alkyl and the othér is polyalkyl, or Ry’ and R, are
hydrogen and one of R,' and R;' is lower alkyl and the other is polyalkyl; and
either R," and R," are hydrogen and one of Ry" and R," is lower alkyl and the
other is polyalkyl or R3* and R," are hydrogen and one of R," and Ry" is lower
alkyl and the other is polyalkyl and Rq ajnd R are independently hydrogen,
lower alkyl of 1 to 6 carbon atoms, phenyi or taken together are alkylene of 3
to 6 carbon atoms to give a ring. :

Preferred high molecular weight épolyalkyl groups include polyisobutyl
groups having at least about 30 carbong atoms, more preferably, at least about
50 carbon atoms. Especially preferrediare polyisobutyl groups having an
average molecular weight of about 500 to about 5000, more preferably from
about 900 to about 2500.
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Exanpl e 22. Preparation of a pol ysuccinimde using the copolyner from

. Exanpl e 2 and DETA as the pol yan ne. - To a 500 m 3-neck flask
equi pped with a nechanical stirrer, Dean Stark trap, condenser,

t hermoneter, and heating mantl e was added 200.0 g of the copol yner from
Exanple 2 (0.047 nmol of succinic groups). .The reaction was heated to
110[err]C and to this was added DETA (4. 2'2*)1 0.041 nol). The

DETA/ copol ymer Cl\ﬁefeﬁeel@ﬂer di hﬁ graa glnmw@méﬂﬁ f &84 bth 7@6% Elapir for 5

? %
QO'IIJ'L\SN o;rhi géf%?%[ﬁ%d %@?@@8@%9& &’?‘ei%m%ﬁ"]'% %gy'ﬁ%bgdﬁf“e"{)ﬁ s-urgy i (r)1:c clfsat0 |70

was 1.5 Exanple 23-29. Preparation of polysuccinindes using different

d diff
U3 St OB o PTG BB

%tP t hat di am nes
pol yani ne/cog %% R anskide g1owps mstuda hydiogeat a for these
conpounds are reported in Table 1. The succinic ratio was 1.5. Exanpl e

0. Preparalion ob fga 4 S Ak Grbibd hiing Tiom BBt 018 sboi b/ siine
nitrogen atoms and from about 2 to about 40 carbon atoms. More preferred
are Am groups of the formula —{(ZN H),,Z_']—wherein Zand Z' are
independently alkylene of from about 2 to about 6 carbon atoms and p is an

integer from 1 to 6. Especially preferred are Am groups where Z and Z' are
ethylene and pis 2, 3 or 4. :

Preferred are random polysuccinimides where the average sum of A
and B units is from about 2 to about 50. Preferred are random
polysuccinimides having molecular weights of from about 10,000 to about
150,000. Preferred are compounds in which the bis-succinimide structure
predominates, that is, those having more B units than A units, preferably on
the order of about 2 to about 10 times as many B units as A units. Such
compounds are preferred in part due to their high average molecular weights,
on the order of about 10,000 to about 150,000, which may be related to their
exhibiting an advantageous V.l. credit as well as dispersantability when used
in a lubricating oil composition.

Higher polysuccinimides are prepared by reacting the copolymers of
the present invention with a polyamine having branching such that it can react
with a succinic group from each of greater than two copdlymer molecules.
Due to this crosslinking, it is believed thét these higher polysuccinimides may
have gel-like properties besides the dnspersant properties possessed by the
other polysuccxmmldes '

A polysuccinimide havihg at least one primary or secondary amine
group can be reacted with a cyclic carbonate or it can be reacted with a boron
compound, such as boron oxide, boron Ehalide boric acid or esters of boric
acid. Reference is made to U.S. Patent 5,112,507 for a full description of
those post treatments. '
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car bonate. To a 500 m 3-neck flask equi pped with a nechani cal
stirrer, thernoneter, condenser and heating mantl e was added 200 g of the
bis DETA pol ysuccinim de from Exanple 26. This was heated to 165[err] C and
to this was added et hyl ene carbonate 4.27 g (0.0486 nol). The ethyl ene
carbonate/basic nitrogen CVMR for this reéﬁtlon was 2.0. This was heated at
- 29 - 165[err]C for 5 hours. The producf“was anal yzed and found to contain

0.49 % N, TBN ofTHe 8@polymendl ;951 a;ofé;?mmb@am mmédparys&e&hﬁmabQ dAf 1350
ﬁglt ng a C;Bh lﬁgggﬁ%g{%ﬁsefa I as ge?ergent and B%Btersan? addm\Pes when = "' ™M des
employed in lubricating oils and lubricating oil concentrates. The lubricating
oil composition has an oil of lubricating viscosity and a dlspersant effective
amount of the copolymers, polysuccinimides or modified polysuccinimides.
The lubricating oil concentrate has from 90 to 50 weight percent of an oil of
lubricating viscosity and from 10 to 50 weight percent of copolymers,
polysuccinimides or modified polysuccinimides. Other additives which may
be present in the formulation include rust inhibitors, foam inhibitors, corrosion
inhibitors, metal deactivators, pour point depressants, antioxidants, V..
improvers (either dispersant or nondispersant), and a variety of other well-
known additives. It is also contemplated the additives of this invention may

be employed as dispersants and detergents in hydraulic fluids, marine
crankcase lubricants and the like.

Also, the copolymers, polysuccinimides and modified polysuccinimides
of this invention are useful in fuel compositions and fuel concentrates. The
fuel composition has a hydrocarbon boiling in a gasoline or diesel range and
from 30 to 5000 parts per million of copolymers, polysuccinimides or modified
polysuccinimides. The fuel concentrate has an inert stable oleophilic organic
solvent boiling in the range of 150° F. to 400° F. and from 5 to 50 weight
percent copolymers, polysuccinimides or modified polysuccinimides.

EXAMPLES

The invention will be further illustrated by following examples, which
set forth particularly advantageous method embodiments. While the

Examples are provided to illustrate the present invention, they are not
intended to limit it. -

Example 1: Preparation of a copolymer from maleic anhydride and
polybutene with 1300 molecular weight and a CMR of 2.0.

To a 22 L, 3 neck flask equipped with a stirrer, condenser and heating
mantle was added 12068 g (9.28 mol) polybutene of 1300 molecular weight,
and about 70% methylvinylidene content (Glissopal EC 3251). This was
heated to 110° C. To this was added maleic anhydride (1820 g, 18.57 mol).
The maleic anhydride/polybutene charge mole ratio was 2.0. The mixture
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The procedure of Exanple 30 was foll owed except that different

. pol ysuccini mdes were used. These all used an ethyl ene carbonate/basic
nitrogen CMR of 2.0. These products were anal yzed and the data is reported

in Table 1. COVPARATI VE EXAMPLES Exanpl e A

Preparati on of a polysuccinimde froma copol yner that contains a succinic

ratio of less than about 1.3 and a pol yb@8ene nol ecul ar melght of 1300

The proced ha C
sucoi o 1 s featbiagBefe & a5 BUNMER AR 74 870 e BB heod i e
The pr oductdro@wlsarweyaefweammmrm t bhemanzdditiorad avooyntafdii4 vi scosity @
100[err] C ¢yt I s froma
copolymer LLiperodd (33,87 B2 WaS HAGEY HRbise Y Hilp Hotd wAiBy
different pae mﬁtw@swas heated an addmonal 5 hours at 160° C. The di-t-
butylperoxide/polybutene charge mole ratio was 0.075. The reaction was
then heated to 200° C and excess maleic anhydride removed in a vacuum.
To this product was then added 100N diluent oil (2310 g). The material was
filtered to give a product with a SAP number of 56.6 mg KOH/g sample. (SAP
number was determined by using ASTM procedure D94-80.) The succinic

ratio was calculated to be 1.5. This product contained 50 % active material.

Example 2: Preparation of a copolymer:_from malelc anhydride and
polybutene with 2400 molecular welghté_ and a CMR of 2.0.

The procedure in Example one was repeated except that instead of
using polybutene of 1300 molecular weighit. 8310 g (3.46 mol) polybutene of
2400 molecular weight, (Glissopal EC 3252), was used. In this example the
maleic anhydride/polybutene charge moleE ratio was 2.0 and the di-t-
butylperoxide/polybutene charge mole r_atiio was 0.05. Half of the maleic
anhydride (169.54 g, 1.73 mol) and one quarter of the di-t-butylperoxide (6.32
g, 0.043 mol) was added initially. The rest of the maleic anhydride and di-t-
butylperoxide was added after 5 hours of beating., After the completion of the
reaction the excess maleic anhydride was removed at 200° C in a vacuum,
3780 g diluent oil was added and the prod_uct was filtered. This product had a

SAP number of 26.4 mg KOH/g sample and contained 40% actives. The
succinic ratio was calculated tobe 1.5. | |

Example 1 and 2 show that a copolymer with a succinic ratio of 1.5 is

produced in good yield over a range of pdlybutene molecular weights (1300 to
2400) at 160° C reaction temperature and a CMR of 2.0.

Example 3. Preparation of a copolymeré from maleic anhydride and
polybutene with 1300 molecular welght using a CMR of 1.0.

To a 500 ml 3-neck flask fitted withf a thermometer, condenser,
mechanical stirrer, and heating mantle was added 130 g Ultravis 30 (0.1 mol),
100 g 1,1,2,2-tetrachloroethane, and 9.8 ig maleic anhydride (0.1 mol). The
Ultravis 30 contained about 65% methylvmylndene content. This was heated
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The ptocedure of Exanple A was fol | owed usi ng TETA, TEPA, and HPA. These

_ products were analyzed and the-data is reported in Table 1. Exanple E.

Preparation of a polysuccinimde froma copolyner that contains a succinic
ratio of |ess than about 1.3 and a pol ybut ene nol ecul ar wei ght of 2400.
The procedure of Exanple 22 was foll owedzﬁxcept that a copolyner wth a
succinic ratio of less than 1.3 was used”DETA was used as the pol yan ne.

The producttowgeaahdzdter ane Houtrii-tbutydpsiciide 01.36 go0ND1 hisl) wasEdldedf 3. 3,

30" B Whesralimp bt fo 14erCo S vas heatedverPightaTOBRIS er ¢ ha
1,1,2,2-tetrachloroethane was removed in a vacuum. The residue was
dissolved in hexane and filtered to remove unreacted maleic anhydride. The
hexane was removed in a vacuum. The product had a SAP number of 45.0
and contained 59.3 % actives. The succinic ratio was calculated to be 1.0.

Example 3 shows that when a CMR of 1.0 was used and a
temperature of 140° C was used a copolymer with a succinic ratio greater
than 1.3 was not produced.

Example 4. Preparation of a copolymer from maleic anhydride and
polybutene with 1300 molecular welght using a CMR of 0.33.

- The procedure of Example 3 was repeated exactly except that 0.15
mol polybutene and 0.05 mol maleic anhydride was used. This product had a
SAP number of 15.0 mg KOH/g sample and contained 31.7 % actives. The
succinic ratio was calculated to be 0.6.

Example 4 shows that when a CMR of 0.33 was used at a temperature
of 140° C a copolymer with a succinic ratio greater than 1.3 was not
produced. '

Example 5. Preparation of a copolymer from maleic anhydride and
polybutene with 1300 molecular weighﬁ:t using a CMR of 3.0.

The procedure of Example 3 was repeated exactly except that 0.05
mol polybutene and 0.15 mol maleic anhydride was used. This product had a
SAP number of 78.1 mg KOH/g sample and contained 67 % actives. The
succinic ratio was calculated tobe 1.5.

Example 5 shows that when a CMR of 3.0 was used at a temperature
of 140° C a copolymer with a succinic ratjio of 1.5 was produced.
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contains a succinic ratio of

| ess than about 1.3 with different pol yam nes.

. The procedure of Exanple D was followed except that TETA, TEPA and HPA were
used instead of DETA. These products were anal yzed and the data is reported

in Table I.

- 31 -
AM NE
0. 87

Exanpl es A through H had a succinic ratio of 1.0.
TABLE | EXAMPLE CVR POST
| BN =25~ TREAT 10

A 1.63 2696 23.7
ExampPEiar Preparation o? a copolymer from maleic anhydride and

polybutene with 1300 molecular weight with a CMR of 3.0 using a di-t-
amyl peroxide.

%N VIS

The procedure of Example 5 was repeated exactly except that di-t-
amylperoxide (1.74 g, 0.01 mol) was used instead of di-t-butylperoxide. The
product from this reaction had a SAP nurhber of 82.1 mg KOH/g sample and
contained 65 % actives. The succinic ratio was calculated to be 1.6.

Example 6 shows that other initiat;ors besides di-t-butylperoxide can be
used. ' : :

Example 7. Preparation of a copo!ymeir from maleic anhydride and
polybutene with 1300 molecular weight with a CMR of 3.0 using t-
butylperoctoate at 84° C.

To a 500 ml 3-necked flask equipg)ed with a mechanical stirrer,
condenser, thermometer, and heating mantle was added 65 g (0.05 mol)
Ultravis 30 (containing about 65% methyglvinylidene content), 14.7 g (0.15
mol) maleic anhydride, and 100 g 1.2-dic$h|oroethane. This was heated to 60°
C and to this was added 2.19 g (0.01 mdl) t-butylperoctoate. The mixture was
heated to 84° C and heated overnight. 'Iz'hen the solvent was removed in a
vacuum. The product was dissolved in ﬁexane and filtered to remove
unreacted maleic anhydride. The hexane was removed in a vacuum. The
product had a SAP number of 54.6 mg KOHIg sample, and contained 65%
actives. The succinic ratio was ca|culat§d to be only 1.1. o

Example 7 shows that when the témperature of reaction is 84° C using
a CMR of 3.0, a copolymer with a succmlc ratio greater than 1.3 was not
produced. '

Example 8. Preparation of a copolyrrier from maleic anhydride and
polybutene with 2400 molecular welght with a CMR of 2.0 in 100 neutral
oll as diluent at 130°.C.

To a 2 L 3-neck flask equipped v\i'ith a thermometer, mechanical stirrer,
and heating mantle was added 480 g (d.2 mol) Glissopal ES 3252 (2400
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11 . 0.87 TETA 1.99 3321 37.4 12

. 0. 87 TEPA 2.65 4824 65.7 13 0. 87
HPA 3.53 14290 97.7 14 0.5 DETA
1.00 2409 13.0 15 0.5 TETA 1.27 3267
19.6 16 0.5 . TERAS - 1.62 4049 33.4 . 17
. ., 49.8 1 0.5 C
([))E'Sr A nlqlsgnlsg@gght agqgoz°/olﬁwfgi%ﬁ%%ylIdenq)pgntengcgg.z g (0.4 qq@ﬁA(nalelnzc

1..20 4187 anhgdrdde, and2t00 g 100 newtrdl diluB&t oil (ChevroREFOONR). Thislwas 9249

é? -8; " 2lneated IBEBP:' € anditt this was igﬁg@zg% gl(o.oaerr%) di%%ﬁ%%&gﬁe. 22

TETA Thegdempesatgre was inpcreased1o 130° C ang hgated overnight. Tharpthe

1.23 1599 exdésdmaleic dnhydride wastefioved in a vacuum¥he product whs’1 1856
37.0 26d. | . % 5 . J@ETA 0.51 é338 5.8 27
0.5 issolvegtin hiexane andiliered. J&¢ hexaneswas remgved in a vaqyum. A
TEPA poodiet wiakogbtainkel that had 20SAP numbefob27.8 mg KOH/g sakipe and

}1: 84 Zlgi coftaided gog@%cg\@s The%uéffiej[dfﬁtio was cg?c%%‘%gge 1, _9'349 1350 |

Example 8 shows that 100 neutral oil is a satisfactory diluent oil for the
reaction. The succinic ratio was less than 1.3, however, due to a combination
of low CMR (2.0) and temperature (130° C).

Example 9. Preparation of a copolymer from maleic anhydride and
polybutene with 2400 molecular weight with a CMR of 2.0 in 100 neutral
oil as diluent at 160° C.

The procedure of Example 8 was repeated exactly except that 160° C
was used. This product had a SAP number of 40.9 mg KOH/g sample and
+ contained 53.2 % actives. The succinic ratio was calculated to be 1.8.

This experiment shows that in order to get a copolymer with a succinic
ratio greater than 1.3 using a CMR of 2.0 and 100 neutral oil as diluent, a
temperature of about 160° C was needed.

Example 10. Prepératlon of a polysuccinimide using the copolymer from
Example 1, and DETA as the polyamine. C

To a 1 L 3-neck flask equipped with a mechanical stirrer, thermometer,
Dean Stark trap, condenser and a heating mantle was added 300.69 g
(0.1517 mol of succinic groups) of the copolymer of Example 1. This was
heated to 140° C and to this was added 13.61 g DETA (0.1319 mol). The
DETA/copolymer CMR was 0.87. This was heated to 160° C for about 7 .
hours collecting the water in the Dean Stark trap as the reaction proceeded.
The polysuccinimide product was analyzed and found to contain 1.63 %N, a
TBN of 23.7, and a viscosity at 100° C of 2696 cSt. The succinic ratio was
1.5.
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32 0.5 EC TEPA 0.82 2191 8.3 33 0.5

EC - HPA 0.97 3703 11.7 A 0.5

DETA 0.74 1193 B 0.5 TETA 0.91
971 15. 4 C 0.5 TEPA 1.08 1179 16.5
D 0.5 HPA él7 46 1707 32.0 E

0.5 DETA 0.31 571 3.3 F

g?gé‘ 612 Exggtdtglesr‘l 1817 ﬁegaratlcbn of polysuccigirﬁidmsing diftereé?@/lngn

18. 2 aodediliement:aolyagnmels addi ti ves have been identified as being

del eterious to fluoroelastoners such as Viton that are currently used as

gasket materi al sr
he procedure of Example 10 was followed exactly except that
different polyamine/copolymer CMRs and different polyamines were used.
The products produced are reported in Table 1. The succinic ratio was 1.5.

Example 18. Preparation of a post treated polysuccinimide using a
cyclic carbonate. :

To a 1 L 3-neck flask equipped with a mechanical stirrer, condenser,
Dean Stark trap, and mechanical stirrer was added 311.3 g of the bis DETA
PIBSA 1300 polysuccinimide from Example 14. This was heated to 160° C
and to this was added 23.5 g ethylene carbonate (0.267 mol). This was
heated at 160° C overnight. The post treated polysuccinimide was. analyzed

and found to contain 1.02 % N, a TBN of 8.9, and a viscosity at 100C of 2687
cSt.

Example 19. Preparation of post treated polysdcc]nimlde using TETA as
the polyamine.

The procedure of Example 18 was repeated except that 313.5 g of the
bis TETA PIBSA 1300 polysuccinimide from Example 15 was used. This was
reacted with 30.0 g'(0.34 mol) ethylene carbonate. The properties of this
product are reported in Table 1.

Example 20. Preparation of poét treated polysuccinimide using TEPA as
the polyamine.

The procedure of Example 18 was repeated except that 316.2 g of the
bis TEPA PIBSA 1300 polysuccinimide from Example 16 was used. This was
reacted with 38 6 g (0.439 mol) ethylene carbonate. The properties of this
product are reported in Table 1.

This is the replacement sheet
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- 32 - in autonobil e engi nes. European engi ne buil ders have now pl aced

. fluoroel astoner seal tests into their engine oil specifications. One such
test is the Vol kswagen VWB334 (Septenber 1987) Seal Swell Test. This
procedure is described in the Third Synposium of the European Coordi nation
Council (CEC) 1989 in an article entitlg@s"_Engi ne and Bench Aging Effects
on the Conpatibility of Fluoroelastoners wWith Engine Gls" by Dr. S. W

8534 ( Ser iRl 2 FreBargtia Bt Fos St HEL Mol blat G iaR Uilng tima a5 "Vt on
from t he Pahedgpolyaminga Conpany, which were cut into dumbbell shapes, using
a fornmulated lubricating test oil that contai ned succinimde di spersant,

over based det ergfnt, antioxi dant and viscosity index i np‘raover mat eri al s at
a bat h t enper at ut@e Brooestwre of Fxamile 48gwas trpeatedexsepithal 426.8196f thever si on
pF)) roced ;J re E¥bis H#mfﬁl BSA! md@ﬁ&'yﬁ)é&di?iﬁﬁd&fﬁmlﬂ |EAmisiett ﬂr\]@éﬁl Q@g_ﬁ.ﬂ?ﬁﬂb@@t r :
roperty- ol e m re-then subiec .to
anal ysi s ogﬁtﬁ‘f‘”{‘@ﬁgﬁ gﬁBrﬁ%eM’e@“@ﬁﬁé@Eﬁ%@aw &e griolgﬁg s ?ﬁtg'/ESTM
D412- 87 St apidaiuct axesteporteddn Tiable Rubber Properties in Tension. The
properties that were neasured were cracking at 120 percent el ongati on,

percent ch e | nsile strength (TS) an ercent, change in el ongatioh at
b eak (e1) ERAmle 220 Prepatalion bl Rob/asibouliica,ueinarhe coRaShen: s
from Example 2 and DETA as the polyamine.

To a 500 ml 3-neck flask equipped with a mechanical stirrer, Dean
Stark trap, condenser, thermometer, and heating mantle was added 200.0 g-
of the copolymer from Example 2 (0.047 mol of succinic groups). The
reaction was heated to 110° C and to this was added DETA (4.22 g, 0.041
mol). The DETA/copolymer CMR was 0.87. The reaction was heated to 160°
C for 5 hours. The product was analyzed and found to contain 0.77% N, TBN

of 16.07, a TAN of 1.34, and a viscosity at 100° C of 1317 ¢St. The succinic
ratio was 1.5

Example 23-29. Preparation of polysuccinimides using different CMRs
and different polyamines.

The procedure of Example 22 was repeated except that different
polyamines and different polyamine/copolymer CMRs were used. The
analytical data for these compounds are reported in Table 1. The succinic
ratio was 1.5. : '

Example'ao. Preparation of post treated polysuccinimide using a cyclic
carbonate. '

To a 500 ml 3-neck flask equipped with a mechanical stirrer,
thermomaeter, condenser and heating mahtle was added 200 g of the bis
DETA polysuccinimide from Example 26. This was heated to 165° C and to
this was added ethylene carbonate 4.27 g (0.0486 mol). The ethylene
carbonate/basic nitrogen CMR for this reaction was 2.0. This was heated at

Thiz i3 {he replacemeant shest
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Thé results are shown in Table I1I.

- TABLE 11 : Exanpl e TS EL Cracks ppm N
(Cal c) 10 -14 -17 No 978 11
-37 -33 Yes 1194 12 -35 -32 Yes
1590 13 -35 -33 Yes 2118
14 _ 10 02 No 600 - 29 - 15 10 03 No
762 165° C for §ours. Th 5)‘% 9
%2 L, e 4fours. The pRdduct s alyzed and%@rid to gpntajn 0.49 % 1 6 1o
19 0§BN of04j @ TAN of 0.22-and a viscosity at 100° £pof 1350 cSt. -26 -20
No 930 21 -42 -34 No 1212
22

Exar%?)le 3*633 |\preparatmn glzother post treated polysuccinimides
using a cyclic carbonate.

The procedure of Example 30 was followed except that different
polysuccinimides were used. These all used an ‘ethylene carbonate/basic

nitrogen CMR of 2.0. These products were analyzed and the data is reported
in Table 1.

Q.QMEABAILVE.EXAMELE&

Example A. Preparation of a polysuccinimide from a copolymer that
contains a succinic ratio of less than about 1.3 and a polybutene
molecular weight of 1300..

The procedure of Example 10 was followed except that a copolymer
with a succinic ratio of less than 1.3 was used. DETA was used as the

polyamine. The product was analyzed an’d found to contain 0.74 % N, and a
viscosity @ 100° C of 1193 cSt. :

Example B-D. Preparation of polysuccinimides from a copolymer that
contains a succinic ratio of less than about 1.3 with different
polyamines.

The procedure of Example A was f:ollowed using TETA, TEPA, and
HPA. These products were analyzed and the data is reported in Table 1.

Example E. Preparation of a polysuccininilde from a copolymer that
contains a succinic ratio of less than about 1.3 and a polybutene
molecular weight of 2400.

The procedure of Example 22 wasi followed except that a copolymer
with a succinic ratio of less than 1.3 was used. DETA was used as the
polyamine. The product was analyzed af\d found to contain 0.31 % N, had a
TBN of 3.3, and had a viscosity @ 100° C of 571 cSt.

This is the replacement sheet
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- 33 - 23 -29 -28 No 606 | 24

.-33 -28 Yes 738 25 -35 -30 Yes 1026

26 01 -03 No 306 27 03 -03 No

366 28 -02 -05 No . 456 29 -13
-17 No 624 30 - 34 -01 No 294

31. -02 -06 No 438 -10 -12 No

492 Exantpdes F-H. Prepatation 2d pdllysuccmmm from a copolymer that -03
03 No containéQ succinic ratidof less than aB3ut 18%wittPditferent 648

polyamines.

The procedure of Example D was followed except that TETA, TEPA
and HPA were used instead of DETA. These products were analyzed and the
data is reported in Table I.

Examples A through H had a succinic ratio of 1.0.

This is the replacement sheet
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D -17 -18 No 876 E 01 -06 No

186 F -01 -05 No 240 G -07
-13 No 330 H <14 -19 No 408
TABLE | 11. VISCOSITY | NDEX FOR POLYSUCCI NI M DES Exanpl e Conc.
V.l1. In Exxon 100N V.l. In Exxon 600N.3q. 26 10 154
1.08 27 10 136 ; 110 28 10
149 118 29  TABLEO 151 14 119
30 0 ) OQM515PC5§15 AMINE'T, %N Ms 37BN 4,
207 a0 tlﬁg comDa&'Il onal ch? n;[alrgaﬁ\-/ﬁISA &/32, thg sz;ge g ﬁst ﬁ:
fZgI Isgvmeﬁ;efgbltgn o TARE IV VI DATA}L_{:T% coWEl\#?o\lgL gs 374

12 087 TEPA 2.55 4824 65.7

13 0.87 HPA 3.53 14290 97.7

14 0.5 DETA 1.00 2409 13.0

15 0.5 TETA 127 3267 196

16 0.5 TEPA 1.62 4049 334

17 0.5 “  HPA 2.14 5523 4958

18 0.5 EC . DETA 1.02 2689 8.9

19 05 EC TETA 1.20 4187 129

20 05 EC TEPA 1.55 9249 157

21 05 EC HPA 2.02 90130 224

2 0.87 | DETA 0.77 1317  16.1

23 0.87 . TETA 1.01 1309 229

24 0.87 TEPA - 123 1599 350

25 0.87 HPA 1.71 1856 37.0

26 0.5 DETA 0.51 1338 5.8

27 0.5 - TETA 0.61 1491  10.6

28 0.5 TEPA 0.76 1794  16.1

29 0.5 HPA 1.04 2164  25.1

30 0.5 EC DETA 0.49 1350 4.9

31 0.5 EC TETA 0.73 1636 7.3

32 - 05 EC TEPA 0.82 2191 83

33 05 EC HPA 097 3703 11.7

A 0.5 DETA 0.74 1193

B 0.5 TETA: 0.91 971 15.4

C 0.5 TEPA 1.08 1179 165

D 0.5 HPA 146 1707 320

E 0.5 | DETA’ 031 571 33

F 0.5 TETA 040 578 5.6

G 0.5 TEPA 055 612 89

H

0.5 : HPA 0.68 672 18.2

Some lubricating oil additives havé been identified as being deleterious
to fluoroelastomers such as Viton that are currently used as gasket materials

ihis is the replacement sheet
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Ex'arrpl e Conc. V.I. I'n Exxon 100N V.1 In Exxon 600N bi s DETA

.10 140 105 bis TETA 10 133
99 ' - 34 - bi s TEPA 10
128 103 bi sHPA 10 141 110
EC bis DETA 10 129 ' Q%32 . EC bi s TETA 10 123
102 EC, bi s TEPA 10 EC bi s HPA 10
133 in automgapile englneq-hgggomnaewaq,byﬂgerstPp@/e\pq)w Rlaced eater for -the

pol ysucci ni flugdelastoies seaERR intd it éfdiing @ilispeeticatiohe Crigyeer teah &
~succinim de?ne Volkswagen VW3334 (September 1987) Seal Swell Test. This procedure
is described in.the Third Symposium of the European Coordination Council
{CEC) 1989 in an article entitled “Engine and Bench Aging Effects on the
Compatibility of Fluoroelastomers with Eéxgine Qils” by Dr. S. W. Harris and J.
C. Downey of Amoco Petroleum Additive:;s Company.

The VW3334 (September 1987) Seal Swell Test was carried out on
samples of Viton from the Parker Prudifa;;Company. which were cut into
dumbbell shapes, using a formulated |ub§icating test oil that contained
succinimide dispersant, overbased detergent, antioxidant and viscosity index
improver materials at a bath temperature@ of 150°C for a 96 hour immersion
time. The immersion procedure was sim‘@lar to ASTM D471-79 Standard Test
Method for Rubber Property-Effect of Liqhids The Viton samples weré then
subjected to analysis of their tensile properties using procedures similar to
ASTM D412-87 Standard Test Method for Rubber Properties in Tension. The
properties that were measured were crackmg at 120 percent elongation,
percent change in tensile strength (TS) and percent change in elongatlon at

break (EL), in accordance with the VW33!34 Seal Swell Test requirements.
The results are shown in Table Il.

TABLE Il

Example TS EL Cracks ppmN

(Calc)
10 14 <17 No 978
11 -37  -33 Yes 1194
12 35 32 Yes - 1590
13 .35 -33 Yes 2118
14 10 02  No 600
15 10 03 No 762
16 . .01 -08: No 972
17 34 32 Yes 1284
18 01 05 No 612
19 02 05! No 720
20 26 -20° No 930
21 42 34: No 1212

22 -10 -16. No 462
This is the replacement sheet
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Wil e the present invention has been described with reference to specific

. enbodi nents, this application is intended to cover those various changes
and substitutions that nay be made by those skilled in the art without

departing fromthe spirit and scope of the appended cl ai ns.

-35- What is clainmed is: 1. A copolyner of an unsaturated acidic

reactant and a high nolecular =~ weight olefin, wherein the ratio of

anhydri de groups to the hydrocarbamga. groups is at least 1.3, wherein the

olefin is selected fromthe group consi sting of al pha olefin and

al kyl vinyl i dene ol28fin, and -@Ber e2® t No @oefi n has a sufficient nunber.

of carbon atons suygh that th§3res§étiqgs

738
25 -3 -30 Yes - 1026
26 01 -03 No 308
27 03 03 No 366
28 02 -05. No | 458
29 13 17 No ~ 624
30 04 -01 No 294
31 02 -068 No = 438
32 10 -12. No @ 492
33 28 26 No . 582
B 03 03 No 546
C 09 -13 No _ 648
D 17 18 No ' 876
E 01 06 No - 186 .
F 01 05 No = 240 .
G 07 -13 No a0 p ubt
H 14 19 408 HL. lxfe.
These polysm.mz ﬁ:?;:ﬁ:-‘“ t"x\o«* dw-wh-aeou: -ﬂu.d.‘i’ modrfy: ing rmrrbes
PoLYSUCCINIMIDES (4 uln/‘is
TaBLE 5 WECHE(H oex For i uf30fs3
Example Conc. V.1. In Exxon 100N Vi ln Exxon_- N
. 26 10 154 - 108 '
27 - 10 136 110
28 10 149 118
29 10 151 : 119
30 10 153 -. 116
31 10 147 o 106
32 10 153 | 114

33 10 169 116

In contrast the V.1. for the same examples% as 26-33 except that the
conventional thermal PIBSA was used is shown in the following table.

’ /e i
I} III,;‘J";"J :
IABLE,& !?i; DATA FOR CONVENTIONAL SUCCINIMIDES

Example Conc. V. InExxon 100N V.I. In Exxon 600N
bis DETA 10 140 . 108
bis TETA 10 133 e

This is the replacement shest
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co'pol ymer is soluble in lubricating oil. 2.. A copolynmer according to

. CQaim1l wherein the ratio of anhydride groups to the hydrocarbon
groups is between 1.3 and 2.0. 3. A copolynmer according to daiml
wherein the unsaturated acidic reactant is of the formula: [err]

wherein X and X are each independentl|y-3¢kected fromthe group
consi sting of - gi_gT-Egk -0 %/er al k1yé8 and when tak?83t oget her, X

bis HPA 10 141 110
EC bis DETA 10 129 99

EC bis TETA 10 123 102
EC bis TEPA 10 124 103

ECbisHPA 10 133 105

These data show that the V.l. is greater for the polysuccinimides of the
present invention compared to the conventional succinimides.

While the present invention has been described with reference to
specific embodiments, this application is intended to cover those various
changes and substitutions that may be made by those skilled in the art
without departing from the spirit and scope of the appended claims.

This-is the replacement sheet

7 6 DEC w38

Date:



and X are -O. 4. A copolymer according to Claim 3 wherein the acidic

. reactant conprises mal ei ¢ anhydri de. 5. A copolyner according to
Claim 1 wherein the high nol ecul ar wei ght olefin is a high nolecul ar
wei ght al kyl vinylidene olefin having at |east 1 branch per 2 carbon
atons al ong the chain. 6. A copol yner cording to Caim5 wherein the
ol efin has an average mol ecul ar weitht of from 500.to 5000.

- 36 - 7. A copolyner according to Claim6 wherein the olefin has.an
average  wnatis claimed is: |

1. A copolymer of an unsaturated acidic reactant and a high molecular
weight olefin, wherein the ratio of anhydride groups to the hydrocarbon
groups is at least 1.3, wherein the olefin is selected from the group
consisting of alpha olefin and alkylvinylidene olefin, and wherein the
olefin has a sufficient number of carbon atoms such that the resulting
copolymer is soluble in lubricating oil.

2.. A copolymer act:'ording to Claim 1 wherein the ratio of anhydride groups
to the hydrocarbon groups is between 1.3 and 2.0. '

3. A copolymer according to Claim 1 wherein the unsaturated acidic
reactant is of the formula:

O
Il

C
Hcﬁ/ \x
HC X

AN C/

i
O

wherein X and X' are each independently seledted from the group

consisting of —OH, —CI, —O—lower alkyl and when taken together, X
and X' are —O—. .

4. A copolymer according to Claim 3 wherein the acidic reactant comprises
“maleic anhydride.

5. A copolymer according to Claim 1 wherein the high molecular weight
olefin is a high molecular weight alkylvinylidene olefin having at least 1
branch per 2 carbon atoms along the chain.

6. A copolymer according to Claim 5 wherein the olefin has an average
molecular weight of from 500 to 5000.

‘This is the replacement sheet
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mol ecul ar wei ght of from900 to 2500. 8. A copolynmer according to Claim5
-wherein the olefin is polyisobutene. 9. A copolyner according to Claim8

wherein the alkylvinylidene isomer is met hyl vi nyl i dene. 10. A
copol ynmer accordi ng to Caim1 wherein the copol ynmer "has the formul a:
[err] -36 -
7. A copolymer according to Claim 6_wh‘erein the olefin has an average
molecular weight of from 900 to 2500.

8. A copolymer according to Claim 5 wherein the olefin is polyisobutene.

9. A copolymer according to Claim 8 wherein the alkylvinylidene isomer is
methylvinylidene. :

- 10. A copolymer according to Claim 1 wherein the copolymer has the
formula: '

o) O o) r T
Y] [
1| |
C T

wherein n is 1 or greater; and
wherein either:
(1) R, and Ry are hydrogen and one of Rz and R4 is lower alkyl
and the other is high molecular weight polyalkyl, or
(2) Rgjand R4 are hydrogen and one of R, and R is lower alkyl
and the other is high molecular weight polyalkyl; and

wherein x and y are 1 or greater, such that the sum of x is at least 1.3
times the sum of y for the total muxture

11. A copolymer according to Claim 10 wherein the high molecular weight
polyalkyl comprises a polyisobutyl group of at least 50 carbon atoms.

12. A copolymer according to Claim 11 wherein the lower alkyl is methyl.

13. A polysuccinimide prepared by reacting a copolymer according to Claim
' 1 with a polyamine having at least one basic nitrogen atom.

i the replacement sheest
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wherein n is 1 or greater; and wherein either: (1) Rerr]
-and Rl err] are hydrogen and one of R3 and R4 is | ower al kyl '
and the other is high nolecular weight polyal kyl, or _ (2) Rerr]
and R[err] are hydrogen and one of R err] and R err] is |ower alkyl

and the other is high nolecular weight pgfyal kyl; and wherein x and y
are 1 or greater, such that the sumof x Is at least 1.3 times the sum

of y for tHd. t & polysuocainimide acgarding oG imns} wheein dhe golyantngihasithewher ei n
the high nol 60%% ulé‘m&ﬂ(VNH) H wmie)fawybugmngbﬁ@m&%ah 2RHE Wngdy oup of
at |east 50 car 12

copol ynmer according to Caim1ll wherein
the | ower al kylS @8 ‘ﬂ*@gﬁyfmm 11x6. A pol ysucci ni ni de prepared by reacting a

copol ynmer according to Caim 1 with a pol yam ne having at |east one
basic nitr R Aa;taglvsuccmtmlde according to Claim 14 wherein the charge mole ratio

of polyamine to succinic groups in copolymer is from 1to 0.1.

16. A product prepared by the process which comprises reacting a
polysuccinimide according to Claim 13 with a cyclic carbonate, wherein
the polysuccinimide has at least one primary or secondary amine group.

-17. A product prepared by the process which comprises reacting a
polysuccinimide according to Claim 13 with a boron compound selected

from the group consisting of boron oxide, boron halide, boric acid and
esters of boric acid.

18. A lubricating oil composition comprising an oil of lubricating viscosity and

a dispersant effective amount of a polysuccinimide according to Claim
13.

19. A lubricating oil concentrate comprising from 90 to 50 weight percent of
an oil of lubricating viscosity and from 10 to 50 weight percent of a
polysuccinimide according to Claim 13.

20. A fuel composition comprising a hydrocarbon boiling in a-gasoline or

diese! range and from 30 to 5000 parts per million of an polysuccinimide
according to Claim 13. e .

21. A fuel concentrate domprising an inert stable oleophilic organic solvent
boiling in the range of 150° F. to 400° F. and from 5 to 50 weight percent |
of a polysuccinimide according to Claim 13.

22. A copolymer according to Claim 1 prepared by the process which
- comprises reacting a high molecular weight olefin with an unsaturated
acidic reactant in the presence of a free radical initiator.

This is the replacement sheest
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-37- 14. A polysuccinimde according to Caim 13 wherein the pol yam ne has
.the formul a HZN( YNH) aH wherein Y ts alikylene of 2 to 6 carbon atons
and a is an integer from1l to 6. 15. A polysuccinimde according to
Claim 14 wherein the charge nole ratio - of polyam ne to succinic groups
in copolymer is-froml1l to 0.1. 16. A product prepared by the process which
conprises reacting a pol ysucci nknB8le-according to Claim13 with a
cyclic carbonate, wherein - the pol ysuccinimde has at | east one primary
or secondary amine group. 17. A product prepared by the process which
conprises reacting a pol ysuccinim de according to Claim13 with a

boron conpound sel ected from 1 he 8rouF consi.sting of. boron oxide,
boron hal i de, boric aciTPL¥NERIC S JOVING| 4. 18. A lubricating
oi | conposition conprPQLYALENLENE mnlsmcmct MRAURS 0si ty and

ABSTBA@Q 1

Novel copolymers of unsaturated acidic reactants and high molecular
weight olefins are useful as dispersants iné lubricating oils and fuels and also
may be used to prepare polysuccinimides and other post-treated additives
useful in lubricating oils and fuels. The ratio of anhydride groups to the
hydrocarbon groups in these novel copolymers is at least 1.3.

-(no suitable figure).

This is the reptacement sheet
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a &ispersant effective amount of a pol ysuccinimde according to Caim
.13, 19. A lubricating.oil concentrate conprising from90 to 50 wei ght

per cent of an oil of lubricating viscosity and from 10 to 50 wei ght
percent of a- pol ysucci ni m de according to Claim 13. 20. A fuel
conposition conprising a hydrocarbon boiling in a gasoline or di esel
range and from 30 to 5000 parts per mllion of an pol ysuccini m de
according to Claim13. 21. A fuel cdf@entrate conprising an inert stable
ol eophilic organic sol vent boiling in the range of 150[err]F. to
400[err]F. and from5 to 50 wei ght percent: of a pol ysucci ni m de
according to C aim 13. 22. A copol ynmer according to Caim1 prepared by
t he process which conprises reacting a high nol ecular weight olefin
Wi th an unsat urated acidic reactant-in the presence of a free

radical initiator.
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