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specific functions by choosing a hydrocarbon type and mol ecul ar wei ght
range or nol ecul ar weight distribution to allow the additives to function
in the fluid typcteshniend Bield For 20 instance, high nol ecul ar wei ght

pol yners can be used thibnofivfdon BéDSidsy tanssn«sz0aibyet suitts Tormuser
ol _l s or ocleaginous media, notably oils of lubricating viscesity, and
5° hydrecarbonaceous fuels such as middle distillate fuels and
beavier burner fuels.
Ba: ound .

Chemical additives for lubricating oils 'alr.:e used to

control the physical and chemical properties of lubricating,
10 oils., These additives are used to modify oll viscosity and

viscosity index, to make the oils more resistant to oxidation,

and to keep engines and other mechanical equipment clean and

protected against corrosion and wear. Water-soluble additives

are also commonly used in applications ranging from aqueaus
15 hydraulic fluids to household cleaners and cosmetics.

Hydrocarbon-~based chemical additives are designed for
specific functions by choosing a hydrocarbon type and molecular
weight range or molecular weight distribution to allow the
additives to function in the fluid type of interest. For

20 instance, high molecular weight polymers can be used to
increase viscosity and viscosity index of mineral oils or
synthetic oils. Water soluble polymers of polar compounds can

. be used to thicken water, or even allow water to be pumped more
' easily. ©Polar head groups can be designed to be attached to

25 low or high molecular weight hydrocarbon tails to achieve
detergency, dispersancy, antiwear or anticorrosion performance.

The hydrocarbon tail can be derived from natural fats or
oils, or from petroleum fractions. Synthetic tails can be
assembled by the polymerization of olefins or functionalized

30 olefins or by polycondensation of difunctionalized olefins or
saturated compounds. _

The patent literature frequently describes the use of
polymers of olefins having 2 to 6 carbon atoms for use as oil-
soluble tails suitable for use in making oil additives.

35 Indeed, some patents refer to use of polymers of even longex
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synthetic oiFs.- Water sol uble polyners of polar conpounds can be used to
thicken water, or even allow water to be punped nore easily. "Polar—head..

groups: can e designed-to be attached to 25 | ow or HitgshedlRGILL i.ght ~
hydrocarbontails to achi eve detergency ', di spersancy iRplabed”
anticorrosion perfesranceesMre hydrocarbon tail can b f Eg@!m) ﬂunatural
fats or oils, or frompetroleum fractions. Synthetic i

assenbl ed by the polynerization of olefins or functionalized 30 ol efins or
by. pol ycondensati on of difunctionalized olefins or saturated conpounds. The
patent literature frequently describes the use of polyners of olefins
having 2 to 6 cardhainabDefin abnonersaTopi thissphubobse i aEksefsivalise formade

in meking oil addjd ie\éﬁélexés ah?%ﬂkne%ﬁs%%‘é?iéné &18Goh8rs St ForRPhy BHAS
of even | onger ad%i%igleg. OI!I:‘(LaghI Qoigcuq%rzl‘oewy eng-r-p}:géyslé%uer J(.)esfein EétngIca\/r'es
use i s made poLym
are commonly used to increase the viscosity index of
5 lubricating ocils. Propylene trimer and tetramer have been used
as low molecular weight tails, and technology to make branched
Gy to Cyy polypropylene has been developed.
Despite the vast amount of work conducted heretofore, a
need exists for novel.ashless dispersants that have enhanced
10 thermal stability and/or that can enable use of smai.ler amounts
of viscosity index improvers in formulating f£inished
lubricants, giving a cost reduction. Because of the relatively
high temperatures to which finished lubricating oils are
exposed during actual service conditions, improved thermal
18 stability is a desirable property in ashless dispersants. The
advantages of having an ashless dispersant which contributes
viscosity increase to the lubricant and thus reduces the amount
of viscosity index improver needed in the fin-ished oil is
referred to, for example, in U.S. Pat. No. 4,234,435.
20 The Invention
This invention is deemed to fulfill the foregoing need by
providing and utilizing an ashless dispersant having in its
chemical structure at least one aliphatic substituent derived
from a special type of polymer. The special polymers used in
. 25 forming the dispersants are copolymers of propylene
characterized in that (a) they are liquid, substantially linear
polymers, (b) they have stereo-irreqularity in the polymer
chain, (c¢c) at least 60 mol percent, preferably at ileast 75 mol
percent and more preferably at least 85 mol percent of the
30 polymer has a terminal divalent methylene group (=CH,), and (d)
they contain up to 25 mol percent of a C, to C,; monocolefin, and
preferably a C, to Cyo Wmonoolefin, polymerized into the polymer
chains.
Pursuant to preferred embodiments, the above special
35 propylene copolymer used in forming the dispersants has 2a
viscosity ratio (VR) value of less than 4.0, and preferably
less than 3.7. As used herein, the term "VR value" means the

—2-

889G 68L 708
Y20 bH TAHLT 8895 88, V08@  8T:80  96/2T/¥0



7 : : : : : -
of ethylene and butane or isobutylene oligoners in formng oil additiv
H gh nol ecul ar et hyl ene-propyl ene olefin in copolyners are commnly.used to
increase the viscosity index of 5 lubricating oils. Propylene trimer and

tetramer have been used as | ow nol ecul ar wei ght tail s, TEnghe

make branched [ er ¥ps¢ @M ~pol ypr opyl ene has been dev
vast anmount of work conducted heretofore, a need exists
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di spersants that have enhanced 10 thermal stability and/or that can enable
use of smaller anpunts of viscosity index inprovers in fornulating finished
| ubricants, giving a cost reduction. Because of the relatively high
t enperat ures to wkpthent detepuined kv heneprrdssigne exposed during act ual
service conditions, inproved thermal 15 stabyid@y is a desirable property
in ashless dispersants. The advantages ®R daving—an ashl ess di spersant
whi'ch contributes viscosity increase to the Yigd@)cant and thus reduces the
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copolymer at 100°C in units of centistokes (as deterwmined by
ASTM Method No. D 445) and Vis(b) 1is the co¢ld cranking
simulator (CCS) viscosity of the propylene copolymer at -20°C
in units of poise (as determined by ASTM Method No. D 2602),
wherein the measurenents are made upon a 2 wt % sol’ﬁ;ion of the
propylene copolymer in an oil (herein termed the “reference
0il") comprising S150N (solvent 150 neutral) omineral
lubricating oil (Exxon Company U.S.A.), wherein the such
reference oil is characterized by an ASTM D 445 kinematic
viscosity of 5.2 cSt (100°C) and an ASTM D 2602 CCS viscosity
of 19.2 poise (t 0.4 poise) (at -20°C). The "VR" value of the
reference o0il is thus about 3.720.1.

As to type, the ashless dispersants of this invention can
be succinic ester-amide dispersants, succinimide dispersants,
succinic +triazole dispersants, succinic amide-triazole
dispersants, or Mannich base dispersants. Process technology
that can be adapted for producing these various types of
dispersants can be found in the literature. For example, an
ene reaction (sometimes referred to as a thermal reaction)
between the special copolymer of propylene and maleic anhydride
yields an alkenyl-substituted succinic anhydride. This then
can be converted into an alkenyl succinic ester-~amide using
conditions such as are described in U.S. Pat. Nos. 3,219,666;
3,282,959; 3,640,904; 4,426,305 or 4,873,009; or into an
alkenyl succinimide using conditions such as are described in
U.S. Pat. Nos. 3,172,892; 3,219,666; 3,272,746; or 4,234,435;
or inte an alkenyl succinic triazole or alkenyl succinic amide-
triazole dispersant (depending upon reaction proportions
employed) using conditions such as are described in U.s. Pat.
Nos. 4,908,145 or 5,080,815. By alkylating a phenolic compound
with a special propylene copolymer as described above using a
lewis acid catalyst such as BF; or AlCl,, and using reactien
conditions such as are described in U.S. Pat. No. 3,736,353,

-

x>

gL 5

(& & ]
oy
(KJ

OH TXHLH 889S 88L p08&E  6T:80  96/TT/¥0



Thi s in&ention I's deemed to fulfill the foregoing need by providing and
utilizing an ashl ess dispersant having in its chemcal structure at Iea§t
one aliphatic substituent derived froma special type of polyner. The " -
speci'al polymers used in-25 formng the dispersants are copolyners of
propyl ene char actesezed-¢+puimat (a) they are liquid, substantially |inear
polyners, (b) they have stereo-irregularity in the polyner chain, (c) at

| east 60 nol percent, preferably at |east 75 nol percent and nore
preferably at |east 85 nol percent of the 30 polymer has a terninal

di val ent methyl ene group [err] and (d) they contain up to 25 nol percent of
aferr]-to [err]mmnpl-&fdustiauﬂe@p&&aohmsyfar@ﬁ.r]Tne:n perenployingl Jaiown

pg' ynerized : nt qréa'&%ie wﬁaxﬁ*@sn%ucﬁua%ua%f heser & ' af @V@Odbﬁ?ntlﬁa the
U Sos Ly rati o YRR SaT LR TIaERd Bhenpl % BeRGrer BT b Bh oA AE 7
As used herein, sush team " ¥RegaldehydmpansPreRionaldehyde, b“tyralaehyde:

5 valeraldehyde, furfuryl aldehyde, etc., but preferably
formaldehyde or a formaldehyde-producing reagent such as
paraformaldehyde, formalin, etc., and a polyamine or a
polyhydroxy-substituted amine, a Mannich base dispersant of
this invention is formed. - ‘

10 Polyamines  (including polyether polyamines) and
polyhydroxy amines that can be used in forming the dispersants
of this invention have at least one primary or secondary amino
group in the molecule. Arines of this type and also polyols
that can be used in forming ester-amide dispersants of this

15 invention are extensively described in the patent literature,
such as, for examwple U.S. Pat. Nos. 4,234,435, 4,873,009 and
5,137,980.

The ashless dispersants of this invention can be post-
treated (i.e., reacted) with variocus post-treating agents such

20 as are referred to in U.S. Pat. Nos. 4,234,435 or 5,137,980.
Preferred post-treated ashless dispersants of this invention
are those which have been borated by reaction with a suitable
boron-containing material, such as boric acid or other boron
acids, boron oxide, boron trihalides, ammonium borate, super-.

25 borated ashless dispersants, etc. Generally speaking, the
borated ashless dispérsants will contain from about 0.01 to
about 1% by weight of boron and preferably from about 0.05 to
about 0.5 weight % of boron based on the weighi of the active
dispersant (i.e., omitting from consideration the weight of any

30 diluent or unreacted components that may be present in the
dispersant) .

Another embodiment of this invention is a succinic acid
or anhydride having in its chemical structure a hydrocarhyl
substituent derived from a special propylene copolymer as

35 described above. These succinic derivative compositions can
be depicted by the general formulas:

This Sheet Has Been R
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3 quotiént determ ned by the expression: VR =[err] 5 wherein Vis (a) is the
ki nematic viscosity (KV) of the propylene copolyner at [err] in units.of
centi st.okes: (as determ ned by ASTM Method No. D 445) and Vis(b) is the eol d
cranki ng simul ator (CGS) viscosity of the propyl ene copol ymer at [err] in
uni ts of poise (a&“detﬂpalﬂedsby ASTM Met hod No. D 2602), 10 wherein the
measurenents are nade upon “a 2w %solution of the propyl ene copol ymer in
an oil (herein termed the "reference oil") conprising S150N (solvent
150 neutral) mineral lubricating oil (Exxon Conpany U.S.K.), wherein the
such reference oil is characterized by an ASTM D 445 kinematic 15 viscosity
of 5.2 ¢St [err] and an ASTK D 2602 {CCS VISCO ty of 19.2 poise ( 0.4
poise) (at [err]. The "VR' value of thsagefer nce oil is thus about
3.7*0.1. As to type, the ashless Qié thiz ;pvention can be

a

succi nic ester-am de. dispersants, sgqg&gjglgg di spersants,
I
ey
- n
Rt 0
{1 .
A6 | TN (11) .
‘ an
: R 'o
. o

where AG is an aliphatic group derived from the special
propylene copolymer described above; R', R’ and R® are,
independently, hydrogen atoms or hydrocarbyl groups containing

up to 7 carbon atoms each; and n represents the average number

5 of the depicted succinic moieties that are bonded by a carbon-
to-carbon band to the aliphatic group derived from the special
propylene copolymer; and R', R® and R’ are hydrogen atoms or
hydrocarbyl groups. When one or more of R!, R® and R® is/are
hydrocarbyl, each such hydrocarbyl group is preferably and
10 independently, a C,, alkyl group. Most preferably R', R® and
R® are all hydrogen atoms. In most cases n is in the range of

1 to 2, typically from 1 to 1.6, and preferably from 1 to 1.3,
These dicarboxylic acid or anhydride substituted propylene
copolymers of this invention are useful per se as additives to

" 15 fuels and lubricants, and in addition are useful as
intermediates in the synthesis of the dispersants of this
invention. IXIn this latter utility, a composition of formunla

(i) or {ii) (or a mixture thereof) is reacted with a
nucleophilic reactant, such as one or more amines, alcohols,

20 aminoalcohols or other compound:containing at least one (and
preferably more than one) acylatable amino group and/or at
least one (and preferably more than one) acylatable hydroxyl

group. _— -
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20 succinic «triazole di spersants, succinic amde-triazole dispersants,
or Manni ch base dispersants. Process technology that can be adapted. for
produci ng- these various types of dispersants can be found- in"the ’
literature: " For exanple, an one reaction {sonetines referred to as a

t hermal reaction) “25=betVery the speci al copol ynmer of pr.opyl ene and nal eic
anhydride yields an al kenyl -substituted succinic anhydride. This then can
be converted into an al kenyl succinic ester-am de using conditions such as
are described in U 'S Pat. Nos. 3,219, 666: 3,282, 959; 3,640,904; 4,426,305
or 4,873,009; or into an 30 al kenyl succinimde using conditions such as
are described in U.S. ThaSperaal B¥opy2eRe ropelymersasuaily milijbave number
4,234, 4351 or lnta&eaagelifﬂudulsuceergutst HinaZhé erged|deeapbus USCH NtE abtudte-

condr 11 ons stch: 2008t cSHERC Y dR) ot 3riug BeP gAY, S0 b RBLGY °Fod:® e
5,080, 815. By al BFEEFIRL% Phetit |r€“€8rrﬁ5uﬂﬁ°\ﬂ°tﬁ % PR WT FHEYy &t 2
copol yner as desdetbruingshy Sonshagrie | &Y gelapenmmlalwglﬂrmga‘spfmmﬁmgr
[err] and using pRAG(HASPYIMNHE GLPESLS URlandsrdé & (RS IdopRdyhers) Sontin ikO.
3’736’353’ the range of about 1 to about 25 mol percent, preferably about
3 to about 25 mol percent, and more preferably about 5 to about
25 mol percent of one or more monoolefin c:omonomers which
10 preferably have the formula H,C=CHR where R is an "alkyl group
of 2 to 16 carbon atoms, and preferably having 2 to 8 carbon
atoms. The propylene copolymers are liquid i.e., they are in
the liquid or at least gel-like state of aggregation at 25°C.

Typically the copolymers of this invention contain an

15 average in the range of about 15 to about 250 propylene
moieties in the polymer chains.

Methods for producing the special propylene copolymers
involve polymerization of a suitably-proportioned mixture af
propylene and at least one C,,, o-olefin comonomer in the

20 presence of a catalyst system comprising at 1least one
metallocene (e.g., a cyclopenta'dienyl transition metal

——

compound) and an aluminoxane compound. The metallocene
catal?st component is one or more organometallic coordination
compounds such as the cyclopentadienyl derivatives of a Group

25 4b metal of the Periodic Table of the Elements (S6th Edition
of Handbook of Chemistry and Physics, CRC Press, 1975) and
include mono, di and tricyclopentadienyls and their derivatives
of the transition metals. Particularly desirable are the
metallocenes of a Grovp 4b metal such as titanium, zirconium,

30 and hafnium. The alumoxanes employed in forming the reaction
product with the metallocenes are themselves the reaction
products of an aluminum ¢trialkyl with water. Details
concerning such catalyst systems and their use can be found in
the literature, e.g., in U.S. Pat. No. 5,229,022.

35 In general, the ashless dispersants producible pursuant
to this invention are characterized by having enhanced thermal
stability, by having relatively high useful viscosities when

©
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4 an al kyl -substituted phenol is formed. Then by enpl oying known reaction
conditions such as are described in U S Pat. No. 3,736,357, the alkylaxed
phenol "is: reacted with an al dehyde such_-an acetall dehyde,’ P
proplonaldehyde but yr al dehyde, 5 valeraldehyde, furfuryl aldehyde
etc.”, but prefertd®§ gofdPoehyde or a fornmal dehyde~-produci ng reagent such
aS\parafornaIdehyde, formalin, etc., and a polyam ne or a

pol.yhydr oxy-substituted am ne, a Mannich base di spersant of this invention
is formed. 10 Pol yam nes " (i ncl udi ng pol yet her pol yam nes) and

pot yhydroxy am nes that can be used in formng the dispersants of this-

| nventi on have aempkewed dnelyhricatingoisdecmddby possessiny @egdi disgersancy
mol ecul e. Am nes e@kedtivericte antnalaaaifody ol sshieés caispersuast i orf %E'sng

ester-am de dispersants of 5. 15 _inyentio Le_ex [ de
the patent lite r Pégétlon cgg She grcguceci @1&@139 éoorl’is \éﬂLXr é&bfiﬁ%y
Moreover, it is possible to produce ashless dispersants of this

5 dinvention having better handleability (e.g., lower viscosities
at low temperatures) than comparable dispersants made ofr:m:u
polyisobutylene.

Accordingly, as compared to the same ashless dispersant

made with a polypropylene homopolymer of the  Same number

10 average molecular weight but not meeting the combined

requirements of (a), (b), and (c) above, the dispersants of

this invention tend to have higher thermal stabilities, higher

useful viscasities, at least equivalent dispersancy, and equal

or better shear stability. And as compared to the same ashless

15 dispersant but made with a polyisobutene of the same number

average molecular weight, the dispersants of this invention

tend to have lower viscosities at low temperatures, and thus
better handleability at low temperatures.

In contrast to stereo-regular Dpolypropylene such as

20 obtained with Ziegler-Natta catalysts, the copolymers of

propylene used pursuant to this invention are formed by a route

that gives a substantially linear product having a controlled

amount of branching. While useful in forming dispersants, the

homopolymers of this type do not possess or contribute to the

. 25 dispersant the superior low temperature properties of the

propylene copolymers of this invention.
Accordingly, among the embodiments of this invention is

an ashless dispersant having in its chemical structure at least
one aliphatic hydrocarbyl substituent derived from a liquid,
k{] substantially linear copolymer of propylene, said copolymer
having stereo—~1rregu1ar1ty and containing uvwp to 25 mol percent
of C; to C;; and more preferably C,  to C,, moncolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer
having a terminal vinylidene group, said dispersant being a
© 35 Mannich base formed from (i) a phenol having said aliphatic
substituent thereon, (ii) an aldehyde, and (iii) an amine
selected from polyamines and polyhydroxy anines. In these

-7 ThlS Sheet Has Been Replaced
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such as, fotr exanple U. S. Pat. Ms. 4,234,435, 4,873,009 and 5 237,980. The
ashl ess di spersants of this invention can be post- treated {i.e., react—ed)
with variods post-treating agents such 20 as are.referred to |n U. S.-—at -
Nos. 4,234,435 or 5,137,980. Preferred post-treated ashl ess di spersants of
t.his |nvent|on areu*haaeomﬂﬂoh have been borated by feaction with a

sui t abl e boron-containing material, such as boric acid or other boron
acids, boron oxide, boron trihalides, amnmmoni um borate, super- 25 borated
ashl ess dispersants, etc. Generally speaking, the borated ashl ess

di spersants will contain fromabout 0.01 to about it by wei ht of bor on and
preferably from ahepérsards tthabouefermdiepfttyio 1ﬁor 7 e 2

wei ght. of the actggafiehiRdles2biming eeagéﬂﬂ thd el pmﬁmasll d!exm |J-6na Pledy-
wei ght of any 30 di. | uent or égyagggif cgggyygﬂg yuili neByudif aprEsetibiylefiet he
di spersant) . AnoffPSeMS8qi Bl hi's ent| S A, SUGS &a@&ng Oy
anhydri de havi ngtrhaﬂ%%erct%ﬁe?,:&}' e Lﬁﬁtlf ro‘?art%zn sub SE1 T uent

derl ved from & spentaetiylemel ehwcam;pvsl-ynerASasls well known in art,

commercially available mixtures of polyethylene polyamines are

often composed of mixtures of linear, branched and cyclic

species. Thus commercially available mixtures of this type

having an average in the range of about 2 to abot'z"t 8 nitrogen
10 atoms per molecule can be used. .

Another embodiment is an ashless dispersant having in its
chemical. structure at least one aliphatic hydrocarbyl
substituent derived from a liquid, substantially linear
copolymer of propylene, said copolymer having stereo-

15 irregularity and containing up to 25 mol percent of C, to Cy,
and wmore preferably C, to C,, monoolefin polymerized into the
polymer chain, at least 60 mol percent of said polymer having
a terminal vinylidene group, said dlspersant being a succinic
ester—-amide formed from (i) an alkenyl succ:.n:.c acylating agent

20 having said substituent thereon and (ii) an N-substituted
pely (hydroxyalkyl) amine or a combination of a polyamine and
a polyol, which polyamine and polyol are reacted with said
acylating agent concurrently or sequentially in any order. Of
these dispersants, it is preferable to react the acylating

25 agent with an alkylene diamine having 4 to 12 carbon atoms in
the molecule and at least about 2.5 hydroxyalkyl groups per
molecule in accordance with the teachings of U.S. Pat. No.
4,873,009. Most preferred dispersants of this type are formed
by reacting the acylating agent with hexamethylene diamine

30 having about 3 hydroxyalkyl groups per molecule.

Still another embodiment of this invention is an ashless
d:.spersant having in its chemical structure at least ohe
al:.phatic hydrocarbyl substituent derived from a liquiq,
substantially linear copolymer of propylene, said copolymer

35 having stereo-irregularity and containing up to 25 mol percent
of C, to Cy and more preferably C, to C,, monoolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer
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35 descTibed above. These succinic derivative conpositions can be depicted
by the general formul as: S5 [err] where. AGis an aliphatic group derived
from the speci al propylene copol ymer described above; [efr] and [er¥}:.
are, independently, hydrogen atoms or hydrocarbyl groups contai ni ng up to 7
carbon atom each>&P¥ M T¥FE8ents the average nunber. 5 of the depicted
sugccinic noieties that are bonded by a carbon- to-carbon bond to the

ali phatic group derived fromthe special propyl ene copolyner; and [err] and
[err] are hydrogen atons or hydrocarbyl groups. when one or nore of [err]
and [err] is/are hydrocarbyl, each such hydrocarbyl group is preferably and
10 i ndependent | Raving ear temkinpl gHoupidenss toNURk e FabR y AL e8P TSaNTd beiagak
hydrogen at ons. lkRcobainiRs €6red Erbf (lihecarn adjengl shotdnfctagpilaalihy dgenm 1

to 1.6, and pref ﬁﬁ@mﬂ Jarl%&bgﬁtheﬁt thereon and (ii) a polyamlne having at
least one primary amino group in the molecule. Preferably the
5 polyamine used is at least one cyclic or acyclic ethylene
polyawmine having an average of from 2 to 8 and preferably from
3 to 6 nitrogen atoms per molecule, It is even more preferably
to employ pure or technical grade ethylene polyamines selected
from diethylene triamine, triethylene tetramine, tgtraethylene

10 pentamine, and pentaethylene hexamine.

A further embodiment of this invention is an ashless
dispersant having in its chemical structure at least one
aliphatic hydrocarby)l substituent derived from a 1ligquid,
substantially linear copolymer of propylene, said copolymer

15 having stereo-irregularity and containing up tc 25 mol percent
of C, to C,; and more preferably C, to C,, monoolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer
having a terminal vinylidene group, said dispersant being a
product formed by reacting (i) an alkenyl succinic acylating

20 agent having said substituent thereon and (ii) a basic salt of
aminoguanidine wherein the molar ratio of said aminoguanidine
to said acylating agent is in the range of about 1.4:1 to about
2.2:1 such that the product obtained upon reaction thereof
exhibits a dominant infrared peak at 1640 cm'!'. Preferably,

25 the basic salt of aminoguanidine used is aminoguanidine

' bicarbonate. )

A still further embodiment of this invention is an ashless
dispersant having in its chemical structure at least one
aliphatic hydrocarbyl substituent derived from a liquid,

30 substantially linear copolymer of propylene, said copolymer
having stereo-irreqularity and containing up to 25 mol percent
of C, to C,, and more preferably C, to C,, monoolefin polymerized
into the polymer chain, at least 60 wmol percent of said polymer
having a terminal vinylidene group, said dispersant being a

35 product formed by reacting (i) an alkenyl succinic acylating
agent having said substituent thereon and (ii) a basic salt of
aminoguanidine wherein the molar ratio of said aminoguanidine

—_—
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These di carboxylic acid or anhydride substituted propylene copol yners of
this invention are useful per se as additives to 15 fuels and e
lubricants,¥ and in addition are wuseful as internediates in the .. "
synthesis of the dispersants of this invention. In this latter utility, a
conposi tion of f orila “t79°%r "(ii) (or a mixture thereof) is reacted with a
nucl eophilic reactant, such as one or nore amnes, alcohols, 20
amlnoalcohols or ot her conmpound contai ni ng at | east one (and preferably
nmore than one) acylatable amino group and/or at |east one (and preferably

Copol ynars usuial 159 SFEF Ay HER Bop B Scthibra0ar F AEPURLS 44 ERekestge
of about 300 to d@bduyf.S5Erefershlivyathesd productmrybibit abolnfred speadixmn
3000, and pref er alahingnpédies rianghe Ofeqiltiilo£6QP0ct© BHW and1QPou! 1695 .
Another preferred product of this type yields an 1nfrared
5 spectrum having a peak in the region of about 1720 cm’l.

Yet another embodiment of this invention is an ashless
dispersant having in its chemical structure at least one
aliphatic hydrocarbyl substituent derived from a 1liquid,
substantially linear copolymer of propylene, sald copolymer

10 having stereo-irregqularity and containing up to 25 mol percent
of C, to C,; and more preferably C, to C,, monoolefin polymerizead
into the p;:lymer chain, at least 60 mol percent of said polymer
having a terminal vinylidene group.

Another embodiment of this invention comprises the use of

15 from 0.5 to 20% by weight, and preferably from 3 to 15% by
weight, of an ashless dispersant of this invention in an oil
of lubricating viscosity in order to provide a viscosity
increase to said oil, and thereby to enable a reduction in the
amount of viscosity index improver required to achieve a target

20 viscosity. _

The use of from 0.5 to 20% by weight, and preferably from
3 to 15% by weight, of an ashless dispersant of this invention
in an oil of lubricating viscosity subjected to an elevated
temperature (e.g., at least 200°C and preferably at least

25 250°C) during use to provide dispersancy without substantial
thermal degradation of the dispersant, is another embodiment
of this invention.

A still further embodiment of this invention is the use
in forming an ashless dispersant of a liquid, substantially

30 linear copolymer of propylene to create a substituent of said
ashless dispersant that renders the dispersant capable of
providing a beneficial viscosity increase in an o0il of
lubricating viscosity when the dispersant is dissolved therein
at a concentration within the range of 0.5 to 20% by weight,

35 said copolymer having stereco~irregularity and containing up to
25 mol percent of C, to C,, and more preferably C, to Cy
monoolefin polymerized into the polymer chain, at least 60 mol
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5 deter'mined, for exanple, by gel perneation chromatography using
poly(propylene gl ycol) standards. The copolyners contain in the range.of. -
about 1 tio-&bout 25 nol percent, preferably about 3 to about 25 nol .
percent, and nore g;gfqygp ,y-gbout 5 to about 25 mol percent of one or nore
monool efin in conbnoners whtch 10 preferably have the fornmula [err] where R .
|s an al kyl group of 2 to 16 carbon atons, and preferably having 2 to 8
carbon atons. The propyl ene copolyners are liquid, i.e., they are in the
I'iquid or at least gel-like state of aggregation at [err] Typically the

copol ymers of this invention

an 15 ave e.in the e of about 15
to about 250 proB??‘é‘ﬂbt ?f%ﬁ ﬁe PO PEr L—%ﬁ’&}"ﬁ@- ?16%%’
produci ng t he speci aIPqﬁpr‘yﬁénélma}ﬁ#Er of i fhbs viEnyrRASiany jaxst |témsef taat
sui t abl y- proport havednd xbil Sty ftapiapyéane taediad * ¢ adslenatec [Widdosity of

[err]-ol efi na Cog}é“&’&@uv;-%?s 20 JY G35 £-§1 & Gt ﬁ{a¥5£ fa(é-tc?'}l inematic

COI’TpI’I SI ng ast one_ne | ocene open& di en

transition netaViseHdInd® Bt *aRI% Wi n8x‘éﬁ‘1e5 Cf’oﬁﬁ% $hgt r%"t*al P8E&ne
cat al yst conponepreferably by anrbeesgamﬁhe@aﬂlNGSCOBWQE¢EﬁhMMﬁbY at least

70%, when dissolved therein at a concentration of 3.5 wtt based
on the total weight of the resulting solution.

This invention in another of its embodlments provides a

10 functionalized "ene™ reacted propylene copolymer "substituted
with at least one ¢, to C;; monounsaturated dicarboxylic moiety,
the starting polymer from which the functionalized copolymer
is derived comprising an unsubstituted copolymer with monomer
units derived from propylene and from at least one alpha-olefin

15 of the formula H,C=CHR where R is an alkyl group of from 2 to
about 18 and preferably 2 to about 10 carbon atoms, wherein the
molar content of propylene in said starting polymer is about
75 to about 95 percent, wherein at least 60 mol percent of said
starting polymef has a terminal =CH, group, and wherein said

20 starting copolymer has a viscosity ratio (VR) value of less
than 4.0 (preferably less than 3.7); said functionalized
polymer having a functionality in the range of from 0.5 to 2.

The ene reaction product mixture comprising the desired
propylene-alpha~olefin-substituted dicarboxylic acid material

25 (e.g., propylene-l-butene copolirmer—-substituted sucecinic

' anhydride) formed by the process of this invention will
generally contain unreacted copolymer, (that is, copolymer
which is unsubstituted by the mono- or dicarboxylic acid
noiety), in a concentration of less than about 40 wt. % (e.g.,

30 less than 35 wt. %), wore preferably less than about 30 wt.
% (e.g. from zero to 25 wt. %).

The éne reaction product mixture composed of (i) a
propylene-a-olefin copolymer-substituted dicarboxylic
derivative (e.g., a propylene-l-hexene copolymer-substituted

35 succini¢c acid or anhydride) and (ii) unreacted copolymer can
be used as an additive in the same manner as the substituted
succinic acids or anhydrides described in U.sS. Pat. No.

—_—
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conpourids such as the cycl opent adi enyl derivatives of a Goup 25 4b net al
of the Periodic Table of the Elenents (56th Edition of Handbook of . ... -
Chem stry: &nd Physics, .CRC Press, 1975) and include nmono, di and S
tricycl opentadienyls and their derivatives of the transition netals.

Particul arly desiTHift &4aPEYHE netal | ocenes of a Group 4b nmetal such as
titanium zirconium 30 and hafnium Theé al unboxanes enployed in formng the
reaction product with the netall ocenes are thensel ves the reaction products
of an alum numtrial kyl with water. Detai |l s concerning such cat al yst
systens and their use can be found in the literatur Pat .

No. 5,229,022, 3%234,43Fn oJIRMEYET.( fhesenhPRES r&ngg‘?%:Rg‘Bd‘b‘lf*g%h{ﬁS‘ﬁ ethe
pursuant to thi sdiskdowti edvamtagshafabeéng zeubshantivihy kricgercdrekewhile
stability, by hayinghd edaid Wamé pogbessitigiihignsg0sivhgtagditriz viseohkeyad i n
Pt NG O rParbteBo° SARE, " 090K o BEEPANIRGPLASELLHE Wheakifling
5 a minor amount of an acid or anhydride ene reaction product of
- this invention constitutes another embodiment of this
invention.

Another highly important and advantageous utility for the
foregoing ene reaction product mixtures of components (i) and

10 (ii) is their use in forming succinic derivative"d.ispersants
such as succinimide, succinic ester, succinic ester-amide,
succinic amide-triazole, and succinic triazole dispersants.
Such dispersants are characterized by a combination of
beneficial properties including lack of halogen content,

15 desirable viscometric propertiés, good thermal stability,

. desirable dispersancy properties, and goocd shear stabilities.
Suitable reaction conditions and reactants for converting, the
foregoing ene reaction product mixtures of (i) and (ii) into
these succinic derivative dispersants appear in the patent

20 literature cited above, and in U.S, Pat. No. 5,229,022,

This invention in another of its embodiments provides a
functionalized Mannich base reacted propylene copolymer
directly substituted via a carbon-to-carbon bond onto a
hydroxybenzylamino moiety, preferably a hydroxybenzylpolyamine

25 moiety, the starting copolymer from which the functionalized
copolymer is derived comprising an unsubstituted copolymer with

e . monomer units derived from propylene and from at least one

alpha-olefin of the formula H,C=CHR where R is an alkyl group

of from 2 te about .18 and preferably 2 to about 10 carbon

30 atoms, wherein the molar content of propylene in said starting

polymer is about 75 to about 95 percent, wherein at least 60

mol percent of said starting polymer has a terminal =CH, group,

and wherein said starting copolymer has a viscosity ratio (VR)

value of less than 4.0 (preferably less than 3.7); said

35 functionalized polymer having a functionality in the range of
from 0.5 to 2.

As used herein the term "functionality" refers to the
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i nventi‘on can be produced having good shear stability. Mreover, it is
possi bl e to produce ashl ess dispersants of this 5 1invention, haV|ng bet t.er
handl eabi li ty (e.g., | ower viscosities at |ow tenperatures).than conparabl.e
di spersants nade from polyjsqbutylene. Accordingly, as conpared to the sane
ashl ess dlspersant “made Wi th a pol ypr opyl ene honopol yyrer of the same nunber
10 average nolecular weight but not neeting the conbined
reqU|renents of (a), (b), and (c) above, the dispersants of this invention
tehd to have higher thermal stabilities, higher useful viscosities,

5@&%%&MQW%£“%%W%?%%%&¥ﬁ%ﬁ
of -the sane nunbé¥“€V§Pﬁg€“?ﬁﬁ¥993F&¥“ Frtuted cCoR BB aﬁP&e Rlesidn the
i nvention tend t gpreduct| oimture scosThuisesumtedabadt esmerlymere molatileBUsare
belt ter halndl eabi lddcyudba Iﬂ%%t&amgaawﬁéxzwﬁéh QQQ&fé’éinﬂxﬁ e "fﬁﬂcﬁf&kﬂﬂ
Bopol ynets of oy ope quBEthoriiaty (mAadiet] . MetPail . ten éﬁsarww
rout e functionality on this basis are known to those skilled in the
' art.
These and other embodiments will be apparent from a
consideration of this specification and the appended claims.
10 The following eXamples illustrate the practlce and
advantages achievable by the practice of this invention. These
examples are not intended to limit the generic scope of this
invention.
In a first series of experiments various copolymers used
15 in forming the dispersants of this invention were prepared and
their viscometrics at low and high temperatures were compared
to other polyolefin polymers. These experiments serve :to
illustrate that the propylene~l-olefin copolymer-based
dispersants of this invention have even better low temperature
20 properties than dispersants made from a corresponding propylene
homopolymer made under the same general polymerization
conditions. For example, while the propylene homopolymer-based
dispersants can be -effectively used in many types of
lubricating oils, their low temperature performance thus far
25 has not been sufficient to enable their use in certain oils
such as 5W-30 multi-~grade oils, which are designed for use at
low temperatures. Moreover, it has been found, that
copolymerizing a mixture of propylene with C, ¢, or C,; linear
alpha-olefins gives low temperature properties better than the
30 base oil itself, and better than products described in U.S.
Pat. Nos. 5,225,091, 5,225,092, and 5,229,022.
Examples 1-6 illustrate the syntheses of copolywers used
in these experiments.
Example 1
35 A 600 mL autoclave was charged with 0.52g (10umole) of 1%
zirconocene in toluene, 2.0 g (10 mmole) of methylaluminoxane
(MAO, and 35 nlL of toluene. The autoclave was removed from the
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t hat gi‘'ves a substantially linear product having a controlled anount of
branching. Wile useful in form ng dispersants, the honopol yners of thi-s
type do.not:possess or. contribute to the 25 di spersant the superior law. .
tenperature properties of- the propylene copolyners of this invention.
Accor di ngly, anong®Re“tnbddi®ents of this invention .is an ashless
di spersant having in its chem cal structure at |east one aliphatic
hydr ocar byl substi tuent derived froma liquid, 30 substantially Iinear
copol ymer of propylene, said copolynmer having stereo-irregularity and
containing up to 25 nol percent of [err] to [err] and nore Ereferably [err]
to [err] nonool efMAFEREEY KRR PRera: L0 (e Foly REK: cFRAYE fP PekSt 13CnANd
percent of said iapged with A§8a ¢ prlymér gragei peory lgneup, Trenirdadtesparasant
belbng_ a 35 Maﬂm Gia:haa_e_sil‘wlrye@f; ﬁﬁ*‘; (@ind 93 »Jaavwstﬁaiéél %L)L-pgaalga&s.
substituent theregn _é i)._.a an g(salll n_am selecte rom
pal yam nes and pgi%fhky #oxis/ gﬁgﬁe%é/ e’?erllmf"h i 2%’7‘3 (Qgt conversion) of

5 polypropylene.

The infrared spectrum of the product showed it to be
amorphous, and the proton NMR showed the preduct to contain
only ethylidene protons in the 4.6 to 4.8 ppm region of the NMR
spectrum, where protons bonded to carbon-carbon double bonds

10 are known to absorb. "

General Work-up: The reactor was cooled, and the catalyst
quenched by the additien of 3 g of methancl from a small bomb
that was pressurized to 100 psi with oxygen. The reactor was
vented, first at atwmospheric pressure, and then under vacuum,

15 while warming at 40°C. The reactor contents were then diluted
with 10 ml of heptane, and washed with 34g of 6.5% hydrogen
chloride solution. The organic layer was seaparated, washed
with 509 of saturated sodium carbonate, and filtered. The
solvents were stripped by heating to 180°C under vacuum.

20 Example 2

The 600 ml autoclave was charged with 0.78 g of 1%
zirconocene in toluene, 2.0g (10 mmole) MAO, and 35 ml toluene
in a dry box. The reactor was removed from the dry box, cooled
to 10°C, and charged with 11.1g (0.0792 mole) l1l-decene, and

25 then 220 g (5024 mole) propylene. The reactor was warmed to

40°C and stirring was continued for 3 hours. Work-up as
described in Example 1 gave 12.0g (5.2%) of propylene/l-decene
copolymer.
Exaumple 3

30 The antoclave was charged with 0.78g of 1% zirconocene

dichloride in toluene, 3.0g of MAb, 14.8g (0.11 mole l-decene),

and 50 nL toluene. The reactor was cooled and charged with 75g

{1.8 mole) propylene. The reaction was stirred for 3 hours at

40°C, and then worked-up as described in Example 1 to give
35 43.3g of copolymer (48% conversion).

Exapple 4

The autoclave was charged with 0.78g of 1% zirconocene

N :
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8 dispersants the preferred al dehyde is fornmal-dehyde or a

formal dehyde-formi ng reagent and the preferred anmne is a poly- amine,” nost
preferably an ethyl ene pol yam ne such as diethylene trianine, triethylene
tetranine, tetraethylepe banjam ne, or 5 pentaethyl ene hexam ne. As is
well known in the art, comercially available mxturegs of polyethylene
polyan1nes are often conposed of m xtures of linear, -branched and cyclic
speci es. Thus commercially available mixtures of this type having an
average in the range of about 2 to about 8 nitrogen 10 atons per nol ecul e

can be used. Anot I nen dj SPENS t n ts .
chem cal struct ur&e}'%htlggg‘gs‘t néfa 3 | chg(ﬁ%‘?fr o#:ar %sgubrs?y% lfgr? °6§Wv‘éh
froma liquid, s stsstParhy 13- H@afotﬂ?éoﬂy?re} hdeﬁeﬁﬁy?%ezz%lfercép@?‘gﬂﬂar
havi ng stereo- 1%t r4egul ar woykamsl asntiai réxagplpe 110 2DtDWiteswte Nhetitafadr I |

to [err] and mrwneﬁfﬁgblasﬁe%]gt& [&?B]Lyﬁ&@oﬁ.oefsktanﬂJ/élf@fdrAEd into the

pol ymer chain atmi ea nol per cent sai d polymer having a term nal

V|nyI|dene gr oup, spersant being a succinic
The autoclave was charged with 1.14 g of 1% zirconocene

dichloride, 3.0g of MAO, and 35 mL of toluene. The reactor was
cooled and charged with 20g {0.357 mole) l-butene, 180g (4.28
mole) propylene, and stirred for 2 hours at 47°C,

10 Work-up as in Example 1 gave ll2g coﬁqumer (65%
conversion) .

Example €

The autoclave was charged with 1.14g of 1% zirconocene
dichloride, 3.0g MAO, 50 nL toluene, and then 23g (0.27 mole)

15 1l<hexene. The reactor was then cooled and charged with 278g
(6.6 mole) propylene, and the reaction was stirred for one hour
at 47°C. Stirring was discontinued, the temperature was
maintained at 47°C for an additional 2 hours, and the reaction
was worked-up as in Example 1 to give 61.8 g of copolymer

20 (20.5% conversion).

U.S. Patent Nos. 5,225,091, 5,225,092 and 5,229,022
describe ethylene copolymers that have good low temperature
properties. The data in these patents that jillustrate this
point was developed by dissolving 2% by weight of polymer in

25 Exxon 150N base oil, and measuring the 100°C and =20°C °

. viscosities. The ratjio of the -20°C viscosity in poise,
divided by the 100°C viscosity in centistokes (¢St) is VR. VR
for Exxon 150N is 3.7, and when VR is less than 3.7, the low
temperature properties of the polymer are improved.

30 The VR values in the patents ranged from 3.3 for an 1100
number average molecular weight (Mn) polymer, to 3.5 and 3.6
for 2710 and 1750 Mn polymer, and included on sample of 1390
Mn with a VR of 3.8,

Commercially available polybutene and polypropylene

35 samples from Amoco Corporatian gave VR values that ranged from
3.4 to 4.0 vhen tested in the same Exxon 150N base oil.

In contrast, the 1-butene/propylene and 1-hexane/propylene
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ester-dnmide.formed from (i) an alkenyl succinic acylating agent 20 having
said substituent thereon and (ii) an N-substituted poly(hydroxyal kyl.).. am.ne
or a conbimation of a polyanine and a pol yol, which pol yan ne and pol- yol
are reacted wth said acyl ati ng agent concurrently or sequentially in any
order. O these OFSPef¥alit™d it is preferable to react the acylating 25
agent with an al kyl ene diam ne having 4 to 12 carbon atons in the nol ecule
and at |east about ".2.5 hydroxyal kyl groups per nolecule in accordance with
the teachings of U S. Pat. No. 4,873,009. Mst preferred dispersants of
this type are forned by reacting the acylating ent: wth hexanpet hyl ene

di ani ne 30 havi rRPPEAYRETS afy FRdR yHIVEOFOH SRR vﬁg?’a%?%c‘iﬂ"é’mgt FFrem Zrdher
enbodi-nent of t hics 3i. A¥entonen 1-decenaririopgiend spod ner hgaven@ VR value of

fchem Ca: str gct ), %sflt i'lfé%"étt | vanﬁe@lshehaén& brepprand kbpsuphidrtd ant bé'Q{ddNéEd
roma |iqui S ntia ea r r N

35 havi ng st ereotgﬁi € rpf'% %11?1 conggz@at&r#g‘i‘wqﬁm% %g¥l‘§€%r }%(%-?it g%f rr]
to [err] and %ﬂélepﬁéhlé}%nﬁ )F°P8?-Y'Pe¥§) descr ﬁ%nglté‘Pl ﬁ°ﬁ%‘¥‘§/‘rﬂ§r P2EEERL 0 t he
pol ymer chain, at |enresubs ¥ theseontpexfimentsl ol wommarized in Table 1.

Table 1
Description % Viscosity of 2% quymer in
Conversion | Exxon 150N |
F 100°C -20°C VR
Amoco peolybutene | -- 5.72 2226 3.89
10 quoco polgbutene — 5.61 2144 3.82
F‘ Amoco ’ - 5.56 lg88 3.40
|| polypropylene
‘Amoco — 6.43 2589 4.03
polypropylene
15 | Amoeco —_— 5.78 2043 3.53
polypropylene
Propylene/decene | 5.2 7/04 1907 2.71
copolymer
Propylene/decene | 48.2 7.22 2665 3.69
20 copolymer =
Propylene/decene | 10.9 8.2] 2606 3.17
copolymer
Propylene/hex¥ne | 65.0 6.02 2073 3.44
) copolymer
25 Propylene/butene | 20.5 5.00 1294 2,59
!Lcopolymer
Exxon 150N Base - 5.45 1920 3.70
oil -

Examples 7-11 illustrate preparation pursuant to this

30 invention of alkenyl succinic anhydrides from pmopylene-l-'
butene and propylene-l-hexene copolymers and the preparation
pursuant to this invention of bis—copolymer succinimides by
reaction of the resultant alkenyl succinic anhydrides with a
commercially available technical grade of tetraethylene

crasas=

T L e
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9 havimg a,termnal vinylidene group, said dispersant being a su00|n|n1de
farmed fron1(|) an al:kenyl succinic acylating agent having: said BRI
subst|tuent - thereon and (ii) a polyam ne having at |east one prinary aﬁ1no
group in the nol ecul. .Peeferably the 5 polyamine used is at |east one
cycliic or acyclic ethylene polyam ne having -an average of from2 to 8 and
preferably from3 to 6 nitrogen atons per nolecule. It is even nore
pteferably to enploy pure or technical grade ethylene polyan nes sel ected
f.eom di ethyl ene triarine, triethylene tetramne, tetraethylene 10

pentani ne, and pepiAehiinee (Bod A0 epoyduiihker enbodi ent of this
i'nvention is an ashlegs dispersant having in its chemcal structure at

| east one al i phat car byl substituent derived froma |iquid,
substantially |inear &opdmintnrefofHiddytenE, t%%ﬂa/ﬁﬁmﬂweISfMEﬁgmple
stereo I rregul aris yarand . 0984 s idifletify IdibZonaBfrdpeicdi@n({DBH) at 235°C under

5 nitrogen was added 6.2g (0.063 mole) of molten maleic anhydride
over a two hour period. After four hours, an additional 0.028g
of DBH and 6.2g of maleic anhydride were added, and stirring
was continued for 14 hours. The temperature was then raised
to 241°C and the excess maleic anhydride was removed under

10 vacuum. The product was 71% active as determifted by column
chromatography on silica gel, and had an acid number of 0.378.
Example 8

- To 33.6g (0.0127 mol) of the copolymer succinic anhydride
(COSA) prepared in Example 7 was added 1.2g (0.00635 mol) of
15 S-1107 polyamine, and the mixture was stirred under nitrogen
for one hour at 175°C and one hour at 185°C.
ample $
C3/C6 copolymexr was prepared as described in Example 3,
but with a Al to Zr ratio of 1000 to 1, and reaction carried

20 out at 60°C for 1.3 hours, and a C3 to C6 ratio of 10. The
copolymar was reacted with maleic anhydride by the general
procedure of Example 7 to give 76% active COSA having an acid
nunber of 1.26. The COSA 41.1g (0.0518 moles) was reacted
with 4.89g (0.0259 mol) of $-1107 by the general procedure of

25 Example 7 to give 43.5g of bis-succinimide.

Example 10

C3/C4 copolymer was prepared as described in Example 9,
with a 10 to 1 C3 to ¢4 mole ratio, at 45°C, for 3.0 hours.
COSA was prepared by reaction with maleic anhydride as

30 described in Example 7 to give 34% activa COSA having an acid
number of 0.647. Reaction with $-1107 as in Example 7 gave the
bis-succinimide.

Example 131
C3/C6 copolymer was prepared as described in Example 9,

35 with a S to 1 mole ratio of C3 to 1-hexene, at 45°C for 3.0

hours. COSA was prepared by reaction with maleic anhydride as
'-_.'.' described in Example 7 to give 79% active COSA having an acid
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of [err]:to,[err] and nore preferably [err] to [err] nonoolef in
polynerized jnto the polynmer chain, at |east 60 nol percent of said pol ymer
having a teriinal vinylidene group, said dispersant being a product f or-Aed

by ‘reacting (i) an_glkenyl,succinic acylating 20 agent having said
sulstituent thereon and (ii)—a basic salt of am noguani di ne wherein the

mol ar ratio of said am noguanidine to said acylating agent is in the range
of- about 1.4:1 to about 2.2:1 such that the product obtained upon reaction
thereof exhibits a dominant infrared peak at 1640 [err] Pref erably, 25 the

basic salt of amltmg#@? of Regpped i 330059 '1‘&' '&8 BEcapd BcLss

f'urt her enbodi ne his 1nvention Is_an ashl ess™di spersant aV| Inits

chemical struct ur@hi®nde3 76nk0 A585h8PIL 9 FARR MBI TeaBeed (Widh: Sddpgves
from a |liquid, 3$~1tbhsasaninaBkgmplercar toopdvenss.ay priopysenactbee dbis-
copol ymer havi ng si&fi9Qmkaeegul arity and containing up to 25 nol percent of

or )b b e o haBbthe a0t £ bl st PRGhEELE, B e
terminal vinyli dePRPANBEF - et titegePRepRlncany tthe Pr°d“°tl°n of Mannich
base dispersants from such substituted phenols, all pursuant
te this invention.
Example 12
10 A solution of 309 (0.03 mole) of copolyﬁx"e;: (10 to 1
propylene to l-butene, as in Example 9), and 9.7g (0.10 mol)
of phencl complexed with 5 weight percent boron trifluoride,
in 30 mL of heptane, was stirred for 2.5 hours at 50°C. The
solution was then neutralized with ammonia gas and filtered.
15 the sclution was then stripped to 180°C under vacuum to give
27.8g of 86% active (as determined by column chromatography on
silica gel) para alkylated phenol, as determined by infrared
spectroscopy.
At 88°C, 3.0g (0.037 mol) of 37% aqueous formaldehyde was
20 added to a mixture of 18.4¢ of the alkylphenol, 3.4g of
tetfaethylenepentamine, 3.4g of oleic acid, and 3g of 100
neutral process ¢il. After one hour at 116°C, the temperature
was raised to 155°C and an additional 4.54g (0.056 mol) of
formalin was added. The reaction was stirred for 3 hours and
25 then filtered.
Example 13
A 10 to one mole ratic of propylene to l-hexene was used
to prepare copolymer at 60°C for 1.5 hours as in Example 9.
Alkylation of phenol was carried out as in Example 12 to give
30 90% active alkylphenol.
A mixture of 28.4g9 (0.033¢ mol) of alkylphenol, 5.8g
(0.0307 mol) TEPA, 5.65.g oleic acid was reacted with 4.87g
(0.060 mol) of formalin at 116°C, and then 7.58g (0.0935 mol)
of formalin at 155°C, as described in Example 12, followed by
35 the addition of 7.3g of 100 neutral process oil.
Viscometrics made possible by use of succinimide and
Mannich base dispersants of this invention are illustrated in

L . ~18-
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35 product fior med by reacting (iziiamzalskenyl succinic acylating agent =.ii.....

haV|ng sai d substituent thereon and'(frf"a basic salt of am noguanidi ne
wherei n the nol ar Y&&S &P 34T anmi noguani di ne 10 t-0 said acylating
agent is in the range of about 0.4:1 to about 1.3:1. Preferably, these
pr.oducts exhibit an infrared spectrum having peaks in the regi on of about
1580 and about 1690 [err]. Another preferred product of this type yields an
infyared 5 spectrum having a peak in the region of about 1720 kerr]. Yet
anot her enbodi nentak¥e tZi s TS FUNS, afthes ALERRr AN S WexRt Dhanded) ath ats
cheni cal struct urgorderit@ationer &l.5ptaits dnbyd Gwanbyhirssagt 1obeidatdag yer
oo a 1o O Substlidedlel Yoldded COROLYITRN19LaRk ORMNENC w1 S GOPOLYIE!
iy (10

10 -having stereo-Trregularity and containin per cen

to‘[err] and norelppraverakPhetlsris 907y | ﬁ’d&F@Fi‘ﬁ“ﬁfol"frrE“Ffé‘d Pﬁ?@ﬂfe he
pol yner chai n, satat epmi*c6Anmestpanid eatt 26 cainl gmisenwere measured, and the

VR' values were calculated in accordance with the expression:

Vvis(B)

VR =
Vis{A)

10 wherein Vis(A) is the kinematic viscosity (XV) of the
dispersant product at 100°C in units of cem;istokes (as
determined by ASTM Method No. D445) and Vis{B) is the cold
cranking simulator (CCS) viscosity of the dispersant product
at ~25°C in units of poise (as determined by ASTM Method No.

15 D 2602).
_ Table 2 )
Copolymerxr Viscosities of Dispersants in VR
-« Dispersant 5W-30 lubricating oil Value
I | Used 100°C -25°C
20 | Example 7 12.6 4664 3.70
Example 8 ' 10.1 3501 3.48
Example 9 9.70 3359 3.46
Example 10 9.67 _ 3619 3.74
Example 11 9.59 _ 2955 3.08
25 Example 12 9.95 3344 3.36
Example 13 | 9.02 | 2557 2.83 =]

In addition to the foregoing advantages achievable by the
practice of this invention is the fact that propylene has been
historically less expensive that -isobutylene or even a mixed

30 stream of butenes. This cost differential may increase in the
future as the use of isobutylene and other butenes is increased
to make oxygenated blending agents, such as methyl tert-butyl
ether for use in gasoline and other fuels.

_____ —19~
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vi nyl i dene gr ogsp. i#Andtiher enbodi nent of this invention:...
conprises the use of 15 from 0.5 to 20% by wei ght,

15% by wei ght, of & ashl es€“di*spersant of this invention in an oil of

| ubricating viscosity in order to provide a viscosity increase to said oil,
and Thereby to enable a reduction in the anobunt of viscosity index inprover

required to achieve a target 20 viscosity. The use of from0.5 to 20% by

this invention in an oft EmuBEiegf
tenperature (e.Q. prahoteast therashlzss pispersints of tieastin¥entesn] vaddohdo

wei ght, and preferably from3 to 15%%5&% ght; of an ashl ess dispersant of

use to provide di gpRES MM WL Btlponehes & BL &mri%h.deﬂ{éi(l?%ﬁ}zeﬁ 1bie

di spersant,
enbodi ment of thi

a liquid,

substituent of saiggx

of

i s anot her enpodi mepnt "of this.i.nvention. A.S
b {\& ﬁ%’n‘b’ aﬁlé‘?}‘fllggs WPer Igkal of

AR MY oPViICERPRRE® U if of

substSanfieteryersss, |suchamscypel pnbfongtes,ospléneized pheatateas and

10

15

20

25

30

35

nesium, and the alkaline earth metal calixerates (note U.S.
Pat. Nos. 5,114,601 and 5,205,946); antiwear and/or extreme
pressure agents such as metal salts of dihydrocarbyl
dithiophosphoric acids (e.g., 2zinc, copper or wmolybdenum
dialkyldithiophosphates); oxidation inhibitors such as hindered
phenolic antioxidants, aromatic amine antioxidants, sulfur-
containing antioxidants, and copper-containing antioxidants;
supplementary dispersants such as succinimide dispersants,
succinic ester-anide dispersants, and Mannich base dispersants;
friction reducing and/or fuel economy improving additives such
as glycerol monooleate, pentaerythritol monocoleate, long chain
acid esters of glycols, sulfurized olefins, sulfurized
unsaturated fatty acids and sulfurized unsaturated fatty acid
esters; rust and corrosion inhibitors; foam inhibitors:; visco-
gity index improvers; polymeric dispersant-viscosity index
improvers; demulsifying agents; and the like. Such additives
can be employed in the base oil at their customary use
concentrations, which are known to those skilled in the art and
reported in mumercus patent disclosures. For further details
concerning such additives, one may refer for exanple to U.S.
pat. Nos. 4,664,822; 4,908,145; 5,080,815 and 5,137,980.

The base oils used in formulating finished lubricants
containing the ashless dispersants of this invention can be
derived from petrolemm (or tar sands, coal, shale, etc.).
Likewise, the base oils can be or include natural oils of
suitable viscosities such as rapeseed 0il, etc., and synthetic
oils such as hydrogenated polyolefin oils; poly-a—olefins
(e.g., hydrogenated or unhydrogenated a-olefin oligomers such
as hydrogénated poly—l—decené) ; alkyl esters of dicarboxylic
acids; complex esters of dicarboxylic acid, polyglycol and
alcohol: 2lkyl esters of carbonic or phosphoric acids; poly-
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priovi di ng & .Beneficial viscosityzdineseasa.in an oil of lubricating . -
vi scosity when the dispersant is disSolVeéd therein at a concentration
wi'thin the range of*3%5%t'd° 7094 by wei ght, 35 said copotymer having
stereo-irregularity and containing up to 25 nol percent of [err] to [err]
and nore preferably [err] to [err]-nonool efin polynerized-into the pol yner
chain, at |east 60 nol 11 percent of said polyner having a term nal
vinyl i dene group. Preferred di spersants of this invention are those that
have the ability tsdlifenessSiagechyirqcarbeanails: Andcbheliks. gfixtures of
addi ti ve-free basaifferre) al miturahatamihora pentheticnendlsc n Viangosshdtadple

the range of 5.0 'Pg ?gf s WreAta1lsga8kexfPa, MOk mﬂems?hx lenat%&g%tis
7

Qo042

60% and nost prefe °i? E%.at Iﬁast 709 en di.ssol ved erein a
concentration of 33§ SOG1PAeE AL 5P TRREIGHTIor FhBEOFESASEF e base
sol ution. This & nwdit isrprafexablher pektroleuenisydivad minegrrdveilewfathe types

conventionally used in forming passenger car or heavy duty
diesel engine oils. The fact that the base o0ils used in the
compositions of this invention may be composed of (i) one or
more mineral oils, (ii) one or more synthetic oils, (iii) one

10 or more natural oils, or (iv) a blemnd of (i) and (ii), or (i)
and (iii), or (ii) and (iii), or (i), (ii) and (4ii) does not
mean that these various types of oils are ‘necessarily
‘ecquivalents of each other. Certain types of base oils may be
used for the specific properties they possess such as biode-

15 gradability, high temperature stability, or non-flammability.
In other compositions, other types of base oils may be prefer-
red for reasons of availability ox low cost. Thus, the skilled
artisan will recognize that while the various types of base
oils discussed above may be used in the compositions of this

20 invention, they are not necessarily equivalents of each other
in every instance. . _

The ashless dispersants of this inventioh can be blended
into oils of lubricating viscosity separately and apart fraom
other additive components. Preferably however, the dispersants

25 are formulated into an additive concentrate or "“package™ which
is then used in formulating the finished 1lubrication
compositions. fThe package will usually contain up to 50 wt%
of diluent with the balance Dbeing the active additive
components, namely, at least one dispersant of this invention

30 and optionally, but preferably, one or more other additive
compoxient:s, such as those referred to above and/or in various
patents cited herein. From 5 to 60 wt% of the concentrate can
be one ore more dispersants of this invention. This invention
also provides a composition which consists of 1 to 99 wt % of

35 an active dispersant of this invention and from 99 to 1 wt% of
diluent oil. Other additives, including diluents that may he
associated therewith, can be blended intoc such compositions to

-2]1~ —
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10 funcfiTodal i zed "ene" react &dsprs@pifsérie copol ynmer substit.uted w Lh_at
least one [err] to lerc]l. nmpnounsaturated dicarboxylic noiety, the starting
pol ymer from whi ch’ Ne“tunci+ onal i zed copol ymer is derived conprising an
uinsubstituted copol ymer with nmononmer units derived from propyl ene and from
at 4 east one al pha-olefin 15 of the fornmula [err] where Ris an al kyl group
of, from2 to about 18 and preferably 2 to about 10 car bon atons, wherein

t he nmol ar cont ent ' '

pr lene in said rtin o) is about 75 to
abbut 95 per cent f‘?ﬁ‘f’eraggﬁ\éé‘fe |RACkAIEH ?ﬁs) eh3s, &8“?“'6’%/ l"5a| d starting pol yner
has a terninal [err] Tyeodpsperspntiterad rthdsi dnventicemr ¢ampleapdie mesedass a
viscosity rati o (M31eiokloss ingenesabbiiickoi( Pi6l £1sabhYak Shsd1IAl, dfdser
saldfunctlonallzdpol r VI ctlonllt |nterag of fromo0
to 2. The ene rea%ﬁ (Sn';érs 8&% g?ur eli%drrﬁ?l sFng % §15, bunker
pr opy! ene- al ph@- ofasflisn- 3p8sthe ke di MP%@/MiGhaBl Hhmm'ialofzg 5 (0 g1a%
propyl ene-1 - but engy wedgBlywEIl SUhEIyUHE denFLis@id)i 61 8HGNEH iddPhrtera® dein
the process of th& év\%y:gﬁgiggh\g I h‘aggneral ly contain unreacted copol yner,
IC

(that is, copolyrrer I S unsu tuted by the nono- or dicarboxylic
aci d Lower molecular we:.ght verslons of the polymers of

propylene referred to hereinabove can be used in alkylation of

10 aromatic hydrocarbons. These alkylated materials (e.qg.,
alkylated benzene, alkylated toluene, alkylated xjlenes, etc.)
can then be sulfonated and overbased to form highly useful
alkali or alkaline earth metal-containing detergents and rust
inhibitors. Alternatively, the polymers of propylene can be

15 used to alkylate hydroxy-substituted aromatic hydrocarbons,
which can be sulfurized and neutralized or overbased to form
metal-containing phenate detergents.

Except as referred to in the examples, all percentages of

- the dispersants of this invention are in terms of the weight
- 20 of active dispersant in relation to the total welght of the
overall composition under discussion.

The complete disclosure of each U.S. Patent cited anywhere
hereinabove is incorporated hexein by reference as if fully set
forth in this. specification.

25 This invention is susceptible to considerable variation
in its practice. Accordingly, this invention is not intended
. to be limited by this specific exemplifications set forth
' hereinabove. Rather, this invention is intended to embrace the
subject matter within the spirit and scope of the appended

30 claims and the permissible equivalents thereof.

x
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noi ety), i -a concentration of ess:thap; about 40 wt. % (e.g., 30 less.-- -
than 35 wt. %, nore preferably’less tThan about 30 wt. % (e.g. from zero

to 25 W. % . The ‘@f® redaCrrdn®product m xture conposed-of (i) a

pr opyl ene-a-ol efi n copol yner - substitut ed di car boxyli G .4 kd Bead Rapirced

(e.§., a propyl ene-|-hexerme copol yner-substituted 35  su
anlydride) and (ii) unr M\/m“\ can be used as aamﬁﬁmw he
sane manner as the subigmgg\}jmﬁ 88 acids or anhydri ed in
U.S. Pat. No. 12 4, , v HoweVer, the€kaimse reaction products have
the distinct advantage of being substantially hal ogen-free while at the

SATe 1T POSSES T ) Al AU RROSRY S U B4 BEPRELLL Sy i end
anhydri de ene reaé%i&hﬂ%d%ﬁ%‘?ﬁﬂ-s subpsAtnemt cdasivedt £&om8nod hddquid,
enmbodi ment of thi substantially linear copolymer of propylene, said copolymer
5 having stereo-irregularity and containing up to 25 mol percent
of C,-to C,, monoolefin polymerized into the polymer chain, at
least 60 mol percent of said polymer having a. terminal
vinylidene group.
2. A dispersant according to Claim 1 wherein said copolymer
10 has a viscosity ratio (VR) value of less than 4.0.
3. A dispersant according to Claim 1 wherein the monoolefin
polymerized into the polymér chain in an amount of up to 25 mol
percent is a C, to C,;, monooclefin and wherein said copolymer has
a viscosity ratio (VR) value of less than 3.7.
1s 4. A dispersant according to Claim 1 wherein said dispersant
ie a Mannich base formed from (i} a phenol having said
aliphatic substituent thereon, (ii) an aldehyde, and (iii) an
amine selected from polyamines and polyhydroxy amines.
5. & dispersant according to Claim 3 wherein said dispersant
20 is a Mannich base formed from (i) a phenol having said
aliphatic substituent thereon, (ii) formaldehyde or a
formaldehyde-forming reagent, and (iii) at least one polyamine.
6. A dispersant according to Claim 1 wherein said dispersant
is selected from the group consisting of succinimide
25 dispersants, succinic ester-amide dispersants, succinic
triazole dispersants, and succinic amide-triazole dispersants.
7. A dispersant according to Claim 4 wherein said dispersant
v, is a succinic ester-amide formed from (i) a succinic acylating
E agent having said substituent thereon and (ii) an N-substituted
30 poly(hydroxyalkyl) amine or a combination of a polyamine and
a polyol, which polyamine and polycl are reacted with said
acylating agent concurrently or sequentially in any order.
8. A dispersant according to Claim 7 wherein said dispersant
is formed by reacting said acylating agent with an alkylene
35 dianmine having 4 to 12 carbon atoms in the mnolecule and at
least about 2.5 hydroxyalkyl groups per molecule.

=23~
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i nvent i on” "Anot her highly i mpor tantcang: advant ageous utility for the .. ..

~Y N

f oregoi ng ene reaction product mXxtures of conponents-(i) and 10 (ii) is

their use in forn HESY Ui —#eri vati ve di spersa Lni m de,
n'mﬂ‘ @E‘ HTnHI succinic
W

succi nic ester, succinic ester-am de, succinic a

tri &ol e dispersants. Such di'spersants are charac L a sCORDI nati on
of ;.beneficial properties including |ack of hal ogen content, 15 desirable
vhggonetric properties, good thermal stability, desirable dispersancy
properties, and geod shedispsrsbnti additiveuarabtdingedmt Claipoddilersin sadd

reactants for conygipidde t RSahOiE Ik NheRBRe LRI Na RRIHLC t ndW 2T 850 §1)
and (ii) into these succinic deri vastl ve di JO<]s ants appear in the patent 20
literature cited gs&v‘é" é#d‘yflngff? g mﬁé.c%f,eZZQ, 022. This invention in
anot her of its enB8di nbisSpersant@scarfing thiooRipin ddvhersin shidpdispersant
Leagt edt pr oEyLﬁang oGty IRinite ERiringdsobai | g:ut eq sﬂc@i?iea&bﬁrktfihgca@_agﬂ
25 moi oty the st SEYERE AR RbaReriehe OREIGTRR, (LY SBNARIAL BRAY S
least one primaxry amino group in the molecule.

11. A dispersant according to Claim 3 wherein said dispersant

is a succinimide formed from (i) a succinic acylating agent
10 having said substituent thereon and (ii) a polyamine having at

least one cyclic or acyclic ethylene polyamine having an

average of from 3 to 6 nitrogen atoms per molecule.

12. A dispersant according to Claim 1 wherein said dispersant

is a product formed by reacting (i) a succinic acylating agent
15 having said substituent thereon and (ii) a basic salt of

apinoguanidine wherein the molar ratioc of said aminoguanidine

to said acylating agent is in the range of about 1.4:1 to about

2.2:1 such that the product obtained upon reaction thereof

exhibits a dominant infrared peak at 1640 cm’'.
20 13. A dispersant according to Claim 12 wherein said basic salt

of aminoguanidine is aminoguanidine bicarbonate.

14. A dispersant according to Claim 1 wherein sald dispersant

is a product formed by reacting (i) a succinic acylating agent

having said substituent thereon and (ii) a basic salt of
25 aminoguanidine wherein the molar ratio of said aminoguanidine

to said acylating agent is in the range of about 0.4:1 to about

1.3:21.

15. A dispersant according to Claim 14 wherein said

product exhibits an infrared spectrum ha'ving peaks in the
30 region of about 1580 and about 1690 cw’'.

16. A dispersant according to Claim 14 wherein said

product exhibits an infrared spectrum having a peak in the

region of about 1720 cm’.

17. A dispersant according to Claim 14 wherein said basic salt
35 of aminoguanidine is aminoguanidine bicarbonate.

18. A lubricating oil composition comprising oil of

lubricating viscosity containing from 0.5 to 60% by weight of

-24-
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copol ynef:'i & derived conprising-ar;unsubstituted copol yngr with nononer -
units derived from propyl ene and fromaf | east one al pha-olefin of the
formula [err] wher¥R9sVaaLat kyl group of from2 to about 18-and..
preferably 2 to about 10 carbon 30 atons, wherein t ont ent of
prepyl ene in said starting polynmer is about 75 to am’qwﬁlﬂmwwv\herei n
at, 'l east 60 nol percent of said starting polyner has*a del . ]
graoup, and wherein said starting copolyner has a viscosity ratio (VR) val ue
of*l ess than 4.0 &piisperseny ¢£<Haimap-3.7): said 35 functionalized
pol.ymer havi ng. a f¢incty onpdpdiy-atiing heof Bngeombodindon(. TsomprPsivks USEDl of

herein the term" 1%&@1;@ Yec sg]kﬁ;ég%ﬁad{e:{}%g frim® ALEBIC0Y WP eight of

functional groups that are-chem c onto the
functional | y- subs®i 41RRAF=EEPYH @ MoPecul es in the product mixture.  Thus
unreact ed copobkynee. nil ecldlrsicaténg oil composition comprising oil of

lubricating viscosity containing from 0.5 to 60% by weight of

a dispersant of Claim 11. '

21. A succinic derivative composition of the formula:

R' 0 ]

AG —?—c—-on (1)

R®—C—C—0XH
RV O

or

AG ""'f""c\o (11)

10 or a mixture thereof, wherein AG is an aliphatic group derived
from a liquid, substantially linear copolymer of propylene,
said copolymer having stereo-irreqularity and containing up to
25 mol percent of C, to C, monoolefin polymerized into the
polymer chain, at least 60 mol percent of said polymer having

15 a terminal vinylidene group; R', R® and R’ are, independently,
hydrogen atoms or hydrocarbyl groups containing up to 7 carbon
atoms each; and n represents the average numnber of the depicted
succinic meieties that are each bonded by a carbon-to-carbon
bond to the aliphatic group derived from said copolymer, and

20 is in the range of from 1 to 2.

—
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excl udeﬁ?em consi deration \Ahern4a$@eF£fa| ning the functionality 5 of the ;
functlonallzed product t hods for determ ning functionality on this
ba5|s are known t §FRo%s %kﬂ#ied in the art. These and. ot her enbodi nents
will be apparent froma consideration of this specification and the
-appended cl ai nms. 10 The following exanples illustrate the practice
and advant ages achi evabl e by the practice of this invention. These exanpl es
are not intended to limit..the generic scope of this invention. In a first
seflies of experinents various copolynmers used 15 in formng the dispersants
of this invention WeASELESSH DISTERSANTH)c THEYR SERFRARAITON o AND) \WEEAR B8Eh
tenperatures were conpared to other polyolefin polynmers. These experinents
serve to iIIustr&tE tgati % 5 grg&ylene 1-ol efin copol ynmer-based
di spersants of t f etter | ow tenperature 20 -
properties than di speAshieas ndderersant® careesfymednguptepycopelmerpolofner
made under the sgprapgtans adharalcyertzedtinothatndidy are. I1fgrid xabptantidiilye

th? propyl ene hOGBB@%¥”ESI}EE¥%@ they have stereo-irregularity in the polymer
5 chain,’ at least 60 mol percent of the polymer has a terminal

vinylidene group and, the polymer contains up to 25 mol percent

of a ¢, to C,q monoolefin‘polymerized into the polymer chains.

"
W3
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U204 PoS
used in many types_of Iubrlcatlng oil's,

di spersants A ] El[“
their lowt Bﬁ&‘ﬂms eymance thus far 25 hag noRppg&p

enabl e theirl Use in certaj n oifl s such as 5W 30 Iﬁggg& B0 Mﬁ)ﬁ# Sﬁﬁé;ﬁ‘;%df""
desi gned for} useQ &MARS? t dmier at ur es. Mor eo egma% %‘ “F Bugeg, 2

that copol ynerf zi ng a_nixt e_of propyl eng with [ br'@\ﬁn : BN rr’éaﬁ’) paged .23,
al pha-olefin rves | ow terrper ture properlt ies b

h 288 --beloepaget ...
itself, and etter i hanh—pr-oduct s descrl bed in U .geFé?:&a ‘ Bpg9d St J91paged .-

‘ éﬁt heses of
copol yrrers used in these experinments. 35 A BOBATE tBECEW,‘Fm{.‘I ........
charged with 0.52g [err] of 1% zirconocene in tol uene, 2.0 g (TO Tmote—of

fromthe 4 nReFbEes SHipmire. e SHRpMRTco o St phE o, 1) and
: Technical Field .
This invention relates to ashless dispersants for use in
ocleaginous media, notably oils of lubricating viscosity, and
5§ hydrocarbonaceous fuels such as middle distillate fuels and
bheavier burner fuels.
Bagkground
Chemical additives for 1lubricating oils are-‘used to
control the physical and chemical propérties of lubricating
* 10 oils. These additives are used to modify oll viscosity and
viscosity index, to make the oils more xesistant to oxidation,
and to keep engines and other mechanical equipmént clean and
protected against corrosion and wear. Water-soluble additives
are also commonly used in applications ranging from aqueous
15 hydraulic fluids to household cleaners and cosmetics.
Hydrocarbon-based chemical additives are designed for
specific functions by choosing a hydrocarbon type and molecular
weighi: range or molecular weight distribution to allow the
additives to function in the fluid type of interest. For
20 instance, high molecular weight polymers can be used to
increase viscosity and viscosity index of mineral oils or
synthetic oils. Water soluble polymers of polar compounds can
be used to thicken water, or even allow water to be puwped more
easily. Polar head groups can be designed to be attached to
25 low or high molecular weight hydrocarbon tails to achieve
detergency, dispersancy, antiwear or anticorrosion performance.
The hydrocarbon tail can be derived from natural fats or
oils, or from petroleum fractions. Synthetic tails can be
assembled by the polymerization of ¢lefins or functionalized

30 olefin= or by polycondensation of difunctionalized olefins or
saturated compounds.

o~

The patent literature frequently describes the ‘use of
polymers of olefins having 2 to 6 carbon atoms for use as oil-
soluble tafls suitable for use in making oil additives.

35 Indeed, some patents refer to use of polymers of even longer




charged with 168g of polynmer grade propylene. The reagtef~was-umarnged sl o
to [err] and stirring was continued for 3 hours. V\brkREPMEMENmW
gave 120.7g (65% conversi on) of 5 pol ypropyl ene. The rareg—speet--Ggn {o

t he product showed it to be anorphous, and the proton
product to contain only ethylidene protons_in the 4.6
the NMR spectrum where protons bonded to £ar bon- carfor-deuhle bonds 1

"'"7

Q%ﬂggd the

known to absorb. General Wirk-up: The reactor was coql ed, and the catalfy

guenched by the addition of 3 g of nmethanol froma sn

pressurized to 100 psi with oxygen. The reactor was vented, first at
at mospheric pr eéﬁi@oléﬁﬂntilﬁﬁdéﬁgefoﬁ/&ﬂi%nbuﬂéowl | ex¥@AEIVE udle [8'hdae The

530 0f 6. 5% hyd¥h J“‘éﬁ&h?% Jef, biEhe 45 1s0fuyy oo $8680EFs I 4RRIRY 4H

washed wi th 50g®

were stripped byrdecaicumdnly [esed underdnemessd) GFe Exdigdosiy index of
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lubricating oils. Propylene trimer and tetramer have been used
as low molecular weight tails, and technology to make branched
C,y to Cyyy Polypropylene has been developed.

Despite the vast amaunt of work conducted heretofore, a
need exists for novel ashless dispersants that have enhanced
thermal stability and/or that can enable use of smaller amounts
of viscosity index improvers in formulating finished
lubricants, giving a cost reduction. Because of the relatively
high temperatures to which finished lubricating oils are
exposed during actual service conditions, improved thermal
S’t_ability is a desirable property in ashless dispersants. The
advantages of having an ashless dispersant which contributes
viscosity increase to the lubricant and thus reduces the amount
of viscosity index improver needed in the fin-ished oil is
referred to, for example, in U.S. Pat. No. 4,234,435.

The Inveition

This invention is deemed to fulfill the foregoing need by
providing and utilizing an ashless dispersant having in its
chemical structure at least one aliphatic substituent derived
from a special type of polymer. The special polymers used in
forming +the dispersants are copolymers of propylene
characterized in that (a) they are liquid, substantially linear
polymers, (b) they have stereo-irregularity in the polymer
chain, (c) at least 60 mol percent, preferably at least 75 mol
percent and more preferably at least 85 mol percent of the
polymer has a terminal divalent wmethylene group (=CH,)}, and (d)
they contain up to 25 mol percent of a C, to C,, monoolefin, and
preferably a C, to Cy, monocolefin, polymerized into the polymexr
chains.

Pursuant to preferred embodiments, the above special
propylene " copolymer used in forming the dispersants has a
viscosity ratio (VR) value of less than 4.0, and preferably
less than 3.7. As used herein, the term "VR value" means the

st

h
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The 600 ml autoclave was charged with 0.78 g of 1% Zi rconocene in toluene
2.0 (10 mole) MAO and 35 nlL toluene in a dry box. The reactor was
renoved fromthe dry box, cooled to [err] and charged

nol e) 1-decene, and 25 then 220 g (5024 nvol e) propyl end
warnmed to 40 C and stirring was continued_for 3 hours.

described in Exanple 1 gave 12.0g (5.2% f propyl ene/ | } yu(e
Exanpl e 3 30 The autocl ave was charged with 0. 78g E)f 1A)
dichloride in toluene, 3.0g of MAO 14. 8g (0.11 nole 1}
t ol uene. The reactor was cool ed and charged wth 75g (1
The reaction mstientréetémi@dhburthatems% t hen

Zlr COI’]OCG e

8 nDIe) proovle
wor ked- up as
descri-bed in Exanple 1 to give 35 43. 3g ofvxzmgl yner (48% conversion).

Exanmpl e 4 The autocl ave was charged wRrh= -6—7-8%—0f 1% Zi r conocene
P J Vis(a

§ wherein Vis (nj is the kinematic viscosity (KV) of the propylene

copolymer at 100°C in units of centistokes (as determined by
ASTM Method No. D 445) and Vis(b) is the cold cranking
simulator (cCS) viscosity of the propylene copolymer at -20°C
in units of poise (as determined by ASTM Me;hod No. D 2602),
wherein the measurements are made upon a 2 wt $ solution of the
propylene copolymer in an oil (herein termed the “reference
0il") comprising S150N (solvent 150 neutral) minezral
lubricating oil (Exxon Company U.S.A.), wherein the such
reference oil is characterized by an ASTM D 445 kinewatic
viscosity of 5.2 ¢St (100°C) and an ASTM D 2602 CCS viscosity
-of 19.2 poise (i 0.4 poise) (at -20°C). The WYRY value of the
reference oil is thus about 3.7%0.1.

As to type, the ashless dispersants of this invention can
be succinic ester-amide dispersants, succinimide dispersants,
20 succinic triazole dispersants, succinic amide-triazole

dispersants, or Mannich base dispersants. Process technology
that can be adapted for producing these various types of
dispersants can be found in the literature. For example, an
ene reaction (sometimes referred to as a thermal reaction)
between the special capolymer of propylene and maleic anhydride
yields an alkenyl-substituted succinic anhydride. This then
can be converted into an alkenyl succinic ester-amide using
conditions such as are described in U.S. Pat. Nos. 3,219,666;
3,282,959; 3,640,904; 4,426,305 or 4,873,009: or into an
alkenyl succinimide using conditions such as are described in
U.S. Pat. Nos. 3,172,892; 3,219,666; 3,272,746; or 4,234,435;
or inte an alkenyl succinic triazole or alkenyl succinic amide-
triazole dispersant (depending upon reaction proportions
" employed) using conditions such as are described in U.sS. Pat.
35 Nos. 4,908,145 or 5,080,815. By alkylating a phenolic campound
with a special propylene copolymer as described above using a
lewis acid catalyst such as BF; or AlCl,, and using reaction
conditions such as are described in U.s. Pat. No. 3,736,353,

10

15

25

30



15 dichloride, 3g of MAQO and 50 nL of toluene. After coollng in an ice

bath, 13.3g (0.095 nole) 1-decene and 225g for 3 howigr Ahrmie z
in Exanpl e 1, but wi thout nethanol quenching, gave] ~Z2gg1gY wﬁﬁﬂﬁﬁn
(10.9@6conversion). 5 Exanpl e 5 The autocl ave was f

zi rconocene dichloride, 3.0g of MAO and 35 nL of
cool ed and charged with .20g (0.357 nole) 14butene,
propyl ene, and stirred for 2 hours at [err] 10

| gave 112¢g
charged with
and then 23g
char.ged with
one hour at
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copolymer (65% conversion). Exanpl
1. 143 of 1% zirconocene dichloride, 3.0g MAO, 50 uene,
(%0 a1kybreybstitutedphancl nforpeds or'm\ﬁ&sbl! mledénem
XS tiions coNatEiehe Py Cas dife t desdridvid dh VIS .StPdt.cNd.0r

[$£936,38%, " thid9aiR51 e PHendiCds TREEEIPRICAULS YBSenyde
such as acetaldehyde, propionaldehyde, butyraldehyde,
valeraldehyde, furfuryl aldehyde, etc., but preferably
formaldehyde or a formaldehyde~-producing reagent such as
paraformaldehyde, <formalin, etc., and a polyamine or a
polyhydroxy-substituted amine, a Mannich base dispersant of
this'iqvéntion is formed. .

Polyamines (including polyether polyamipes) and
polyhydroxy amines that can be used in forming the dispersants
of this invention have at least one primary or secondary amino
group in the molecule. 2Amines of this type and also polyols
that can be used in forming ester-amide dispersants of this
irivention are extensively described in the patent literature,
such as, for example U.S. Pat. Nos. 4,234,435, 4,873,009 and
5,137, 980.

The ashless dispersants of this invention can be post-
treated (i.e., reacted) with various post-treating agents such
as are referred to in U.S. Pat. Nos. 4,234,435 or 5,137,980.
Preferred post-treated ashless dispersants of this invention
are those which have been borated by reaction with a suitable
boron-containing material, such as boric acid or other boron
acids, boron oxide, boron trihalides, ammonium borate, super-
borated ashless dispersants, etc. Generally speaking, the
borated ashless dispersants will contain from about 0.01 to
about lt'by weight of boron and prefexably. from about 0.05 to
about 0.5 weight % of boron based on the veight of the active
dispersant (i.e., omitting from consideration the weight of any
diluent or unreacted components that may be present in the
dispersant).

Another embodiment of this invention is a succinic acid
or anhydride having in its chemical structure a hydrocarbyl
substituent derived from a special propylene copolymer as
described above. These succinic derivative compositions can
be depicted by the general formulas:



mai ntained at [err] for an additional 2 hours, and the reaction was

wor ked-up as in Exanple 1 to give 61.8 g of copolyner 20 (20.5%
conversion). U S. Patent Nos. 5,225,091, 5,225,092 and 5; 229, 022 descri be
et hyl ene copol yners that have good | ow tenperature properties. The data in
t hese patents that illustrate this point was devel oped by dissol ving 2% by
wei ght of polyner in 25 Exxon 150K base & |, and neasuring the [err] and
[err] viscosities. The ratio of the [err] viscosity in poise, divided by
the [err] viscosity in centistokes (cSt) is VR VR for Exxon 150N is 3.7,

and when VR is less than 3.7, the |ow tenperature properties of the polyner
are inproved. 30 The VR valu in the

tents range el
1100 nunber average nol ecul ar wei F ) pollymer, to 3. BV oSHEEIb
and 1750 Mh pol ymer, and |nclug§d f 139 Igh M
commerci al ly avail abl e pol ybut 5

a .

dl p pyl e Anpcp
Cor poration gave VR val ues that Egep F,ron%!i .4 to 4.0 ﬂgzﬁéﬁé |
same Exxon 150N base oil. '

&
- 1 -
il
AC z_f'—c), (re)
R*—C—C
1

where AG is an aliphatic group derived from the special
propylene copolymer described above; R', R2 and R are,
independently, hydrogen atoms or hydrocarbyl groups containing

up to 7 carbon atoms each; and n represents the average number

5 of the depicted succinic moieties that are bonded by a carbon-
to—carbon bond to the aliphatic group derived from the special
propylene copolymer; and R!, R® and R® are hydrogen atoms or
hydrocarbyl groups. When one or more of R', R? and R® is/are
hydrocarbyl, each' such hydrocarbyl group is preferably and

10 independently, a C,, alkyl group. Most preferably R', R* and
"R are all hydroqen atoms. In most cases n is in the range of

1 to 2, typically from 1 to 1.6, and preferably from 1 to 1.3.
These dicarboxylic acid or anhydride substituted propylene
copolymers of this invention are useful per se as additives to

15 fuels and lubricants, and in addition are useful as
intermediates in the synthesis of the dispersants of this
invention. In this latter utility, a composition of formula
(i) or (ii) (or a mixture thereof) is reacted with a
nucleophilic reactant, such as one or more amines, alcohols,
aminoalcohols or other compound - containing at least one (and
preferably more than one) acylatable amino group and/or at

least one (and preferably more than one) acylatable hydroxyl
group.

20



In contrast, the 1-butene/propylene and 1- hexane/proovlene 16 copol yners

of this i nvent I on gave VR values ranging from2.5
1- decene/ propyl ene copol yner gave a VR val ue of

show

t hat propyl ene copol yners can be made 't hat have cjo -m abI e or betltdr Iow

tenperature properties than 5 the ethyene copol yn

Oek MARDBE7 i 1} tfhe

f oregoi ng patents. Results of these experin®ents are_summarized i Table 1.
Tabl e 1 Description % Vi scosity off 2% Pol ymer in Conversion
Exxon 150N [err] [err] VR Anpbco, pol ybut-ehe 5.72
2226 3.89 10 -Anobco pol ybut ene 5.61 2144

3.82 Anpbco
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The special propytshe copoly&d usuallg widllpbhyernombene
average molecular wejghts in the range of about 300 to about
5000, typically in the range of about 500 to about 3000, and
preferably in the range of about 600 to about 2100, all as
determined, for example, by gel permeation chromatography using
poly(propylene glycol) standards. The copolymers contain in
the range of about 1 to about 25 mol percent, preferably about
3 to about 25 mol percent, and more preferably about 5 to about
25 mol percent of one or more monoolefin comononers which
preferably have the formula H,C=CHR where R is an ‘alkyl group
of 2 to 16 carbon atoms, and preferably having 2 to 8 carbon
atoms. The propyléne copolymers are l.iquid, i.e., they are in
the ligquid or at least gel-like state of aggregation at 25°C.

Typically the copolymers of this invention contain an
average in the range of about 15 to about 25C propylene
moieties in the polymer chains.

Methods for producing the special propylene copolymers
i_nvolve polymerization of a suitably-proportioned mixture of
propylene .and at least one C,, @-olefin . comonomer in the
presence of a catalyst system comprising at least one
mnetallocene (e.g., a cyclopentadienyl <tramsition metal
compound) and an aluminoxane compound. The metallocene
cataiyst component is one or more organometallic coordination
compounds such as the cyclopentadienyl derivatives of a Group
4b metal of the Periodic Table of -the Elements (S6th Edition
of Handbook of Chemistry and Physics, CRC Press, 1975) and
include mono, di and tricyclopentadienyls and their derivatives
of the transition metals. ©Particularly desirable are the
metallocenes of a Group 4b metal such as titanium, zirconium,
and hafnium. The alumoxanes employed in forming the reaction
product with the metallocenes are themselves the reaction
products o©f an aluminum ¢trialkyl with water. Details
concerning such catalyst systems and their use can be found in
the literature, e.g., in U.S. Pat. No. 5,229,022.

In general, the ashless dispersants praddcible pursuant
to this invention are characterized by having enhanced thermal
stability, by having relatively high useful viscosities when



AnDCO 6.43 2589

e 15
Anoco 5.78 2043 2 e
Propyl ene/ decene 5.2 7/ 04 1907 E/ ecene
48. 2 7.22 2665 - 3.69 20
Propyl ene/ decene 10.9: 8.21 606
_ Propyl ene/ hexane 65.0 6. 02 2073
propyl ene/ butene 20.5 5.00 1294 Exxon
150N Base 5.45 1920

: 3.70 Exarrpies'7-11 illustrate
invention of alkenyl succinic anhydrides
eyt ?%e%%mﬂxdxmx\d 89E; Jmhglfxfe Ii%s&élpﬁliﬁg‘ﬁjdo@ﬁdsbh&ancy
ration pursua 0 is ijqwe 0 S LOi g
reaction of tf_?g%P‘é‘g%Y?’é?ﬁs‘al kefn]‘yl Qé{lfc%'jfo%lr'c %%ﬁ)f/%%gdérsﬁ &ne?ﬁggtgclor&d‘ra?l‘a ly
avai | abl e t ecAnvenFiem aRaTof bect PERAWSAEnAaViIng good shear stabllity

Moreover, it is possible to produce ashless dispersants of this
invention having better handleability (e.g., lower viscosities
at low temperatures) than cowparable dispersants made from
polyisocbutylene.

preparation pursuant to this 30
from propyl engmdi opeld

5

Accordingly, as compared to the same ashless dispersant
made with a polypropylene homapolymer of the same number
10 average molecular weight but mnot meeting the combined
requirements of (a) ,' o), and (c) above, the dispersants of
this invention tend to have higher thermal stabilities, higher
useful viscosities, at least equivalent dispersancy, and equal
or better shear stability. And as compared to the same ashless
dispersant but made with a polyiscbutene of the same number
average molecular weight, the dispersants of this invention
tend to have lower viscosities at low temperatures, and thus
better handleability at low temperatures.

15

In contrast to stereo-regular polypropylene such as
20 obtained with Ziegler-Natta catalysts, the copolymers of

propylene used pursuant to this invention are formed by & route

that gives a substantially linear product having a controlled

amount of branching. While useful in forming disperéants, the
homopolymers of this type do not possess or contribute to the
dispersant the superior low temperature properties of the
propylene copolymers of this invention.

Accordingly, among the embodiments of this invention is
an ashless dispersant having in its chemical structure at least
one aliphatic hydrocarbyl substituent derived from a liquid,
substantially linear copolymer of propylene, said copolymer
having sterec-irreqularity and containing up to 25 mol percent
of C, to Cj, and more prefexably C, to Cy, monoolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer
having a terminal vinylidene group,

25

30

said dispersant being a
Mannich base formed from (i) a phenol having said aliphatic
substituent thereon, (ii) an aldehyde,

35

and (iii) an amine
selected from polyamines and polyhydroxy amines. In these



17 pentam ne (Dow S-1107 polyamne). To a m xture EEP
copol yner from Exarrpl e 5 and 0.028g of . di net hyl dijr

anhydride over a two hour period. After four houfs 4 MAR §. 028¢g
of DBH and 6.2g of nml eic anhydride were added, pB LI was] cpbnti nued
for 14 hours. The tenperature was then rai $ed to xdess

mal ei ¢ anhydri de was renoved under 10 vacuum The P
as determ ned by col um chromatography on silica gel and had an acid

Anhydr i de (CONMSPRaIINE) tIE CPIREPECR \atealiad e BomRebidRy S o 1
s-1107 pol yani fiernakdehyide -ﬁpmimemasest mﬁet-:mamrenred ogvenefts agpyrour
at [err] and Oﬂﬂiﬂﬂ}lhoai: piRifierably an ethylene polyamine such as diethylene
trianine, triethylene tetramine, tetraethylene pentamine, or
S pentaethylene hexamine. As is well known in the art,
commercially available mixtures of polyethylene polyamines are
often composed of mixtures of linear, branched and cyclic
species. Thus commercially avajlable mixtures of this type
having an average in the range of about 2 to about 8 nitrogen
10 atows per molecule can be used.

Another embodiment is an ashless dispersant hav:mg in its
chemical structure at least one aliphatic hydrocarbyl
substituent derived from a liquid, substantially linear
copalymer of propylene, said copolymer having stereo-

15 irregularity and containing up to 25 mol percent of C, to Cg,
and wmore preferably C, to C,, monoolefin polymerized into the
polymer chain, at least 60 mol percent of said polymer having
a terminal vinylidene group, said dispersant being a succinic
ester-amide formed from (i) an alkenyl succinic acylating agent

20 having said substituent thereon and {(ii) an N-substituted
poly (hydroxyalkyl} amine or a combination of a polyamine and
a polyel, which polyamine and polyol are reacted with said
acylating agent concurrently or sequentially in any order. Of
these dispersants, it is preferable to react the acylating

25 agent with an alkylene diamine having 4 to 12 carbon atoms in
the molecule and at least about 2.5 hydroxyalkyl groups per
molecule -in accordance with the teachings of U.S. Pat. No.
4,873,009. Most preferred dispersants of this type are formed
by reacting the acylating agent with hexamethylene diamine

30 having about 3 hydroxyalkyl groups per molecule.

still another embodiment of this invention is an ashless
dispersant having in its chemical structure at least onhe
aliphat.i:: hydrocarbyl substituent derived from a 1ligquiad,
substantiaily linear copolymer of propylene, said copolymer

35 having stereo-irregularity and containing up to 25 mol percent
of C, to C,, and more preferably C, to C,, monoolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer



C3/ C6 copol yner was prepared as described in p-e—3 s THrla Al to zZr
ratio of 1000 to 1, and reaction carried 20 out PUPQEM@%S hours, and
a C3to c6 ratio of I0. The copol yner was reactgd Th nal ei c aniydride by
t he general procedure of Exanple 7 to give 76% hc I\(f aw ngl an acid
nunber of 1.26. The COSA 41.1g (0.0518 nol es) %act ed w 1. 899
(0.0259 nol) of S-1107 by the general pracedur

b 2E~Fxampt e

43. 5g of bis-succinimde. Exanple 10 C3/C4 copoljynmer was prepared}as

0 give

described in Exanple 9, with a 10 to 1 C3 to AoteTatio, at [err] for
3.0 hours- COSA was prepared by reaction with mal eic anhydride as 30

S@ﬁr{qﬁi

Bcampi e 11 Caf ok copof?*-l Sl i LR alndiV] %if‘%‘%@%%ng e 1

described in héTRYC a7 te@mhiE Wmten\ee gQQﬁﬁ,h§¥i&9d§Qpé£§£'n@

a5 to 1 noleba¥ing s “lb&t?c H%&%ﬁé*&m[%v#](#idra@@lm#?

prepared by rdzastooneipriinmxiycaning gydiapdin dcshe molecule. Preferably ‘l:he
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polyamine used is at least one cyclic or acyclic ethylene
polyamine having an average of from 2 to 8 and preferably from
3 to 6 nitrogen atoms per molecule. It is even more preferably
to employ pure or technical grade ethylene polyamines selected
from diethylene triarine, triethylene tetramine, tetraethylene
Pentamine, and pentaethylene hexamine.

A further embodiment of this invention is an ashless
dispersant having in its chemical structure at least one
aliphatic hydrocarbyl substituent derived from a 1liquid,
substantially linear copolymer of propylene, said copolymer
having stereo-irregularity and containing up to 25 mol percent
of C, to C,;; and more preferably C; to C,, monoolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer
having a terminal vinylidene group, said dispersant being a
product formed by reacting (i) an alkenyl sueccinic acylating
agent having said substituent thereon and (ii) a basic salt of
aminoguanidine wherein the molar ratioc of sajid aminoguanidine
to said acylating agent is in the range of about 1.4:1 to about
2.2:1 such that the product obtained upon reaction thereof
exhibits a dominant infrared peak at 1640 ocm™'. Preferably,
the basic salt of aminoguanidine used is aminoguanidine
bicarbonate.

A still further embodiment of this invention is an ashless
dispersant having in its chemical structure at least one
aliphatic hydrocarbyl substituent derived from a liquid,
substantially linear copolymer of propylene, said copolymer
having stereo-irregularity and containing up to 25 mol percent.
of C, to C,; and more preferably C, to C,, monoolefin polymerized
into the polymer chain, at leéast 60 mol percent of said polymer
having a terminal vinylidene group, said dispersant being a

product formed by reacting (i) an alkenyl succinic acylating
agent having said substituent thereon and (ii) a basic salt of

aminoguanidine wherein the molar ratio of said aminoguanidine



described in Exanple 7 to give 79% active COSA {In3H] AT MG -~ 18 nunber

of 1.475. A solution of Il.8g of 100 neutral anez®ifg (0. 0586
nol) of COSA was reacted with 6. 15g of S-1107 ¢ Exanple 7o gi ve 55.4g
of 65% active bis- succininmide. 5 Exanpl ef AMAR 997 uptfate the
formati on of propyl ene copol yuer-substi tut _and the pfr gqducti on of
Manni ch base di spersants from such substitufed ptir Juant to
this invention. 10 A sol ution of 30g (0. mer (10 to

1 propylene to l-butene, as in Exanple 9), and 9. 7g (0 10 m o of phenol
conpl exed with 5 wei ght percent boron trifluoride, in 30 nL of heptane,
was stirred forte®saificagylatiingeagént Tisein dihet rengecst abentneut 1ialktbzabut t h

armoni a gas andy f3di.ermebeetanls widsd! hroburs bREMLSE nPPRErded &{»é&cﬂm‘er
Vacuum t0 gi Ve paying peaks in the region of about 1560 and about 1690 cu!
Another preferred product of this type yields an infrared
§ spectrum having a peak in the region of about 1720 cm-!.

Yet another embodiment of this invention is an ashless
dispersant having in its chemical structure at least one
aliphatic hydrocarbyl substituent derived from a 1liquid,
substantially linear copolymer of propylene, sa@d copolymer

10 having stereo-irregqularity and containing up to 25 mol percent
of ¢, to Cyg and more preferably C, to C,, monoolefin polymerized
into the polymer chain, at least 60 mol percent of said polymer
having a terminal vinylidene group.

Another emwbodiment of this invention comprises the use of

15 from 0.5 to 20% by weight, and preferably from 3 to 15% by
weight, of an ashless dispersant of this invention in an oil
of lubricating viscosity in order to provide a viscosity
increase to said oil, and thereby to enable a reduction in the
‘amount of viscosity index improver required to achieve a target

20 viscosity.

The use of from 0.5 to 20% by weight, and preferably fraow
3 to 15% by weight, of an ashless dispersant of this invention
in an oil of lubricating viscosity subjected to an elevated
temperature (e.g., at least 200°C and preferably at least

25 250°C) during use to provide dispersancy without substantial

‘ thernmal degradation of the dispersant, is another embodiment
of this invention. .

A still further embodiment of this invention is the use
in forming an ashless dispersant of a liquid, substantially

30 linear copolymer of propylene to create a substituent of said
ashless dispersant that renders the dispersant capable of
providing a beneficial viscosity increase in an oil of
lubricating viscosity when the dispersant is dissolved therein
at a concentration within the range of 0.5 to 20% by weight,

35 said copolymer having stereo-irregularity and containing up to
25 mol percent of C, to C,; and more preferably C, to C,
monoolefin polymerized into the polymer chain, at least 60 mol



18.4g of the al kylphenol, 3.4g of tetraethyl enepge
acid, and 3g of 100 neutral process oil. After
tenperature was raised to [err] and an additi orfa
formalin was added. The reaction was stirred for
filtered. Exanple 13 A 10 to one nole ratio of propylene to
used to prepare copolymer at [err] for 1.5 hours as in Exanple 9 Al kyl ation

of phenol WaSpsﬁém%:ouhmsmmﬂsamaben 2a t Ce M1 ¢iAPYE ashé \b

froup.
| kyl ph | . 4 f . 307
?mlgl 'FI)'EERO 5. 65 g o el C aC| gi\/\gs reﬁ? dfmh%jhé) WO ‘!m)ﬁ?f’%gg E?“%rral in
at [err] and RS thesabilityose %’Hﬂ‘)“&F FRe 99 f A‘R"FBFcha%‘-if'e%%‘rﬁl’bé’& in
_ Exanpl e 12, fahl additive~free base wmineral oil that has a 100°C kinematic

5 viscosity in the range of 5.0 to 5.5 cSt by at least 50%, more
preferably by at least 60%, and most preferably by at least
70%, when dissolved therein at a concentration of 3.5 wt% based
on the total weight of the resulting solution.

This invention in another of its embodiments provides a
functionalized ¥Yene" reacted propylene copolymer substituted
with at least one ¢, to C;, monounsaturated dicarboxylic moiety,
the starting polymer from which the functionalized copolymer
is derived comprising an unsubstituted copolymer with monomer
units derived from propylene and from at least one alpha-olefin
15 of the formula H,C~CHR where R is an alkyl group of from 2 to
about 18 and preferably 2 to about 10 carbon atoms, wherein the
molar content of propylene in said starting polymer is about
75 to about 95 percent, wherein at least 60 mol percent of said
starting polymer has a terminal =CH, group, and wherein said
starting copolymer has a viscosity ratio (VR) value of less
than 4.0 (preferably less than 3.,7); said functionalized
polymer having a functionality in the range of from 0.5 to 2.

The ene reaction product mixture ‘cowprising the desired
propylene-alpha-olefin-substituted dicarboxylic acid material
25 (e.g., propylene-l-butene copolymer-substituted succinic

anhydride) formed by the process of this invention will
genexally  contain unreacted copolymer, (that is, copolymer
which is unsubhstituted by the mono- or dicarboxylic acid
moiety), in a concentration of less than about 40 wt. % (e.g.,

less than 35 wt. %), more preferably less than about 30 wt.
% (e.g. from zZero to 25 wt. %).

The ene reaction product mixture composed of (i) a
propylene-a=-olefin copolymer-substituted diecarboxylic
derivative (e.g., a propylene-l-hexene copolymer-substituted
succinic acid or anhydride) and (ii) unreacted copolymer can
be used as an additive in the same manner as the substituted
succinic acids or anhydrides described in U.S. Pat. No.

10
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35 the addition of 7.3g of 100 neutral process oil. Vi
possi bl e by use of succinimde and Manni ch base di sper,
invention are illustrated in 19 Table 2. In thes
were bl ended at a concentration of 6.5 W %into a
| ubricating oil fornulated wwth a commercially-avail ab
i nprover (Shellvis 90 VI1) . The viscositi¥s of the oil
in cSt and at [err] in poise were neasured, and the VR val ues
calculated in accordance with the expression: ViS(B) VR = Vis (
wherein vis(A) is the kinematic viscosity (Kv) of the dj spersant product

at [err] in unfi2346f438ant | Bevgyar . Jhege S04 K1 ORS T d RS )
and vis(B) is abstnmitd advantage of being substantially halogen-free while
at the same time possessing highly advantageous viscometric
properties. Thus, an oil of lubricating viscosity containing
5 a minor amount of an acid or anhydride ene reaction product of
this idinvention constitutes another embodiment of this

invention.

Another highly important and advantageous utility for the
foregoing ene reaction product mixtures of compon?nts (1) and

10 (ii) is their use in forming succinic derivative dispersants
such as succininide, succinic ester, succinic ester-amide,
succinic amide-triazole, and succinic triazole dispersants.
such dispersants are characterized by =a combination of
beneficial properties including lack of halogen content,

15 desirable wviscometric properties, good thermal stability,
desirable dispersancy properties, and good shear stabilities.
Suitable react.on conditions and reactants for converting the
foregoing ene reaction product mixtures of (i) and (ii) into
these succinic derivative dispersants appear in the patent

20 literature cited above, and in U.S. Pat. No. 5,229,022.

This invention in another of its embodiments provides a
functionalized Mannich base reacted propylene copolymer .
directly substituted via a carbon-to-carbon bond onto a
hydroxybenzylimino moiety, preferably a hydroxybenzylpquamine

25 moiety, the starting copolymer from which the functionalized
copolymer is derived comprising an unsubstituted copolymer with
monomer units' derived from propylene and from at least one
alpha-olefin of the formula H,C=CHR where R is an alkyl group
of from 2 to about '18 and preferably 2 to about 10 carbon

30 atoms, wherein the molar content of propylene in said starting
polymer is about 75 to about 95 percent, wherein at least 60
mol percent of said starting polymer has a terminal =CH, group,
and wherein said starting copolymer has a viscosity ratio (VR)
value of less than 4.0 (preferably 1less than 3.7); said

35 functionalized polymer having a functionality in the range of
from 0.5 to 2, '

As used herein the term "functionality" refers to the



;,  a B BT

units of poise (as determ ned by ASTM Met hod No.

Copol yrer Vi scosities of Dispersants in

5W 30 lubricating oil Val ue [err]

Exampl e 7 12.6 4664

10. 1 13501 3.48 Examdle 9

3359 3.46 Exanple 10 9. 67 _ 3619

3.74 2955 9.59 2955 3.08 25 Exarrpl e 12
9.95 3344

I'n addition t@%g%?%ﬁﬁ’faﬁ‘&%‘f’a@@& gEHPB%a‘BPé" B e ﬁ’ée’b?%&]tliycé"ﬂﬁe?hl s
invention is tdned abe fhactpongllersubistdtoted topolynealnoldceieseipenheve

t _hat ' SOb!Jt yl %&hte\’ﬁikﬁzfé xed ﬁﬁss'[\i:ﬁ?éadﬁedbuééﬁ@ﬁyméﬁh' iof@é&les re
diTferential oo BeheARG LlnkDfeddlith uieh hiEet 281 Slnd LRRUMRIS 208,91 her
' 5 of the functionalized product. Methods for determining
functionality on this basis are known to those skilled in the
art.
These and other embodiments will be apparent from a
consideration of this specification and the appended claims.
10 The following examples jillustrate the practice and
- advantages achievable by the practice of this invention. These
examples are not intended to limit the generic scope of this
invention.
In a first series of experiments various copolymers used
15 in forming the dispersants of this invention were prepared and
their viscometrics at low and high temperatures were compared
to other polyolefin polymers. These experiments serve to
illustrate that the propylene~l-olefin copolymer-based
dispersants of this invention have even better low temperature
properties than dispersants made from a corresponding propylene
homopolymer made under the same general polymerization
conditions. For example, while the propylene homopolymer-based
dispersants can be effectively used in many +types of
lubricating oils, their low temperature performance thus fay
25 has not been sufficient to enable their use in certain oils
such as 5W-30 multi~grade oils, which are Gesigned for use at
low temperatures.  Moreover, it has been found, <that
copolymerizing a mixture of propylene with C,, ¢, or Cyp linear
alpha-olefins gives low temperature properties better than the
base 0il itself, and better than products described in U.S.
Pat. Nos. 5,225,091, 5,225,092, and §,229,022.
Examples 1-6 illustrate the syntheses of copolymers used
in these experiments.
Example 1
A 600 mL autoclave was charged with 0.52g (10smole) of 1%
zirconocene in toluene, 2.0 g (10 mmole) of methylaluminoxane
(MAC, and 35 mL of toluene. The autoclave was removed from the

20
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35



L,

to ﬁake oxygenat ed bl endi ng agents, such as net ™ EErher for use
in gasoline and ot her fuels. 20 In fornul ati BELSCWIVQH “Eht i ng oils
contai ning one or nore of the ashless dispersanysjof this inventipn,

various other additive conponents can be utilized] ThasMaR fozud ow base
and overbased alkali and/or alkaline arth Te-tal 5 deter s, such

as the sulfonates, sulfurized phenates ancﬁsal | ates ofr—trittmu sodi um
pot assi um cal ci um and/ or mag- nesium and the kal | ne _earth netfal
calixerates (note U S. Pat. Nos. 5, 114 601 and 5, 205.,946); antiwear and/or

extrenme pressur ents such_as salts of di hydrocarbyl 1Q_ .
di t hi ophosphorPg ﬁg‘i‘iﬁ atmosph er?nﬁb %Mr bgK. nﬁ?ézg?fgnf(ﬂnyt° 13°¢c, and
di at kyl di t hi ophbepged ssith 368glxf prlymen lgradesprepyilens hi fiereaaqtiommwasc

anti oxi dants, ghPHEd | €lillyedfs @ endaBtirring fulls coatiRLEA NEra Rt heukgdant s,
and COpper’Con{ig{:ﬂ-l-&P ggt hgééxgﬁpetds':below gave 120.7g (65% conversion) of
S polypropylene.
' The infrared spectrur of the product showed it to be
amorphous, and the proton NMR showed the preduct to contain
only ethylidene protons in the 4.6 to 4.8 ppm region of the NMR

spectrun, where protons bonded to carbon-carbon double bonds
10 are known to sbsorb.

General Work-up: The reactor was cooled, and the catalyst
quenched by the addition of 3 g of methanol from a small bomb
that was pressurized to 100 psi with axygen. The reactor was
vented, first at atmospheric pressure, and then under vacuum,

15 while warming at 40°C. The reactor contents were then ailuted
with 10 ml of heptane, and washed with 34g of 6.5% hydrogen
chloride solution. The organic layer was saparated, washed
with 509 of saturated sodium carbonate, and filtered. X The
solvents were stripped by heating to 180°C under vacuum.

20 Exgmple 2

The 600 ml antoclave was charged with 0.78 g of 1%
zirconocene in toluene, 2.0g (10 mmole) MAO, and 35 ml toluene
in a dry box. The reactor was removed from the dry box, cooled
to 10°C, and charged with 11.1g (0.0792 mole) l-decene, and

25 then 220 g (5024 mole) propylene. The reactor was warmed to
) 40°C and stirring was continued for 3 hours. Work-up as
described . in Example 1 gave 12.09 (5.2%) of propylene/l-decene
copolymer.
Example 3

a0 The autoclave was charged with 0.78g of 1% zirconocene
dichloride in toluene, 3.0g of MAO, i4.8g (0.1l mole l-decene},
and S0 mlL toluene. The reactor was cooled and charged with 75g
(1.8 mole) propylene. The reaction was stirred for 3 hours at
40°C, and then worked-up as described in Example 1 to give

35 43.3g of copolymer (48% conversion).

Exaunpile 4

The autoclave was charged with 0.78g of 1% zirconocene



suppl ementary di spersants such as succini m de di sper SaiSurie QRICE]
ester-am de dispersants, and Manni ch base di sper sjivtigtal b g Logiyeduci ng
and/ or. fuel econony inproving additives such as gy '
pent aerythritol nonool eate, |ong chain acid ester

ol efins, sulfurized unsaturated fatty acids and syl furized unsat uy af ed
fatty acid 20 esters; rust and corrosid® inhibitprsS;, Toaminhibitofs;
visco- sity index inprovers; polyneric dispersantfyviscosity index
i mprovers; demul sifying agents: and the |ike. Such additives can be
enpl oyed in the base oil at their customary use concentrations, which are
known to thosdigklbride; 3g b€ MAO, and 80 nl & tbdena. nARtedUsoPRiRy tin

di scl osures. EQr r ' C i s [ .14 er
for exanpl e t(?Q‘u.iIgﬁu. é’%tﬁ.{' %?tﬁbjﬁgegf%gg& g%og‘g%@gd&% ,glgggngqyodg
5,137, 980. Th@HA¥ G | 5 RgZhFuP , 8o | EXRBRAS | iy s PF | THTHQuE  Rethanad ni ng
t he ashl ess disweochbings afve [2i6s gi afcrepakynen (BQ.38 corvenaidnr.om petrol eum

(or tar sanrsls psamphe shale, etc.). Likew se, the base oils can be or
;28' gdﬁt Egt :J‘r:a' O bfieOfutitiARl Gral BhAPELd GFLH N 135 of 32638695 Abbnoddi -
y dichloride, 3.0g of MAO, and 35 nL of toluene. The reactor was
cooled and charged with 20g (0.357 mole) l-butene, 180g (4.28
mole) propylene, and stirred for 2 hours at 47°C.
10 Work-up as in Example 1 gave 1129 copolymer (65%
conversion) .
Example 6

The autoclave was charged with 1l.14g of 1% zirconocene

dichloride, 3.0g MAO, 50 mL toluene, and then 23g (0.27 mole)
15 1~hexene. The reactor was then coocled and charged with 278g

(6.6 mole) propylene, and the reaction was stirred for one hour

at 47°c. Stirring was discontinued, the temperature was

maintained at 47°C for an additional 2 hours, and the reaction

was worked-up as in Example 1 to give 61.8 g of copolymer
20 (20.5% conversion).

U.S. Patent Ros. 5,225,091, 5,225,092 and 5,229,022
describe ethylene copolymers that have good low temperature
properties. The data in these patents that illustrate this
point was developed by dissolving 2% by weight of polymer in

25 Exxon 150N base oil, and measuring the 100°C and =-20°C °
viscosities. . The ratio of the =-20°C viscosity in poise,
divided by the 100°C viscosity in centistokes (cSt) is VR. VR
for Exxon 150N is 3.7, and when VR is less than 3.7, the low
temperature properties of the polymer are improved.

30 The VR values in the patents ranged from 3.3 for an 1100
number average molecular weight (Mn) polymer, to 3.5 and 3.6
for 2710 and 1750 Mn polymer, and included on sample of 1390
Mn with a YR of 3.8.

Commercially available polybutene and polypropylene

35 saumples from Amoco Corporation gave VR values that ranged from
3.4 to 4.0 vhen tested in the same Exxon 150N base oil.

In contrast, the 1-butene/propylene and 1-hexane/propylene




oil's such as hydrogenated polyolefin oils; [err] (e
unhydrogenated [err]. oligonmers such 35 as hydrogen
al kyl esters of dicarboxylic acids: conplex esters

i d,
pol ygl ycol and al cohol : al kyl esters of carbonic or p hori c aci ds;}| pol y-
21 silicones; fluorohydrocarbon oils; and the Iike. ﬁ&ﬁ§35ﬂ mi|ner al
natural and/or synthetic oils in any suit&le propof ons are al so Jusieabl e.
The term "base oil"

for this disclosure includes al
cases the base 5 oil is preferably a petrol eum der|

types conventiopg &Xgi? é’:; '%20%&&18?\5334}‘9% %iu&é Pﬁﬁjﬁ)ﬁgd%
engi ne oils. h ase ol l s use e Co 03| I ons of thIS
i nvention may %%dﬁpos@éﬁ drdepenefprupyl FrB?ec‘?ﬁ“H‘é'F'ﬁF Y% 2 'R Yabee oF

nor e
synthetic oil s3.€g.i i Fhexwe vhluesrshoyr thatapropylene $°PG|1Y¥1¢79§ canpbermhads (i)

and (ii), or ({nat have comparable or better low temperature properties than
§ the ethy”ne copolymers described in the foregoing patents.
Results of these experiments are summarized in Table 1.

t he foregoing.

Table 1

Viscosity of 2% quymer in
Conversion | Exxon 150N

Amoco polybutene | -- 5.72 2226 3.89
10 iamoco polx?utene — 5.61 2144 3.82

- 5.56 lg8s8 3.40

- 6.43 2589 4.03

15 - 5.78 2043 "] 3.53

i Propylene/decene | 5.2 7/04 1907 2.71
| copolywer
Propylene/decene | 48.2 7.22 2665 3.69

20

| Propylene/decene | 10.9- 8.21 2606 3.17
i copolymer

| propylene/hedine | 65.0 6.02 2073 3.44
i copolymer

25 | propylenes/butene | Zo.s 5.00 1294 2.59

| Exxon 1SONX Base | =-- 5.45 1920 3.70

I
L_=,=_=...-__=_.L—-.=-==_=

Examples 7-11 illustrate preparation pursuant to this

30 invention of alkenyl succinic anhydrides from propylene-l-
butene and propylene-l-hexene copolymers and the preparation
pursuant to this invention of bis-copolymer succinimides by
reaction of the resultant alkenyl sucoinic anhydrides with a
commercially available technical grade of tetraethylene



and.(iii) or (ii) and (iii), or (i), (ii) and (iii) does not nean that
these various types of oils are necessarily equival enfs of each ot her
Certain types of base oils nay be used for the specif

possess such as biode- 15 gradability, high tenperat W . ySHEmY
non-flammability. In other conpositions, her types pf} base oils may] Qe

t

prefer- red for reasons of availability c}rc} | ow cost. [ThusQ 4 Marspy! qd
artisan will recognize that while the various types base oils dis
above may be used in the conpositions of this 20 inyention, TUHey-=a ot

necessarily equj t | ery insta Ihe_ashl ess
di spersants og’%ﬁiﬁ Q{I %ﬁ‘iggﬂ %‘g{ﬁt@'ﬁ%d into oils of lubricating
Vi scosity sepML?—'énd apart from other additive conponents. Preferably

however, the di sperecntmixtirarct 1o2 nug aifethe tyycancepolymer f&GﬁCE:EEﬂp’iIdE‘ o]
'(':gacléglgﬁ' o\r,:As1I G (l'a‘a ggeﬂaesﬁddme ajI:&! onSl khﬁt&iﬂl lf‘}/EbEf di I%er
Che el ances bathiFoRRn ik poRed 128 (0700 BoReh A mRERET PALAIY paky R
di spersant of qwgrsmmhpngrperiod. After four hours, an additional 0.028g
of DBH and €.2g9 of maleic anhydride were added, and stirring

was continued for 14 hours. The temperature was then rvraised

€0 241°C and the excess maleic anhydride was removed under

10 vacuum. The product was 71% active as determined by column

chromatography on silica gel, and had an acid number of 0.378.
xample

3
—+

To 33.6g (0.0127 mwol) of the copolymer succinic anhydride
(COSA) prepared in Example 7 was added 1.2g (0.00635 mol) of
15 §-1107 polyamine, and the mixture was stirred under nitrogen
for one hour at 175°C and one hour at 185°C,
Example 9 .
C3/C6 copolymer was pfepared as described in Example 3,
but with a Al to Zr ratié of 1000 to 1, and reaction carried
20 out at 60°C for 1.3 hours, and ‘a C3 to C6 ratioc of 10. The
copolymer was reacted with maleic anhydride by the general
procedure of Example 7 to give 76% active COSA having an acid
mmber of 1.26.  The COSA 4l1l.lg (0.0518 moles) was reacted
with 4.89g (0.0259 mol)} of S$-1107 by the .general procedure of
25 Example 7 to give 43.5g of bis-succinimide.
Example 10
_ €3/C4 copolymer was prepared as described in Example 9,
with 2 10 to 1 €3 to C4 mole ratio, at 45°C, for 3.0 hours.
COSA was prepared by reaction with maleic anhydride as
30 described in Example 7 to give 34% active COSA having an acid

number of 0.647. Reaction with $-1107 as in Example 7 gave the
bis-succininide.

Exampje 13
C3/C6 copolymer was prepared as described in Example 9,
35 with a2 § to 1 mole ratio of €3 to l-hexene, at 45°C for 3.0
hours. COSA was prepared by reaction with maleic anhydride as
described in Example 7 to give 79% active COSA having an acida

udsed

r

W th



such s {hose referred Lo above andior in various DAEDMACHMENGNERE n.

From5 to 60 wt % of the concentrate can be one orejnpre dispersantk -pf this

i nvention. This invention also provides a conpositjop %g}i}\g i sgsfof 1

to 99 wt % of 35 an active dispersant of this inveptfon to 1

wt % of diluent oil. OQther additives, includ ng dil pet

associ ated therewith, can be bl ended into such conmpositions to 22y form

addi tive packages of this invention. The dispersants of this Invention can

also be used asngiitl! b¥e. kfs YN UALRLBACHP UP [diflor SideNn eéﬁoéfdseaf

di esel fuel, gas 0| ée k urner fu n uels

and the |ike. t'ﬂgn(?h@arsaﬁ‘@ ) %053" t%ﬁﬁ?’ﬁ%%?’bﬁ

usual 'y be errpISr;llédﬂ he hDI!gﬁxaepla&tEréts fgiore t 9 <49 an§e 65%n dyé‘—lmdé:is-
succinimide.

5 Examples 12 and 13 illustrate the formation of propylene
copolymer-~substituted phenols and the production of Mannich
base dispersants from such substituted phenols, all pursuant
to this invention. o
Example 12

10 A solution of 309 (0.03 mole) of copolyzi“e;: (10 to 1
propylene to l-butene, as in Example 9), and 9.7g (0.10 mol)
of phenol complexed with 5 weight percent boron trifluoride,
in 30 nlL of heptane, was stirred for 2.5 hours at 50°C. The
solution was then neutralized with ammonia gas and filtered.

15 the solution was then stripped to 180°C under vacuum to give
27.8g of 86% active (as determined by column chromatography on
silica gel) para alkylated phenol, as determined by infrared
spectroscopy.

At 88°C, 3.0g (0.037 mol) of 37% aqueous formaldehyde was

20 added to a mixture of 18.4g of the alkylphenol, 3.4g9 of
tetraethylenepentamine, 3.4g of oleic acid, and 3g of 100
neutral process oil. After one hour at 116°C, the temperature
was raised to 155°C and an additional 4'.549 (0.056 mol) of
forpalin was added. The reaction was stirred for 3 hours and

25 then filtered.

Example 313

A 10 to one mole ratio of propylene to l-hexene was used
to preparé copolymer at 60°C for 1.5 hours as in Example 9.
Alkylation of phenol was carried out as in Example 12 to give

30 90% active alkylphenol.

A mixture of 28.4g (0.0334 mol) of alkylphenol, S5.8g
(0.0307 mol) TEPA, 5.65.g oleic acid was reacted with 4.87g
(0.060 mol) of formalin at 116°C, and then 7.58g (0.0935 mol)
of formalin at 155°C, as described in Example 12, followed by

35 the addition of 7.3g of 100 neutral process oil.

Viscometrics made possible by use of succininide and
Mannich bage dispersants of this invention are illustrated in



Lower

nmol ecul ar wei ght versions of the polyners of pr

TSNERT
her ei nabove can be used in al kylation of 10 aromatic facttariis Y ehese
al kylated materials (e.g., alkylated benzene, alkyl atled]tol uene,

al kyl gt ed
xyl enes, etc.) can then be sulfonated and overbased tp foOm MARM997 udefiul

al kali or alkaline earth netal -containing detergents f@nd rust inhi bi tjor]s.

Al ternatively, the polyners of propyl ene ckh be 15 usked To alkylate

hydroxy-substitut ed aromati c hydrocarbons, which can he_sulfurized and
neutralized

neut 1 {Janﬂl {t—.ﬂeéérﬂﬂyet Q:'heclalﬂk@éﬂé&i&sphﬁﬁt p1eR8&d g@@té t
cept as re erre Q. n the Fp* a s san s
of this invefiPP icp ¢ ‘5rf§)< %to Sﬁf‘af o) g%: 1%:%9%%

Ve
rel ati on to fpomalated wWwight df QS’HEeB‘? Yl”i’ﬁ tHRRke | yisgastkyy dﬁﬁéﬁ%m on

The conpl et e 14pB6ves (Shellvin @0 VIE). P&hemxsndsé&iaaywmm Y dleadsve i S
| ncor poratfd Qeégbﬂc% ﬁt &ﬁacﬁtaszé-fc gl b)siéétwé&’ u&asaréé“ %nd the
speci fi cat ven n,i s su |b| consi der abl e

vari ation i n VR'sVBIURSE HeEe ﬁ%ﬁ%‘ﬁcﬂtﬁ& gn T‘fﬁ 8n‘[’f%}1 ‘:Ih§ RRTGS®H SR ed

Vis(B)

Vis(A)

10 wherein Vis(A) is the kinematic viscosity (KV) of the
dispersant product at 100°C in units of centistokes (as
determined by ASTM Method No. D445) and Vis(B) is the cold
cranking simulator (CCS) viscosity of the dispersant product
at -25°C in units of poise (as determined by ASTM Method No.

15 D 2602).
Table 2 )
’ Copolymex Vviscosities of Dispersants in VvR!
Dispersant 5W~-30 lubricating oil Value
Used 100°C
20 le 7 12.6 4664 3.70
J Example 8 10.1 3501 3.48
I Exanmple 9 9.70 3359 3.46
Example 10 - 9.67 3619 3.74
I Example 11 . 9.59 2955 3.08
25 Example 12 9.95 3344 3.36
Example 13 9.0z | 2557 2.83 |

In addition to the foregoing advantages achievable by the
practice of this invention is the fact that propylene has been
historically less expensive that -iscbutylenc ox even a mixed

30 stream of butenes. This cost differential may increase in the
future as the use of isobutylene and other butenes is increased
to make oxygenated blending agents, such as methyl tert-butyl
ether for use in gasoline and other fuels.



to be limted by this specific exenplifications set forth herei nabove.
Rather, this invention is intended to enbrace the subject matter within the
spirit and scope of the appended 30 clains and the perm ssible equival ents
t her eof . 1. A dispersant having-in its chem cal structure at |east one
al i phatic hydrocarbyl substituent derived froma liquid, substantially

| i near copol yner of propylene, said copoly®@® 5 having stereo-irreqgularity
and containing up to 25 nol percent of [err] to [err] nonool efin '

pol ymeri zed into thamofqumrlaﬁiabntiﬂ:ﬂeh&tub&ﬂcmh@eotwtcﬁﬁtﬁ&ixﬂgpahwfer
having a term ”Gi- i(éfw '6?%% d5R¥Ess %ﬁspeésﬂbégeééggﬂ ?f“’m?f?“e'sg"?ﬁ

wherein said co has a VI SC rati
4.0, 3. Adi sB ﬁrﬂ P FREP 80%%?%‘?#* low-

pol ynmeri zed i nt baste Myn@fm i nlmhrrmm/ocf apkabi@s nefirgyer metali s
a [err] to [ & rhetRPgonts) Nsuwdtl ad i eliFonates)| ¥GEfubffed phenates and
salicylates of lithium, sodimi. potassium, calcium and/or mag-
nesium, and the alkaline earth metal calixerates (note U.S.
Pat. Nos. 5,114,601 and 5,205,946); antiwear and/or extreme
pressure agents such as metal salts of dihydrocarbyl
10 dithiophosphoric acids (e.g., =zinc, copper ox wmolybdenum
dialkyldithiophosphates) ; oxidation inhibitors such as hinderea
phenclic antioxidants, aromatic amine antioxidants, sulfur-
containing antioxidants, and copper-containing antioxidants:
supplementary dispersants such as succinimide dispersants,
15 succinic ester-amide dispersants, and Mannich base dispersants;
friction reducing and/or fuel economy improving additives such
as glycerol monaoleate, pentaerythritol monooleate, long chain
acid esters of glycols, sulfurized olefins, sulfurized
unsaturated fatty acids and sulfurized unsaturated fatty acid
20 esters; rust and corrosion inhibitors: foam inhibitors; visco-
sity index improvers:; polymeric dispersant-viscosity index
improvers; demulsifying agents; and the like. Such additives
can be employed in the base o0il at their customary use
concentrations, which are knovm to those skilled in the art and
25 reported in numercous patent disclosures. For further details
concerning such additives, one may refer for example to U.S.
Ppat. Nos. 4,664,8223 4,908,145; 5,080,815 and 5,137,980.
The base oils used in formulating finished lubricants
containing the ashless dispersants of this invention can be
30 derived from petroleum (or tar sands, coal, shale, etec.).
Likewise, the base oils can be or include natural oils of
suitable viscosities such as rapeseed 0il, etc., and synthetic
oils such as hydrogenated polyolefin oils; poly-a-olefins
(e.g., hydrogenated or unhydrogenated a-olefin oligomers such
35 as hydrogénated poly—l—decené) ; alkyl esters of dicarboxylic
acids; complex esters of dicarboxylic acid, polyglycol and
alcohol: alkyl esters of carbonic or phosphoric acids; poly~-
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a viscosity ratio (VR) value of less than 3.7. 15 4. A di sper sant
according to Claiml wherein said dispersant is a Mannich base fornmed from
(i) a phenol having said aliphatic substituent thereon, (ii) an al dehyde,
and (iii) an am ne selected from pol yam nes and pol yhydroxy am nes. 5. A
di spersant according to Caim3 wherein said dispersant 20 is a Mnnich
base formed from (i) a phenol having sai2l aliphatic substituent thereon,
(ii) fornmal dehyde or a fornal dehyde-formng reagent, and (iii) at | east

one pol yani ne.silicéndiss p£lvardhysrocatboy 611G and thehkiledn sﬁ,&dudéspﬁ sant

s sel ected frpReliQ O QWORAANS iubla/B8 ObySURAisRl Modgs25en diaRer 38
succinic ester-am d sant s ccinic triaxo "s) di spe sants an%i
succi ni ¢ ani dequq"ﬂ'S‘Pésd g Pgﬁ?lt%seaib e. a Thes ferd, NP2asec 81L& n§OF othisi m 4

wher ei n sai d dispdcsanre i.scm eldi theSficregaeinge floy modtf cases itheabase
succinic ac Ia&masagﬁaisewﬂ atéoﬁmeweaa Mi%ﬁi“oﬁd?f el
N- substi t ut ed 30 ‘pol%régﬁgxg‘ ﬁyli%)\ g a_conb aggﬂ ne
and a pol yol , o%\rfnﬂ“ B‘Fepﬁﬁ%?%%‘r’ wth 85 Bea@y Fhg
agent concur r ed¢¢selorengingenilas | yThe) fank 6hatr the base oils used in the
compositions of this invention may be composed of (i) one or
more mineral oils, (ii) one or more synthetic oils, (iii) one
10 or wmore natural oils, or (iv) a blend of (i) and (ii), or (i)
and (iii), or (ii) and (iii), or (i), (ii) and (iii) does not
mean that these various types of oils are necessarily
equivalents of each other. Certain types of base o0ils may be
used for the specific properties they possess such as biode-
15 gradability, high temperature stability, or non-flammability.
In other compositions, other types of base oils may bhe prefer-
red for reasons of availability oxr low cost. Thus, the skilled
artisan will recognize that while the various types of base
oiles discussed above may be used in the compositions of this
20 invention, they are not necessarily equivalents of each other
in every instance.

The ashless dispersants of this invention can be blended
into oils of lubricating viscosity separately and apart from
other additive components. Preferably however, the dispersants

25 are formulated into an additive concentrate or "“package® which
is then used in formulating the finished lubrication
compositions. The package will usually contain up to 50 wt%
of diluent with the balance being the active additive
components, namely, at least one dispersant of this invention

30 and optionally, but preferably, one or more other additive
components, such as those referred to above and/or in various
patents cited herein. From 5 to 60 wt% of the concentrate can
be one ore more dispersants of this invention. This invention
also provides a composition which consists of 1 to 99 wt % of

35 an active dispersant of this invention and from 99 to 1 wt$ of
diluent o0il. Other additives, including diluents that may be
associated therewith, can be blended into such compositions to
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8. .A dispersant according to Cai-m7 wherein said dispersant is fornmed by
reacti,ng said acylating agent with an al kyl ene 35 diam ne having 4 to 12
carbon atons in the nolecule and at | east about 2.5 hydroxyal kyl groups per
nol ecul e. 24 9. A dispersant additive according to.Claim8 wherein said
al kyl ene di am ne i s hexanet hyl ene di am ne havi ng about 3 hydrox-yal kyl
groups per molecule. 10. A dispersant acco”ding to Claim1l wherein said

naving oai d subZPFBLERELLIA nekadee of jHhi% UrgaREiennavi ng at | oast one

primary ami no group Thet Hispersantise ofl ithis dirsremtdant canc aldondet aselaia® 3

wherei n sai d di gpALedPEs| fn hiyRrochPbohaleduy Fad1Er ke iaks §a§32ﬂ+‘,i Qiesel

acyl ating agent Ja,haying 3 d su spé ent té:ﬁ.ere aggag\lé g ol yam ne

havi ng at | east t&'ﬁ 'c?@% e g#'ai I hyEE Sgﬁﬁa Rav \‘Igl%n bunker

$ fuels, and the like. BAmounts within the range of 0.5 to 10%

by weight will usually be employed, although departures from
this range can be made.

Lower molecular weight versions of the polymers of
propylene referred to hereinabove can be used in alkylation of

10 aromatic hydrocarbons. These alkyiated materials (e.q.,
alkylated benzene, alkylated toluene, alkylated xjlenes, etc.)
can then be sulfonated and overbased to form highly useful
alkali or alkaline earth metal~-containing detergents and rust
inhibitors. Alternatively, the polymers of propylene can be

15 used to alkylate hydroxy-substituted aromatic hydrocarbons,

" which can be sulfurized and neutralized or overbased to form
metal-containing phenate detergents.

Except as referred to in the examples, all percentages of
the dispersants of this invention are in terms of the weight

20 of active dispersant in relation to the total weight of the
overall co_mposition under discussion. :

The complete disclosure of each U.S. Patent cited anywhere
hereinabove is incorporated herein by reference as if fully set
forth in this specification.

25 This invention is susceptible to considerable variation
in its practice. accordingly, this invention is not intended
ta be limited by this specific exemplifications set forth
hereinabove. Rather, this invention is intended to embrace the
subject ‘matter within the spirit and scope of the appended

30 claims and the permissible equivalents thereof.

REPLACEMENT SHEET

0 4 MAR 1997




average of from3 to 6 nitrogen atons per nolecule. 12. A di spersant
according to Caiml wherein said dispersant is a product formnmed by
reacting (i) a succinic acylating agent 15 having said substituent thereon
and (ii) a basic salt. of am noguani dine wherein the nolar ratio of said
am noguani dine to said acylating agent is in the range o mﬂﬂu "ﬂw

about -2.2:1 such that the product obtai nedzllpon reaction , ml.‘”m
dom nant infrared peak at 1640 [err]. 20_.1 A di spersant accor-di g fo *

Claim 12 wherein said basic salt of am i di ne i s am noguani di ne

bi carbonate. 14. A dispersant according to daim1l wherein said di spersant
i sba product fxrnmed h!zﬁ%‘iﬂmga(riﬂq ansssegidfﬂeexieaxl ea.t, alh d
substituent t ic 5 ani o |ne erelnt e
nol ar ratio o;ﬁsi}%%tg% n‘é%ﬁ?ﬁ%d&%g to‘ﬁgsatTtia:%aeg%l at ?’ﬁ °’?‘s 3 nlimeidange
of about 0. 4:sukstaptdall¥ 3ineanscopolymese .ngaﬁd Copolyiier

wherein sai§l pradimes seehe&-in-mnaﬂtyradi %pmhltumx@am RS PS3EY pBridier 30
region of aboyfe Jc58goat9d Wl&@.%opoH;rlzed into the palymer chain, at

least 60 mol percent of said polymer having a. terminal
vinylidene group.
2. A dispersant according to Claim 1 wherein said copolymer

10 has a viscosity ratio (VR) value of less than 4.0.

3. A dispersant according to Claim 1 wherein the monoolefin

. polymerized into the polymer chain in an amount of up to 25 mol
percent is a C, to C,, monoolefin and wherein said copolymer has
a viscosity ratio (VR) value of less than 3.7.

15 4. A dispersant according to Claim 1 wherein said dispersant
is a WMannich base formed from (i) a phenol having said
aliphatic substituent thereon, (ii) an aldehyde, and (iii) an
amine selected from polyamines and polyhydroxy amines.

5. A dispersant according to Claim 3 wherein sajd dispersant

20 is a Mannich base formed from (i) a phenol having said
aliphatic substituent thereon, (ii) formaldehyde or a
formaldehyde-forming reagent, and (iii) at least one polyamine.
6. A dispersant according to Claim 1 wherein said dispersant
is selected from the group consisting of succinimide.

25 dispersants, succinic ester-amide dispersants, succinic
triazole dispersants, and succinic amide~triazole dispersanﬁs.
7. A dispersant according to Claim 4 wherein said dispersant
is a succinic ester-amide formed from (i) a succinie acylating
agent having said substituent thereon and (ii) an N-substituted

30 poly(hydroxyalkyl) amine or a combination of a polyamine and
a polyel, which polyamine and polyol are reacted with said
acylating agent concurrently or sequentially in any order.

8. A dispersant according to Claim 7 wherein said dispersant
is formed by reacting said acylating agent with an alkylene

35 diamine having 4 to 12 carbon atoms in the molecule and at
least about 2.5 hydroxyalkyl groups per molecule.
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16. A dispersant according to Claim14 wherein said product exhibits an
i hfrared spectrum having a peak in the region of about 1720 [err]. I7 A’

di spersant according to Caim 14 wherein said basic

am noguani di ne i s am noguani di ne bi carbonate. 18. A m,umlwﬁu cUrl"J)
conposition conprising oil of l|ubricating VISCOSIty 5to
60% by wei ght of 25 a dispersant of Clai4h1. 19. A lubricating oil
conposition conprising oil of lubricating viscosity containing fromO0.5

to 60% ?y vei ghy _of R @isper s%%ﬂ:tf a?ﬁx&%{&&oﬁln%oto 61aiﬂbé|\@!?éﬂe‘3?x saig
o 6056 by vei gnALsYisng; dhapind, on brEReC s Wantnk b g Panart 8
conposi ti on of h¥dre¥ryRlkyl groups per molecule.
10. A dispersant according to Claim 1 wherein said dispersant
5 is a succinimide formed from (i) a succinic acylating agent
having said substituent thereon and (ii) a polyamine having at
least one primaxy amino group in the molecule.
11. A dispersant according to Claim 3 wherein said dispersant
is a succinimide formed from (i) a succinic acylating agent
10 having said substituent thereon and (ii) a polyamine having at
least one cyclic or acyclic ethylene polyamine having an
average of from 3 to 6 nitrogen atoms per molecule.
12. A dispersant according to Claim 1 wherein said dispersant
is a product formed by reacting (i) a succinic acylating agent
15 having said substituent thereon and (ii} a basic salt of
aminoguanidine wherein the molar ratio of said aminoguanidine
to said acylating agent is in the range of about 1.4:1 to about
2.2:1 such that the product obtained upon reaci;ion thereof
exhibits a dominant infrared peak at 1640 cm’'.
20 13. A dispersant according to Claim 12 wherein said basic salt
of aminoguanidine is aminoguanidine bicarbonate.
14. A dispersant according to Claim 1 wherein said dispersant
is a product formed by reacting (i) a succinic acylating agent
having said substituent thereon and (ii) a basic salt of
25 aminoguanidine wherein the molar ratio of said aminoguanidine
to said acylating agent is in the range of about 0.4:1 to about
1.3:1.
15. A dispersant according tc Claim 14 wherein said
product exhibits an infrared spectmm baving peaks in the
30 region of about 1580 and about 1690 cm™'.
16. A dispersant according to Claim 14 wherein said
product .exhibits an infrared spectrum having a peak in the
region of about 1720 cm’.
17. A dispersant according to Claim 14 wherein said basic salt
35 of aminoguanidine is aminoguanidine bicarbonate.
18. A 1lubricating oil composition comprising oil of
lubricating viscosity containing from 0.5 to 60% by weight of
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10 or a mxture thereof, wherein AGis an aliphatic group derived froma
I-i qui d, substantially |inear copol yner -of propyl ene, said copol ynmer having
ster€o-irregularity and containing up to 25 nol percent of- [err] to [err]

nonool efin polynerized into the polymer chain,

per cent of

said polymer having 15 a term nal vinylidene group, mm@r ,u ﬂ "

| ndependently, hydrogen atons or hydrocarbyils groups l 'F

carbon atons each; and n represents the average nunber of the depi ¢ted

succi ni ¢ Mi et hegi q @@ﬁ,ﬂnged by a carbon-to-carbon bond to the
erfve

fa:’l)ﬁ’lh?:t![g groug r Qaéf" d coBoI yrrerbosaﬁdion compri.si t he roairige of

lubricating viscosity containing from 0.5 to 60% by weight of
a dispersant of Claiwm 5.

5 20. A lubricating oil composition cowprising oil of
lubricating viscosity containing from 0.5 to 60% by weight of
a dispersant of Claim 1l.

21. A succinic derivative composition of the formula:

A
1l

s¢ | —C—C—0E (1)
R*—C—C—0H

or

]
ac | — ¢

o (rr)

10 or a mixture thereof, wherein AG is an aliphatic group derived
from a liquid, substantially linear copolymer of propylene,
said copolymer having stereo-irregularity and containing up to
25 mol percent of C, to C,, monoclefin polymerized into the
polymer chain, at least 60 wol percent of said polymexr having

15 a terminal vinylidene group; R', R® and R® are, independently,
hydrogen atoms or hydrocarbyl groups containing up to 7 carbon
atoms each; and n represents the average nunber of the depicted
succinic moieties that are each bonded by a carbon-to-carbon

bond to the aliphatic group derived from said copolymer, and
20 is in the range of from 1 to 2.




26

ASHLESS DISPERSANTE, THEIR PREPARATION, AND THEEIR USE

Abstract of the Disclosure

Ashless dispersants are formed using copolymers of
propylene characterized in that they are liquid substantially
linear polymers, they have stereo-irregularity in the polymer
chain, at least 60 mol percent of the polymer has a terminal
vinylidene group and, the polymer contains up to 25 mol percent
of a ¢, to C, monoolefin polymerized into the polymer chains.
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