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FIELD Of THE INVENTION DATE GF RECEIPT (e

The present invention relates to a novel process for
producing fuel and lubrlcant additives such as d;spersants,
viscosity modifiers, and multifunctional viscosity modifiers
by alkylating and then aminating dihydroxyaromatic compounds(

such as catechol and hydroquinone.

- BACKGROUND OF THE INVENTION

Liston et al., U.S. Patent Nos. 4,632,771 and 4,643,838
for NORMALLY LIQUID C3g TO Cp4 MONOALKYL CATECHOLS refer to
normally liquid lubricating oil additives which provide both
antioxidant and friction-modifying properties when added to
lubricating oil. In particular, these patents relate to Cig
to C4 alkyl catechol lubricating oil additives which are
normally liquid at typical storage temperatures.

Werner et al., U.S. Patent No. 4,265,833 for a PROCESS
FOR THE PREPARATION OF HYDROXY—DIPHENYLAMINES refers to a
process for the preparation of hydroxy-diphenylamines by
condensation of dihydroxybenzene with an excess amount of
primary aromatic amine in the presence of a catalytic amount
of an acid at: elevated temperature,_wherein-the excess
aromatic amine and the'reaction product is distilled off from
the reaction mixture in the presence of a base. -

Coupland et al., U.S. Patent No. 3,592,820 for
SUBSTITUTED CATECHOL SALTS OF BENZOTRIAZOLES CR
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PHENYLHYDRAZINES refers to a compound wnich mayv be producéd
py reaction of substituted catechol with phenylhydrazine,
substituted phenylhydrazine, benzotriazole, Or substituted
penzotriazole. The reaction may be carried out in an inert
solvent, such as a hydrocarbon.' The compounds are useful as
antioxidants in lubricant compositions.

Small, Jr. et al., U.S. Patent No. 5,061,390 for
DIETHYLAMINE COMPLEXES OF BORATED ALKYL CATECHOLS AND
LUBRICATING OoIL COMPQSITIONS CONTAINING THE SAME refers to
;pbricating oils containing a-bo:ated alkyl '
catecholdiethylamine complex effective in reduCing oxidation, ‘F)
wear, and deposits in internal combustion engines. -

" pavis, U.S. Patent No. 4,663,063 for ALKYL PHENOL AND
AMINO COMPOUND COMPOSITIONS AND TWO-CYCLE ENGINE OILS AND
FUELS CONTAINING SAME refers to a composition comprising the
combination of (A) at least one alkyl phenol of the formula

. (R)a - Ar - (OH)p

2
wherein each R is .independently a substantially saturated
hydrocarbon-based group of an average of at least about 10
aliphatic carbon atoms; a andlb are each independently an
integer of one up to three times the number of aromatic 3
nuclei present in Ar with the proviso that the sum of 2, b, 28

and c does not exceed the unsatisfied valences of Ar; and Ar
is an aromatic moiety which is a single ring, a fused ring or
a linked polynuclear ring having 0 to 3 optional sﬁbstituents
selected from the group consisting essentially of lower
alkyl, lower alkoxyl, carboalkoxy methylol or lower . 30
-hydrocarbbn-based substituted methylol, nitro, nitroso, halo
and combinations of said opticnal substituents, and (B) at
jeast one amino compound with the proviéo that the amino
compound is not an amino phenol. _Lubricants and lubricating
oil-fuel mixtures Zor two-cycle engines which include the
apove compesitions, and methods for lubricating two-cycle
- .

engines are also disclosed.
eet Has Been Reraced
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. pase reaction. In the present invention, dih?droxyaromatics
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When a polymer chain is functionalized with a
hydroxyaromatic. it is well known in the art to derivatize
the alkylated hydroxyaromatic with an amine in the presence
of an aldehyde. This derivatization is known as a Mannich'
may be derivatized with amines without the use*of-an aldehyde-
-- thereby saving the expense of utilizing a reagent that is
consumed in the reaction. '

SUMMARY OF THE INVENTION

In the present invention, a dihydroxyaromatic compound
is alkylated with a polymer alkylating agent and then reacted
with an amine under reaction conditions effective in '
oxidizing the hydroxyl groups to carbonyl groups. The
preferred dihydroxyaromatic coﬁpounds are catechol and

hydroquinone.

The products of the pteSent invention demonstrate highly
effective sludge and varnish reducing properties when used as
fuel and lubricant dispersant additives.

DETAILED bESCRIPTION OF THE INVENTION

_ The process of the present invention may be described by
the following illustrative formulas wherein catechol, for

example, 1is first alkylated and then aminated with an amine:

-

mm
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4
oLY "
Cataiyst : '
POLY + HO _— O
o 7 HO
OH _ )
OH
followed by:
5
: LY
POLY HN-Amine 1
H —2 0== N-Amine - a |
[O]
o

wherein [0] indicates oxidation; POLY represents a polymer
alkylating agent which will react with the aromatic, ring so ' 1s
10 as to attach as a polymeric ‘hydrocarbyl moiety (i.e., —POLY)
thereto; and where;n HN-Amine symbolizes a primary or
secondary amine and the particular nitrogen mozety thereof
that takes part in the amination reaction; and wherein —N-
Amine symbolizes the amine bonded directly to the ring via
15 the reacting nxtrogen atom as a result of the am;natzon
reaction.

20

W

Simllarly, the final reaction product of the present
invention wherein hydroqulnone is utlllzed may be represented
20 by, for example, the following fomula. '

- oLY
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N-Amine

25 :
though it is not required that the N-Amine and POLY moieties
be diametrically opposed as shown.
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The reaction is unusual in that, unlike a2 Mannichk Bas
- e
no formaldenyde is needed. Also unlike a Mannich

reactiony
- pase iS that the hydroxyl groups are oxldlzed to carbonvl
groups: the ring loses its aromaticity, and the nitro e;
ponds dxrectly_wlth the ring. : BEem

oo

The resulting compositions are very effective as a

dispersant in reducing oil sludge and varnish in lnternal

combustion engines.

The Dlhvcroxvaromat Comnounas

pihydroxyaromatic cczrounds useful in the preéenﬁ

" invention include, but arc not limited to, hydroquinone
’

catechol, hydrocarbyl-substztuted dihydroxyaromatics

methyl hydrcquinone, ethylhydroquinone, 2 phenylh-dr oo
chlorohydroquinone, 3 3-methylcatechol, 4-methylcat§ch°:ulnonp'
t?e like. .Also usefu; a~e dihydroxynapthols such as°1,4ind
dihydroxynaphthalene, 1,2-dihydroxynaphthélene and the"ike

/
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Dlnvc*oxyaromat--s LSEf sl in the present invention
jnclude those -epresented by the following formulas: ;
oH oH L
Q Q . 5
oH . OH
10
OH OH ’
on - | on ”)
4 o
Q \ Q
' N
15
5 wherein Q is 2 subst-tuent comprising a halide radical, an _
aryl group,.hydrogen, a hydrocarbyl having 1 to 12 carbon ;o
atoms, ©Ir a structure of the form: '
/// ) 2
¥
i Q
| ' 30
10 and wnerein Q' 1is defined as Q above, the same oI different,
and wherein one oI more sides may be shared with the moiety
'so substituted.
' 3s
_ Ffor the purposes of this invention. the term
15 "hyc:zc acarpyl" is noT scrictly 1imited tO moieties possessing
solely cardon and ny::sgen. but ratner may encompass a minoe:
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degree of substitution so long as the processes and benefits

of the invention are not thwarted thereby.
: ' This Sheet Has Been Rem
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pPolymer alkylating agents which are useful in the
present invention are polymers containing at least one

rhe Polymer Alkvlating Agents

" carbon-carbon double bond unsaturation (olefinic, or

nethylenic”) and which are not so sterically hindered, or in
reactive competition with other functional groups, so as to
render them unable to participate in the catalytic alkylation
of the chosen dihydroxyaromatic compound. As ;ong as a
chosen double bond will react in the presence of.a chosen
catalyst so as to alkylate a chosen dihydrokyaromatic
compound, such a bond will be deemed a "reactive" -
unsaturation and the polymer possessing such an unsaturation
will be deemed a polymer alkylating agent.

Useful polymer alkylating agents in the present
invention include polyalkenes including homopolymer,
copolymer (used interchangeably with interpolymer) and
mixtures thereof. Homopolymers and interpolymers inciude
those derived from polymerizable olefin monomers of 2 fo
about 16 carbon atoms; usually 2 to about 6 carbon atoms.
The interpolymers are those in which two or more olefin
monomers are interpolymerized according to well-known
conventional procedures to form polyalkenes having units
within their structure derived from each of said two Or more
olefin monomers. Thus, "interpclymer(s)" as used herein is
inclusive of terpolymers, tetrapolymers, and the like. As
will be apparent to those of ordinary skill‘in the art, the
polyalkenes from which the poly-substituent of Formulas I and
II are derived are cften conventionally referred to as
"polyolefin(s)". ' -

Useful polymers include those described in U.S. Patent
Nos. 4,234,435, 5,017,298, 3,186,851 and European Patent
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polymers of the present invention preferably comprise a high
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Appiication No. n,462,3218-Al. Parcicular reference is made
to the a-olefin polymers to be made using crganometallic
coordination compourds as disclosed therein. A particularly
p:eferred'class of polymers are ethylene/a-olefin copolymers
such as those disclosed in U.S. Patent No. 5,017,292 and

5,186,851,

The'preférreg rolymer alkylating adents for use in this
invention possess at least one carbon—carbon'unsqgg;ated
double bond. The unsaturation can be terminal, internal, or

- I
both. Preferred pquqers have terminal unsaturation. The

degree of terminal unsaturation. For the purposes of this
invention, "terminal unsaturacion®” refers to the unsaturation
provided by the last mp?dmer-unit located in the polymer. 15
The unsaturation can pe’ located anywhere in this terminal

monomer unit. Terminal olefinic groups include ethenylidene

(also known as “vinylidene")_unsaturation,.RaRbC=CH2;
trisubstituted olefin unsaturétion, RaRPC=CRCH; vinyl

unsaturation, R3HC=CH2; 1,2-disubstituted terminal 20
unsaturation, R8HC=CHRP; and tetra-substituted terminal
unSaturation,-RakbC=CRCRd; At least one of R2 and RP is a |
polymetié group, and the.rémainder are hydrocarbyl gfoups, _ he
polymeric or otherwise, the same oI different.

s Pc
723 29
Especially preferred polymers for use in this invention = p»
exhibit substantial rerminal ethenylidene unsaturation. At " pr
least about 30%, preferably at least about 50%, more ' lu
preferably at least about 60%, and most preferably at least tac
about 75% (e.g.. 75‘to 98%), of such’ polymer chains exhibit 30 ey
terminal ethenylidene unsaturation. Such polymers also may
exhibit a minor percentage of highly deSi:able_ethenyl(vinyl)
unsaturation, which méy pe substituted for ethenylidene aver
unsaturation in arriving at the percentages disclosed above. can ,
Hence, for example, a combined percentage of 30% ethenylidendS of 3.
and_ethenyl'unsaturation will more than adequately substitut 2, 000
for 30% ethenylidene alone -~ and %Eigif—itif_gfngdigperior Compoe
| Higher

R
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vizzue of the higher reactivity of terxzinal ethenvyl in
: :mna;" son to that of terminal ethenylidene.

. rhe homopelymers and copolymers of the present invention
can be conveniently characterized based on molecular weight
polymers and copolymers of "low", "intermediate” and
molecular - .weights can be prepared. '

range.
wnigh"

- .

Low molecular weight polymers, also referred to herein
ndispersant-*ange molecular we:.ght polymers, are -
cons:.dered to be polymers having a number average molecular

weight of less than 20,0007 preferably from at least 400 to
’W about 20,000 (e.g.. 450 to 1000; 500 to 2000; 700 to 3000;
1,000 to 19,000) ; more preferably from about 1,500 to about
10, 000 (e. g., 2,000 to 8,000); and most prererably from 1,500
to 5,000. The low molecular weights are number average
molect.ar weights measured’ by vapor phase osmometry or ‘gel
permeation chromatography (GPC). Low molecular weight
polymers are useful in the present invention for forming
20 dispersants for fuel and lubricant additives.

10

1S

Medium molecular weight polymers, also referred to
herein as "viscosity-modifier-range” molecular weight
polymers, have number average molecular weights ranging from

;28 20,000 to 200,000; preferably 25,000 to 100, 000; and more
preferably from 25,000 to 80,000 and are useful in the

jon
';t present invention for making viscosity index improvers for
lubricating oil compositions, fuels, adhesive coatings,

:#st tackifiers and sealants. ' The medium number average mclecular
pit 30 weights can be determined by membrane osmometry.
- may¥

vi.nYl\ The high molecular weight materials have 2 numner

. average molecular weights of greater than about 200,000 and
;bove' can range from 201,000 to 15,000,000; a specific embodiment
_ y}.;.de“‘” - of 300,000 to 10,000, 000. and more speciiically 500,000 to
;sti":“t 2,000,000. These nolyme*s are useful in polymeric

aper ol _Compositions and blends including elastcmeric compositions.

Higher molecular weight materials having *umne:_im_a_c_;g_,,___d

Sheet Has Been Re laced
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aolecular weights of Zrom 20,000 to 15,000,000 can be
measured by gel permeation chromatography with universal

" calibration, oI by light scattering as recited in Billmever,

Textbook of Polymer Science, second Edition, pp. 81-84
(1971) . .

The values of the ratio Mw/Mn, also referred to as
molecular weight distribution, (MWD) are not critical.
However, a3 typical minimnm.Mw/Mn-value of about 1.1 toO 2.0 is
prefetred with typical ranges of about 1.1 up to about 4.

Useful olefin monomers from.which the polyalkenes can be
derived are polymerizable olefin monomers characterized by "ﬁﬁ
the presence of one oI more unsaturated double bonds (i.e..

. >C=C<).; that is, they are monoclefinic monomers such as

ethylene;:propylene,.butene-l,.isqbutyIEne, and octene-l or

polyolefinic monomers (usually diolefinic monomers) such as 1{
pbitadiene-1,3 and isoprene. '
These olefin monomers are p:efgrably polyme:izable
terminal olefins: that is, they posséss terminal 20
unsaturation. - However, polymerizable internal olefin
- monomers (sometimes referred -to 2as medial olefins) !
charaCterized by the presence within their structure of the :;
moiety: 5 ob
N R - ¥ o
c-c=C~-C : us
/ \ : ar
_ _ : - nor.
can also be. used to form the polyalkenes. When internal aro
clefin monomers'are_employed, they normally will be em.vp].oyed-"o
with terminal olefins to produce polyalkenes which are
'_interpolymets.' For purposes of this invention. when a der;-
particuiar éolymerized olefin monomex can be classified as inte,
poth a terminal olefin and an internal olefin, it will be . 16 5
deemed to be a terminal olefin. Thus, for example, Is thQSe'

pentadiene-1,3 (i.e., piperylene) is deemed to be & tgrmini. intery

olefin for purposes of ~nis invention. atoms,
' - This Sheet Has Been Replaced
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While the polyalkenes generally are hydrocarbon
polyalkenes, they can contain substituted hydrocarbon groups
such as lower alkoxy, lower alkyl mercapto, hydroxyl,

s mercapto, and carbonyl, provided the non-hydrocarbon moieties
r do not substantially interfere with the functionalization
" reactions of this invention. Preferably, such substituted
hydrocarbon groups normally Qill_hot contribute'ﬁbfe than
about 10% by weight of the total weight of the polyalkenes. .
10 .Since the polyalkene can contain such non-hydrocarbon
substituent, it is apparent that the olefin monomers from
?\ ’ which the polyalkenes are made can also contain such
' substituents. Normally, however, as a matter of pfécticality.
and expense, the olefin monomers and the polyalkenes will be
15 free from non-~-hydrocarbon groups. (As used herein, the term
" "lower" when used with a chemical group such as in "lower
alle” or "lower alkoxy" is intended to describe groups
having up to seven carbon atoms.)

o

20 Although the polyalkenes may include aromatic groups --
' particularly phenyl groups and lower alkyl- and/or lower
alkoxy-substituted phenyl groups such as para-(tert- .
e butyl)phenyl -- and cycloaliphatzc groups, such as would be -
obtained from polymerzzable cyclic olefins or cycloaliphatic )
23 substztuted—polymerzzable acrylzc olefins, the polyalkenes T
usually will be free from such groups. Again, because
aromatic and cYcloaliphatic groups can be present, the olefin
monomers from which the polyalkenes are prepared can contain
aromatic and cycloaliphatic groups.

30
loyed There is a general preference for polyalkenes which are
derived from the group conéisting of hombpdlymers,and
interpolymers of terminal hydrocarbon olefins of 2 to about
16 carbon atoms. A more preferred class of polyalkenes are
3 those selected from the group consisting of homopolymers and

interpolymers of terminal olefins of 2 to about 6 carbon

atoms, more preferably 2 to 4 carbon atoms.

a as
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.termanal olefin monomers are partzcularly preferred.

.12-

specific examples ct ee*nlnal and internal olefin
monomers } wnxch can be used t° prepare the poiyalkenes
accordang to conven'*onal. well-known polymer-zat‘on
tecnnzques 'include ethylenei propylene: 'putene-1l; putene-2;
1sobutvlene. pentene-1l: hexene-l. heptene-l. octene-l; '
nonene-l, decene-1; entene-z. propylene-tetramer.

: d;xsobutylene. ‘sobutylene trimer; butadiene-1l, 123 butadlene-

1,37 pentadzene—l,z. pentad;ene-l ,3; penta-d;ene—l - ¥ i
1soprene. hexad;ene-l,s, 2—chloro-butad1ene:f'2. 2-methnyl-"

- -

. heptene-l, 3écyclohexy1butene-1. Z-methyl-5-propyl-hexene-l;_

pentene—3. octene=4; 3/ 3-dxmethyl-pentene—l. styrene; 2,4-
dichlorostyrene? divinylbenzene: vinyl -acetate; allyl Ic
alcohol; 1—methyl-v1ny1 acetate; acrylonitrzle, ethyl el lF5

4

| acrylate; methyl methacrylate’ ethyl -vinyl’ ‘ether; and methyl

vinyl ketone; of these; the hydrocarbon polymerzzable

nonomers are preferred and of these hydrocarbon monomers, - the
) 15

useful polyme ers include a-olefin homopolymezrs and -
interpolymers. and ethylene/arolefin copolymers and
terpolymers. Spec*‘zc examples of polyalkenes include
polypropylene. polybutene, ethylene—propylene copolymer,
ethylene-butene copolymer: propylene—butene copolymer. - B
styrene-;sobutylene copolvmer, 1sobutylene-butad:.ene-;,B -
copolymer. propene—‘soprene copolymer, jsobutylene~
chloroprene copolymer, zsobutylene-{para-methyl)styrene'
copolymer, copolymer of hexene-l with nexadiene-1,3, or
‘copolymer of octene-1l, ' copolymer of 3. 3—dxmethyl-penteneil |

" with hexene-1l, and terpolymer of Lsobutylene. styrene and b2

pxperylene. More specxfzc examples of such Lnterpolymers
include copolymer of 95% (bY weight) of jsobutylene Wlth 5‘30
(by weight) of styrene; terpolymer of 98% of jsoputylene W
1% of piperylene and 1% of chloroprene. terpolymer of" 95%
Lsobutylene with 2% of putene-1 and 3% of hexene-1;
perpolymer of 60% of i sobutylene with 20% of pentene-1; ar
20% of octene-1l: teroolymer of 90% of jsoputylene with 2%,5
cyclohexene and 8% of oropvlene, and copolymer of -80% of .
ethylene and 20% of “ropv;ene - ;:;iﬁ

\\\\\\\\\\\\\\\\ﬁ\‘ﬁiﬁ“ o
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A useful source of polyalkenes are the polybutylenes
obtained by polymerization of C4 refinery streams having a
putene content of about 35 to about 75% by weight and an
jsobutylene content of about 30 to about 60% by we-ght in the
presence. of a Lewis acid catalyst such as alum;num
trichloride or boron trifluoride.

. It must be noted,. however, that polyisobutylene contains
quarternary carbon atoms in the polymer chain. Consequently,
if the alkylatzng catalyst is highly acidic (e.g., a
heteropoly acid catalyst),: highly stable tertiary :;_
carbocations may  form. thereby either cracking the polymer
chain, migrating inward from the terminus of the chain and .

thereby shifting the location of the double bond, or some

combination of both. Depending upon the strength of the acid
and the residence time of the reaction, one may expect the Mn
of the polyiscbutyl chains of the alkylated hydroxyaromatics
to be substantially less than the Mn of the polyisobutylene
starting material and to find dimers, trimers and ocligomers
mixed in with the.reaction product. '

The degradation of quarzesrnary carbon-centaining polymer
alkylating agents in the presence of strong acid catalyst is
one reason why a-clefin homopolymers and interpolymers as
well as ethylene/a-olefin copolymers and terpolymers are
preferred.

Also useful are-high molecular weight poly-n-butenes.

‘Reference is made to commonly assigned copending U.S. Serial

No. 992 871, filed December 17, 1992 entitled, "Amorphous
Olefin Polymers, COpo;vmers, Methods of Preparat_on and
Derivatives Thereof™.

A preferred source of monomer for making poly-n—butenes
is petroleum feedstreams such as Raffinate-2. These
feedstocks are disclosed in the art such as in U.S. Patent

No. 4,952,739.

Sheet Has Been Replaced

||I||I|| A

| Illm



10

15

20

30

35

ol oo T

as Been Reraced
<14 -

Preparing poivalkenes as described above which meet the
various criteria for Mn -and Mw/Mn is within the skill of the
art and does not comprise part of the present invention.

Ethvlene/grolefin Copolvmer

The most preferred polymers suitable for use as
alkylating agents are polymers of ethylene and.at least one «
-olefin, the a-olefin typically haviné the formula'HZC=CHR4
wherein R4 is straight chain or branched chain alkyl radical
‘comprising 1 to 18 carbon atoms and wherein -the polymer
contains a high degree of terminal ethenylidene unsaturation.
preferably R4 in the above cormula is alkyl of from 1 to.8
carbdn‘atoms ahd more preferably is-alkyl of from 1 to 2
carbon atoms. Therefore, useful comonomers with ethyléne'in
this invention include ﬁropylehe.-bﬁtene-l, hexene-1l, octene~
1, 4-methylpénténe-l. decene-1, dodecene-1l, tridecene-l,
tetradecene-1, pentadecene-1, nexadecene-1, heptadecene-l,
‘octadecene-l, nonadecene-1 and mixtures thereof (e.g.,
mixtures of propylene and butene-l, and the like). Preferred
polymers are copolymers of ethylene and propylene and

ethylene and butene-1l.

15

20

The ethylene content of the polymers employed is 2
preferably in the range of between about 20 and about 80%,
and more preferably petween about 30 and .about 70% by mole.
When butene-1 is employed as comonomer with ethylene, the
ethylene content of such copolymer is most preferably between
about 20 and about 45% by weight, although higher or lower 30'

ethylene contents may be present.

™

Su.
Preférred_ethylene/butene-l copolymers are disclosed in Pol
commonly assigned USSN 952,192, ‘£iled December 17, 1992, ‘Rot
citled POLYMERS DERIVED FROM ETHYLENE AND 1-SUTEFE FOR USE Ty _ o
| THE PREPARATION OF LUBRICANT DISPERSANT ADDITIVES, wherein if (E;’f’
disclosed an oil soluble copolymer comprising from 1 to abov reac:

50 weight percent monomer units derived from ethylene and
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apout 29 to about 50 weight percent monomer units

sxom
er;vea from butene-i, based on the total polymer weight, and

g a number average molecular weight between about i,500
and 7,500, ethylvinylidene groups terminating at least about
30 percent of all copolymer chains, and an absence of
aggregatzon in solutlon with mineral oil as determ;ned by

g an Sf- value( lght-scatterlng factor) of about zero.

havin

a preferred method’ for. making  ethylene/a-olefin
copglymer is described in commonly assigned USSN 982, 690,
filed December 17, 1992, titled DILUTE PROCESS FOR THE
POLYMERIZAIIOﬁ OF ETHYLENE/a-OLEFIN COPOLYMER  USING
METALLOCENE CATALYST SYSTEMS, wherein there is described a
process for continuously producing copolymer comprising
monomer units derived .from ethylene and a-olefin in the
presence of a metallocene catalyst systen and in a reaction
zone containing liquid phase which comprises (A) continuously
providing a dilute liquefied a-olefin feed stream comprising

'_at least one ao-olefin reactant and diluent admixed therewith

wherein the amount of diluent in said feed stream is at least
308 weight percent thereof; (B) providing a feed stream
comprising ethylene_in_liquid. vapor, or liquid/vapor form;
(C) admixing, the feed streams ‘of steps (A) and- (B) in
amounts sufficient to provide a reactant féed'stream naving
an a-olefin/ethylene weight ratio. effective to yield a

‘copolymer containing between about 5 to about 70 weight

percent moncmer units derived from ethylene; (D) continuously
introducing reactant feed stream derived in accordance with
step (C) and metallocene catalyst system into the liquid
phase of the reaction zone in a manner and under conditions
sufficient to: (i) polymerize the ethylene and «-olefin to
polymer product having. a number avérage molecular weight of
not greater than about 15,000 (ii), obtain an a-olefin
conversion of at least 30%, and (iii) obtain an ethylene
conversion of at least 70%; and
(E) ‘continuously withdrawing copolymer product from the
reactor. _ I

heet Has Been Replaced
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 formula POLY'-C(R") = CH2 wherein R" is Cj to Cig alkyl.
- preferably C; to Cg alkyl, and more preferably Ci to C2

This Sheet Has Been Replaced
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The ethylene/a-olefZn polymers generally possess a
number average molecular weight-as recited.- preferred ranges
of molecular weights of polymer for use as precursors'for
dispersants are from about 500 to about 10,000, preferably of
from about 1,000 to about 8,000, most preferably of from

_about 2,000 to about 6,000. The number average molecular

weight for such polymers can be determined by deveral known
techniques. & convenient method for such determination is by
size exclusion chromatography-(also knowﬁ as gel permeation
chrcmatography, or GPC)'which additionally provides molecular
weight distribution information, see W. W. Yau, J. J. o
Kirkland and D. D. Bly, "Modern Size Exclusion Liquid ‘iD
Chrumatography", John Wi;ey~and Sons, New York, 1979. Such
polymers generally possess an'inttinsic viscosity (as

measured in tetralin at 1;§;=c.) of between about 0.025 and-
apout 0.6 di/g, preferably_of between about 0.05 and about

0.5 d1/g, most preferably of between.about 0.075 and about

0.4 dl/g. These polyﬁgrs preferably exhibit a degree of
crystallinity such that, when functionalized, they are oil

soluble.

15

20

The preferred éthylene/a—olefin polymers are further
characteriied in that the polymer chains possess as much
terminal ethenylidene? and ethenyl-type unsaturation as
possible. Thus, one end of_such polymers will be of the 25

L

alkyl, (e.g-.. methyl or ethyl) and wherein POLY' represents 'T
the polymer chain; and a minor amount of the polymer chains bt
may contain terminal ethenyl (i.e., "rinyl™) unsaturation, 0. me
i.e., POLY'-CHsCHz. The chain length of the R" alkyl group me
will va;y depending on the ‘comonomer (s) selected for use in con
the polymerization. A portion of the polymers can contain caﬁ
internal monounsaturation, é.g.. pOLY'-CH=CH(R"), wherein R" the
is as defined above. : | 3s Part
preferred ethylene/a-olefin polymer comptises polymer
chains, at least about 30% of which possess terminal blog;
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' ethenvlidene unsaturation. Preferably at least about 50%,

more preferably at least about 60%, and most preferably at
least about 75% (e.g., 75 to 98%), of such polymer chains
exhibit terminal ethenylidene unsaturation. The percentage
of polymer chains exhibiting terminal ethenylidene
unsaturation may be determined by FTIR spectroscopic
analysis, titration, HNMR, or C;3NMR. Such polymers alsc
generally exhibit a miner petcentage of highly desirable
ethenyl (vinyl) unsaturation, which may be substituted for
ethenylidene unsaturation in arriving at the percentages
disclosed above. Hence, for example, a combined percentage
of 30% ethenylidene and ethenyl unsaturation will more than
adequately substitute for 30% ethenylidene alone -- and
should even pfove superior by virtue of the higher reactivity
of terminal ethenyl in comparison to that of terminal
ethenylidene. '

The ethylene/a-olefin polymer énd the cmeOSitions

.employed in this invention may be prepared as described in

U.S. Patent No. 4,668,834, in Eurcpean Patent Publications
128,046 and 129,368, and in copending Serial No. 728,111,
filed Apr. 29, 1985, and copending Serial No. 93,460, filed
Sept. 10, 1987. |

The polymers can be prepared by polymerizing monomer
mixtures comprising ethylene in combination with other

‘monomers such as a-olefins having from 3 to 20 carbon atoms

(and preferably from 3 to 4 carbon atoms, i.e., propylene,
butene-1, and mixtures thereof) in the presence of a
metallocene catalyst system comprising at least one
metallocene (e.g., a cyclopentadienyl-transition metal
compound) and an activator, e.g., alumoxane compound. The
comonomer content can be controlled through the selection of
the metallocene catalyst component and by contreiling the
partial pressure of the various monomers.

The polymer for use in the present invention can include_'
block and tapered copolymers derived from monomers comprising




10

15

20

30

35

WO 95/10545 PCT/US94/11139

-18-

at least one conjugated Ziene with at _east monovinyl
aromatic monomer, preferably styrene. Useful polymers
jnclude polymers of the Type disclosed in U.S. Patent Nos.-
4,073,737 and 3,795,615.

Such polymers should not be completely hydrogenated so
that the polymeric composition contains terminal olefinic .. -
double bonds, preferably at least one bond per molecule.
Useful polymers include an oil soluble copolymer of the

following general formula:

(A)x(Bly : (4)

wherein:

A is a conjugated diene of the formula: This Sheet Has Been Replaced

RO

CHo=CH-C=CHp

wherein R? is a Hor C3 to Cg alkyl group, preferably H or
CH3 (i.e., isoprene) and present in mole % proportion as
indicated by x which may vary from 45 to 99 mole %;

B is a Cg to Czp monovinyl aromatic compound and/or
aromatic substituted diene and present in weight % proportion
as indicated by ¥ _which may vary from 1 to 55 mole %7
typically from 25 to 30 mole 3%, 'and preferably from 5 to 40
mole %. The lattermost range representing where the most
useful composite properties of oxidative stability and -18°
C. viscosity of the lubric_:ating.oil blend is realized.

‘Block copolymérs as used herein includes "multiple block
copolymers” which term denotes copolymers consisting of two
or more of the single block copolymers described above, which
are bound to each other. A multiple block copolymer may, for
example, be prepared by first copolymerizing to completion 2

[ %]

30
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mixture of butadiene and isogrene, thereaiter polymerizin
_ - 1y g

styrene onto said copolymer and subsequently sequentially
copolymerizing a mixture cf butadiene and isoprene followed
by said styrene onto the "living"” block copolymer. For
purposes of this disclosure, a "living” copélymer is one
which remains stable over an extended period of time dur;ng
which addztzonal monomers can be added to it.

Multiplé block copolymers can also be obtained in other
ways such as by coupling of two or more "living” block .
copoclymer molecules. This can be achieved by addition of a
compound which reacts with two or more "living” single block
copolymer molecules. Examples of this type of compound
include compounds containing two or more ester groups,
compounds with more than one active halogen atom, e.g., di-

. and tri-chloromethyl-benzene{ phosgene, dichlorosilane, -
" carbon tetrachloride, dimethyldichlorosilane, 1,2-

dichlorocethane, 1l,2~dibromo-methane, and the like. Another |
possible methqd for prepating multiple block copolymers
consists in the preparation of single block copolymer
containiné a reactive'group in the molecule (e.g., a carboxyl
group, which is, for example, obtained by bringing the
polymerization of a single copolymer to an end by additioh of
carbon dioxide) and coupling of two or more of the moiecules,
e.g., by esterifying them with a di- or polyvalent alconol.
Multiple block copolymers have the further advantage that
they can be tailored to provide the most useful additive
properties while masking one or more undesirable proper:;es
inherent in any polymer block.

The present invention can also include star polymers as
disclosed in patents such as U.S. Patent Nos. 5,070,131:
4,108,945 and 3,711,406 as well as 5,049{294. Par*lcu;a*ly
useful star polymers are disclosed in U.S. Patent No.
5,070,131. | '

his Sheet Has Been R laced
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the alkylation of the dihydoxyaromatic compounds may be
carried out by methods known in the art, as py the use of
acid catalysts"su'c.. as sulfuric acid, boron triflouride and
aluminum chloride such as desc:;oed ‘in U.S. Patent No.
4,735, 582, and EP Publication 440,507 A2. Such catalyst are
often referred tO as "homogeneous” catalyst because they
either dissolve into the reaction m:.xture or are lzqu:.d at
reaction temperature and pressure. ' : :

preferred alkylation catalysts are the so called
wheterogenous” catalysts. Such catalysts remain solid during
the alkylation and are therefore easy to separate £rom the m
product mxture._ Suitable heterogeneous catalysrs include
zeolites, as are ‘disclosed in U.S. Patent Nos: 4,283,573;
4,731,497 and 4,954, 663; mole sieves and exchange res:.ns such
as are described in U.S. Patent Nos. 4,323,714 and 4,849,569
and EP Publication 387,080; clays, layered mater:.als and
composites thereof such as are described in UK Patent

'Appl:.cat:.on 2,120,953 and EP Application 400,857; and

hydrated heteropoly acids and excess water 2as is described in 20
U.S. Patent No. 4,912,264. Supported heteropoly acids such

as are described in U.S. Patent No. 3,346,657 - are alsc
sx_.utable. Amberlyst 15 is also a preferred heterogeneous
catalyst.

A particularly preferred catalyst is a dehydrate
heteropoly catalyst as described in Gutierrez et al., POLYME
ALKYLATION OF HYDROXYAROMATIC COMPOUNDS, filed June 2, 199 .
U.S. Serial No. 070,572, wherein there is disclosed a proce}o
for alkylating hydroxyaromat:.c' compounds comprisi
contacting, in the liquid phase, a hydroxyaromat:.c compoun
a polymer alkylating agent of at least about 500 averz

number molecular weight and having at least one react
carbon-carbon _double bond unsaturation, and a heterop
catalyst having substantially no waters of crystallizat
per heteropolyanion '~ therein. Ssuch catalyst incl
phosphomolybdic acid, silicomolybdic acid, arsenomoly
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acid, telluromolybdic acid, aluminomolybdic acid,
siiicotungsti: acid, phosphotungstic acid, borotungstic acid,
titanotungstic acid, stannotungstic acid, and salts thereof.
The catalyst is prepared fcr the reaction by driving water of
s hnydration and crystallization out of the catalyst, either
' pefore or during the alkylation. _ Advantages include the
ability to easily dlkylate hydroxyaromatics with polymer
alkylating agents having molecular weights well over 1000.
Reaction temperatures vary frem about 20° C to 250° C., but
10 will be conducted above the bo:.l:.ng point of water in cases
where water needs to be driven out of the catalyst dur:.ng

alkylation.

' Al}iylaticn of dihydroxyaromatic compouzics in the -
1S presence of Am:er‘ yst 15 are typically carried out at
‘temperatures from 10° to 150° C., generally 20° to 120° C.,

a preferably 80° to 110° C. for reaction times. of from 0.5 to 24

. heurs, generally 1 to 12 hours, preferably 2 to 6 hours.

ad |

in 9

ich _ : '

Ls0 The Amines | ¥

ous : . =
. The amines useful in the present invention are =

2§ polyamines having at least one primary or secondary amine =

.atet geoup.

LYME . . - .

1993 Prefer:ed polyamines are aliphatic saturated amines,

oces including those of the following structural formulas:

z 30

risid

_\poun" . '

aversd ) T (III)

c2 ctim : HoN—(CH2) ,—N—R"

-eroP | |

= aci¥e .R“-'—-:f—a ' (IV)

i _
omol\!b& , R™ |
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wossness \\ll\l\\\lll\\\\\l\l\\ | rcmmonn

RV N == (CH2) s (CHp) g~ N =R W

| ]

R - -

wherein n is an integer of at least 1 and R', R", R"', and R¥

" are independently seiected from the group cons;st;ng of ‘IEQ

hydrogen: Ci to C25 straight or branched chaxn alkyl
radicals; c1 to Ci12 alkoxy C2 to Cg alkylene radicals; Cz to
Ci2 hydroxy amino alkylene radicals; and C; to Ci2 alkylamino
Ca to Cg¢ alkylene radicals: and wherein R" and R"' can
additionally comnr;se a moiety of the formula: -

20
—Ecnz .—NT _
- {VI)
N T
5
wherein R' is as defined above, and wherein each s an& s! can "
be the same Or a different number of from 2 to 6, preferably : i
2 to 4; and t and t' can be the same OrI different and are d:
each numbers of typically from 0 to 10, preferably about 2 to 25
7, most preferably apout 3 to 7, with the proviso that t+t!
is not greater than 10. To assure a facile reaction it is ady
prefe*red that R', R", R"', R¥, s, s', t, and t' be selected Pre
in a manner sufficient to provzde the compounds of formulas alk-
1v and V with.at least one primary amino group. This can be® dic;
achieved by selecting at 1ieast two of said R' ,R", or RW of ;

groups in formula IV to be hydrogen, select-ng poth R' and P alky:
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in formula V to be hvu*ogen, or Dy selecting t in formuia Vv
to be at least one when the nozety of formula VI-possesses a
primary amino group.

. =23

s Non-limiting examples cf suitable amine compounds
inciude: 1, 2-diaminoethane; -1, 3-diaminopropane; 1,4-
diaminobutane; 1, G-dzamznohexane, polyethylene amznes such as
diethylenetr;am;ne (DETA) ; t*zethylene tet*amlne.
tetraethylene pentamine; polypropylene amines such as 1,2-

10 propylene diamine; di-(1, 2-propylene) triamine; di-(1, 3=~
propylene) triamine; N,N-dimethyl-1, 3-propanediamine (also
known as N,N—dzmethylamznopropylamlne, or DMAPA); N,N-di-(2-
amznoethyl) ethylene diamine; N.N-a*-(z-hyc*oxyethyl) -1,3-

‘ propylene diamine; N-dodecyl- i,3-propane czam;ne. and

i 15 mixtures thereof.

Other useful amine compounds include: alicyclic diamines
such as 1, 4-di- (aminoethyl)cyclohex ¥ane, and N%amzncalkyl
piperazines of the general formula:

20
r L
CH,CH,
| - / "\ | -
n—-[-nn—mxg,;-};-n\ /u-—E-(cxz)Prnn-}-;n (VII)
£ c“écH{J
- = n2
can wherein pl and p2 are the same or di‘ferent and are each
ably integers of from 1 to 4, and nl, n2, and n3 are the same or
e different and are each integers of from 1 to 3.
.2 0 3 :
st Commercial mixtures of amine comnounas may
-is _ advantageously be used. For example. one process for
Lected Preparing alkylene amines involves the reaction of an
nulas - alkylene dihalide (such as ethylene dichloride or pPropyiene
can be ¥ dichloride) with ammonia, which results in a complex mixcure
Iy of alkyiene amines wherein pairs of nitrogens are joined by
: and alkylene groups, Sorming such compounds as diethylene
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criamine, triethylenetetr amine, ctetraethylene pentamine, 2and

corresponding piperazines.

particularly prere**eo amlnes include low cost.
ooly(ethyleneamlne) comoounds. often refer*ed to as PAM,
averaging about 5 to 7 nlt-ogen atoms per molecule._ These
are commerczally avazlable under trade .names such- as
npolyamine H" "Polyamlne 400"- "Dow Polyamzne E-lOO”"aﬁong

others.

.

-
. - .-
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 Also useful.are polyoxyalkylane polyamiﬁes, such as

those.of the formula:

Nug-é'lkylene-(-o-alkylene-)m—unz T I

where m has a value of about
about 10 to about 35; ‘and

3 to about 70 and preferably

R“-[—_alkylene-(--o-alkylex'.\e-)n----.‘n-lz]'a (IX)

where n has a value of abouﬁ

saturated hydrocarbon radica

1 to6 40, with the provision that
the sum of all the n's is from about '3 to about 70, and
preferably from about 6 to about 35, and r4 is a substituted

1 of up to 10 carbon atoms,

wherein the ‘number of substituents on the R4 group is from 3

to 6, and "a“ is a number from 3 to

of substituents on R4. The

alkylene groups in e

VIII or IX may be’ stralght or pranched chains conta;nlng
about 2 to about 7, and preferably about 2 to about 4 carbon

atoms.

Partzcularly preferreo polyam;ne compounds include the

polyoxyalkylene polyam;nes o]
alkylene polyamznes represen

£ formulas VIII and X, and the
ted by the formula:

-

&n&Thmﬂ

T

6 representing the number
ither formula

30

3
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(T

He=Net=alkylene = N=tH . Rl
| | (%)
o bt 2 : '

wherein x is an integérhof from 1 to about 10, preferabiy
about 2 to about 7, and-the alkylene radical is a straight or
branched chain alkylene radical having about 2 to aboutr 7;
preferably about 2 to about 4 carbon atoms..

Examples of the alkylene polyamines of formula X';nc*uae
methylene amines, ethylene amines, butylene amines, propylene
amines, pentylene amines, hexylene amines, heptylene amines
octylene amines, other polymethylene amines, the cycllc and

- higher homologs of these amines such as the piperazines, the

amino-alkyl-substituted piperazines, and the like. These
amines znclude, for example, ethylene diamine, dlethylene
triamine, triethylene tatramine, propylene diamine,
dltheptamethylene)trzamzne, tripropylene tetramine, -
tetraethylene pentamine, trimethylene diamine, pentaethylene
hexamine, di(trimethylene)triamine, 2-heptyl-3-(2-amino-
propyl)imidazoline, 4-methylimidazoline, 1,3-bis-(2-
aminopropyl)piﬁerazine, 1,4-bis(2-aminocethyl)piperazine, N,N-
dimethylaminopropylamine (DMAPA), N,N'-dioctylethylamine, N-
octyl-N'-methylethylene diamine, 2-methyl-1i-(2-
aminobutyl)piperazine;'and the like. Other higher homologs
which may be used can be obtained by condenéing two or more
of the above-mentioned alkylene amines in a known manner.

The ethylene amines which are particularly useful are
described, for example; in the Encyclopedia of Chemical
Technology under the heading of "Ethylene Amines" (Kirk and
Othmer), Volume 3, pp. 898-905; Interscience Publishers, New
York (1950). These compounds are prepared by the reaction of
an alkylene chloride with ammonia, which results in the
production of a compiex mixture of alkvlene amines, inciuding
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eyslic =sndensaticn groducts such as pi.era::ngs; MixTuTes
of these amines may also pe used for the pusposes of this
invention.

“The palyoxyalkylene polyamines of forzulas v::: anc IX,
p;gie:ahly polyoxyalkylene diamines and polyoxyalkylene

about 200 to about 4000 and preferably Irom tout 400 €O
about 2000. The prefer:ed polyoxyalkylene polyamines inelude
the polyoxyethylene and ‘the polyoxypropylene diamines and the
polyoxypropylene tTiamines having average molecular weights
zanging fzom about . 200 to about 2000. "The polyoxyalkylene
polyamines are commerczially available and may be cbtained, ‘\
tor example, ZZCH the Jefferson Chemical Company, Inc. under hd
the trade names »3jeffamines D-230, D-400, D-1000, p-2000, T-

_ 403", etc.

e Amination Reacsion Conditions

The Amination ReaCoiLl ——=mss===

Without limiting the present inventicn to a partitula:

theory, it is believed chat an alkylated guincne-type (i.e., 2

- dicarbonyl) intermediate is created (e.G., an alkylated 2,4~

benzoguinone in she case where hydzoguincne is used as t=he
dihyd:oxya:cmatic: an alkylated 1,2-penzogquinone in the case

of catechol) during the ceaction that is then subsequently )
aminated. It is rherefore possible to use alkylated - 25
dicz=bonyl analogues of the dihydroxyaromatlics of the =resent
invention as star-ing material and aminate them directly in
ace==zdance with the methods cdisclosed he:eiﬁ.

7= is preferred that the reaczion mixture be exposec to ¥ L
an cxidizing agenc such that che alkylated -dinhyaroxyasss =iz
is oxigized tc the ;:::sspcnding alkylated dicazbonyl
imeszmedizte. The 4:~azoonyl then reaczs with the a=zne.
Simsle expasu:é ez zTmospnezil oxygen cuzing ~he reaz=ion i ar:
gum2s:-ien= oz this SUTFOSE -nough cther oxidizing agents lus
ma; pe emplioved. The alkxylzzion, ffififiiii_fff_ffiffzicn ¥ for

9racs

i

|
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steps may be easiiy Zollowed ty spectrcs scocpic techniques such
as infrared or NMR spectrosccpy.

Failure to use an oxidizing agent will result_in poor
5 yields, since it may be expected that one molecule of
reactant will be consumed in order to oxidize another to form
one molecule of final product. N '

The amination of the present inventipn is preferably
10 performed in an inert solvent, such as a hydrocarbon. Useful
- - hydrocarbons include heptane, cyclohexane, toluene, xy;ené;
) mineral oil, and the like.

"The alkylated dihydrox?a:omatic compound, primary amine,
1§ and solvent are mixed and will generally be reacted at a
temperature of from 0° to 200° C., preferably 10° to 110°
C.{e.g., 20° to 100° C.); for a period of from 0.5 to 168
hours, preferably 1l to 48 (e.g., 1.5 to 12 ; 2 to 6) hours.

20 Depending upon such factors as the reactants chosen and
the nitrogen content of the final product desired, the amines
of the present invention will generally be employed in the
amount of from 0.0l mole of amine per molie of '

E; dihydoxyaromatic to 19 moles of amine per mole of

25 dihydoxyaromatic, preferably 0.1 to S moles of amine per mole

of dihydroxyaromatic (e.g., 0.3 to 2; 0.5 to 1).

nt
1
This Sheet Has Been Replaced o
co 0 Lubricant Compositions ' ' |I"I "I"”"I" ﬂl
The products prepared by the process of this invention
: .5  are very suitable for use in lubricating oils. The -
:;s lubricating oils can be any animal, vegetable or mineral oil,

-cn ¥ for example Det:oleum oil to SAE 30, 40 or 50 lubricating oil

‘grades, castor o-*, £ish oz;s or oxldlbea mineral oils.
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Alternatively the lubricat*ng oil'can'be'a synthetic

ester lubricating oil and these include diesters such as di- .
octYl adipate, di-octyl senacate, didecyl. azelate. trzaecyl ’i |
adipate, didecyl succinate, . didecyl glutarate-and mixtures ; .
thereof. Alternatively the synthetic ester can be a - |
polyester such as;that prepa:ed by:;eaetlng_POlyhydgzc

alcohols such as trzmethylolpropane and pentaerythritol with

mpnocarboxylic acids such as butyrzc aczd to ‘'give the

corresponding tri- and tetra-esters. Also complex esters may
be used, such as those formed by esterification reactions
between carboxylic acid, .- a gljcol and an alcohol, or

monocarboxylic acid.

_ Base o;ls sultable for use in preparzng the lubricating
oil compos;tzons of the present 1nventlon 1nclude those ' Is
conventionally employed as crankcase lubricating oils for
spark-ignited and doppression—igﬁited internal'tombustion
engines, such as-eutomobile and trﬁck engines, marine and
railroad diesel engines, and the like. Advantageous resuits
are also achieved by employing the products of the present 0
invention in base oils conventionally employed in and/or
adapted for use as power rransmitting fluids such as

_ autometic transmission fluids, tractor ‘lulds,,unzversal

tractor flﬁids'and hydraulic fluids, heavy duty hydraulic
ncm‘_

fluids, powe* steering fluids and the like. Gear lubricants 5
Ollj

1ndust*1al c;ls. pumn oils and other lubr'catzng oil a
leg
. el
compositions can a2lso benefit ¢zom the lncorporac;on there

of the products of the present znventﬂon.
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' The amount of product alkylated with dispersant-range

molecular weight polymer alkylating agent added to a

'lubricating oil is typically a minor proportion arnd will

" generally be blended in proportions of from 0.013% to 30% by

weight of lubricating oil (e.g., 0.01% to 20% by weight),
preferably between 0.1% and 8% by weight (e.g.. 0.1% to 5% by

S<

weight) .

The amount of ﬁioduct,alky;ated with'viscosity-mbdifier?
range moleculzr weight -polymer alkylating agent added to a
lubricating oil is typically a minor proportion and will
generally be blended in proportions of from 0.01% to 20% by
weight of lubricating oil (e.g., 0;01% to 12% by Qeight{,
pteferably between 0.01% and 6% by weight (e.g., 0.01% to 43
by weight). |

The products of the present invention may be borated by

means known in the art.

Fuel Compositions

The products of this invention are suitable for use in
normally liquid petroleum fuels such as middle distillates
bOiling from about 65°C. to 430°C., in;lﬁding kerosene,

diesel fuels, home heating fuel oil, and jet Zfuels.

This Sheet Has Been R laced
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The amount of groduct alkylated wit2 dispersant-range

| moiecular weight polymer alkylating agent added to & fuel oil

is typically a minor pfopcrtion and will generally be blended
in proportions of from 0.001% to 0.53% by weight of fuel oil
(e.g., 0.001% to 0.3% bY weight), preferably between 0.001%
and o;_ls% by weight (e.g., 0.005% to 0.1% by weight).

 The final fuel and lubricating oil compositions may if
desired contain other. additives known in the additive art,
€.Jer other viscosity index improvers and dispersants,
detergents, antioxidants., corrosion inhibitors, pour point bf::
depressants, antiwear' agents, <Iri tion modifiers, and the

like.

This Sheet Has Been Rerilaced

EXAMPLES 'I

Examples 1 to 5. Alkvlation of Hvdroauingne

In each of Examples 1 througn 35, 2 quantity of _
nydroquinone (MW = 110) was dissolved in a quantity of eithex 18
heptane oI toluene and charged to a 250 ml. round-bottom
flask. A quantity of Amberlite-15 (a strongly acidic resin
comprising divinylbenzene-crosslinked polystyrene, to which
sulfonic groups are attached) was added, followed by the
addition of a quantity of an ethylene/propylene'copolymer 2
("EP polymer™) having a number average molecular weight of

g70 and terminal unsaturation. Each reaction mixture was :

then heated for 2a number of hours and then filtered, follov e

by the removal of the solvent under vacuum. _ T}
: 2

ev

IR spectra of the products revealed new peaks.appeari
at 3600 and 1400 em~! (thereby indicating a change in the
nature of the nydrxyl groups on the aromatiz zing that wod Ex

L
2
T
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indicate the presence of a subsc:i-uent :hé*eon) _and < mclete
d;saopearance of the oouole tond oeaxs of ohe EP polvme* at
3065, 1645 and 885 cm™ 1 (thereby -nolcatlng ‘the ‘loss of 'ne
polymer unsaturation). This indicates that ‘the -
dzhyoroxyaroma;;c was successfully alky;;tod.

v
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The alkylatlon procedures are shown 1n Table T as

. follows. L
] TABLE I )
Hydro¥ ) o _ _
qui- Sol- Sol- Amper RX  RX
Ex. none vent vent -lite EP Témp'-Time
No. g. mi. . g. g. °C. hrs.
1 | '6.32 Hep 50 12.5 25 98 6.0
2 30.00 Tol 50 15.0 S50 90 . 2.0
3 3.16 Hep 30 15.0 50 90 2.5
4 6.32 Hep 30 15.0 50 90 2.5
5 12.64 Hep 30 15.0 S0 90 2.5

Example 6: Alkvlation of Catechol

Into a 250 ml. round-bottom £flask were charged 6.32 g.

(0.0575 moles) of Catechol (MW = 110) and 50 ml of toluene.

To this was added 10 g. of Amberlite-15 and the mixture was
heated to 90° C. Added to this was 50 g. of an EP polymer (MW
= 870) and the solution was maintained at 90° C. for another 2
hours. The reaction mixture was then filtered, the filtrate
evaporated, and the resultant preduct *edissolved in hepzane.
The heptane solution was itself filtered and the filtrare
evaporated under vacuum to obtain the product.

Examoles 7 th*ouon 12: Amination of Alkvlated Hvdroguinone
With paM ' '

e ==
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hydroqulnone proouced in :xample g were ozssolved in 50 ml
heptane. TO thxs was addeo a ouantlty of ezther PAM
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In each of examples '/ shrough 12, 2 g. of the EP-

[

5 (polyethyleneamlne having an average of L) to 7 nitrogen atoms
per moleculel., DETA (dlethylenet'lamlne, MR = 103), or DMAPA
(N,N—dlmethylamlnopropylamlne, MW = 103). Each solution was .. .
stirred at room temperature for 24 hours and then dlluted
with 50 ml of heptane and £iltered. The solvent was removed
10 by nitrogen stripping followed by evaporation under high
vacuum. The products were analyzed for nitrogen content.-
The results are summarized in mable II as follows:
15
PR e . = TP.BLE 11
' " ~ 'Nitrogen
Ex. Amine -- Amino - Content
No. - g. wt.$
7 PaM ~ 0.150  2.18
8 ~ PAM- 0.300 - - 3.27
9 DETA  0.103 1.58 2°
10 | DETA 0.206 2.65
—  |u DMAPA  0.103 0.33
12 DMAPA 0.206 0.40 5 .

\\n\l\nnlm\\l\Iﬁ'““‘ S .

20

25

Example 13: Amlnatlon of Alkvlated catechol with DCMAPA _ .bs
. . . o) ofd
ree

' 4.32 g. of the produc' of Example 6 were dissolved in 530 th.-

ml of heptane. To this mixture was aaded 0.9 g. of;DMAPA ar su;:
the solution was refluxed for 6 hours at 98° C. Afterwards: 'ﬁpon
the heptane was removed by 11trogen st’lpplng followed by
evaporation unde* hlgh vacuum _
s added‘

The nitrogen content of the -roouC’ was found to be - _fo; 16

Standaré

wt'
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- Dispersancy Performance

o 5 The performance of the products of Examples 7 through 13
were tested for sludge inhibition and varnish inhibition as
described herein.

'The test for sludge inhibition is referred to as the SIB
10 test. The SIB test has been found to be excellent for )

assessing the dispersing power of lubricating oil dispersant
13 additives.

The medium chosen for the SIB test is a crankcase
15 mineral lubricating oil composition having an original
viscosity of about 325 SUS at 38° C that has been used in a
taxicab driven for short trips only, thereby resulting in the
buildup of high concentrations of sludge precursors. The oil
used in the taxi contains only a refined base mineral
20 lubricating oil, a viscosity index improver, a pour point
\ depressant, and a zinc dialle-dithiophosphate anti-wear
i additive. ~The o0il contains no sludge dispersant. A quantity
% of such used oil 'is acquired by draining and refilling the
L taxicab crankcase at 1,000 toc 2,000 mile intervals.
pL

The SIB test is conducted by first taking the aforesaid
used crankcase oil from the taxi and centrifuging the milky
brown fluid for 1 hour at about 39,000 gravities (gs). The
resultant clear bright red supernatant oil is decanted from
ip 9 ¥ the sludge pérticles. The sludge has been removed from this

-

op 2%}  Supernatant but it still contains sludge precursors, whzch
az85’ upon heating wzll convert to additional sludge.
oy |

A small amount of each dispersant being tested is then
added to a quantity of the supernatant and heated at 135° C.
_pe e for 16 hours in the presence of air. A sample'of the
Sipernatant without any dispersant added is used as the
Standard, while a samplie having a well known commercially
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available dispersant blended ~herein is citen used as a
reference. After heating, the sampies are cooled tO room
temperature and centzifuged at apout 39,000 gs- Any sludge
removed bY this step is separated by deeanting the resulting
5 supernatant and washing the precipitate with heptane,
followed by additional cetrifugation. The sludge precipitate

is then dried and weighed. _ e L

~ The SIB score is determined by comparison with the
10 standard (the sample naving no-dispersant) .. The weight of ..
the_sludge precipitate removed from the standard is
normalized o 10. The amount of.sluébe precipitated from the ‘lﬁy'
other samples are scored by weight. Hence., if the
preciﬁitate from the standard were found to have weighed 22
1§ grams, for example, and the precipitate_from“a particular _ 1
dispersant saﬁple'weighed 11 grams, then the dispersant '
sample . scores 5 after normalization of the standard to 10.
As can bc seen, the lower the SIB score, the petter the

sludge deposit inhibition qualities of the dispersant.

20 . : 20
‘An SIB score greater than 10 indicates that the additive
being tested demonstrates. worse sludge deposit inhibition
qualities_than no additive;at'all. Such an additive would be
ciassified as a flocculant. -
25

The VIB test is used_to determine varnish inhibition.

Here, small quantities of dispersant are added to a
supernatant oil having sludge precursors. just as described
above with respect to the SIB test. Each sample is heat

30 soaked overnight at about 140° C and then centrifuged to

" remove the sludge precipitate. The precipitate is removed
and the supernatant is then subjected to heat cycling of from
room temperature to 150° C. at a frequency of about 2 tycles
per minute over 2 3.5 hour periocd. During the heating phase

35 .of each cycle, a gas comprising 0.7% 502 by volune, 1.4% NO

py volume, and the remainder air. is bubbled through each

test sample. These cycling'periods may be repeated as .,
necessary. : . T
EVaiL_
-
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dispersant wherein the polyisobutylene moiety had a number
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After heat cycling, <he Slasks in wnich the sampies are

. contained are visually examined fo- varnish deposits. The

samples are subjectively-rated against the standard on a
scale of 1 to 11, wherein a score of 1 indicates no varnisn
deposits at all and the standard (having no dispersant) is
given a rating of 11. Hence,-the lower the score, the better
the varnish inhibition qualities of the dispersant.

A VIB score greater than 11 indicates that the varnish
inhibition qualities of the tested additive are worse than no
additive at all. ' S

The reference used in the table below was a PIBSA-2AM

average molecular weight of about 950, the number of
succinimide moieties to each polyisobutylene chain was about
1.18, and the nitrogen content of each molecule averaged
1.59% by weight. The reference is considersd representative
of dispersants currently in commercial use.

The results of SIB and VIB tests on the products of
Examples 7 through 13 were as follows:

| TABLE III

Example No. SIB mg VIB rating

7 7.1 4

8 | 8.5 - 4

9 - | 8.0 5+**
10 | 8.5 | 4
11 o '5.85 5-**
12 | 5.75 L 6

13 1.59 - 4
Reference” ' 4.20 *9.68 . 7 %0
Standard 10.00 | 11.00

* the catechel- and hydroquinone-derived dispersants were
&valuated in two separate sets of SIS and VI3 tests using two




10

15

WO 95/10545 PCT/US94/11139

.36 -

separate samples cf =uner“atant crankcase oil. Hence, the
reference score for eac“ rest. is5.n0T. exacely the same. Here,

-the two. scores from the. <IB Tests, and the two scores Zrom the
-~ YIB tests were. averageu.

**'A wsn jndicates 2 sl;ghtly higher value, 2 n.n glightly .
jower. No .attempt . at, _greater. accuracy is made since the _
evaluation is necessar-ly subjective.

- o - - o N b e e - . - P
R - - - .n

- . .- - - -
- -

As can be seen,lthe eatechel derived dispersant (Example
13) d;splayed the mostT impressive sludge-reducing properties
and szgn;ficant varn;sh reducing properties over the
reference. Hydrcquznone-ce**vea dlspersants (Examples 7 to
12).showed meroved varnish reuuctzon ove; the reference.

eet Has Been Reﬁaced

T \I\ I




WO 95/10545 _ _ PCT/US94/11139

T =37-
This Sheet Has Been Reﬂlaced

CLAIMS :

1. A process for the production of fuel'and'lubricant
additives, said process comprising:'"'

_ providing an-alkylated dihydroxyaromatic compound
having been alkylated with a polymer alkylating agent:;

- aminating said alkylated dihydroxyaromatic compound
with at least one amine under conditions effective in
oxidizing the hydroxyl groups of said alkylated
dihydroxyaromatic compound to carbonyl groups.

2. The process of Claim 1 wherein said
dihydroxyaromatic compound is catechol.:

3. The process of Claim 1 wherein said
dihydroxyaromatic compound is hydroguinone.

R

BT
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4. The process of Claim - wherein said amine is at - :

least one selected from the group consisting of amines
represented by the following.struc:ural formulas:

HpN—( CI_'Iz )_n-_—N—'R" ’

ROV—N—R'
1

.R",_

2 N (CHp ) g=1— N (CHy) gmt=N=——R""

I

R" . r" 'R

wherein n is an integer of at least 1 and Rf, R", R"'", '
and R¥ are independently selected from the group '
consisting of hydrogen; cy to C25 straight or branched
chain alkyl radicals: Cy to C12 alkoxy Cz2 to Cg alkylene 8
radicals; C2 to C12 hydroxy amino alkylene radicals: and d:
'€y to Cyz alkylamino C2 ©O Cg alkylene radicals. |
s.
alky
i Sopo

o
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5. The process of Claim 4 whe:éin R" and R"' further
comprise I moiety of the formula: | | '

(CH, g+ N=T=H

—. t'

wherein each s and s' is the same or a different number
of from 2 to 6,; and t and t*' is the same or different
and are each numbers of from 0 to 10, with the proviso
that t+t' is not greater than 10.

6. The process of Claim 1 wherein said amine is
polyethyleneamine.

7. The process of Claim 1 wherein said amine is
diethylenetriamine. |

8. The process of Claim 1 wherein said amine is N,N-
dimethylaminopropylamine. '

s. The process of Clalm 1 wherein said polymer
alkylating agent is an unsaturated ethylene/a-olefzn

copolymer.

10. The process of Claim 9 wherein said a-olefin

comprises four carbon atoms.

A
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11. The process of Claim : wherein said polymer
alkvlatlng agent’ ls an unsa°"rated propylene/butene-1l

copolymer.

12. The process of Claim 1 where;n said polymer .
alkylating agent is an unsaturated homopolymer of an
olefin monomer, said monomer having four carbon atoms.

'13. The process of any of Claims 9 through 12 wherein
sazd polymer alkylating agent comprises at least about
30% combined terminal ethenylldene and ethenyl
unsaturation.

14. The process of any of Claims 9 through 12 wherein
said polymer alkylating agent has a number average
molecular weight of about 250 to about 20, 000.

15. The product formed by the process of any of claims 1
through 12. )

16. An oleaginous composition comprising a major amount '
of a lubricating cil and a minor amount of the product of
Claim 15. ' ' : o wh
_ . am;
17. An oleaginous composition comprising a major amount
of a fuel and a minor amount of the product of Claims 13. ' 20,
.

-
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18. A substance useful as a fuel or lubricant additive
having the chemical formula:

This Sheet Has Been RT

AT

N-Amine

POLY

- wWherein POLY is a polymeric hydrocarbyl and N-Amlne is an
amine bound to the ring structure via a nitrogen atom.

19. A substance useful as a fuel or lubricant additive
having the chemical formula:

N-Amine

- | POLY
»

where;n POLY is a polymeric hydrocarbyl and N-Amine is an |
amine bound to the ring structure via a nitrogen atom.

20. A lubricant composition comprising:
lubricating oil; and
at least one of the substances of Claims 18 and 19.

I
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