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The present invention relates to a novel process for 

producing fuel and lubricant additives such as dispersants~ 

viscosity modifiers, and multifunctional viscosity modifiers 

by alkylatinq and then aminatinq dihydroxyaromatic compounds, 

such as ca te·chol and hydroquinone. 

. BACKGROUND OF THE TNVENTION 

20 Liston et al., U.S. Patent Nos. 4,632,771.and 4,643,838 

for NORMALLY LIQUID C1e TO C24 MONOALKYL CATECHOLS refer to 

normally liquid lubricati~q oil additives which provide both 

--- antioxidant and friction-moc:lifyinq properties when added to 

lubricating oil. In particular, these patents relate to C1a 

25 to C24 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 

30 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 a~ elevated temperature, wherein· the excess 

aromatic amine and the reaction product is distilled off from 

35 the reaction mixture in the presence of a base. 

Coupland et al., U. s. Patent No. 3, 59·2·, 820 for 

SUBSTITUTED CATECHOL SALTS OF BENZOTRIAZOLES OR 
~~~~~-'---'"--'--~~-

---~~---------------------.... ------------~ 
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PHENYLHYDRAZ!NES refers to a com~ound which may be produced 

by reaction of subs~~tuted catechol with phenylhydrazine, 

substituted phenylhydrazine, benzotriazole, or substituted 

benzot:iazole. The reaction may be carried out in an inert 

s solvent, such as· a hydrocarbon. The compounds· are useful as 

antioxidants in lubricant compositi~?~· 

Small, Jr. et al., U.S. Patent No. 5,061,390 for 

DIETHYLAMINE COMPLEXES OF BORATED ALKYL CATECHOLS AND 

10 LUBRICATING OIL COMPOSITIONS CONTAINING THE SAME refers to 

1-ubricatinq oils containinq a borated alky~ 

catecholc:liethylamine complex effective in reducinq oxidation, 

wear, and deposits in internal combustion enqines. 

U Davis, U.S. Patent No. 4, 663, 063 for ALKYL PHENOL .AND · 

AMINO COMPOUND COMPOSITIONS AND TWO-CYCLE ENGINE OILS AND 

FOELS CONTAINING SAME refers to a composition comprisinq the 

coml:ination of (A) at least one alkyl phenol of the formula 

20 .. (R) a - Ar - (OH) b 

wherein each R is .independently a substantially saturated 

hydrocarbon-based qroup of an averaqe of at least about 10 

aliphatic carbon atoms; a and b are each independently an 

inteqer of one up to three· times the number of aromatic 

nuclei present in Ar with the proviso that the sum of a, b, 

and c does not exceed the unsatisfied valences of Ar; and Ar 

•Li ·'. 

2 

is an aromatic moiety which is a sinqle ring, a fused ring or 

30 

. 
. 

a linked polynuclear ring havinq O to 3 optional substituents 

selected from the qroup consistinq essentially of lower 

alkyl, lower alkoxyl, carboalkoxy methylol or lower 

hydrocarbon-based substituted methylol, n~tro, nitroso, halo 

and combinations of said optional substituents, and (B) at 

- least one amino compound with the proviso that the amino 

35 compound is not an amino phenol. Lubricants and lubricating 

oil-fuel mixtures for two-cycle engines which include the 

above compositions, and methods for lubricating two-cycle 

enqines are also disclosed. 

1i1111r11nr 

. 30 
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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 

. Base reaction. In the present invention, dihydroxyaromatics 

may be derivatized with a.mines without the use·· of ·an aldehyde 

-- thereby savinq the expense of utilizinq a reagent that is 

consumed in the reaction. 

SUMMARY OF THE INVENTION 

15. In the present invention, a dihydroxyaromatic compound 

is alkylated with a polymer alkylatinq aqent and then reacted·· 

with an amine under reaction ~onditions effective in 

oxidizinq the hydroxyl qroups to carbonyl qroups. The 

pref erred dihydroxyaromatic compounds are catechol and 

20 hydroquinone. 

2S 

30 

The products of the present invention demonstrate hiqhly 

effective sludge and varnish reducinq properties when used as 

fuel and lubricant dispersant additives • 

DETAILED DESCRIPTION OF THE INVENTION 

The process of the present invention may be desc=ibed by 

the followinq illustrative fol:mulas wherein catechol, for 

example, is !irst alkylated and then aminated with an amine: 

---·--· _____ ,:-;····. -----------------
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HO~ 
catalyst 

POLY + ) {I) 
HO 

OH 
OH 

followed by: 

~LY HN-Amine 

H N-Amine- (D) 

[0] 
H 0 

wherein [OJ indicates oxidation; POLY represents a polymer 

alkylatinq aqent which will react with the aromatic. rinq so 

10 as to attach as a polymeric hydrocarbyl moiety Ci. e., -POLY) 

thereto; and wherein HN-.Amine symbolizes a primary or 

secondary amine and the particular nitroqen moiety thereof 

that takes part in the aminaticn reaction; and wherein --N­

Amine symbolizes the amine bonded directly to the rinq via 

15 the reactinq nitroqen atom as a result of the aminaticn 

reaction. 

I 

•~-O 

20 

Similarly, the final reaction product of the present 0 
invention wherein hydroquinone is utilized may be represented 

20 by, for example, the followinq formula: 

(III) 

N-Amine 

though it is not required tha~ the N-Amine and POLY moie~ies 

be diame~~ically opposed as shown. 

J 



ced 

~,-i,eS --

10 

. ~..:.. .. ~.:. . 

PCTIUS94/l 1139 

5 

The reac~ion is unusual in that, :mlike a Mannie~ 3ase 

~i·o~, no formaldehyde is needed. Also unlike a Mannich 
reac-

. aase is that the hydroxyl qroups are oxidized to carbonvl 

. ou-s the rinq loses its aromaticity, and the nit=oqen atom 
qr t' I . . 

bonds directly with the rinq. 

The resulting compositions are very effective as a 

dispersant in reducing oil sludqe and varnish in internal 

com1'ustion enqines. 

The Dihvdroxvaromatic Comoounds 

15 Oihydroxyaromatic cc:=.~ounds useful in the present 

invention include, but a=c not limited to, hydroquinone, 

catechol, hydrocarbyl-substituted dihydroxyaromatics such as 

methyl hydrcqui:ione, ethylhydroquinone, 2-phenylhydroquinonP., 

chlorohydroquinone, 3-methylcatechol, 4-methylcatechol, and 

20 the like •. Also useful a:e dihydroxynapthols such as 1,4-

dihydroxynaphthalene, 1,2-dihydroxynaphthalene and the !ike. 
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Dihyd=oxyaroma
~!:s useful ~n :he presen~ invention 

include those :epresent:ed by the followinq formulas: 

OH 
OH 

Q 

OH 
- OH 

OH 

OH 

5 wherein Q is a substituent comprisinq a halide radical, an 

aryl group, hydroqen, a hydrocarbyl havinq l to·12 carbon 

atoms, or a structure of the fo::m: · 

· 11111i11nr 
10 and wherein Q' is def!ned as Q above, the same or different, 

and wherein one or :ore sides may be shared with the moiety 

so subs_titut:ed. 

Fo= the purposes of this invent:ion, the term 

u "hyci:::carbyl" is no-: s-::i:tly J.i:nited to moieties possessin~ 

solely carbon and ny::oqen, bu~ rather may encompass a mino: 

.: 

IO 

I$ 

' 
20 

) 2$ 
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deqree of subs~itution so lonq as the processes and benefits 
of the invention are not :hwarted thereby. 

The Polvmer Alkvlatina Aaents -
Polymer·· alkylatinq aqents which are useful in the 

present invention ar_e_ polymers containinq at least _one 
carbon-carbon ~ouble bond unsaturation (olefinic, or 
"ethylenic") and whic.11 are"" not so sterically hindered, or in . 
reactive competition with other functional qroups, so as to 
render them unable to participate in the catalytic alkylation 
of the chosen dihydroxyaromatic compound. As lonq as a 
chosen double bond will reac~ in the presence of.a chosen 

15 catalyst so as to alkylate a chosen dihydroxyaromatic 
compound, such a bond will be deemed a "reactive" · 
unsaturation and the polymer possessinq such an unsaturation 
will be deemed a polymer alkylatinq aqent. 

20 Useful polymer alkylatinq agents in the present 

30 

35 

invention include ·polyalkenes including homopolymer, 
copolymer (used interchanq~ably with interpolymer) ~~ 
mixtures thereof. Homopolymer-s and interpolymers include 

.. 
those derived from polymerizable olefin monomers of 2 to 
about 16 carbon atoms; usually 2 to about 6 carbon atoms. . . 
The interpo~ymers are those in which two or more olefin 
monomers are interpolymerized accordinq to well~known 
conventional procedures to form polyalkenes havinq units 
within their structure derived from each of said two or more 
olefin menomers. Thus, "interpolymer(s)" as used herein is 
inclusive of terpolymers, tetrapolymers, and the like. As 
will be apparent to ~hose of ordinary skil,l_in the art, the 
polyalkenes from which the poly-substituent of Formulas I and 

. . 

II are derived are often conventionally referred to as 
"polyolefin(s)". 

Useful polymers include those described in U.S. Patent 
Nos. 4,234,435; 5,0l~,299, 5,186,851 and European Patent 
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4pplication No. 0,462,219-Al. Par~icular =eference is made 

t:o the a-olefin polymers to be made usinq crc;anometallic 

coordination compounds as disclosed therein. A particularly 

pref erred class of polymers are ethylene/a-olefin copolymers 

5 such as those disclosed in tT .s. Patent No. 5, 01.7, 299 and 

5,186,851. 

The preferred polymer alkylatinq aqents· for use in this 

invention possess at least one carbon-carbon ·uns~~rated 

10 double bond. The unsaturation can be teJ:minal, internal, or 

both. Preferred polymers have terminal unsaturation. The 
- . 

po_lymers of the present invention preferably comprise a hiqh 

deqree of terminal unsaturation. For the purposes of this 

invention, "terminal unsat:urat:ion" refers to the unsaturation 

15 provided by the last monomer-unit located in the polymer. 

20 

25 

30 

35 

The_unsaturation can be~located anywhere in.this teJ:minal 

monomer unit. TeJ:minal olefinic groups include ethenylidene 

(also known as "vinylidene") .unsaturation, RaRbc=CH2; 

trisubstituted olefin unsatur.ation, Raabc=CRCH; vinyl 

unsaturation, R•HC•CH2; 1,2-disubstituted_terminal 

unsaturation, RaHc=cHRb; _and tetra-substituted terminal 

unsaturation, R•Rbc=cacRd; At least· one· of Ra and Rb is a 

polymeric qroup, and the. remainder are hyd.roearbyl groups, 

polymeric or otherwise, th·e same or different. 

Especially pref erred polymers for use in this invention 

exhibit substantial terminal ethenylidene unsaturation. At 

least about 30%, preferably at least about 50%, more 

preferably at-least a.bout 601, and most preferably at least 

about 75% (e.g., 75 to 98%), of such"pclymer chains exhibit 

terminal ethenylidene unsaturation. Such polymers also may 

exhibit a minor percentage of highly desi:able ethenylCvinylJ 

unsaturation, which may be substituted for ethenylidene 

unsaturation in arriving at the percentages disclosed above. 

Hence, fer example, a combined percentaqe of 30% ethenyliden1lS 

and ethenyl·unsaturaticn will more than adequately substitut 

for 30% ethenylidene alone -- and should even prove superior 

-

30 

20 
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Pc 
20 
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Pr 
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Of JC 

2,ooo 
comp0~ 
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·~~ue of the higher =eac~ivity of ~er.:.inal ethenyl in 
bY V1-M . 

r "son to that of terminal ethenylidene. 
c:olllPa -

. The homopolymers and copolymers of the present invention 

can be 
ranqe. 

conveniently characterized based on molecular weight 

Polymers and copolymers of "low", "intermediate" and 

"hiqh" molecular.weights can be prepared. 

Low molecular weiqht polymers, also referred to herein 

as "dispersant-ranqe" 1110lecular weiqht polymers, are 

considered to be polymers having a number average molecular 

weiqht of less than 20,000; preferably from at least 400 to 

about 20,000 (e.q., 450 to 1000; 500 to .. 2000; 700 to 3000; 

i,ooo to 19,000); more preferably from about 1,500 .to about 

10,000 (e.q., 2,000 to 8,000); and most preferably from l,SOO 

to s,ooo. The low molecular weights are number average 

molecu-£r weights measured; by vapor phase osmometry or gel 

pei:meation chromatoqrap~y CGPC) • Low molecular weight 

polymers are· useful in the present invention for forming 

20 dispersants for fuel and lubricant additives. 

. ·. ·, "I• 
~-

J.on 

At 

:ast 

~"bit 
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30 

Medium molecular weight polymers, also referred to 

herein as "viscosity-modi:!ier-ranqe" molecular weight 

polymers, have number average molecular weiqhts ranginq from 

20,000 to 200,000; preferably 25,000 to l00,000; and more 

preferably from 25,000 to 80,000 and are useful in the 

present invention for making viscosity i~dex =.mprovers for 

lubricating oil compositions, fuels, adhesive coatings, 

tackifiers and sealants. The medium number average mdlecular 

weiqhts.can be determined by membrane osmometry. 

The hiqh molecular weight materials have a number 

averac;e molecular weights of greater than abou~ 200,000 and 

can ranqe from 201,000 to 15,000,000; a specific embodiment 

of 300,000 to 10,000,000; and more spec~!ically 500,000 to 

2,000,000. These polymers are useful in polYnieric 

compositions and blends includinq elasto~eric :omposi~ions. 

Hiqher molecular weiqh"t materials having :iumbe:.=r:.._.:a::...:v:_:e::..:r=-=a=-q:!!:--e~-----



... ··, 
·- ."':;· 

W09511054S 
PCT/US'4111139 

• 10. 

:nolec\!lar weiqhts of· !=om 20,000 to 15,000,000 can be 

measured by qel permea~ion chromatoqraphy with universal 

calibration, or by liqht scattering as recited in Billmeyer, 

Textbo·ok 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, a typical minimum Mw/Mn ·value of ·.about l. l to 2. o is 

10 prefer.red with typical ranges of a.bout l. l up to about 4. 

Useful olefin monomers from~which the polyalkenes can be 

derived are polymeriza.ble olefin monomers characterized by 

the presence of one or more unsa'turateC. double bonds (i.e., 

u · . >C•C< > .; tjlat is~- they are. monoolefinic monomers such as 

ethylene,.·propylene, .butene-1,. iso_butylene, and octen~-l or 

polyolefinic monomers (usually diolefinic monomers) such as 

butadiene-l,3 and isoprene. 

20 These olefin monomers are preferably polymerizable 

l 

-
.~)-. .. ~~ .1 .. 
··-"' 

20 

l 
terminal olefins; that is, they possess terminal 

unsaturation. :However, polymeriza.ble internal-olefin 

monomers (·sometimes . .referred -to as medial olefins> 

characterized by the .presence within their struc~ure of· the 
a_ 

25 

30 

35 

moiety: 
9 

bt 

Ob 

\ I I I 

2$ St: 

c - c -c - c 
Us 

I \ 
a.re 

lZZor. 

aro. 
can also be used to fo:cm the pclyalkenes. When internal 

olefin monomers are employed, they normally will be employed Jo 

with terminal olefins to produce polyalke~es which are 

interpolymers. For purposes cf this invention, when a 

particular polymerized olefin zucnomer can be classified as 

both a tel:minal olefin and an internal.olefin, it will .be 
1$ 

de.r.i· 

inte.z 
l6 ca 

tbose 

1nte.t"J: 
atollls, 

deemed to be a terminal olefin. Thus, for example, 

pentadiene-1,3 (i.e., piperylene) is deemed to be a ~er::U.nz 

olefin for purposes of this invention.~~~~~
~~~~-

:.brr 
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While the polyalkenes generally are hydrocarbon 
polyalkenes, they can contain substi~uted hydrocarbon groups 
such as lower alkoxy, lower alkyl mercapto, hydroxyl, 

5 mercapto, and carbonyl, provided the non-hydrocarbon moieties 
do not substantially interfere. _with the functionalization 
reactions of this invention. Preferably, such.sUbstituted 

·~ hydrocarbon qroups normally will . not cont:ibute -more than 
about 10% by weiqht of the total weight of the polyalkenes. 

·' ·-· 1 ... ...... 

10 .since the polyalkene can contain such non-hydrocarbon 
substituent, it is apparent that the clefin monomers from 
which the polyalkenes are made can also contain such 
substituents~ Normally, however, as a matter of practicality 
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 qroup such as in "lower 
alkyl" or "lower alkoxy" is intended to describe qroups 
havinq up to seven carbon atoms.) 

20 Althouqh the polyalkenes may include aromatic groups 

i..e 

d as 
'be 

3$ 

particularly phenyl groups and lower alkyl- and/or lower 
alkoxy-substituted phenyl qroups such as para-(tert­
butyl)phenyl -- and cycloaliphatic groups, such as would be 
obtained from polymerizable cyclic olefins or cycloaliphatic 
substituted-polymerizable acrylic olefins, the polyalkenes 
usually will be free from such qroups. Aqain, because 
·aromatic and cycloaliphatic groups can be present, the olefin 
monomers from which the polyalkenes are prepared can contain 
aromatic and cycloaliphatic groups. 

There is a general preference for polyalkenes which are 
derived from the qroup consisting of homopoiymers _and 
interpolymers of terminal hydrocarbon olefins of 2 to about 
16 carbon atoms. A more preferred class of polyalkenes are 
those selected from the qroup consisting of homopolymers and 
interpolymers of terminal olefins of 2 to about ~ carbon 
atoms, ·more preferably 2 to 4 carbon atoms. 

= 
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Spec!.!!.c examples cf ter::iinal and ~neernal olefin 

monomers __ ,~hi_~h. can be used to prepare the polyalkenes 

acco~clinef _t.ci · c"o.nven~ional,
 well-known polymer!.z.ation 

techni'1ues· ·in~lude ethyle~~
; propylene;· bueene-l; butene:..2;· 

5 isobutyl~n~; pe
neene~~; hexene-l; heptene~l; octene-1; 

nonene-1;· decene-l; pentene-2; propylene-tetram.er; 

10 

. 
. 

diisol:>utylene; isobueylen• trimer: butad.i:ene-l,2: butadiene:.. 

i, J; -p~fid.i.ene~1, 2
: peniaciiene-1,·3·; --:Penta..:d.iene-1: 4; - :·-:·,. ·:· · 

is~pfen~i ;.lie~adi
en~~r;s;· 

7 2·-chloro-butacliene
::I~ 2: · 2~methyf~ · 

hept~e-~~ ".''j-~yc
lohe~yiJ?utene-1; 2-methyf.:.s-propyl-hexene-1: 

pentene-3; octene-4; 3,3-dimethyl-pentene-l; styrene; 2,4-

dichlorostyrene; divinylbenzene; vinyl~acetate;
 allyl 

alcohol; 1-methyl-vinyl. actin:ate:' acrylonitrile;. ethyl .. ;.. ... : 

acrylate; methyl methacrylate; ethyl·vi.nyl .. ether; and methyl 

vinyl· ketone~ Of these;· the hydrocarb~n"".pol
ymeri:able" 

·-;;nom.~s ·~~-·pre
ferred and of these .. hydZ_pcarbo~--moiio

merst"- the 

. =t~minal olefin monomers are particularly preferred. ·: ~ · · .: . 

. 
. 

Useful polymers include u-olefin homcpolymers and 

20 interpolymers, and ethylene/u-oiefin copolymers and 

.. 
. . . . 

terpolym.ers. Specific· examples of polyalkenes include 

polypropylene, polybutene,· ethylene-propylene copolymer,· 

ethylene-butene copolymer, propylene:.butene · ·copolymer,· ·· 

styrene-iso.buiylerie copofymer, iso.but.ylene-bu1:adiene;..·1, 3· - ·. 

25 copolymer, propene-isoprene copolymer, isobutylene-· 

chloroprene copolymer, iso.butylene-(para-methyllstyrerie · 

copolymer, cop~lymer o~ 
hexene-l with ~exadiene-1,3, 

·copolymer of octene-1, copolymer of 3,3-dimethyl-p
entene~l 

··with hexene-1, and terpolymer of isobutylene, styrene and · 

JO piperylene. More specific examples of such interpolymers· 

include copolymer of 951 Cby weiqht)_ of isobutylene w~th Sf 30 

(by weight> of styrene; terpolymer of· ·98% of iso.butylene w: 

li of piperylene and 11 of chloroprerie; terpolymer of 95% 

iso.butylene with 2% of butene-1 and 3% of hexene-1; ,. 

35 .tetPolymer.of 60% of iso.butylene with 20% of pentene-1; ar 

201 of octene-1; terpolyme~ of 90% of isobutylene with 2%1s 

• 

I) 

.Re~ 

No. 
0.le 

Der. 

cyclohexene and 8% of propylene; and copolymer of ·80% of 

ethylene and 20% of propylene. 

i.s p, 

fee a~ 
No. 4 

---··--··~
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A useful source of polyalkenes are the polybutylenes 

obtained by polymerization of C4 refinery streams having a 

butene content of about 35 to about 75% by weight and an­

isobutylene content of about 30 to about 60% by weight in the 

presence of ~ Lewis acid catalyst such as aluminum 

trichloride or boron trifluoride • 

. .... It must be. noted,. however, that P.~lyiso.butylene cont~ins 

quarternary carbon atoms in the polymer chain. Consequently, 

if the alkylatinq catalyst is highly acidic (e.q., a • 

heteropoly acid catalyst),. hiqhly stable tertiary 

carbocations may-form., ~here.by either cracking the polymer 

chain, migrating inward !rom the ·texminus :of the chain and 

.e 15 thereby shifting the location of the double bond, or some 

combination ·of .both. Dependinq upon the strength of the acid 

and the residence time of the reaction, one may expect the Mn 

of the polyisobutyl c-11.ains t:>f the alkylated hydroxyaromatics 

to be substantially less than ·the Mn of the polyisobutylene 

~ · starting material and to find dimers, trimers and oliqomers 

mixed in with the-reaction product. 

The degradation of quar~ernary carbon-containing polymer 

alkylatinq agents in the presence of strong acid catalyst is 

" one reason why a-olefin homopolymers and interpolymers as 

well as ethylene/et-olefin copolymers and terpolymers are 

>_, f d · - pre erre • 
cid 

,rs Also useful are hiqh molecular we.iqht poly-n-butenes. 

:.h S\ 30 . Reference is made to commonly assiqned copendinq U. s. Serial 

ne ~1 No. 992,871, filed December 17, 1992 entitled, "Amorphous 

g t:.\ ' 
J Olefin Polymers, Copolymers, Methods of Preparation and 

li ail 
. G. ~ 

. ·h 2."T:I 35 ., 
~ of 

Derivatives Thereof". 

A pref erred source of monomer for makinq poly-n-butenes 

is petroleum feedstreams such as Raffina~e-2. These 

feedstocks are disclosed in the art such as in U.S. Paten~ 

No. 4,952,739. 

" 



-~ 

5 

W095/10545 
PCT/US94/11139 

-14 -

Preparinq polyalkenes as desc:ibed above which mee~ the 

various criteria for Mn·and Mw/Mn is within the skill of the 

art and does not comprise par~ of the present invention. 

Ethvlene/a-olefin Co~olvmer . .. 

The most preferred polymers suitable for use as 

alkylatinq aqents are polymers of ·ethylene and . .at. ·least one a 

10 -olefin, the a-olefin t:tPically having the formula H2C=CHR4 

wherein-R4 is straight chain or branched chain alkyl radical 

comprisinq 1 to 18 carbon atoms and wherein .. the polymer 

con~ains a high deqre~ of terminal ethenylidene unsaturation. 

Preferably R4 in the above !ormuia is· alkyl of .from l to.8 

. 
. 

1.s carbon. atoms and more preferably is -alkyl of from l to 2 . 

. . 

carbon atoms. Therefore, .. useful comonomers with ethylene in 

this invention include propylene,.butene-l, hexene-l; octene­

l, 4-methylpentene-l, decene-1, dodecene-l, tridecene-l, 

tetradecene-_l_, pentadecene-1, hexadecene-l, heptadecene-l, 

20 · octadecene-1, nonadecene-1 and mixtures thereof ( e. q. , 

mixtures of propylene and butene-1, and the like) • Preferred 

polymers are copolymers of ethylene and propylene and 

ethylene and butene-1. 

2' The ethylene content of the pblymers employed is 

preferably in the ranqe of between about 20 and about 80\, 

and more preferably between about 30 and.about 70% by mole. 

When butene-1 is employed as comonomer with ethylene, the 

et-hylene content of such copolymer i_s most preferably between 

30 about 20 and about 45% by weight, although higher or lower 

ethylene contents may be present. 

Preferred ethylene/butene-1 copolymers are disclosed in 

comm.only assiqned USSN 992,192, ·filed December 17, 1992, 

3.5 titled POLYMERS DERIVED FROM ETHYLENE AND l-BUTENE FOR USE I?)s 

THE PREPARATION OF LUBRICANT DISPERSANT ADDITIVES, wherein i! 

disclosed an oil soluble copolymer comprising from l to abou 

50 weight percent :nonomer units derived from ethylene and 

20 

) c 
2S ~ 
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$ om al'.)out 99 to about 50 weight per=ent :onomer ~nits 
.. r 
derived f:om butene-1, based on the total polymer weiqht, and 

navinq a number averaqe molecular weiqht between about l,500 

and 7,500, ethylvinylidene groups terminating at least about 

30 percent of all copolymer chains, and an absence of 

aqqreqation in _solution with mineral oil as det~.~ned by 

·navinq an Sf-value(light-scatterinq factor) of about zero. 

__ A preferred method for_ makinq ethylene/a.-olefin 

copolymer is described in commonly assiqned USSN 992, 690, 

filed December 17, 1992, titled DILUTE PROCESS F9R THE 

POLYMERIZATION OF ETHYLENE/a.-OLEFIN COPOLYMER USING 

METALLOCENE CATALYST SYSTEMS, wherein there is described a 

process for continuously producing copolymer comprising 

15 monomer units derived .from ethylene and a.-olefin in the 

i. presence of a metallocene catalyst system and in a reaction 

?- zone containinq liquid phase which comprises (A) continuously 

providinq a dilute liquefied a.-olefin feed stream comprisinq 

at least one a.-olefin reactant and diluent admixed therewith 

m wherein the amount of diluent in said feed stream is at least 

red 30% weiqht percent thereof; (B) providing a feed stream 

comprisinq ethylene _ in_ liquid, vapor, or liquid/vapor form; 

(Cl admixing, the feed streams of steps (A) and·· (B) in 

•I 

.. e. 
e 
tween 

., 
:,;' 

2' 

amounts sufficient to provide 

an a.-olefin/ethylene weight 

copolymer containing between 

a reactant feed stream having 

ratio. effective to yield a 
about 5 to about 70 weight 

percent monomer units derived from ethylene; CD) continuously 

introducinq reactant feed stream derived in accordance with 

step CC) and metallocene catalyst system into the liquid 

1er 30 phase of the reaction · zone in a manner and under conditions 

;ed in 

?. , 
usE Ill 35 

.rein i 5 

:.o acout 

and 

sufficient to: ( i) polymerize the ethylene and a.-olefin t:o 

polymer product having . a number averaqe 

not qreater than about 15,000 (ii), 

conversion of at least 301, and (iii} 

conversion of at least 701; and 

molecular weiqht of 
obtain an a.-olefin 
obtain an ethylene 

CE) ·continuously withdrawing copolymer product from the 

reactor. 



-----·-·- -·- --

PCf/US94/11139 

• 16. 

The ethylene/a-olef!.:i polymers generally possess a 

num0er average molecular weight as recited.· Preferred =anqes 

of molecular weights of polymer for use as precursors for 

dispersants are from aboui 500 to about l0,000, preferably of 

s from about l,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 ~everal known 

techniques. A convenient method for such determination is by 

size exclusion chromatography (also known as gel permeation 

10 chromatography, or GPC) which additionally provides molecular 

weight distribution information, see w. w. Yau, J. J. 

Kirkland and D·. D. Bly, "Modern Size Exclusion Liquid 

Chromatography", J'Ohn Wiley--and Sons, New York, 1979. Such 

polymers generally possess an· ~ntrinsic viscosity (as 

15 measured in tetralin at 1~:~0~ c. > of between about o. 025 and. 

about 0.6 dl/g, preferably_.of between about 0.05 and about 

0.5 dl/g, most preferably of between about 0.075 and about 

.0.4 dl/q. Th'!se polymers preferably exhibit a degree of 

crystallinity such that, when functionalized, they are oil 

20 soluble. 

- The preferred ethylene/a-olefin polymers are further 

characterized in that the polymer chains possess as much 

terminal ethenylidene- and ethenyl-type unsaturation as 

25 possible. Thus, one end of such polymers will be of the 

·formula POLY'-C(R") = CH2 wherein R" is Ci to C1s alkyl, 

preferably C1 to Ce alkyl, and more preferably C1 to C2 

alkyl, Ce.q., methyl or ethyl) and wherein POLY' represents 

the polymer chain; and a minor amount of the polymer chains 

30 may contain terminal ethenyl (i.e., "vinyl") unsaturation, 

i.e., POLY'-CH•CH2. The chain length of the R" alkyl group 

will vary depending on the·comonomer(s) selected for use in 

the polymerization. A portion of the polymers can contain 

internal monounsaturation, e."q., POLY'-CH=CHCR"), wherein R"" 

35 is as defined above. 

Preferred ethylene/a-olefin polymer comprises polymer 

chains, at leas~ about 30% of which possess terminal 

tr 
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ethenylidene unsatti:ation. Preferably at least a.bout: 50%, 

more preferably at ~east a.bout 60%, and most preferably at 

least about 75% (e.g., 75 to 98%), of such polymer· chains 

exhibit terminal ethenylidene unsat:ura~ion. The percentage 

s of polymer chains exhibiting terminal ethenylidene 
unsaturation may be deterI:tined by FTIR spectroscopic 

analysis,. titration, HNMR, or C13NMR. Such polymers also 
generally exhibit a minor percentage of highly desirable 

10 

ethenyl (vinyl) unsaturation, whi_ch may be ~ubstituted for 
ethenylidene unsaturation in arriving at the percentages 

disclosed above. Hence, for example, a combined percentage 

of 30% ethenylidene aria ethenyl unsaturation will more than 

adequately subst:itute for 30_% ethenylidene alone -- and 
should even p.rove superior by virtue of the higher reac;ivity 

15 of terminal ethenyl in comparison to that of terminal 

ethenylidene. 

The ethylene/~-olefi~ polymer and the compo~itions 

employed in this invention may be prepared as described in 

20 U.S. Patent No. 4,668,834, in European Pat·ent 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. 

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

monomers such as ~-olefins having from 3 to 20 carbon atoms 
(and preferably from 3 to 4 carbon atoms, i.e., propylen~, 

butene-1, and mixtures thereof) in the presence of a 

JO metallocene catalyst system comprising at least one 
metallocene (e.g., a cyclopentadienyl-transition metal 
compound) and an activator, e.g., alumoxan~ compound. The 

comonomer content can be controlled through the selection of 

~· the metallocene cata~yst =omponent and by controlling the 
35 partial pressure of the various monomers. 

c The polymer ~or use in the pres·ent invention can include 
block and tapered copolymers derived from monomers comprising 

___ 11111 ..... ______________________________ __.... 
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at least: one conjugated d.iene with ai: .:.east :ionovinyl 

aromatic monomer, preferably st:yre_ne. Useful polymers 

include 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 pofymeric composition contains terminal olefinic 

double bonds, preferably at least one bond per molecule. 

Useful polymers include an oil soluble copolymer of the 

10 following qeneral formula: 

1.5 

20 

CA>x<Bly (4) 

wherein: 

A is a conjugated diene of the formula: 

wherein Rg is a H or C1 to Ca alkyl qrcup, preferably H or 

CH3 Ci. e., isoprene > and present in mole % proportion as. 

indicated by x which may vary from 45 to 99 mole %; 

B is a Ca to C20 monovinyl aromatic compound and/or 

aromatic substituted diene and present in weight % proportion 

as indicated by y which may vary from 1 to 55 mole %; 

typically from 25 to 30 mole %, ·and preferably from 5 to 40 

30 mole %. The latte.rmost range representing where the most 

useful composite properties of oxidative stability and 

c. viscosity of the lubricating_oil blend is .realized. 

Block copolymers as used herein includes "multiple 

J.5 copolymers" which term denotes copolym_ers consisting of 

or more of the single block copolymers desc=ibed above, 

-18° 

block 
two 
which 

are bound to each other. A multiple block copolymer may, for 

example, be prepared by first ccpolymerizinq to completion a 

tr 

-~ -~:J 

. 
" 

30 

c 
4: 

U.s 
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mix~ure of bu~adiene and isoprene, :hereafter ~olymeri:inq 

styrene onto said copolymer .and subsequently sequentially 

copolymer~:ing a mixi:ure cf bu~adiene and isoprene !ollowed 

by _said styrene onto the "livinq" block copolymer. For 

s purposes of this disclosure, a "livinq" copolymer is one 

which remains stable over an extended p~riod of time durinq 

which additional monomers can be added to it. 

Multiple ~lock copolymers can also be obtained in other 

-10 ways such as by couplinq of two or more-"livinq" block . 
copolymer molecules. This can be achieved by addition of a 

compound which reacts·-with two or more "living" single block 

copolymer molecules. Examples of this t:ype of compound 

include compounds containinq two or more ester qroups, 

15 compounds with more than one active haloqen atom, e.q., di­

and tri-chloromethyl-benzene ,· phosqene, dichlorosilane, 

carbon tetrachloride, dimethyldichlorosilane, l_, 2-

dichloroethane, l,2-d!bromo-methane, and ~~e like. Anoi:her 

possible method for preparing multiple block copolymers 

20 consists in the.preparation of single block copolymer 

containinq a reactive qroup in the molecule (e.q., a carboxyl 

qroup, which is, for example, obtained by brinqinq the 

polymeriza~ion of a si-nqle copolymer to an end by addition of 

carbon dioxide) and coupling of two or more of the moiecules, 

l 25 e.q., by esterifying them with a di- or pclyvaleni: alcohol. 

ion 

.ao 

block 
tWO 

whiCh 

.'J, fO't 

:.ion a 

30 

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~ies 

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,~08,945 and 3,711,406 as well as .5,049,294. l?ar:icularly 

useful star polymers_are disclosed in U.S. Paten~ No. 

35 5,070,131. 

The Alkvlai:ioh cf the Dihvdroxvaroma1:ics 

---11111--.... ~------------~--------~~-------
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The alkylation of the ~hydoxyaromatic compounds may be 

carried OUt: by met:hOciS known in· ~he art, as by. the use Of 

acid catalysts .. such as sulfuric acid, boron triflouride and 

s aluminum chloride such as desc=ibed ·in U.S. Patent No. 

10 

4, 73?, 582, and EP Publication 440, 507 A2. Such catalyst are 

often referred to as "hom~qeneous" catalyst .becau-se they ;. 

either dissolve into the reaction mixture or are liquid at . f 

reaction temperature and pressure. 

. 
Prefer;ed alkylation catalysts are the so called 

"heteroqenous" catalysts. Such catalysts remain solid durinq ~ 

the al_kylation and are theref?re easy to sep~ate from the •.. :J 

product mixture. Suitable heteroqeneous catalysts· include ··· 
. ' 

15 zeolites, as are .disclosed in U.S~ Patent Nos;·= 4,283,573; 

4, 731, 497 and 4,-954, 663; mole sieves and exchanqe resins such 

as are described in U.S. Patent Nos~ 4,323,714 and 4,849,569 

and EP Publication 387,080; clays, layered materials and 

composites thereof such as are describ.ed in UK Paten~ 

20 Application 2, 120, 953 and EP Application 400, 857; and 

hydrated heteropoly acids and excess water as is described in 20 

U. s. Patent No. 4, 912, 2 64 • Supported heteropoly acids such 

as are described in u.s~ Patent No. 3,346,657. are also 

suitable. Amberlyst 15 is also a preferred het:eroqeneou! 

25 catalyst. 

A particularly preferred catalyst is a dehydrate 

heteropoly catalyst as· described in Gutierrez et al. , POLYM! 

ALKYLATION OF HYDROXYAROMATIC COMPOUNDS, filed June 2, l 99~ 

30 U.S. Serial No. 070, 572, wherein there is disclosed a proce)
0 

for alkylatinq hydroxyaromatic compounds comprisi1 

contactinq, in the liquid phase, a hydroxyaromatic compoun 

a polymer alkylating aqent of at least about SOO aver• 

number molecular weiqht and· havinq at least ·one react! 

35 carbon-carbon double bond unsaturation, and a heterop 

catalyst havinq substantially no waters of crystallizat 

per heteropolyanion 

phosphomolybdic acid, 

therein. such catalyst incl 

silicomolybdic acid, arsenomol~ 
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acid, telluromolvbdic . - acid, aluminomolybdic acid, 

silicotunqs'Ci::: acid, phosphoi:ungsti::: acid, !::>orot:ungs'C!.:: acid,_ 

~itanotunqstic acid, stannoi:ungstic acid, and salts thereof. 

The catalyst is prepared !or the reaci:ion by driving wa'Cer of 

s hydration and cryst:allization out of the catalyst,. either 

before or during the alkylation. _ Advantages include the 

ability to easily alkylate hydroxyaromatics with polymer 

·alkylatinq agents having molecular weights well over 1000. 

Reaction temperatures vary from about 20° c . to 250° c., but 
- . 

10 will be conducted above the boiling point of water in cases 

where water needs to be driven out of the catalyst during 

alkylation . 

.. Alkylation of dihydroxyaromai:ic compounds in the 

1.s presence of Ami:ierlyst 15 are typically . carried out at 

~ 

d 

~'C 

:id 

in 

1ch 

i.SO 

ous 

~ 
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20 
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:oces 30 

I:isiil 

1t>oun° 
·~ve?:at 
:eac-c.:l.t35 

c,eI:OPd 

lii.a-c.lt 
inC)..)40 

olt\Ol'fJ 

temperatures from 10° to 150° c., qenerally 20° to 120° c., 

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

hcurs, generally l to 12 hours, preferably 2 to 6 hours. 

The Amines 

The amines useful in the present invent:ion are 

polya:inines having at least one primary or secondary amine 

group. 

Preferred polyamin~s are aliphatic satur~ted amines, 

including those of the following structural formulas: 

CIIIl 

CIV) 
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(V) 

t 
.. 

-
wherein n is an inteqer of at least l and R', R", R"', and Rtv 

are independently selected !:om the qrQ,up consistinq of -

hydrcqen; C1 to C2s straiqht or branched c~ain alkyl 

radicals; C1 to C12 alkcxy C2 to. c6 alk~lene radicals; _c2 to 

C12 hydroxy amino alkylene radicals; and C1 to C12 alkylamino 

C2 to C6 alkylene radicals; and wherein R" and R"' can 

additionally comprise a moiety of the formula: 

(VI) 

wherein R' is as defined above, and wherein each s and s' can 

be the same or a different.number of from 2 to 6, preferably 

2 to 4; and t and t' can be the same or different and are 

~ 

i. 

d.: 

each numbers of typically from O to 10, preferably a.bout 2 to 25 

20 7, most preferably about 3 to 7, with the proviso that t+t' 

is not greater than 10. To assure a facile reaction it is 

preferred that R', R", R"', RZV, s, s', t, and t' be select:ed 

in a manner sufficient to provide the compounds of formulas 

IV and V with.at least: one primary amino group. This can belO 

25 achieved by selectinq at least two of said R' , R", or RIV 

qroups in formula IV to be hydroqen, selecting both R' and 1 

ad't 

Pre 
4.2.k: 

Cii:::. 

Of a 
a.J.ky.; 

l 
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in formula V to be hydroqen, or by selec~~nq ~ in formula v 
to be at least one when the ?:tOiety of !orm.ula VI possesses a crimary amino group. 

5 Non-lim.itinq· examples cf suitable amine compounds 
include: l,2-diaminoethane;-l,3-diaminopropane; l,4-
diaminobutane; l,6-diaminohe~~e; polyethylene amines such as diethylenetriamine CDETA) ; triethylene tetramine":. -· 
tetraethylene pentamine; polypropylene amines such as l,2~ 

10 propylene diam.in•; . di- ( l, 2-propylene > triami.ne: di- cl, 3- · 
propylene> triamine;· N,N-dimethyl-1, 3-propanediamine <also 
mown as NiN-dimethylaminopropylami.ne, or DMAPA>; N,N-di-C2-
aminoethyl) ethylene diamine; N,N-di-C2-hydroxyethyl)-l,3-
propylene d~amine; N-dodecyl-l,3-propane diamine; and 

u mixtures thereof. 

20 

Other useful amine compounds include: alicyclic dia.mines 
sue.~ as 1,4-ttJ.-<aminoethyl)cyclohe~ane, and N-aminoalkyl 
piperazines of the general fo:mula: 

r.· . 
\J 

can 

:il:>l 'i 
e 
. 2 t0 -
t+t ' 

iS 
Lec~ed 
mulas 

can °8 

Rtv .J 
and · 

25 

30 

n2 

wherein pl and p2 are the same or different and are each 
inteqers of from l to 4, and nl, n2, and n3 are the same or 
different and are each inteqers of !rem l to 3. 

Commercial mixtures of amine compounds may 
advantaqeously be used~ For example, one process for 
preparinq alkylene amines involves the reac~ion of an 
alkylene dihalide !such as ethylene dichloride or propylene 
dichloride} with ammonia, whic~ results i~ a complex mix~ure 
of alkvlene amines wherein ~ai:s of ni::oqens are joined by - . 
alkylene groups, :or:ninq such :ompounds as diethylene 

. \ 
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~riamine, t:iethylene'Ce't:-~-ui:ie,
 :ei:=aet:hylene pen'Ca.mine, 

correspondinq piperazi:ies. 

Particularly prefer:ed amin~s include low cost. 
. . . . 

poly(ethyleneamine> compounds, often referred to as PAM, 
. . .. . . 

averaging about 5 to 7 n~t:oqen atoms per molecule. __ . These 

. 
. . . 

. . 
. - " . . .. . . .. . 

are commercially available under trade.names such·as . 
.. ··.: . ._ . . . - . . . .. : 

"Polyamine H", "Polyamine 400.", . "Dow Polyamine E-100~, amonq 
.~- ................. ,.;.,.. . .·-·· .. .... :-.:. .. '\. . .. ·: -

others. 
,. •. ':!:' . 

. . 

Also useful are polyoxyalkylene polyamines, such as 
. . . 

those .of the formula~-

... 

NH2-alkylene-(-O-a
lkylene-)m---!~2 .(VIII) ..... - . . ~ 

where m has a value of about 3 to about 70 and preferably 

about 10 to about 35; and 

R4-{-alkylene-(-O-alkylene
-)n-,.~2la CIX) 

where n has a value of about 1 to 40, with the provision that 

the sum of all the n's is from about 3 to about 70, and 

preferably from about 6 to about 35, and R4 is a substituted 

saturated hydrocarbon radical of up to 10 carbon atoms, 

wherein the number of substituents on.the R4 qroup is from 3 

to 6, and "a" is a number from·3 to 6 representinq the number 

of substituents on R4. The alkylene qroups in either formula 

VIII or IX may be·straiqht or branched chains containinq 

al::>out 2 to about 7, and preferably al::>out 2 to abou~ 4 carbon 

. 30 atoms. 

Partic~larly-preferr
ed polyamine compounds include the 

.. . .. 

polyoxyalkylene polyamine~ of formulas VIII and Ix; ·and the 

alkylene polyamines represented by the formula: 

35 
JO 

. .! 

) 
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H-N al.kylene- N H 
I I (X) 
H H 

x 

-
wherein ~- is an inteqer;_cf from 1 ~o about 10, preferably 
about 2 .tc about "?1· and-- the alkylene_ radical is a straight or 
branched chain alkylene radical having about 2 to aboui: 7; 

5 preferably about 2 to about 4 carbon atoms.·~ 

Example~ of the alkylene polyamines of formuia x include 
methylene amines, ethylen~ ·amines, .butylene amines;· propylene 
amines, pentylene amines, hexylene amines, heptylene amines 

10 octylene amines, other polymethylene amin,es, the cyclic and 
higher homolo;s of these amines such as the piperazines, the 
amino-alkyl-substituted piperazines, and the like. These 
amines include, for example, ethylene·diamine, diethylene 
triamine, triethylene tatramine, propylene diamine, 

15 di(heptamethylene)triamine, tripropylene tetramine, 
tetraethylene pentamine, trimethylene diamine, pentaethylene 
hexamine, di(t:imethyl"ene}triamine, 2-hepi:yl-3~{2-amino­
propyl)imidazoline, 4-methylimidazoline, 1,3-bis-<2-
aminopropyllpiperazine, 1,4-.bisC2-aminoethyl)piperazine, N,N-

20 dimethylaminopropylamine (DMAPA>, N,N'-dioctylethylamine, N­
octyl-N'-methylethylene diamine, 2-methyl-1-(2-
amino.butyl)piperazine, and the like. Other higher homologs 
which may .be used can be obtained .by condensing 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 "~thylene Amines" (Kirk and 
Othmer(, Volume 5, pp. 898-905; Interscience Publishers, New 

JO York (1950). These :ompounds are prepared .by ~he reac~ion of 
an alkylene chloride with ammonia, which results in the 
production of a complex mixture of .alkylene amines, including 
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cyc.l.:.: :onaensa"l::ic:i ;::r::it::~.s sue.~ as ;::ipera:.:.nes. M1.x~~=es 

of ~hese amines may also be used fer the ;:~:poses of t:.i..s 

inver.~:icn. 

5 The polyaxyalkylene polyamines cf fc::::ula.s VIZ! anc IX, 

p:efera.bly pclyoxyalkylene diamines and polyoxyalkylene 

· t::.iamines, may possess average molecular weights ranr;.1nq ~== 

at,:mtn:. 200 to about 4000 and preferably from about· 400 to 

~out 2000. The preferred pclycxyalkylene polyamines include 

IO t:Ae polycxyethylene and ·the·polycxyprcpylene diamines ~the 

polyoxyprcpylene ~.1amines havin; avera;e molecular weiqnis 

·ran;inq ~rem about. 200 to a.bout 2000. "The polyoxyalkylene 

palya:ines a:e ccmmer:ially available and may be obtained, 
" . 

to= exampl.e, !ram :he Jefferson Chemical Campany, Inc. :::icier 

15 the ::rade names "Jef:fam.ines ·0-230,· :t>-400, D-1000, l>-2000, T-

4039, etc. 

':he Aml.nation Reac~icn Condi~ions 

Without limiting the present inven~icn to a particular 

theory, it is believed ~at an a.lkylated quinone-t:ype (.!..e., 2< 

dica:bonyl> intermediate is creai:ed <e.;., an a.lkylai:ed :,4-

ben:cq-.:inone in the case where hydrcqu!.none is used as -:he 

~ c:U.hyC:oxya:cmsat!c; an alkylai:ed ~,2-ben:ac;uinone in -=ne :ase 

o~ cai:echoll dur.inQ' the reae4:ion tha1: is then subsequently ~ 

mninated. It is therefore possible 1:0 use alkylai:ed 25 

dica:banyl analogues of the dihydrcxyaromatics of the ~resent 

inven~ic:m as si:ar:inq mai:erial and a:mina1:e -:hem direc:ly in 

30 ac:=:dance with :he methods clisclosed herein. 

It is preferred :ha~ ~he reac:ion :ix-:~e be ex;::osec to 30 L 

an cxi:i:.:in; aqen: sue.~ :ha~ :he alkyla1:ec-~hyd:oxya=::na.-:
i: 

is oxi::ized -== :he c:r:espc:::.inq alkyla-cec :ica:~onyl 
. . 

. 

a:::cs~heri: oxvaen d:::.:.n: -:he rea::!o~ is 
. -- -

$ , ... ~: .......... - ..=.,..., -"-• c =·-·~ose, ::iou~h C':he: oxi=:.:ir.= aae=~s lut; 

-. ............... ----- ...... _ _..__ . .._ ,,., .. -

ma~· :Ce e:;:loyeci. '?he alkyl&-:!or., oxicia::.:.or.., an: a-· :::.a:.:.e~ ' :to:r: 

> 



.J ·:· ... 
'• 

l. . 

..... ,,. ---

- ~5 .. 

W095/1054S PCT/US94/11139 

• 27. 

steps may be easily :ollowed by spec::osccpi: :echniques such 
as infrared or NMR spec~rosccpy. 

Failure to use an oxidizinq agent will result in poor 
5 yields, since it may be expec~ed that one molecule of 

reactant will be consumed in order to oxidize another. to form 
one molecule of final product. 

10 

15 

20 

The amination of the p~esent invention is preferably 
performed in an inert solvent, such as a hydrocarbon. Useful 

- hydrocarbons include heptane, cyclohexane1 toluene, xy~ene, 

mineral oil, and the like • 

·rhe alkylated dihydroxyaromatic compound, primary amine, 
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 per1od of from 0.5 to 168 

hours, preferably l to 48 (e.g., 1.5 to 12 ; 2 to 6} hour~. 

Depending upon.such factors as the reactants chosen and 
the nitrogen content of the :inal produc~ desired, the amines 
of the present invention will generally be employed in the 
amount of from 0.01 mole of amine per mole of 
dihydoxyaroma.tic to 10 moles of amine per mole· of 
dihydoxyaromatic, preferably 0.1 to 5 moles of amine per mole 
of dihydroxyaromatic (e.g., 0.3 to 2; 0.5 to l). 

30 Lubricant Comoositions 

The produc~s prepared by the process of ~his invention 

are very suitable for use in lubricating oils. The -

lubricating oils.can.be any animal, vegetable or mineral oil, 

~c~ 3S for example petroleum oil to SAE 30, 40 or 50 lubricating oil 

qrades, castor oil, fish oils or oxidized mineral oils . 

. ~ .... 
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Alternatively the lubr!:a~inq oil can be a synthetic 

ester lubricating oil and these include diesters such as di-

. 
. 

j 
I . , 

octyl adipate, di-oc~yl sebaca~e, didecyl_azelate, tridecyl ·; 

5 adipate, didecyl succinate, .. didecyl qlutarate and mixtures 

10 

. . .. -
thereof. Alternatively the synthetic ester can· be a 

polyester such ~s._that prep~~~~ ~Y:r.ea~tinq poly
~y~ic 

alcohols such as trimethylolpropane and pentaerythritol wrth 

monocar.boxylic acids such as butyric acid to" «jive the 

corresponding tri- and te~ra-es~ers. Also complex esters -may 

.be used, such as those formed by esterification reac~ions 

between carboxylic acid,. a qlycol and an alcohol~·or 

monocarboxylic acid. 

15 Base oils suitable for use in preparing the lubricating 

. . 

oil compositions of the present invention include those 

conventionally employed as crankcase lubricating oils for 

spark-ignited and c'ompression-iqriited internal· ·combustion 

engines, such as automobile and truck engines, marine and 

20 railroad diesel engines, and the like. Advantageous results 

are also achieved by employing the products of the present 

invention in base oils conventionally employed in and/or 

adapted for use as power transmitting fluids such as 

automatic transmission fluids, tractor !luids, .universal 

tractor fluids and hydraulic fluids, heavy duty hydraulic 

, 
I 
I 
! 

' I 

llOZlzlc 

fiuids, power steering fluids and the like. Gear lubricants 
bo:t.J..i. 

industrial oils, pump oils and other lubricating oil 

compositions can also benefi-: !=om the incorpora~ion there 

of the products of the present invention. 

b 

1 
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The amount: of product: alkyla~ed wit~ cispersant:-ranqe 

molecular weiqht polymer alkylatinq aqent: added to a 

lubricatinq oil is typically a minor propo~~ion ar.d will 

s ·- generally be blended in proportions of from O. 01.i. to 30% by 

weiqht of lubricatinq oil (e.q., 0.01% to 20% by weight), 

preferably between 0.1% and 8% by w~ight (e.g., 0.1% to 5% by 

weight). 

10 The amount of product:_ alky_lated with viscosi_ty-modi!ier-

range molecular weiqht ·polymer alkylating aqent: 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 weight)_, 

15 preferably between 0.01% and 6i by weight (e.g., 0.01% to 4% 

by weight). 

20 

The products of the present inven~ion may be bora~ed by 

means known in the art. 

Fuel Com~ositions 

1a.l The products of this invention are suitable for use in 
; 

. u.li. c '25 \ no~lly liquid petroleum fuels such as middle distillates 
·. can"'S'i . 

:l- . \ boiling from about 65°C. ~o 430°C., including kerosene, 

.l \ d •i iesel fuels, home heating fuel oil, and jet: !uels. · 
~~e~•~, -~~~~~~~~~ 

:\ ,_ l 

1111mm11inr 
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The amoun~ of produc~ alkylated wit~ ciispersan~-ranq
e 

molecular weiqht polymer alkylatinq aqen~ added to a fuel oil 

is typically a minor proportion and will qenerally be blended 

in pr·oportions of from 0.001% to O.Sl by weight of fuel oil 

5 {e.q., 0.0011 to OA3% by weiqhtl, preferably betwe•~-0.0011 

and 0.15% by weight (~.q., 0.005% to 0.1% by weight}. 

10 

15 

20 

30 

The final fuel and lubricatinq oil ·compositions may if 

desired contain other additives known in the additive art, 

e.g., other v:i:scosity index improvers and dispersants, 

detergents, antioxidants, co:::-osion inhibitors, pour point .. ::] 

depressants, an1:iwear aqen~s, fric1:ion modifiers, and the 

like. 

EXAMPLES 

Exam=les 1 to 5: Alkvlation of Hvdroauinone 

In each of Examples l through S, a quan~ity of 

hydroquinone CMW = 110) was dissolved in a quantity of eithe~ 

heptane or toluene and charqed ·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 

lS 

addition of a quantity of an ethylene/propylene copolymer 2o 

C"EP polymer") having a number average molecular weiqht· of 

870 and terminal unsaturation. Each reaction mixture was 

then heated for a number of hours and then filtered, follow 

by the removal of the solvent under vacuum. 

IR spectra of the produc~s revealed new peaks appeari 

1: 

e 
l'i 

•ll 

35 at 3600 and 1400 cm-1 (thereby indicating a chanqe in the 

na~ure of the hycirxyl groups on t:he arcma-ci: :inq :hat wo 

a 
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indicate the pre.Serice of a s-U:s"t:..:~ent :hereon) anci :o:p.l.ete 
disappearance of the double .bond peaks of the E:P polymer at 
3065, 1645-~·and· 885 cm-1 (there.by .:.ndicating. -the --ioss ·of ·-;he 
polymer unsaturation) . This indicates· .. that· "the: -

s dihydroxyaromatic was successfully alkyl~t~d. 

10 

15 

20 

2.5 

. . - .. The. ~}:~ylatio~ procedures are shown_ ·~n. Table ·r as 
follows:· 

'. -
TABLE I 

-Hydro-
··-qui- Sol- Sol- AJDPer RX RX 

Ex. none vent vent -lite El' Temp ·Time 
No. q. ml. q. q.- oc. hrs. 
1 .. 6.32 Hep so .... 12.5 25 98 6.0 
2 30.00 Tol 50 15.0 so 90 . 2.0 . 
3 3.16 Hep 30 15.0 50 90 2.5 
4 6.32 Hep 30 15.0 so 90 2.5 
5 12.64 Hep 30 15.0 so 90 2.S 

Examole 6: Alkvlation of Catechol 

Into a 250 ml. round-bottom flask were charged 6.32 q. 
(0.0575 moles) of Catechol CMW = 110) and SO ml of toluene. 
To this was added 10 q. of Amberlite-15 and the mixture was 
heated to 90° c. Added to this was SO q. of an EP polymer CMW 
• 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 prcduc~ redissolved in hep:ane. 
The heptane solution was itsel! filtered and the filt=ate 
evaporated under vacuum to obtain the product. 

!.xamDles 7 throuah , ? • -- . Amina~.:.on of Alkvlated Hvdroauinone 
~t:t PAM 
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. . .In each of_ exampl~s i ~!lrouc;h 12, 2 q. of ·tile £P­

hyciroquinon~ _produced in Utample : were clisscl ved in so:· ml 

. hepta~e. - - To. -. thi~, wa~~- ::added a Ciia~ t;i ty o_f. :~i ~h-er PA!f . --(. -

(polyethylenea:mine havinq an. averaqe of·-s· __ to ~ nitroqen atoms 

per molecule),DETA Cdiethylenet=ia:mine, MW= 103), or DMAPA 

(N,N-climethylaminopropylamine, MW = 103). Each solution was .. 

.. . 

stirred at room temperat;ure for 24 hours anc:i then· diluted 
-· -

with so ml of heptane and filtered. The solvent wa·s-·:r·emoved 

to by n;troqen strippinq followed by evaporation under hiqh 

vacuum. The products were analyzed for nitroqen content. 

The results are summarized in Table II as follows: 

15 
-=TABLE !I 

.. Nitrog.en 

Ex. Amine -- Amine Content 

No. q. wt.% 

7 ··PAM 0.150 2.18 

8 PAM· 0.300 .. - 3.27 

9 DETA 0.103 1.58 

10 DETA 0.206 2.65 

11 DMAPA 0.103 0.33 

iifiliITTIIDr 12 DMAPA 0.206 o·.40 

20 Examole 13: Amination of Alkvlated Catechol with OMA.PA 

4. 32 g. of the produc-: of Example 6 ~ere c!issol ved in SI .10 

ml of heptane. To this mixture was added 0.9 q. of OMA.PA aD 

- . 

the solut;on was refluxed !or 6 hours ~t 98° C. Afte~a~ds, 

the he~tane was remov~~ QY ni~roqen st:ippinq f~l~owed by 

evaporation under hiqh vacuum. 

The nitioqen conten~ of the produc~ was found to be -

wt.%. 

s 
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Disoersancv Performance 

s The performance of the products of Examples 7 throuqh 13 
were tested for sludqe iµhibition and varnish inhibition as 
described herein. 

The test for· sludqe inhibition is referred to as the SIB 
10 test. The SIB test has been found to be excellent for 

assessinq the dispersinq power of lubricatinq oil dispersant 
additives. 

The medium chosen for the SIB test: is· a crankcase 
15 mineral lubricatinc;: oil composition havinq an oriqinal 

viscosity of about 325 SUS at 38° C that has been used in a 
taxicab driven for short trips only, thereby resultinq in the 
buildup of hiqh concentrations of sludqe precursors. The oil 
used in the taxi contains only a refined base mineral 

20 

25 

lubricatinq oil, a viscosity index improver, a pour point 
depressant_, and a zinc dialkyl-dithiophosphate anti-wear 
additive. · The oil contains no sludqe dispersant. A quantity 
of such used oil ·is acquired by draininq and refillinq the 
taxicab crankcase at 1,000 to 2,000 mile intervals. 

The SIB test is conducted by .first takinq the aforesaid 
used crankcase oil from the taxi and centrifuging the milky 
~rown fluid for 1 hour at about 39,000 gravities (qs). The 
resultant clear bright red supernatant· oil is decanted from 
the sludqe particles. The sludge has been removed from this 
supernatant but it still contains sludqe precursors, which 
upon heatin; will convert to additional sl~dqe. 

A small amount of each dispersant: beinq tested is then 

·~ . 
I 't>B "' 

~ added to a quantity of the supernatant and heated· at 135° c. 
for 16 hours in .the presence of air. A sample of the 
supernatant without any dispersant added is used as the 
Standard, while a sample havinq a well known commercially 
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available dispersant: blended ~herei~ is cfte.11. used as a 

reference. After heat:i:iq, the samples are cooled to room 

temperature and cent:::!.!uqed at about: 39, oo __ o qs. 'Any sludqe 

removed by this step is separat:ed by decanting the resultinq 

5 supernatant and washing the precipitate with heptane, 

followed by additional. cetrifuqation. The s·ludge precipita'te 

is then dried and weighed • 

. The SIB_sco~e is ~eterm.ined by comp~rison with the 

10 standard (the sample havinq no-dispersant) •. The weight of 

the sludqe precipitate removed !rom the standard is 
-

normalized to 10. The amount of .sludqe precipitated from the 

other samples are scored by weiqht. Hence,. if the 

precipitate from the standard were found to have weiqhed 22 

. 15 qrams, for example, and the precipitate.from.a particular 

dispersant sample weiqhed 11 grams, then the dispersant 

sample.scores S after normalization of the standard to 10. 

As can be seen, the lower the SIB score, the better the 

sludqe deposit inhibition qualities of the dispersant. 

20 

An SIB score greater than 10 indicates that the additive 

beinq tested demonstrates worse sludge_ deposit inhibi~ion : 

qualities than no additive_ ~t all. Such an additive would be 

classified as a flocculant. 

The VIB test is used to determine varnish inhibition. 

Here, small quantities of dispe~sant are added to a 

supernatant oil having sludqe precursors, just as described 
.. 

above with respect to the SIB test. Each sample is heat 

30 soaked overniqht at about 140° C and then c_entrifuqed to 

remove the sludqe precipitate. The precipitate is removed 
. . 

and the supernatant is then subjected to heat: cycling of f;-om 

room temperature to 150° c. at a frequency of about 2 cycles 

per :ninute __ over a 3. 5 ho_ur period. -Durinq the heating phase 

3$ . of each cycle,_ a qas comprising O. 7i S02 by volume, l. 4% NO 

by volume, and the remainder air, is bubbled through each 

tes~ sample. These cycling periods may be repeated as 

necessary. 

h 

l 

20 
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After heac cycling, :he !lasks in which ~he samples are 
contained are visually examined fc= var~ish deposits. ~he samples are subjectively rated aqainst the standard on a 

5 scale of l to 11, wherein a score of l indicates no varnish deposits at all and the standard (havinq ~o dispersant) is 
qiven a ratinq of 11. Hence,···the lower the score, the better the varnish inhibition qualities of the dispersant. 

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

The reference used in the cable below was a PIBSA-?AM 
15 dispersant wherein the polyisobutylene moiety had a number averaqe molecular weiqht of about 950, the number of 

succinimide moieties to each polyisobutylene chain was about 
l.lS, and the nitrogen content of each molecule averaqed 
l.59% by weight. The reference is conside:!!d representative 20 of dispersants currently in commercial use. 

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

TABLE III 
Example No. SIB mq VIB rating 

7 7.1 .4 
8 e.s 4 
9 8.0 s+•• 

10 8.5 4 
11 ·5.a5 5-•• 
12 5.75 . 6 
13 1.59 4 
R.ef erence *' 4.20 ::0.68 7 ±0 
Standard 10.00 11.00 

• the catechol- and !lyciroquinone-der!ved dispersancs were evaluated in cwo separate sets of SIB and VIB cescs usin; cwo 
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separat:e samples of superr.atan1: ==ankcase oil. Hence, ~he 

reference score for each ~es~.is.no't_exactly 
the same. Here, 

.. . . . . 
. . . 

·the .. t~9 ... ~-~C?~e~ from -ch~:..~~:S -ces'ts_ and the __ two scores f=om the 

. VIB tests were. averaqed. 

*'* ~ "+" indicates _a sliqhtly hi_gh.er valu.e, a "-" sliqhtly . 

lower. ~C? .. ~ tt~~- :a 1:; .. -9Ee~1:.e_r .. a~E:=~ra~~ _ ~~ ~de since the 

evaluation is necessarily subject:ive. 

As can be seen, the catechol derived dispersant (Example 

13) displayed the most: impressive sludge-reducinq properties 

and significant varnish reduci~g properties over the. 

. . . .. . .. 
. 

reference. Hydro~~no~e-der
ived .dispersants. (Examples i to 

15 12) showed improyed varnish reduction·over the reference. 

-. 

. . ..... . 

·-~· 
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CLAIMS: 

l. A process for the production of fuel and lubricant 

additives, said process comprising: 

providing an .. alkylated clihydroxyaromatic compound 

having been alkylated with a polymer alkylating agent; 

aminatinq said alkylated dihydroxyaromatic compound 

with at least one amine under conditions effective in 

oxidizinq the hydroxyl groups of said alkylated 

dihydroxyaromatic compound to carbonyl groups. 

2. The process of Claim l wherein said 

clihyciroxyaromatic compound is catechol. 

3. The process of Claim l wherein said 

clihydroxyaromatic compound is hydroquinone. 

1111\1111\11\1111\\ \11\11\ \II\ 
* c L M S * 
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4. The process of Claim : whe.?:ein said amine is .at: 

least one selected from the qroup consisting of amines 

represented by the followinq.struc:ural formulas: 

R" .. - , and 

....... - .. 
_.. : ~ .. 

t 
.... . : . ... : -.· ... 

. . 

. ··- . ... .. 

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

and a~ are independently selected from the group 

consisting of hydrogen; C1 to C25 straight or branched 

chain alkyl radicals; C1 to C12 alkoxy C2 to C6 alkylene 

radicals; C2 to C12 hydroxy amino alkylene radicals: and 

C1 to C12 alkylami.no C2 to C6 alkylene radicals. 

:11111111 11111111111 11111111111 
* C L M S * 
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5. The process of Claim 4 wherein R" and R"' further 

comprise ~moiety of the formula: 

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 O to 10, with the proviso 

that t+t' is not qreater than 10. 

6. The pro~ess of Claim l wherein said amine is 

polyethyleneamine. 

7. The process of Claim l wherein said amine is 

diethylenetriamine. 

a. The process of Claim 1 wherein said amine is N,N­

dimethyl~ncpropylamine. 

9. The precess of Claim 1 wherein said polymer 

alkylatinq aqent is an unsaturated ethylene/a-clef in 

copolymer. 

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

comprises four carbon atoms. 

:I 11111111111111111111111111111 
* C L M S * 
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11. The process of Claim 1 wherein said polymer 

alkylatinq aqent: is an unsat:':lrat:ed propylene/butene-l 

copolymer. 

12. The process of Claim 1 w~erein said polymer ,. 

alkylatinq aqent is an unsaturated homcpolymer of an 

olefin monomer, said monomer havinq four carbon atoms. 

13. The process of any of Claims 9 throuqn 12 wherein 

said polymer alkylatinq aqent: comprises at least about 
" . 

30% combined terminal ethenylidene and ethenyl 

unsaturation. 

14. The process of any of Claims 9 throuqh 12 wherein 

said polymer alkylatinq aqent has a number averaqe 

molecular weight of about 250 to about 20,000. 

15. The product formed by the process of any of claims l 

through 12. 

16. An oleaginous composition com.prising a major amount 

of a lubricating oil and a minor amount of the product of 

Claim 15. 

17. An oleaqinous composition comprising a major amount 

of a fuel and a minor amount of the product of Claims 15. 

Hllllll 11111111111 lllll II llll · 
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18. A substance useful as a fuel or lubricant additive 
havinq the chemical formula: 

0 

POLY 

wherein POLY is a polymeric hydrocarbyl and N-Am.ine is an 
"' alli.ine bound to the ring structure via a nitroqen atom. 

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

0 

POLY 

0 

wherein POLY is a polymeric hydrocarbyl and N-iunine is an 
amine bound to the rinq structure via a nitroqen atom. 

20. A lubricant composition comprising: 

lubricatinq oil; and 

at least one of the substances of Claims 18 and 19. 

· 1~111 IUIU I~ UI~ II~-
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