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D LUBRI CANT ADDI TIVE  DERI VED FROM DI HYDRUEREERATI C
L The p?%sent i nvention relates to a novel process for L*
pr oducing fuel and lubricant additives such as di spersants, viscosiM
FU'EL AND LUBRICANT ADDITIVES DERIVED %\:IQ’Q’ %
FgOM DIBYDROXYAROMATIC COMPOUNDS
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FIELD OF THE INVENTION DATT OF REEEIPT s

The present invention relates to a novel process for
producing fuel and lubricant additives such as d;spersants,
viscosity modifiers, and multifunctional viscosity modifiers
'\\. : by alkylating and then aminating dihydroxyaromatic compoundsf_
such as catechol and hydroquinone.

10

15

- BACKGROUND OF THE INVENTION

20 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 C;g

25 to Cp4 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

' cbndensation 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

33 the reaction mixture in the presence of a base. -

perica Coupland et al., U.S. Patent No. 3,592,820 for
SUBSTITUTED CATECHOL SALTS OF BENZOTRIAZOLES CR

— . o Sheet Has Been Replaced

T Ul




MW ating and then aminating di hydroxyaromatic conpounds, such

cat echel and %{Q ‘ér oqui none. BACKGROUND OF THE | NVENTI ON PCTIUS%PH:ﬂgsh |
Patent No. 989

i scl oses reaction products of al kyl hydroxyaromatic
conmpounds haV|ng from5 to 34 carbon atons in the alkyl portion thereof

wi th polyal kyl ene- amines. The reaction ppoducts are disclosed to be
useful additive agents in distillate fuels particularly to inhibit

gasol.d ne agai nst oxidation and reduce screen cl oggi ng properties of
distillate fuel oil

$ke8 €b 8l combbfndPahkat MBY. P#, @§?d??f and
4,643,838 PBENYNERRREET err NONROLK Y yaABZEHEL S
refer to ng{ mebhgtiogued FHEPPC&SL %ngég% &L Py Lyl

rtives mhlch I
%nt|OX|dant ngﬁ EﬁEE Nz Kggwunwﬁgapunperbeegoﬁﬁéﬁzaéﬁed°Fb qbrlcatgﬂ .
. t in an iner
of n par enZOt’lazoese p%EenL%ace iahemby gbeeakrlea ou

14

Small, Jr. et al., ﬁ s. pPatent No. 5,061, 390 for
DIETHYLAMINE COMPLEXES OF BORATED ALKYL CATECHOLS Aizrs .
10 LUBRICATING OIL COMPOSITIONS CONTAINING THE SAME re
lubrzcatzng oils containing a borated alkyl Caeion :
catecholdzethylamzne complex effec*lve in *eauczng o] ' ‘E)
wear, and deposits in internal combustion englnes.

? 1s pavis, U.S. Patent No. 4,663,063 for ALKYL PHEN:L AND

| | ANINO COMPOUND COMPOSITIONS AND TWO-CYCLE ENGINE OIN .ANDth
FUELS CONTAINING SAME refers to a composition comprising e
combination of (A) at least one alkyl phenol of the formula

' : - - (OH)
20 . (R)a - Ar | b

wherein eaeh R is .independently a Substantiel;y sa;;razeio
£ an average of at least ou
h drocarbon-based group ©
azzphatzc carbon atoms: a and p are each independently an .
f aromatic 3
three times the number ©
25 integer of one up to . ,
nuclei present in Ar with the provxso that the sum of a,d ;I
and c does not exceed the unsatisfied valences of Ar; an or
is an aromatzc moiety wh;ch is a szngle ring, a fused ring >
en
a linked polynuclear ring having 0 to 3 optional substl u
i r
30 selected from the group consisting essentially of lowe N
alkyl, lower alkoxyl, carboalkoxy methylol or lower .
: , |
| hydrocarben-based substituted methylol, nitro, nltros:) "
; -and combinations of said opticnal subst;tuents. and
l the amino
' i d with the proviso that
- jeast one amino compoun : lubrlcatlng
henol. Lubricants an
comnound is not an amino p ="
> oil-fuel mlxtures for two-cycle engznes which include

i -cycle
above compositions, and methods for lubr-;atlng two-Ccy .
-

e e et e e M 0008 L il i s b Gt

i are also disclosed.
englnes | Sheet Has Been Reraced
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“ err] al kyl catechol lubricating oil additives which are normal |y

Jiquid at tyges#s storage tenperatures. Ver ner et BFT/USMIEI39p;t ent
No. 4,265,333 for a PROCESS FOR THe PREPARATI ON OF HYDROXY- DI PHENYLAM NES
refers to a process for the prepar&tion of hydroxy-di phenyl am nes by
.condensati on of - di hydroxybenzene with an excess anount of primry
aromatic amne in the presence of a catal ytic anount of an acid at

el evat ed tenperature, wherein the excess aromati c amne and the reaction
product is distilled off from the reaction.nixture in the presence of a
‘base. Coupland at al. U S. Patent No §d53§*ﬁ830 for

SUBSTI TUTED GAFECHOPOIVRSS Eha BENFETRIAGE AT

hydroxyaromat-c. it is well known in the art to derivati

i 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, dlhyaroxyaromatlcs_
may be derivatized with amines without the use*of-an aldehgde
-- thereby saving the expense of.utilizing a reagent that 1is

consumed in the reaction.

10

SUMMARY OF THE INVENTION

In the present invention, a dlhyaroxyaromatlc 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 dihydroxyarometlc compounds are catechol and

1S.

20 hydroquinone.

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

25
u .
or : _ _ )
nts DETAILED DESCRIPTION OF THE INVENTIO
30 The process of the present invention may be described by
10 the following illustrative formulas wherein catechol, for
> examnle, is first alkylated and then amlnated with an amine:
X =
cind
e R —
o me\i\T\i\eﬁi\m




-2 pro e
reaction wiosup$ssi tuted catechol with phenyl hydrazine, ﬁﬁ%’dﬂég’g

_ PHENYLHYDRAZI NES refers to a conpound whi ch may be

phenyl hydrazi ne, benzotriazole or substituted benzotriazole. The

reaction may be carried out in an inert solvent, such as a hydrocarbon.
The cohpounds are useful as antioxidants in Iubricant conposi tions.

oLY |
Catalyst : |
POLY + HO —_— o o
OH .
OH
followed by{
’ : LY
POLY HN-Amine
H — 0 N-Amine - - m
| [0l
o

wherein [0] indicates oxidation; POLY represents a polymer | y
alkylating agent which will react with the aromatic, ring so

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

AWy

Simllarly, the final reaction product of the present
invention wherein hydroquznone is ut;;xzed may be represented
20 by, for example, the following formula:l

: oLY
[

eet Has Been Replaced

T \lI\

N-Amine

25 | . - - M » .
though it is not required that the N-Amine and POLY moietles
bé diametrically opposed as shown.




~.'et al., US. Patent No. 5,061,390 for DI ETHYLAM S OF
; IQQ{ osA0SABECHOLS AND LUBRI CATI NG O L COMPOSI TI ONS CO%%W E
AVE 1 ef er o lubricating oils contaibing a borated al kyl

it echol di et hyl ami-ne conpl ex effective in reducing oxidation, wear, and
eposits in internal conbustion engines. ‘Davis, U S. Patent No.

, 663,063 for ALKYL PHENOL AND AM NO COVPOUND CCNPCSITICNS AND TWO- CYCLE
ENGINE O LS AND FUELS CONTAI NI NG SAME .refers to a conposition conprising
the combination of (A) at |east one alkyl phenol of the fornula
(Ra- A - ()b wher ei 1si4n ndgRii ¥e az SMBRKhEBEI abhke
saturat ed hydn‘bea?%‘ﬁ"b%g %3?‘%%6% la% g@%?aggﬂ%fﬂ%t East bout. 1110

, no formaldenyde is needed. ann-c

reac"lcnl

is that the hydroxyl groups are oxidized to carponyl

. e |
Basuvs the ring loses its aromatlczty, and the nitrogen atom
grouyss

5 :onds dlrectlY.WIth the ring.

oo

The resulting compositions are very effective as a

dispersant in reducing oil sludge and varnish in lnternal

10 combustion engines.

X'y

The Dlhvcroxvaromat Comnounas

ihydroxyaromatic'cc**ounds useful in the present
" invention include, but arc not limited to, hydroquinone,
catechol, hydrocarbyl-substztuted dihydroxyaromatics such as
methyl hydrcquinone, ethylhydroquinone, 2-phenylhydrogquinone,
chlorohydroquinone, 3-methylcatechol, 4-methylcatechol, and
20 the like. .Also useful a:e.dihydroxynapthqls such as 1,4~
dihydroxynaphthalene,'1,2-dihydroxynaphthalene and the likef

15

;__________~____—__
asBaquiuai
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al iphatic carbon atons; a and b are each independently an of
up to three tinmes the nunber of aromatic nuclei present‘?ﬁh%kﬁgﬁ?h t
provi swWwQ9i0545She sumof a, b, and c does not exceed the unsatisfied
val ences of Ar; and Ar is an aromatic noiety which is a single ring,
fused fing or a |inked pol ynuclear yg-.ng having O to 3 optiona
substituents selected fromthe group consisting essentially of |ower
al kyl; 1 ower al koxyl, carboal koxy methyl ol or |ower_ q¥ﬁg fgwon- based
subst i t ut ed nethxlol fadg'd—gﬂusaiyi JRalde DQ%ﬁkanﬁnnatlons of said .
optional suB$PYEFERY: §é§#) .Héwgalxawingninrm%%%%und with the
oun

prOV|sqdayﬂddlﬁnc5alﬁﬁpre is not an ami no phenol. Lubricants and

| ubricati ng oi | -fuel mxtures for two-cycle engi nes which include the .

above conp05|t|ons and net hods for Iubrlcatlngoﬂmo cycle engi nes are _

al so di scl osed® p
; Q

10

_ ' | _ » ) _ !9 .
—E \] ' «“ o

a hydrocarbyl having
£ the form:

5 wherein Q is 2
aryl group,.hydrogen,

atoms, ©Or a structure ©

S Q' | | .

This Sh een Re \aced .
: 1S . | .
T —
% o1
. | :
different, . .
. Q' is defined as Q above, the same oI usrerent i
rein
10 and wner ei or more sides may be shared with t -
and wherein one . :
SO sunabl.uted. : | | | | E
rention, the term '
es of this inven e N
| earer nurD::' scrictly limited to moleties posse5§:2.
v‘ -~ " < s - o o . . . ot . ml : .
15 “"hyczc caroyl but rather may encompass vos.

solely cardon and nv::ogen.'
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rent,
jety
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.essind
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_ hed Application No. W92/ 14805 di scl oses notor fuel conpositions
F=si ng awoosltﬂéﬂ-'r y liquid fuel in th? gasol i ne boi |l i ng-r anBET/U8/ 2390
nol, and an am ne. The am no phenol Ha

s the fornmul a [err]

dggree of substitution so iong as the processes and benefits
i R7i

Polymer alkylating agents which are useful in the
present invention are polymers containing at. least one

of the invention are not thwarted thereby.

rhe Polymer Alkvlating Agents

'carbon-carbon double bond unsaturation {olefinic, or

nethylen;c ) 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 dihydrokyerometic
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 ro
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-subst;tuent of Formulas I and
II are derived are cften conventzonally referred to as
"polyolefin(s)".

Useful polymers include those described in U.S. Patent
Nos. 4,234,435, 5,017,299, 35,186,851 and Zuropean Patent



wher'ein each Ais independently Hor a substantially saturated
hydrocarbonégﬁag group, each T is independently Hor a hyGﬁﬂﬂﬁ%@Fmﬁrou
of up to %8 carbon atons, a, b and ¢ are each independently an

i nteger of at |east one with the proviso that the sumof a, b and c does
not exceed the unsatisfied valences of Ar: and Ar is a single ring, a fus
pol ynucl ear ring or a |inked polynuclééf ring aromatic- noiety having 0 to
optional substituents selected fromthe group consisting essentially of

| ower al kyl, |ower al koxyl,_pitra, arb@§¥:hgu@5rakb:b:ent9rd§o@ﬂﬁ§<o and
conbi nat Appdicatian U?-n%r$°6f‘§éiaﬁ

optional substit . ;a1 no phenol
and ani ngoakgedpseheged polpmepsesonts Mags &ﬁﬂ&ﬁt°§§%§%§%§%¥%€?ﬁwovide
i nt ake SySte”‘C|ean|iniﬁéoﬁﬂgstﬁspegkenbseﬁ theresdnt.he A PARRIGHAFLY nt ake:

val ue def@9FE4REFLPE FEbVE Ssuch deposits L8 el/Rew e eypETimers
Wen a rredaiciass PEnPPLIMESS, &F € vﬁ‘?@qae ° ]
PpizeTe U.S. Patent No. 5,017,292 and

s such as those disclosed in
5,186,851{

Thé'preférred rolymer alkylating agents jor use_in this
invention possesé at least one carbon—carb?n unsagg;atei | |

10 double bond. The unsaturation can be terminal, lnternaT;.pr |
both. Preferred pquqers have terminal unsaturati?n. h? .
polymers of the present invention preferably comprise a hlg

degree of terminal unsaturation. For the purposes of th;s.
rterminal unsaturacion®” refers to the unsaturation

15 ;:::EZZZ“LY the last mo?dmer.unit located;ig t?e ps::lyn.zer:.L 15
The unsaturation can be’ located anywhere.ln this te:m;n?d
monémer'unit.. Terminal olefinic groups 1nclud: ethe?yll ene
(also known as “vinylidene")_pnsaturation,.RaR C=?H2,
trisubstituted olefin unsaturation, RaRPC=CR°Hf vinyl

20 unsaturation, R3HC=CH2; 1.2-disubstitute§_term;nal - 20

"~ unsaturation, R3HC=CHRP; and get:a-sgbst}tuted term;za.
unSaturation,-RakbC=CRCRd; At least one of R2 and R¥ 1s a

polymetié group, and the remainder are hydrocarbyl groups,

polymeric or otherwise, the same oI different. 5 s ;
- Especially preferred polymers for use in this.%nvggt::n _ 1 B
exhibit substantial rerminal ethenylidene unsaturation. P
least about 30%, preferably at least about 50%, more Least | 11
preferably at least about 60%, and most preferably at lea ta

30. about 75% (e.g.., 75 to 98%), of such'polymer-chains exhibit | 30 we

terminal ethenylidehe unsaturation. Such polymers also ?ayl)

exhibit a minor percentage of highly deSi:able_eth?nyl(v;ny_
aturation, which méy pe substituted for ethenylidene ave

e rcentages disclosed above. can

i in arriving at the pe ;
e o tage of 30% ethenylidends of -

3s . Hence, for example, a combined percen

) - ) 2 b= t
and ethenyl unsaturation will more than adequately substltu 2'90
for.30% ethenvlidene alone -- and should even prove superior .F°mp=
_ ' | dighe

R s

el




PO c, it is well known in the art to derivative _the alkylated -
Fonat i (‘,_VM h an anine in the presence of an al dRRVESIVIIER s
BBt zat | ®P7S known as a Mannich  Base reaction. In the pr esent

enti on, di hydroxyaronmatics may be de 9r| vatized w th am nes wthout the
g of an al dehyde -- thereby saving the expense of utilizing a reagent

tat is consuned in the reaction. SUMVARY OF THE | NVENTI ON I n B
t ge present inventi on,- a gl kughgxyagggnt. 'v(ity m@u&dna_q, |e1r@dq,y]| aimed with
t hen reacted an ani ne under reaction

a fpol ymer al kyWir34fy gent
candi ti ons e?mgﬂz.lgw ite thagxPdi FERGIPA ﬁﬂl‘re&&r"l d #Foups to carbonyl
pr

groups. The€® eferred di hydroxyaromatlc conpounds are catechol and
hydroqw none. the nomopelymers and copolymers of the present invention
can be conveniently characterized based on molecurar weight
polymers and copolymers of "low", "intermediate” and
molecular - .weights can be prepared.

range.
wnigh"

- .

Low molecular weight polymers, also referred to here:.n
ndispersant"’ange molecular we:.ght polymers, are .
cons;.dered to be polymers having a number average molecular

weight of jess than 20,0007 preferably from at least 400 to
W) . 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 preferably 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 d:.spersants 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

; 2§ 20,000 to 200, 000; preferably 25,000 to :00, 000; and more

son 77 preferably from 25,000 to 80,000 and are useful in the

'At present invention for making viscosity index improvers ‘for

' lubricating oil compositions, fuels, adhesive coatings,

.;et tackifiers and sealants. The mediu;n mmber average molecular.

;,bit 30 weights can be determined by membrane osmometry.

may

viny} The high molecular weight materials nave 2 number
average molecular weights of greater than about 200,000 and

: ove- can range from 201,000 to 15,000,000; a specific embodiment

20 dent” - of 300,000 to 10,000, 000. and more specifically 500 000 to

ynt ~ut | 2,000,000. These nolyme*s are useful in polymeric

35::;- ot compositions and blends nclud-ng elasteomeric :omnos*.tzons

u- - .

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

eet Has Been Re) laced
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4 7 The br odu
co cts. : :
sl udge and of the present invention denonstrate

: _ varni sh i : hi

di sper s 0 93883 | ve reduci ng properties when used as fuel PEH’IG’%%%IIJ 9ffe

orocess of th s.  DETAILED DESCRI PTIL.ON OF THE | NV cant
_ the present invention nmay be described by ENTI ON The

aolecular weights of Zrom 20,000 to 15,000,000 can be
measured by gel permeation chromatogréphy with univérsal

" calibration, oI by light scattering as recited in Billmever,
rextbook of Polymer Science, second Edition, pp. 81-84

s (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

10 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..

1s . >C=C<); that is, they are monoclefinic monomers such as
ethylene;:propylene,.butene-l,.isqbutyIEne, and octene-l or 15
polyolefinic monomers (usually diolefinic monomers) such as
pbitadiene-1,3 and isoprene. '

20 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

25 mo%ety: _ ?
: x5,
A /
c-c=C-C U
. / \ a
30 _ : . B I
can alsoc be used to form the polyalkenes. When internal az

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 2a der
35 particular éolymerized olefin monomer can be classified as int,
poth a terminal olefin and an internal olefin, it will be . 16 ¢

deemed to be a terminal olefin. Thus, for example,
pentadiene—l.3 (i.e., piperylene) is deemed to be a tgrmini. inte;

olefin for purposes of ~nis invention. atoms
' - This Sheet Has Been RTlaced
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10

_ omnng illustrative formulas wherein catechol, for exanple, is
> al kyl WQAVHMS t hen aninated with an anine: . PCT/US94/11139

-11-

While the polyalkenes generally are hydrocarbon
polyalkenes, they can contain substituted hydrocarbon groups
such as lower alkoxy, lower alkyl mercapto, hydroxyl,
mercapto, and carbonyl, provided the non-hydrocarbon moieties
do not substantially interfere with the functionalization
reactions of this invention. Preferably, such substltuted
hydrocarbon groups normally wzll ‘not contribute more than
about 10% by weight of the total weight of the polyalkenes.

.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 pfecticality.
and expense, the olefin monomers and the polyalkenes will be
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.)

Although the polyalkenes may include aromatic groups --
particularly phenyl groups and lower alkyl- and/or lower
alkoxy-substituted phenyl groups such as para-(tert-
butyl)phenyl -- and cycloaliphatzc groups, such as would be
obtained from polymerzzable cyclic olefins or cycloaliphatic
substituted-polymerizable acrylic olefins, the polyalkenes
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.

There is a general preference for polyalkenes whzch are
derived from the group cons;stzng of homopolymers and
interpolymers of terminal hydrocarbon olefins of 2 to about
16 carbon atoms. A more preferred class of polyalkenes are
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.




T e —— -
[6fr]  wherei
ein i ndi
al kyl ating agent[ak'lﬂdlpates oxi dati on; POLY
ich will react with t represents g
WO 95/10545 the aromatic. ringP gg‘mmlss

.12-

specific examples ct ae*mlnal and internal olefin
monomers } wnrch can be used t° prepare the polyalkenes
accord;ng to conven-zonal. well-known polymer-zat‘on
tecnnzques 'include ethylenei propylene: ' pucene-1l; putene-2;

5 1sobutvlene. pentene-l. hexene-l. heptene-l. octene-l;

nonene-l, decene-1; oentene-z. propylene-tetramer. '

: d;rsobutylene. igobutylene trimer; butadiene-1l, 123 butadlene-
1,§(_pentad1ene—1.2. pentadrene-l 3: penta-d;ene—l J4;-
isopréne. hexadxene-l,s. z—chloro-butadrene-l 127 2-methnyl-"

10 .heprene-l. 3écyclohexy1bntene-1. Z-methyl-5-propyl-hexene-l._
pentene—3. octene-4. 3. 3-drmethyl-pentene—1. styrene; 2,4~
dichlorostyrene’ d;vrnylbenzene, vinyl -acetate; allyl 1
alcohol; 1—methyl-v1ny1 acetate; acrylonitrlle. ethyl -*mf{ lE)
acrylate; methyl metnacrylare, ethyl vrnyl .ether; and methyl

xs' vinyl ketone; of these; the hydrocarbon polymerzzable

fﬁEnomers are preferred and of these hydrocarbon monomers, . the
termana; olefin monomers are partzcularly preferred. . 15
useful polyme ers include a-olefin homopolymezrs and -

20 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-rsobutylene copolvmer, 1sobutylene-butad:.ene-r,B -

25 copolymer. propene—‘soprene copolymer, jsobutylene~
chloroprene copolymer, rsobutylene-{para-methyl)styrene'
copolymer, copolymer. of xene-l with hexad;ene-l.B,
‘copolymer of octene-1l, ' copolymer of 3. 3—drmethyl-penteneil

" with ‘nexene-1, and terpolymer of Lsobutylene, styrene and F
 30. piperylene. More specrfzc examples of such rnterpolymers
include copolymer of 95% (bY weight) of jsobutylene wrth 5‘30

(by weight) of styrene; terpolymer of 98% of jsoputylene W R
1% of piperylene and 1% of chloroprene; terpolymer of 95% Nc
rsobutylene with 2% of putene-1 and 3% of hexene-1: o1
35 . terpolymer of 60% of 1sobutylene with 20% of pentene-l. ar De
20% of octene-1l: teroolymer of 90% of jsoputylene with 2%,5
cyclohexene and 8% of oropvlene, and copolymer of -80% of .
ethyrene and 20% of “*oovrene ;————-—————-~——~f— 1S
fee
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tach as a pol ymeric hydrocar byl
PN H\-woi98t054§ nbol i zes a prinary -or secondary amine and PCRAISI4ALI38 | ar
: ogen noi ety thereof that takes part
rein -N- Am ne synbolizes the am ne bonded directly to-the ring via the
cting nitrogen atomas a result of th@
1 larly,
hydr oqui none is utilized nmay be represented by,

rmlety (I. .y and

- PCLY) thereto;

in the am nati on reaction; and

am nation reaction.
reaction product of >the present invention mhereln
for exanple, the follow ng

t he final

A useful source of polyalkenes are the polybutylenes
obtained by polymeri *at-oh 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 mﬁst be noted,. howéver, 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 L
carbocations may  form. +hereby 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-olefin homopolymers and interpolymers as
well as athylene/arolefin 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, Copolymers, 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. 4'952'739f

Sheet Has Been Replaced
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‘octadecene-l, nonadecene-1 and mixtures thereof (e.g.,

. THE PREPARATION OF LUBRICANT DISPERSANT ADDITIVES, wherein i

th T Ts ot Teauied “
ough it is not rﬁ\&iﬁ‘lﬁ% t"hat t-he N- Am ne and P?‘J@'ngilﬂﬁ?s

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,

mixtures of propylene and butene-l, and the like). Preferred 20
polymers are copolymers of ethylene and propylene and
ethylene and butene~-l. :

The ethylene content of the polymers employed is ’
preferably in the range of between about 20 and about 80%, i
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' s
ethylene contents may be present. b
. , S
Preférred_ethylene/butene-l copolymers are disclosed in ;x
o

commonly assigned USSN 992,192, filed December 17, 1992, -
ritled POLYMERS DERIVED FROM ETHYLENE AND |-BUTENE FOR USE Ths __.
on

(E)

disciosed an oil soluble copolymer comprising from 1 to abou re
. ac

50 weight percent monomer units derived from ethylene and



“is unusual in that, unlike a Mnnich Base reaction, no
ed. - Al'so unlike a Mannich Base is that tﬁﬁnﬂ%ﬂﬁﬂ%ﬁb
zed to carbonyl groups, the ring loses its aromaticity, and

It r ogen atom bonds directly with the ring. The resulting
sitions are very effective as a dispersant in reducing oil sludge and
Fsh in internal conbustion engines. -15-

srom apout 29 to aboutr 30 weight pér:ent monomer tnits
derived from butene-i, based on the total polymer weight, and
paving 2 number average molecular weight between about 1,500
and_‘l,soo, ethylvinylidene groups terminating at least about
- 30 percent of all copolymer chains, and an absence of

j aggregation in solution with mineral oil as determined by

i paving an Sg -value(l light-scattering factor) of about zero.

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

3 : POLYMERIZAIIO& OF ETHYLENE/a-OLEFIN COPOLYMER  USING
METALLOCENE CATALYST SYSTEMS, wherein there is described a

. process for continuously producing copelymer comprising

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

8 presence of a metallocene catalyst systen and in a reaction
2= zone containing liquid phase which comprises (A) continuously
providing a dilute liquefied a-olefin feed stream comprising

at least one a-olefin reactant and diluent admixed therewith

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

red 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
25 an a-olefin/ethylene weight ratio. effective to yield a

10

-

e ‘copolymer containing between about 5 to about 70 weight
- percent monomer units derived f;om ethylene; (D) continuously
e introducing reactant feed stream derived in accordance with
- gweeln step (C) and metallocene catalyst system into the liquid
jer 30 phase of the reaction zone in a manner and under conditions

sufficient to: (i) polymerize the gthylene and ao-clefin to

polymer product having a number average molecular weight of

ed B not greater than about 15,000 (ii), obtain an a-olefin

2, conversion of at least 30%, and (iii) obtain an ethylene
yse T 1 conversion of at least 70%; and '

rein Li (E) ‘continuously withdrawing copolymer product from the
o) apou . reactor. _ -
and = heet Has Been Replaced
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The Di hydroxyar omaty & ofQIRQBad®

in the present inve

plac Di hydr oxyaromatic co
cat echol W““‘Mr'byﬂwmgmm Eﬁme%ut are not linmted to,l’ﬁ%ggﬁ?ﬁﬁ??gzg

hydr oqui zone, eth di hydr oxyar omat i

, yl h tics such as nethyl

3-meth ke W8- phenyl hydr | y

dihydrngﬁ;Sng:é 4- et hyl cat echol nenyl hydrogul none, ~chi or ohydr oqui no
ydr ' echo . 2

2-di hydr oxynapht hal ene. s 1,4- dihydrmeynaphthalene and 1, e

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
s 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 known as gel permeation
10 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
15 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 polymers preferably exhibit a degree of
crystallinity such that, when functionalized, they are oil

20 soluble. : | 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

25 possible. Thus, one end of_such polymers will be of the 25
 formula POLY'-C(R") = CH2 wherein R" is Cj to Cig alkyl.
preferably Cy to Cs alkyl, and more preferably Cy to C2

| alkyl, (e.g-.. methyl or ethyl) and wherein POLY' represents

. the polymer chain; and a minor amount of the polymer chains k
30 may contain terminal ethenyl (i.e., "oinyl™) unsaturation, 30. n
i.e., POLY'-CHsCHz. The chain length of the R" alkyl group e
will vary depending on the ‘comonomer (s) selected for use in co
the polymerization. A portion of the polymers can contain ch
internal monounsaturation, é.g.. pOLY'-CH=CH(R"), wherein R" the
3§ is as defined above. : 33 par

preferred ethylene/a-olefin polymer comptises polymer
chains, at least about 30% of which possess terminal bloc
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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
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following general formula:

wherein Qis a substituent conprising a halide pSedn11 R -

or a structur
-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 lea_s_t one bond per molecule.
Useful polymers include an oil soluble copolymer of the

. (A)x(Bly . (4) . 1'53

wherein:

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

RO
I

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 30
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 U
copolymers” which term denotes copolymers consisting of two I3 5
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 The



er ei n Q is defined as Q above, the sanme or different. and wherein
PO Nor e WOAYHSARy be shared with the noiety so substitut e®CTUs94/111360r
_purposes of this invention, the term"hydrocarbyl"™ is not strictly

ted to noieties possessing solely carbon and hydrogen, but rather may
conpass a m nor -19- -

‘mixture of butadiene and isoprene, thereafter folymerizing

styrede onto said copolymer and subsequently sequentially

i copolymerizing a mixture cf butadiene and isoprene followed

' by said styrene onto the "living"” block copdlymer. For

s purposes of this disclosure, a "living" copolymer 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
.10 ways such as by coupling of two or more "living®” 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 type of compound
include compounds containing two or more ester groups,
15 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 method for prepating multiple block copolymers

20 consists Ln the preparatlon of single block copolymer
containing 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 addition of
carbon dioxide) and coupling of two or more of the moiecules,

5 25 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

lo# properties while masking one or more undesirable proper:;es
10 inherent in any polymer block.

30 _
a° ' 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
bldck . useful star polymers_;fe digclosed in U.S. Patent No.
s 5,070,131. -

two
which _ T
: v for “This Sheet Has Been Replaced
son & The Alkvlation cf the Dihvdroxvaromatics lI"I""I"““lI”I'
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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. o :

preferred alkylation catalysts are the so called
wheterogenous” catalysts. Such catalysts remain solid during
the alkylation and are therefore easy to separate £rom the ,3’
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

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

hydrated heteropoly acids and excess water 2as is described in 2
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 havmg substantially no waters of crystallizat
per heteropolyanlon '~ therein. Ssuch catalyst incl
phosphomolybdic acid, silicomolybdic acid, arsenomoly




er aIkyIatlng agents which are useful

Tymers cWﬁt%Wﬁ"ﬁg at | east one carbon-carbon doubl e bond R¢FHIPALI3BN
ol efinic, [

in the present invention are

or "ethylenic") and which are not so sterically hindered, or

eactive conpetition with other functional groups, so as to render them
nable to participate in the catalytic_g{yylation of the chosen :
I hydroxyaromati ¢ conpound. As |long a$§ a chosen double bond will react

he presence of a chosen catal yst so as to al kylate a chosen

di hydroxygpopati c ¢eipauBfloiysaica borgtiw, | bea imEmEnel ypéact i ve'acid,
unsat uration_and the
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_pefore or during the alkylation.

alkylating agents

¥y

katanbongsottudeinol yst demesungst idi agidomspd y3at ts thereof.
The catalyst is prepared for the reaction by driving water of
nydration and crystallization out of the catalyst, either
_ Advantages include the
ability to easily dlkylate hydroxyaromatics with polymer
having molecular weights well over 1000.
Reaction temperatures vary frem about 20° C to 250° C., but
will be conducted above the bozlzng point of water in cases
where water needs to be driven out of the ;atalyst durlng
alkylation. ‘

comnouﬁas in

' Aikylaticn of 'dihydroxyaromatic

presence of Amner‘yst 15 are typ;cally carried out at

‘temperatures from 10° to 150° C., generally 20° to 120° C.,

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.

The Amines

The emines useful in the present invention are
polyamines having at least one primary or secondary amine
group.

Preferred polyamines are aliphatic saturated amines,
including those of the following structural formulas:

the -

' - .
' T _ _ (III)
HzN——( CI'Iz ) n—-N—R"
va._.:‘:;_a v (IV)
R" '
Sheet Has Been R«
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copolyner (used |nter n ?Pbﬁ&h J&ﬂ nterpolyner) and n1xtures t her €
Honopol yners and i nt t hose derived from pol yneri zabl’
ol efin nmononers o Jgﬁﬁa ib%

at oms. . THWO33{t on

are |nterpolyner|zed accordlng to wel | - known conventi onal
form pol yal kenes having units. within their
said two or nore olefin nononers.
is inclusive of terpolyners and tetrapolyners. _ As wll be
apparent to those of ordinary skill in the art, the
t he poly-substituent cf Fornulas_l and |
conventionally referred to as

"polyol efin(s)". - = - Useful" polynérs
i ncl ude those described in U S. Ratent hbsr-vh234%435, 5,017,-299,-
5,186, 851 and * -Eur opean Patent CHy ) a =N &Y W
R" . Rl' . R -
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" are independently seiected from the group cons;stlng of

rbon atons; usually 2 t@® 183y a
in which two or nore olefin nononer;
procedures to
structure derived fromeach ¢
Thusf2-"i nt er pol yner(s)" as used herei}

pol yal kenes from whi &
are derived are often

- R', R", R"', and R¥ '
wherein n is an integer of at least 1 and ’ ‘IF§

traight or branched chaxn alkyl
2§:§Z:i:: ii zz zii Zlkoxz C2 to Cg alkylene radlcali; izmzzo
Ci2 hydroxy amino alkylene radicals; and Sl t: i&? Zany
Ca to Cg¢ alkylene radicals: and wherein R" an
additionally comnr;se a moiety of the formula:

- R! | | |
} e - ) 3

- ! ' n
wherein R' is as defined above, and wherein each s and s bia
be the same Or a different number of from 2 to 6, preferably
Zet 4; and ¢ and t' can be the same OrI different and are . ;
(o) H [* .
each numbers of typically from 0 to 10, preferably about Z.t
7 most preferably apout 3 to 7, with the proviso that t+t
z?

reater than 10. To assure a facile reaction it is ac
" n°§ gd that R', R", R"', R¥, s, s', t, and t' be selected pr
i:éjem::ner sufficient to provzde the compounds. of for::ia:éo :?j
1V and V with.at least one primary amino gro?n. "Thzi - °f~
achieved by selecting at least two of said R' ,R", OT ¢ |

* and ! al
groups in formula IV to be hydrogen, select-pg both R' a k3
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|l ymers are ethylene/a-o0

h&&mmﬂkmnke icular reference is made to the
| ng organonetal | i c coor dPOVUB®#M 1139

n polyners
as dlsclose artlcularly preferred class of

e In copo ynme -ZJSUCh as those disclosed in U S.
5,017,299 and 5, 186, 851. '
in ;"m“lf V to be hydrogen, or by selecting t in formuia Vv
to be at least one when the nozety of Zormula VI;possesses a

pr..n;ar Y amino gr oup.

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*am&ne..
tetraethylene pentamine; polypropylene amines such as 1,2-
propylene diamine; di-(1, 2-propylene) triamine; di-(1,3-
propylene) triamine; N,N-dimethyl-1, 3-propanediamine (also
known as N,N-dimethylaninopropylamine, or DMAPA); N,N-di-(2-
aminoethyl) ethylene diamine; N.N-a*-(z-hyc*oxyethyl) -1,3-
propylene diamine; N-dodecyl-:i, 3-propane czam;ne. and
mixtures thereof.

Other useful amine compounds include: alicyclic diamines

such as 1, 4-di-(aminoethyl)cyclohexane, and N%amzncalkyl
piperazines of the general formula:

_ _

| c“zcgz
H—t-NH=— (ckz),;%a—-n\ /N-—E-'(cxz),r NH-}—* (VII)
CH,CR,
- — n2

wherein pl and p2 are the same or di‘ferent and are each
integers of from 1 to 4, and nl, n2, and n3 are the same or
different and are each integers of from 1 to 3.

Commercial mixtures of amine comnounas may
advantageously be used. For example. one process for
Preparing alkylene amines involves the reaction of an

- alkylene dihalide (such as ethylene dichloride or propviene

dichlcride) with ammonia, which results in a complex mixrcure
of alkyiene amines wherein pairs of nitrogens are joined by
alkylene groups, forming such compounds as diethviene

___.-lllllnl-imrﬁ-Ill-lll------q----lllllil----;-.........-;--;-p-d
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The polyners of the present

term nal unsaturation.
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monomer unit. Jerpi b £k £ pimige pupetraethiere BRYFARERE " (3FSo
known as "vi ny¥3RiRe) b %?%??op Rlerr]Rlerr]C=CH err]; trisubstituted
of i N unsat uggttespoitng | FERRFF o
rr ] HC=CH[ err]; 1,2-disubstituted te _ e
err ] RC=CHR[ err]; and tetrassubsti-hut-gd hffiHesaincindeulam GOST. | .
arr]R[err}C:CR[ePPFRPEPﬁfFlth?EEE' s

east one of rr Siie asS FRAM,
ymeric 9!’ Ol-daiyqaéhymgneanﬁhgdepoape% 8 ]rea.‘@}r%[de t'a . .

veraging about 5 to 7 nitrogen atoms per molecule.rgﬁhgse
a oo ; R . .
ére commercially available unaer trade:names_such_asn
"polyamine H", "Poiyémihe_490f,_”pgw Polyamine E-100

others.

.

i nvention preferably conprise a high degree of
For the purposes ofyt.his invention, "term nal
unsaturation"” refers to the unsaturation provided by the |ast nononer

e
R

unsat urati on

uni t
on can be | ocated anywhere_i.n_this .

rm nal unsaturation,

I OC¢ ~gf oups,

», among

‘Also useful are polyoxfalkylgne polyamines, such as

those.of the forqulag

Nug-é'ikylene-(-o-alkylene-)m—unz o vmn)

where m has a value of about 3 to about 70 and preferably
about 10 to about 35; and

R4-[—alkylene-(—o-alkylene-)n—-.\mzla {IX)

where n has a value of about

the sum of all the n's is from about 3 to ib?ut 7°;b:2ituted
preferably from about 6 to about 35, and R 15 a stoms
saturated hydrocarbon radical of up :q 10 c:rncn a - ;rom \
wherein the number of substituents on the R4 group £

to 6, and "a" is a number from 3 to 6
14
of substituents on R4. The alkylene

vIII or IX may be  straight oi.brahched chains cqn;aining .
' ' on
ébout'z to about 7, and preferably about 2 to abogt 4 car

atoms.

1 yami ;i he
Particularly'preferred polyam;ne_compounds 1n§lud: zhe
polyoxyélkylene'pélyémines of formulas VIII and Ix..an, '

alkylene polyamines repr

esented by the formula:

BB

1 to6 40, with the provision that

representing the number
groups in either formula

3

T
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fic'or-othermdse the sane or different. Especially preferred
mers fQipddfigsekn this invention exhibit substantial terrj

henyl i deﬁe unsaturation. At |east: about 30% preferably ?{‘p‘?‘bﬁﬁfll%out
50% nore preferably at |east about 60% and nost preferably at |east
about 75% (e.g., 75 to 98%, of such polngr chains exhibit term na

et henyl i dene unsaturation. Such polynmers “also may exhiThjs{Shest HisBeen Replaced
percent age of highly desirable et henyl (vinyl) unsaturatlh be .
substituted for ethenylidene wunsaturation in arriving at es
di scl osed above. Hence, for exanple, a conbined percentage of 30%
et henyl i dene and ethenyl unsa ation wllagore than adequately substltute
for 30% et henyl i dene alonﬁ ' ng oul d ev naprove superlor -
. - alkylene —
l (X)
H . .

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;

5 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

10 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,

15 dztheptamethylene)trzamzne, tripropylene tetramine,
tetraethylene pentamine, trimethylene diamine, pentaethylene
hexamine, di(trimethylene)triamine, 2-heptyl-3-(2-amino-

3 propyl)imidazoline, 4-methylimidazoline, 1,3-bis-(2-

aminopropyl)piﬁerazine, 1,4-bis(2-aminocethyl)piperazine, N,N-
£ 20 dimethylaminopropylamine (DMAPA), N,N'-dioctylethylamine, N-
octyl-N'-methylethylene diamine, 2-methyl-1i-(2-
aminobutyl)piperazine;'and the like. Other higher homologs
8 which may be used can be obtained by condenéing two or more
of the above-mentioned alkylene amines in a known manner.
25 . .
Z' The ethylene amines which are particularly useful are
b

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
0 York (1950). These compounds are prepared by the reaction of
an alkvlene chloride with ammonia, which results in the
production of a compiex mixture of alkvlene amines, inciuding

:.;__-‘.‘IIll--mﬁI-IIlllI--;------;-_--;;-r
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to that of

reactivity of termnal ethenyl_i i
W%ﬂg{s et henyl i dene. The Honopol yners anw%ﬂﬂﬁ%%{/%s
t he present en

mol ecul ar
"i nt er nedi

] i ) .
* meiamines, 2aY possess average sioclecular weights ranging -Iom
tz

10

virtue of the higher

I on can be conveniently characterized based on
wei ght range. ~ Polymers and copol yners of "l ow',
ate" and "hi gh" nol ecul ar wei2§ht s can be prepared.

ye . : : sines. MixTuI
1i~ =psndensation ==cdusTs Such as siperasliines. Mix es
C --;: - - " d < - — °f tr-s
i £or the zDusposes b8
nes may alsc be use p=2b-
of these aml v
invention.

‘pne polyoxyalkylene polyamines of formulas VIII anc IX,
p:gie:a'bly polyoxyalkylene diamines and polyoxyalkylene

about 200 T©o° about 4000 and preferably £rom abouz.Aoo ?p—‘ .
2000. The preferred polyoxyalkylene ppl*an%nes -n-.f

g 1y xyathylehe and the polyoxypropylene diamines énd_.he

et iene t=iamines having average molecular weights

ple?xypiOPY about 200 to about 2000. "The polyoxyalkylene .

rmgm? -"~"°‘:n commerczially available and may be obtﬁ;ned. ‘

:?¥Y3:;::ie Zzom :hs Jefferson Chemical Company. Inc. under

o € e ¢ == .

ines /- , D-2000, T-
the trade names naeffan;ne§ D-ZBO,.Df400. p-1000, P~

_ 403", etc.

e Amination Reacsion Conditions

L_/___—_-—_

Without limiting the present inventicn to a particular

theory, it is believed that an alkylated quincne-type (i.e./
[4

104"
- dicaszbonyl) intermediate is created (e.G., an alkylated

30

kL]

penzoguinone in rhe case where hyd:bguinone.is used i;ﬂ:?:sg
dihydéoxya:cmatic: an alkylated l.2-ne?:o§u;ncn:b12 -e;.zy ,
of catechol) during +he reaction that iS5 then subs :u. 3 21
aminated. It is rherefore possible to use élkylate N
diﬁa::anyl analogues of the dihydroxyéranatics oiittzbi;e::
invention as starting material and amznate..nem recs

ace==zdance with the methods cdisclosed nerain.

' : 30
eferred That the reaczion m=ixture be exposed tO
: is p:----- - - - g ] o ‘ . =i:
;" ine agent sSuch -pnaz che alkyiatec Sinygroxyarsse
an oxigdiz=ing — sust - =he : - Sy :
is oxigized tc the caczasponding alkylatec dicazbony

: i el -- w i - ne - e.
: - . 33 he 33 -aadony- .ne!". -ea -3 la =i p- 1 by
- w --.BP_..J.ate . - [~ T - -

a
' 3 : n gurinz =he reaztion 5

~ acTmospneric oxygenl = 1

Simsle exposure to 2 : o ot ine scemes \
_;.. . - Eme w=hic TUTTOSE, =aoueh ganel OX‘......._I‘.._. ad . .

S e T ik;lacig* cxidzTion, and aminETLoR £o

. - * mha a L i o)y ¥ -
ma's pe exsLovet. 4% s e
- | gr:

il

“ ek




dispersanwwmgmmuug nol ecul ar wei ght pol.yners, are considere
ol yners havi ng a nunber average nol ecul ar wei ght of |ess thQEBQEQGHﬁm’

(e.g., 250 to 20,000); preferably fromat |east 400 to about 20,000 (e.q.,
450 to 1000; 500 to 2000; 700 to 3000; 1,000 to 19,000); nore preferably
fromabout 1,500 to about 10,000 (e.g.,.3#.000 to 8,000); and nost
preferably from1,500 to 5,000. The | ow nol ecul ar wei ghts are nunber

aver age nol ecul ar wei ghts neasured by vapor phase osnmonetry or gel

[lEas’ v ( g .
per meat i orsERDHMAV PO BAS{GPGOLlaned Tt L CIPF - TRFGFE PoFFRBRITHLE §HEFRUI

in the preseningrnedd i O i dpedifuscigper sants for fuel and |ubricant
addi tives. Medi um nol ecul ar wei ght polyners, also referred to

herein as "viscosity-nodifier-range"” nol ecul ar weight polyners, have
nunber aver age Faillarxe ato vwseylars oxddd 26nd ragen0yDLD resklY, H80poor

prefergbl y, 2o d00 $hdP% 0%y B dWféczed that one moiecule of
reactant will be consumed in order to oxidize another to form
cne 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, cyclchexane, toluene, xy;ené;
B 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
2§ dihydoxyaromatic, preferably 0.1 to 5 moles of amine per mole

At of dihydroxyaromatic (e.g., 0.3 to 2; 0.5 to 1).
X .
This Sheet Has Been Replaced _
co 0 Lubricant Compositions ' ' |I"I "I"”"I" ﬂl |
The products prepared by the process of this invention
. | are very suitable for use in lubricating oils. The -
ces lubricating oils can be any animal, vegetable or mineral oil,

-c= ¥ for example petroleum oil to SAE 30, 40 or 50 lubricating oil

'grades, castor oil, fish oils or oxidized mineral oils.




B cabene s samui chme s

-

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

for makin i scosity index inprovers for lubricating oil coqrmEssiidiig,
fuel s, adﬁ%’éﬂ? 0¥5at i ngs,

tackifiers and seal ants. _The nedium hunber
average nol ecul ar weights can be determ-ned by nenbrane osnnnetr
The high nol ecul ar wei ght

mat eri al s havesa nunber Thmélr
wei ghts of greater than about 200, 000 and can range to
15, 000, 000; a specific enbodi nent ‘of 3000, 000 to
nore specifically 500, 000 to 2, 000, 000.

‘These polyners are useful in
pol ymeric conpositions and.bl ends including elastonmeric conpositions.

H gher nol ecul arAﬁl %tatqq,teq_ry 3 hawrigagtinbeoidvcagde 2 synthetlc

ester lubricating oil and “Hese include diesters such as di-

octyl adipate, di-octyl senacate. dldECYL azelate. trlaecyl

§ adipate, didecyl succinate, . didecyl glutarate and m;xturee
thereof. Alternatively the synthetzc ester can be a .- I
polyester such as. that prepared by reactlng polyhydr;c
alcohols such as trzmethylolpropane and penteerythrztol with

mpnocarboxylic acids such as butyrzc aczd te‘give the

10 corresponding tri- and tetra-esters. Also complex esters may
be used, such as theose forﬁed by esterification reaetions
between carboxylic acid, . a glycol and an alcohol, or

monocarboxylic acid.

' 1 ng the lubricating
15 _ ;ase o;ls sultable for Ase in prepar; g . s
oil compositzons of the present 1nventlon 1nclude those
conventionally employed as crankcase lubricating oxls.‘or
spark-ignited and compressxon—zgn;ted internal combustion
engines, such as automobile and truck engines, marine and
ageous results ‘
20 railroad diesel engines, and the like. Advantag 2
are also achieved by employing the products of the present
employed in and/or
invention in base oils conventionally y a
adapted for use as power rransmitting fluids such as
autometic transmission fluids, tractor ‘lu;ds,,unzversal
| 13 | i ids, a duty hydraulic
2§ tractor fluids and hydraulic fluids, heavy \'4 R0z,
i like. Gear lubricants
fluids, powe* steering fluids and the l boili
ubr'catln oi o
1ndustv1al c;ls. pump oils and other 1l g dlesel

£ he lncorporatzon there
compositions can also benefit =ZIZom t

of the products of the present invention.
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nmol ecul ar weights of from 20,000 to 15,000,000 can be nmeasured by gel
per meat i on woles/t054% ogr aphy w th universal calibration, or bPCTIUSg#M1139
scattering as recited in Billnmeyer, Textbook of Polyner Science, Second
Edition, pp. 81-84 ( 1971) The values of the ratio Mv Wn, al so
referred to as nol ecul ar weight distribution, (MAD) are not critical.
However, a typical m nimum MV Wnh val ue ofabout 1.1 to 2.0 is

- The amount of product alkylated-with dispersant-rénge
molecular weight polymer alkyiating agent added to a
'lubricating oil is typically a minor proportion arnd will

5 " generally be blended in éroportions of from 0.013 to 30% by
weight of lubricating oil (e.g., o.o;%_ta 208 by weight),
preferably between 0.1% and 8% by weight (e.g.. 0.1% to 5% by

S<

weight) .
ﬁa _ .
10 The amount of product alkylated with'viscosity-mbdifier?
range nmoleculzr weightppolymef alkylating agent added to a
lubricating c.l is typically a minor proportionland will
1 generally be blended in proportions of from 0.01% to 20% by
% weight of lubricating oil (e.g., 0;01% to 12% by Qeight{,
3 15 pteferably between 0.01% and 6% by weight (e.g., 0.01% to 4%
by weight). |
b The products of the presept invention may be borated by
means known in the art.
ults 0
:nt
* Fuel Compositions
2t E The products of this invention are suitable for use in
 §11¢ ?s Normally liquid petroleum fuels such as ﬁiddlé distillates )
:icant%%” boiling frem about 65°C. to 430‘C.; inﬁlﬁding kerosene,
3 1 dieser fuels, home heaﬁing fuel oil, and jet Zuels.
a *.:’fxe‘,-"""_i | | - | -

This Sheet Has Been RTilaced




preferred with typical ranges of about 1.1 up to about 4. Usef ul
ol efin nmononers from which the pol yal kenes can be derived aPET/USH4/11139
pol yreri zaBY@9¥1%45 n nononers characterized by the presence of one or nor
unsat ur-at ed doubl e bonds (i.e., >C=C<) ; that is, they are nonoolefinic
mononers such as " ethyl ene, propylene, but®ne-1, isobutylene, and octene-1
or polyolefinic nononers (usually diolefinic nononers) such as

but adi ene-1, 3 and i soprene. These ol efin nmononers are pref eét%)éy
polynmeri zabl e terminal ol efi.nsg; ot%@t i3 kylaepdpesses ISR IRAT '
unsaturation. Hehevamoupgs ﬁﬁer“lrza e internal olefin nppn rrersa( QEEtL{ES
referred to as. nedi al oI.efnitns_:)olW agleyliardaigo rgemns pﬁ%’e‘ﬁc@ow t%l nt
structure omoliestlad; &pgnt #=-2

. & 3 »
.

q 4

4 0.15% by weight (e.g., 0-005% to 0.1% by weight).
an o't ) - . ' . g

| The final fuel and lubricating oil. 'ccnmosiz:i:.t:- v:a;_ra r:t.f
. - ntain other additives known 1n the a :. ve o ' |
desired cO vi-scdsity index improvers and d:.spe-san-s. b
B e o ntioxidants, corrosion inhibitors, pour point "
‘;Et::::::i's aantiwear' agents, <Iri rion modifiers, and the
ep '

like.

. - This Sheet Has Been Replaced
. - ﬂ

20 Examples 1 to S: Alkvlation of Hvdroau;ngr;e

’ ] nrough 5, a quantity of .
ch of Examples 1 throu : | . |
In‘e:ne (MW = 110) was dissolved in a quantity of elthe@ 1
e o ' und-bottom
hz ta:: or toluene and charged to 2 250 ml. round.dic > n
P k. A quantity of Amberlite-15 (a strongly aci sl
‘ ) - . lc
i ’sihg divinylbenzene-crossllnked polystyrene,btot::
ompri _ _
. l%onic groups are attached) was addeé. followgd yl . .
" i of a quantity of an ethylene/propylene copo i:-of 2
ition :
a?;;tl lymer") having a number average molecular we;g o
( " . | i nr tion mixture
i tion. Each react
nd terminal unsatura _ tic e iton
? B;F aheated for a number of hours and then filtered y
then

T
py the removal of the solvent under vacuum. _ 2

. . : ri
IR spectra of the products revealed new peaks .app;e-::e
- indi i in' t
“0.0 and 1400 cm~! (thereby indicating a change !
3§ at = 1 '

2 LD o f ol DS orn T he ..' - - _' g : te d ~x¢.
2 \’ \ - S e n \-ha w \



- -

rr] capn al so be o r ponaIkenes When i nt er nal olefin
nomer s argoe‘h"ﬂp }I Hiﬁ ﬁ be enpl oyed wth ls@f,ﬁgmlus,

efins to produce poI are i nterpol yners. For purposés of
hi s i nvention, when a olynerrzed ol efin nmononer can be
| assified as both a termnal olefin amgian internal olefin, it will be

eened to be a termnal olefin. Thus, for exanple, pentadiene 1,3 (i.e
i peryl ene).is. deenedhto be. a ternrnal ol efin for purposes of this
ilnventi on. ithdicdte The presence of a substituent thereon) .and compliete

d;sanpearance of the aounle tond neaxs 34 bhe EP polvme* at
3065, 1645 and 885 cm™ 1 (thereby -nclcatlng ‘the ‘loss of 'ne
polymer unsaturation). This indicates that the -

., 5 dzhyaroxyaroma;;c was successfully alkylated.

v

The alkylatlon procedures are shown 1n Table T as

- i

) follows.
| J. Tiels -
10 ) £
TABLE I
_3 Hydro4
qui- Sol- Sol- Aﬁpeﬁl R RX
Ex. none vent vent -lite EP Temp - Time
No. g. mi. . g. _g. °C. hrs.
1 ' 6.32 Hep 50 - 12.5 25 98 6.0
2 30.00 Tol S50 15.0 S0 90 . 2.0
3 3.16 Hep 30 - 15.0 50 éO' 2.5
4 6.32 Hep 30 15.0 50 90 2.5
, 5 12.64 Hep 30 15.0 S0 90 2.5

1ert9 15 Example 6: Alkvlation of Catechol

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

ch (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
r - 0 heated to 90° C. Added to this was 50 g. of an EP polymer (MW
of = 870) and the solution was maintained at 90° C. for another 2
4as . hours. The reaction mixture was then filtered, the filtrate
llowi evaporated, and the resultant preduct *edissolved in hepzane.

The heptane solution was itself filtered and the filtrare
evaporated under vacuum to obtain the product.

Examples 7 th*ouan 12: Amination of Alkvlated Hvdroguinone

With PAM
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VWil e the pol yal kenes general ly are hydrocarbon pol yal kenes,
can contain substituted

hydr ocar bon groups such as | ower mer
al kyl g@%@s‘ hydroxyl , mercapto, and carbonyl, provi ded® %@é&'«nh@
non- hydr noi eti es do not substantially interfere with the

functionalization reactions of this invgntion. Preferably, such substitute

hydr ocarbon groups nornmally will not cof Tibute nmore than about -10% by
wei ght of the total weight of t he polyalkenes _

In each of examples 7 tar cug? 12, 2 g. oiv;zel:Pso ml
hydrogquinone . prouuced in Ixample > were :1sszher PAM ml
-heptane. To. thxs was addea a auant;tyfos iz ; e L

5 (polyethyleneam;ne having an average © > 103) T o
i noLe S mine (dleihYl::Et;;3212:;) | Each s;lution was .. .
(N,N-dlmethzi::%::§;:iiti:: f;r 24 hours and then dzluted

S :; of heptane and £iltered. The solvent was remnved
e en stripping followed by evaporation under high )
° B:czzzfogrhe products were analyzed for nitrogen content.

-

Thé reéults are summarized in Taple 1I as follows:

13

..‘ e . ;'TABLE I3
' ) '~ Nitrogen
Ex. Amine -- Amine  Content
No. ' g. _wt.¥
7 -pAaM ~  0.150 2.18
8 . paM- 0.300 - - 3.27 »
9 pETA 0.103 1.58
10 | DETA  0.206 2.65 _
E— N 5 pDMAPA ~ 0.103 0:33 ' | - -
eimxd 12 DMEEA. 0.206 0.40 | 5 .
\\ll\l\\\lll\\\\\l B - )
20 Example 13: Amination'of Alkvliated Catgchol w1th DMAPA . | ::

4. 32 g. of the produc' f Example 6 were dissolyedoinaiao- th
. To this mixture was aaded 0.9 g. qfﬁDMA.A. sup
O evion - £ 6 hours at 98 c. Afterwards. upg,
the solution was refluxed for 2 lng fOllowed by
25 the heptane was removed by 11trogen st lpp
evaporation unde* hxgh vacuum

sr - £ to be ° for
The nitrogen content of the -.oauc was oung | 1

wt'



Since the ﬁﬂ? alkene can contai n such non-hydrocarbon substituent, it is
apparent t $/M84%) of i n nononers from which the pol yal kenesPETESAHHA3L an
al so contain such substituents. Normally, however, as a matter of
practicality and expense, the olefin nononers and the pol yal kenes will be
free from non-hydrocarbon groups. (As u§gd herein, the term "Tower"™ when

used with a chem cal group such as in wer al kyI "or Tiidsmedt Had IeexX Replde&d
i ntended to describe groups having up to seven carbon at% Euuy U]l

Al t hough the pol yal kenes may i nclude aromatic groups -- enyl
groups and | ower al kyl- and/or |ower al koxy-subst tuted uch
as para-(tert- butyl)phenyl -- and cycloaliphatic groups, such as would be
obt ai ned  DigHeeantrs iEMAsxrmamdd ¢ ol efins or cycloaliphatic

substitut @d-polymerizable acrylic ol efins, the polyal kenes usually will be
free fromsuch groups. Again, because
o 5 The performance of the products of Examnles 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 dispersent
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 oil contains no sludge dispersant. A gquantity
% 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
iq 4 0 the sludge perticles. The sludge has been removed from this

ot

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 *he
Supernatant without any dispersant added is used as the
Standard, while a sampie having a we;l xnown commercially

- s -




| e e

Do araE

aromati c and cycloaliphatic g

whi ch ig Skeetdias B I o _ '

vhich the pol val kenes are pr epd n%nt, the ol efin monomer:
deri ved ]yvr%?ﬁlltoﬁésThere is a gene fg;omaluc anBCTPSI4HNINN
term nal hydrocarggguglg?Pﬁ;St}ng of homopol yrer s ggdya!ﬁfgfs YhiCh ar e
preferred cl ass of polya|keneg'a$éto about 16 carbon atOns_pz ﬁgfgs of

consisting of homopol yners and those selected fromthe group

a i ,
bout 6 carbon atons, nore prefep;g[pogyggrz of termnal olefins of 2 to

- " ) . O car -
available dispersant wlended therein IS cé%gnf§§EE-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 ﬁetermined by comparison with the
10 standard (the sample having no. dispersant) .- The weight of ..
the sludge precipitate removed from the standard is ) '
nornalized to 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
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 ' -
‘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.

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
rest sample. These cycling periods may pe repeated as

necessary- .
EVaiL,



and internal ol efin nononmers which

Xéﬂﬂﬁsm&unilég
an be used tgégorsg%are g e:f W according to conventi ®e®useq/11139

Il -known pol yneritat i ncl ude et hyl ene; propyl ene;
ut ene-1; butene-2; |so ene- 1 hexene-1; heptene-1; octene-1,;

onene-1; decene- 1: pentene 2; propylene- étraner dllsobutylene
|sobtylene trimer; butadiene- 1 2; butadiene- 1,3; pentadiene-1,2;

pent adi ene- 1, 3; penta diene 1, 4; isoprene; hexadiene-1,5;
2- chl or o-but adi § 2 nethyl heptene-1; 3- cyclohexylbutene 1;
2- et hyl - 5- pr opyT - hex T8 1 i?e(ﬁﬁﬁ§ﬁ§d$“Zyn;Qhrmhey$amené§n£ré

styr ene; 2cgntagpgﬁ|gr@swyemma yﬁewmmnhh@n&%&emeﬂibénfEé%égf%saJ'*ﬂe
samples are subjectively rated agalns the standard on a
5 scale of 1 to 11, wherein a score of 1 indicates no varnish
deposits at all and the standard (havzng no dispersant) is
given a rating 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 varnxsh
inhibition qualities of the tested additive are worse than no
additive at all. ' -

_ The reference used in the table below was a PIBSA-3 AH
1s dispersant wherein the Polyisobutylene moiety had a number
average molecular weight of about 950, the number of
succinimide moieties to each pPolyisobutylene chain was about
1.18, and the nitrogen zontent of each molecule averaged
1.59% by weight. The reference is considersd representative
20 of dispersants currently in eommercial use. |

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

D 2 | TABLE IIT
Example No. SIB mg VIB rating
7 7.1 4
X 8 ' | 8.5 - 4
o | 8.0 S+**
s 10 8.5 ' 4
{ ‘ 1 S '5.85 5-*v
grom 12 | 5.75 ) 6
1es 13 1.59 g
\ase | Referencef ' 4.20 *9.68 . 7 %0
NO Standard 10.00 | 11.00

”

W

: he catechel- and hydroquinone-derived dispersants were

e

Valuated in two separate sets of SIZ and VI2 tests using two




1- nethyl V|nyI acetate; acrylonitrile; ethyl acrylate; nmeth

thacryl ate; ethyl vinyl ether; and nethyl vinyl ketone. O the%@rmg?ﬁéu“’

ydr ocar bon polwoes/iese®l e nononers are preferred and of these hydrocarbon
noners, the termnal olefin nononmers are particularly preferred.

ef ul polyners include [err]-olefin honopol yners and interpolyners, and

thylene/[err]-olefin copolyners and terpol ysers. Specific exanpl es of

ol yal’kenes i ncl ude pol ypropyl ene, pol ybut ene, ethyl ene-propyl ene

opol yner, ethyl ene-butene copol yner, propyl ene-butene - op e, -he

tyr ene-i sobutyl ene copggﬁggg bgobub;taacabﬁtaﬁPEﬁEafe3°égpol?#EFF Her

ropene- i sopr eAePRERGEy T, |sobut§I§ eSh! ss0pERNexacpdly FHE, Same- ere,

sobut yl ene- (pgggemynh:ﬁl BSOFPehBTC I‘ymar copol%}@s h%f W%@b‘dey\nimm the

exadi ene-1 , Q&?l% rgﬁbﬁgg<awbmnehc -é@pcl ¥ |nethyl pent ene- 1

d et '

i th hexene-1, o tests évégﬁﬁgytylene .styrene-and

L biah lue, a "=" slightly .
. igher va
v p "+" indicates a Sllghtly nig de since the _

ljower. No attampt at greater accuracy is ma
o

ve.
evaluation is necessar-ly subjective

. -
or m - -
- "

° an be seen,ltha catécncl derived dispersant (Example
As C

mpressxve sludge-reducing properties

St
> dlsplayed e p*ocertles over the.
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- .
pi peryl ene,_ MNbr peci fic exanples of such |nterpolyners I ncl ude copol yne
of 95% (by SGﬁ of isobutylene with 5% (by weight) of styReHES94/11139

terpol ymer of 98% of isobutylene with 1% cf piperyl ene and 1% of
chl oroprene; terpolymer of 95% of isobutylene with 29&ﬁ+—bufeﬁe—i—aﬁd—3%bof

hexene-1; terpolymer of 60% of |sobutylé € with 20% of e te (%
of octene-I; terpolynmer of 90% of isobutylene with 2% 8%
of propyl ene; and copol ymer of 80% of ethylene and 2096

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 hydroquinone.

R

T




14 " A useful source of pol yal kenes are the polybutyl geqﬁ,sgbiﬁwed
by, pol yngyéyssidser of Clerr] refinery streans having_a butene content of
about 35 to about 75% by wei ght and an isobutyl ene content of about 30 to

about 60% by weight in the presence -of g Lews acid ca H@u&hn& lmmd '
al umi num trichloride or boron trifluoridg. It nus

however. that polyisobutylene contains quarternary carb

pol ynmer chai n. Consequently, if the alkylating catalyst 1s y aC| uc
(e.g., a heteropoly acid catalyst , highly stable tertiary carbonatlons may
form thereby ei ther cracking the polyner chai n atiggagnward-from
‘the termnus % herdduss e CYdice ehWReT 3R n@a’t%e ocation,of the double
bond, or sohe conbinatjon .ofehgh ene W|m51$@mtﬁ€ ABAFth of the

aci d least one se - ;
represented by the following. st'uc-ural formulas:

HZN_—_' ( ng )Tn-_—N—-Rn ,

ok
a.
e -t

' )
; Il' RHO'
wherein n is an integer of at least 1 and R', R
and R¥ are independently selected from the gro;p s
. ¢, to Cpg straight or ra
consisting of hydrogen; (1 D iane
c, to Cy2 alkoxy C2 to Cg
chain alkyl radicals: C3 e
redzcals Cz to Ci2 hydroxy amino alkylene radlcals a
'€y to Cyz alkylamino C2 ©O Cg alkylene redzcals.
S
. al

[T .

Comp




and the residence tinme of the reaction, one may expect the Mh of the
pol yi sobut WO 2#484%5s of the al kyl at ed hydroxyaromat ics to be BaHUSMHIIN | vy
Less tha? t he M OL tre pol yi sobutyl ene starting materi al al and to find
i mers rimers and oligoners mxed in with the reactiomh
The degradation of quarternary carbon- ‘co¥ft-ai ning pol yner ﬁSM%Beenjglacm |
Hfln

agents in the presence of strong acid catalyst is one r

honopol ymers and .i nterpol ymers as wel |- as ethyl ene/ a- ol e

and terpolyners are .preferred. "Al so useful are high nol ecul ar :
wei ght poly-n-butenes. Reference is made to PCT Published lication No.
WO 94/ 137154 erlie |Erbcégsnopholaim &fwrereiy ikt an%oﬁm ynﬁéggeﬁ/et hods of

Prepar at i Uit $E 'L VRELYEY JRCERET formulas

| | (CH, )g+ == N=—=H
| L,
. . | 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
F diethylenetriamine. |

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

s. The process of Clam 1 wherein said polymer
alkylating agent is an unsaturated ethylene/a-olef:.n

copolymer.

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

comprises four carbon atoms. _ :
N 0 R




A preferred source of monomer for neking pol y-n-butenes is petroleu
f eedst r e WO IYINSHS as Raffi nate-2. These feedsstocks are BEEUSHHHA39 nt
art such as in U S. Patent No. 4,952.739.
15

- ThisllsiiilT |ilii Iiseeln|ieili[:ed

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

_ _ . an
17. An oleaginous composition comprising a major amount

of a fuel and a minor amount of the product of Claims 13. ' 20

R

T




r 4 R T S

g

N e

Preparlng pol yal kenes as described above which neet the various criteria
for Mh andW@a9sNBS4ss within the skill of the art and does not conprise
part of the present invention. Et hyI ene/ a-ol efin Copol yRGT/US94/11139 The
nmost preferred polynmers suitable for use as alkylating agents are pol yners
of ethylene and at |east one a -olefin._gthe a-olefin typically having the
formula Herr]C=CHR[err] wherein R err] is straight chain or branced
chain al kyl radical conprising 1 to 18 carbon atons and wherein t he
pol yner contains a high degree of term nal et henyli dene unsaturation.
Preferablx % n the above fornmula _is alkyl of from 1 to 8 carbon
at oms and r%res'\p Cf uSefuly_sor Fugh ot dubriganm amditive Ther ef ore,
usef ul cohswengrznm theﬂhh;ueﬁﬁrmnlhbls i nvention include propylene

but ene-1, hexene-1, octene- -

This Sheet Has Been RTlace

AT

N-Amine

POtY

wherein 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.

-

| N O A




1, 4-nEthy|Q%ﬂigﬂg;lr—deeeﬁefITfdodecene;l, tridecene-1 , tetradeceﬁ%???*zw’
hexadecene-1, -1, octadecene-1, nonadecene-1 and

pent adecene-
mxtures ther

Preferred poly
and but ene- 1. nﬁ!
preferably in t

Esﬁeet. laced

wi th ethyl ene,

hept adecene- 1

res of propylene and butene-1,

mers of ethylene and propyl ene and et hyl ene
| ene content of the polyners enployed is
range of bet ween about 20 and about 80%
preferably between about 30 and about 70% by nol e.
enpl oyed as conononer

and nore
When butene-1 is

t he ethyl ene content of such

copol ymer is nost pref eFuil yANEt LEBRRICANTI t ADIDI BEVE S RERIVIED, by wei ght

al t hough hi gher or

Preferred ethyl ene/ buten
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FIELD OF THE INVENTION

-
s

| ower I beoyb
ﬁ&&)l %&ﬁﬁ&%@i c GRS
wwg;m_gd%gﬁiﬂﬂrs are disclosed in

The present lnventlon relates to a novel process for
producing fuel and lubricant additives such as dlspersants,
viscosity modifiers, and multifunctional viscosity modifiers
by alkylating and then aminating dihydroxyaromatic qompounds,

such as catechol and. hydroquinone.

BACKGROUND OF THE TNVENTION

, Liston et al., U.S. Patent Nos.
for NORMALLY LIQUID Cjg TO Cz4 MONOALKYL CATECHOLS refer to
normally liquid lubricating oil additives which provide both
antioxidant and friction-modiiying properties when added to

lubricating oil.

4,632,771 and 4,643,838

In particular, these patents relate to Cig

to Co4 alkyl catechol -lubricating oil additives which are .
normally liquid at typical storage temperatures.

Werner et al., U.S. Patent No.
FOR THE PREPARATION OF HYDROXY-DIPHENYLAMINES refers to a
process for the preparation of hydroxy-dlphenylamlnes 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; '
aromatic amine and the reaction product is distilled off from
_ the reaction mixture in the presence of a base.; '

4,265,833 for a PROCESS

wherein the excess

Coupland et al., U.S. Patent No. 3, 592,820 for

SUBSTITUTED CATECHOL SALTS OF BENZOTRIAZOLES

Thss is the repiacement sheet
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PCT  Publi shed Application No W) [
: 94/ 19436, titled
_ FROM ETHYLENE AND 1-BUTENE FOR USE IN THE PREPARATI ON l%zshtﬁ
S She:

DI SPERSANT ADDI Tl VES, wherein is disclosed an oil ﬁﬁﬁ‘lﬂ‘e‘i’a@
1 Nill

e _ sol ub
Carpri S1ng 1Fom 1 10 b0uk 50 el g persent ‘mosores unit |
pérgeﬁ?engnd _ - from  about 99 to about [err]
b bt SOEer.unlts derived from butand1, based on the total pol ymer
ght, and having a nunber average nol ecul ar wei ght between about 1,500
SHENYLHYDRAZINES refers To a compound which may be produced
by 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 OIL COMPOSITIONS CONTAINING THE SAME refers to
jubricating oils containing a borated alkyl _ )
catecholdiethylamine complex effective in reducing oxidation,
wear, .and deposits in internal combustion engines.

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

(R)4 - Ar - (OH)p

wherein each R is independently a substantially saturated
hydrocarbon-based group of an average of at least about 10
aliphatic carbon atoms; a and b are each independently an
integer 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
is an aromatic moiety which is a.single ring, a fused ring or
a linked polynuclear ring having 0 to 3 optional substituents
selected from the group consisting essentially of lower
'alkyl, lower alkoxyl, carboalkoxy methylol or lower
hydrocarbon—based substituted methylol, nitro, nitroso, halo
and combinations of said optional substituents, and (B) at
least one amino compound with the proviso that the amino
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

engines are also disclosed.
: This ic the repiacement sheet

w2 O-FER 3997._
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and 7,500, ethylvinylidene groups term nating at |east about 30 percent of

all copol yner chains, and an absence of aggregation in solution with
mneral oil as det er mi ned by having an S[err] value(light-scattering
factor) of about zero. A preferred method for making

ethylene/a-olef in copolynmer is described in PCT Published
Application No. W04/13715, titled D LUTE PROCESS FOR THE POLYMERI ZATI ON
OF ETHYLENE/ a- OLEFI N COPOLYMER US| NG METALLOCENE CATALYST SYSTEMS, wher ein
there is described a process for continuously produci ng copol yner
conprising nononmer wunits derived from ethylene and a-olefin in the
presence of a netall ocene catalyst systemand in a reactjon zone contai ni ng
liquid phase mhldﬁemca¢p¢k&m5(Aqhixnnisuﬁuﬂ§ﬁ¥ﬁ%@46¥ﬂ% Wiet1dte 1iquefied

a-olefin 5:% ﬁﬁéﬂl&@f@r | 5 NOs afe]l EAGtowtDELR- ShEf dir reacdent vaniizeli | uent
adm xed the W t ereln the anount of djluent in,said f@gg 5}&;@@&és at
| east the alkylated hydroxyaromatlc w1th an amine 1in
of an aldehyde. This derlvatlzatzon is known as a Mannich
Base reaction. In the present invention, d;hydroxyaromatics
may be derivatized with amines without the use of an aldehyde
-- thereby saving the expense of utilizing a reagent that is
qﬁnsumed 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 compounds are catechol and
hydroquinbne.

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

DETAILED DESCRiPTION OF THE INVENTION

The process of the present invention may be described by
the following illustrative formulas wherein catechol, for
example, is first alkylated and then aminated with an amine:

This Sheet Has Been Replaced

Hllll IIII“ “l | Ill ~ This ie the replacement sheet
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30% weight percent thereof; (B) providing a feed streamconprising
ethylene in liquid, vapor, or liquid/vapor form (C adm xing, the feed
st.xreans of Thgggdasﬂaseﬁﬁ “ed(_B) in anounts sufficient to provide a

reactant fee ng an a-olefin/ethylene weight ratio

effective tc{\ﬂ“ ol ymer contai ning between about 5 to about
7G¢ wei ght pe nomer units derived"*?on1ethy|ene; (D) continuously
i ntroducing reactant feed streamderived in accordance with step (C) and

nmet al | ocene catal yst systeminto the |liquid phase of t} eaction zone in a
manner and under condition i ci erdatdiyat = (i) polyngrize the ethylene

and a- ol efpopyt 0o pel ynmo 't haMLng_ga nunbeg erage ol ecul(lar

wei ght of not greater th about 15, 00CHO (T gbtain an a-olefin
conversion of at |east 309 and (iii) obtain an)e+Hyl ene conversion of
at least 70% and (E) cont®PHuously withdraw ng cgoolyner product fromthe

reactor . :

followed by:

OLY
HN-Amine .

> 0— N-Amine [41))

]

0

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

Similarly, the final reaction product of the present

invention wherein hydroquinone is utilized may be represented
by, for example, the following formula:

OoLY
0— | (m)

fLAmme

thoudh it is not required that the N-Amine and POLY moieties

; i osed as shown. -
be. diametrically oppos This is the replacement sheet
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17 The ethyene/a-olefin polyners generally possess a nunber
average nol ecul ar weight as recited. Preferred ranges of nolecul ar weights
of. polyner for use as precursors for dispersants are from about 500 to
about 10,000, preferably of fromabout 1,000 to about 8,000, nost
preferably of from about 2,000 to about 6,000. The number average

nmol ecul ar wei ght for such polyners can p?_deternined by several known

The reaction is unusual in that, unlike a Mannich Base
reaction, no formaldehyde is needed. Also unlike a Mannich
Base is that the hydroxyl groups are oxidized to carbonyl
groups, the ring loses its aromaticity, and the nitrogen atom
bonds directly with the ring.

. The resulting compositions are very effective as a
dispersant in reducing oil sludge and varnish in internal
combustion engines.

The Dihvdroxyaromatic Comnounds

Dihydroxyaromatic compounds useful in the present
invention include, but are not limited to, hydroquinone,
catechol, hydrocarbyl—substituted dihydroxyaromatics such as
methyl hydrcquinone, ethylhydroquinone, 2-phenylhydroquinone,
chlorohydroquinone, 3-methylcatechol, 4-methylcatechol, and
the like. Also useful are dihydroxynapthols such as 1,44
dihydroxynaphthélene, 1,2-dihydroxynaphthalene and the like.

//
Been Re‘laced
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techni ques. A convenient nmethod for such determnation is by size

excl usi on chromat ography (al so known as gel perneation chromatography, or
GRC) which additionally provides nol ecul ar wei ght di str iThidShéeiHds BeaREplidedN,
see W W Yau, J. J. Kirkland and D. D. Bly, "Mdern Size I uid
Chr omat ogr aphy”, John Wl ey and Sons, New York, 1979. SuHﬂml '
general ly possess an intrinsic viscositygstas neasured in

135[err] C ) of between about 0.025 and about 0.6 dl/g, preferably of

bet ween about 0.05 and about 0.5 dl/g, nost preferably of between about
0.075 and aboutDihydubxyargnatiécaor§eenl pRcEReaprgselRi bRVe3tiRlree of
crystallinj h , il Bpath&edo116RYngr Eopmbilast ubl e.

The prefer%%%lggﬁyfgﬁg%aFg?g??%HEg?yﬁgrg are furthe? characterized in that

t he pol yner chains possess as nuch term nal ethenylidene- and et henyl-type
unsaturation as OH OH

OH OH

OH OH
OH o : OH

wherein Q is a substituent comprising a halide radical, an
aryl group, hydrogen, a hydrocarbyl having 1 to 12.carbon
atoms, or a structure of the form:

and wherein Q' is defined as Q above, the same or different,
and wherein one or more sides may be shared with the moiety
so substituted. '

Fof'thé_purposes of this invention, the term
"hydrocarbyl"” is not strictly limited to moieties possessing
solely carbon and hydrogen, but rather may encompass a minor
' This is the replacement sheet
20 FLE 1997
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possi bl e. Thus-ene—eed—e%—suth polymers will be of the fornula POLY -C(R")
= CH err] Mmmn1? I S mr to (Jerr] alkyl, preferably Cerr] to (Jerr]

aIkyI and nrbpigS rr] to (Jerr] alkyl, (e.g., nmethyl or ethyl)
and mhereln P I t he pol yner chain; and a mnor anpunt of the
pol ymer chain erm nal ethenyl (|. ., "vinyl") unsaturation,

i.e., POLY - CH:CH[err] The chain lengtti-of the R' alkyl group will vary
dependlng on the conDnoner(s) selected for use in the polynerization. A

portlon of the an ntai_n r pal rati
by CrecHepReR ofnahBeriratith 58 AEhE) 2] B BLORAbUES! BAR pRrGeats
ethylene/aodlehenlnpehynan aanpnpseshpgryﬁdrtbnaehy at |east about 30% of

whi ch possess term nal

The Polvmer Alkvlating Agents

Polymer alkylating agents which are useful in the
present invention are polymers containing at least one
ca;bon-carbon double bond unsaturation (olefinic, or
"athylenic") 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 dihydroxyarcmatic compound. As long as a
chosen double bond will react in the presence of a chosen
catalyst so as to alkylate a chosen dihydroxyaromatic
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 lnclude
those derived from polymerizable olefin monomers of 2 to
about 16 carbon atoms; usually 2 to about 6 carbon atoms.
The interpolymers are those in which two or more olefin
monomers are interpolymerized aceording to well-known
conventional procedures to form polyalkenes having units
within their structure derived from each of said two or more

. olefin monomers. Thus, "interpolymer(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 often conventionally referred to as
"polyolefin(s)".

Useful polymers include those described in U.S. Patent
Nos. 4,234,435, 5,017,299, 5,186,851 and European Patent
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ethenyfidene unsaturation. Preferably at |east about 50% '
nore preferably at
| east about 60% and nost preferably at |east about [ewhlmgg}nggﬁRL mgéxa

of. such polyner chains exhibit term nal ethenylidene u The
percsntage of polyger chains exhibiting term nal ethe I
unsaturation nmay be determ ned by FTIR spectroscopic ti
, on
HNVR or (Jerr]NMR. Such polyners al so-&eneral |y exhibit a m nor
Egrgegt?gs ?fd h|?hly dﬁSlrabIe et henyl (vinyl) unsaturation whi ch may
ubstitute or ethen e ' | V] :
per cent agéwplication No. Je3eNg gt Ut an i - A FdMAUE Als &
to the a-olefin nolvmers to te made using organometallic
coordination compounds as disclosed therein. A particularly
preferred class of polymers are ethylene/a-olefin copolymers

such as those disclosed in U.S. Patent No. 5,017,299 and
5,186,851. '

~The preferred polymer alkylating agents for use in this
invention possess at least onie carbon-carbon unsaturated
doiible bond. The unsaturation can be terminal, internal, or
both. Preferred polymers have terminal unsaturation. The
polymers of the present invention preferably comprise a high
degree of terminal unsaturation. For the purposes of this
invention, "terminal unsaturation" refers to the unsaturation
provided by the last monomer unit located in the polymer.
The unsaturation can be located anywhere in this terminal
monomer unit. Terminal olefinic groups include ethenylidene
(also known as "vinylidene”) unsaturation, R2RPC=CHj;
trisubstituted olefin unsaturation, RARPC=CRCH; vinyl
unsaturation, R2HC=CHj3; l,Z-disubstitutedhterminal
unsaturation, R2HC=CHRP; and tetra-substituted terminal
unsaturation, R2RPC=CRCRA. At least one of R% and RP is a
polymeric group, and the remainder are hydrocarbyl groups,
polymeric'or otherwise, the same or different.

Especially preferred polymers for use in this invention
exhibit substantial terminal ethenylidene unsaturation.. At
least about 30%, 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. Such polymers also may
exhibit a minor percentage 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% ethenylldene
and ethenyl unsaturation will more than adequately substitute
for 30% ethenylidene alone -- and should even prove superior

This is the replacement sheet
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di scl osed above. Hence, for exanple. a conmbined percentage of 30%

et henyl i dene and et henyl unsaturation w1l nore than adequately
sbustitute fQ£msﬁQﬂ&@ma lﬂﬂ@ne al one -- and should even prove superior
by virtue of t ct|V|ty of term nal ethenyl in conparison to
that of term The et hyl ene/ a-olefin polyner and

t he conp05|t|o o |n th|S||nNNugnn may be prepared as described in
U S. Patent No. 4, 668, 834 i n European Patent Publications 128,046 and
129,368, and in U S. Patent Nos. 5,084,534 and 5, 324, 80Q0. The

pol yners ©3nVE&tHeepsr E8ebpigbeFErRELAY Lt nBAokeEmARRLUCER S ARSI ng
et hyl ene icampaiiisbat iton thakch oFt RekrmiBAYMRESBYIAdeds .a- Ol ef i ns having fr.om
3 to 20 carbon atons _

The homopolymers and ccpolymers of the present invention
can be conveniently characterized based on molecular weight
range. Polymers and copolymers of "low", "intermediate"” and
"high" molecular weights can be prepared.

+ Low molecular weight polymers, also referred to herein
asg"dispersant-range" molecular weight polymers, are
considered to be polymers having a number average molecular
weight of less than 20,000; preferably from at least 400 to
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 preferably from 1,500
to 5,000. The low molecular weights are number average
molecular weights measured by vapor phase osmometry or gel
permeation chromatograpby (GPC). Low molecular weight
polymers are useful in the present invention for forming
dispersants for fuel and lubricant additives. '

Medium molecular weight polymers, also :eferréd to
herein as "viscosity¥modifier—range" molecular weight
polymers, have number average molecular weights ranging from
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
bresent invention for making viscosity index improvers for
lubricating oil compositions, fuels, adhesive coatings,
tackifiers and sealants. The medium number average molecular
weights can be determined by membrane osmometry; '

The high molecular weight materials have a number
average molecular weights of greater than about 200,000 and
can range from 201,000 to 15,000,000; a specific embodiment
of 300,000 to 10,000,000; and more specifically 500,000 to
2,000,000. These polymers are useful in polymeric
compositions and blends including elastomeric compositions.

ngher molecular weight materials having number average
- This is the reoiacemenf sheet
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(and preferably from3 to 4 carbon atons, i.e., propylene butene-1 I
m xtures thereof) in the presence of a netallocehe cat al Lo
conprising at | east one netall ocene (e.g.. a cyclopentad%ﬁ?i iﬁ?ﬁ&m emmmd
nmetal conpound) and an activator, e.g.. alunnxane conpo
conononer content can be controlled t hinough the selectio
net al | ocene cat al yst conponent and by boﬁtrolling t he partral pressure of

the wvarious nononers. The
pol ymer for ‘use in the present
kgxg%rgncgggrﬁp&up&g@égc& afeorh apEs A0 tn@po!:y@r@z@sOOQiefFil%glae from
measured gy gel permeation chromatograpny with universal

calibration, or 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, a typical minimum Mw/Mn value of about 1.1 to 2. 0 is
preferred with typical ranges of about 1.1 up to about 4.

Useful olefin monomers Zrom which the polyalkenes can be
derived are polymerizable olefin monomers characterized by
the presence of one or more unsaturated double bonds (i.e.,

C=C<); that is, they are monoolefinic monomers such as
ethylene, propylene, butene-l isobutylene, and octene-l or
polyolefinic monomers (usualTy diolefinic monomers) such as
butadiene-1,3 and isoprene.

These olefin monomers are preferably polymerizable
terminal olefins; that is, they possess terminal
unsaturation. However, polymerizable internal olefin
monomers (sometimes referred to as medial olefins)
characterized by the presence within their structure of the'

moiety:

can also be used to form the polyalkenes. When internal

olefin monomers are employed, they normally will be employed'

with terminal olefins to produce polyalkenes which are
interpolymers. For purboses of this invention, when a

particular polymerized olefin monomer can be classified as

both a termlnal olefin and an internal olefin, it will be

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

pentadiene-1,3 {i.e., plperylene) is deemed to be a terminal
olefin for purposes of this invention. . This is the replacement sheet
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at |least one conjugated diene with at |east nonovin [

yl aromatic nononer,
preferably styrene. Useful polymers include polymers of the type
disclosed in U;@s@@mgmeenqumeﬂ 073,737 and 3, 795, 615 . Such

pol ymers shoul d ely hydrogenated so that the polyneric
olefinic dﬁuble bonds, preferably at |east

conposi tion cont
pol.ymers include an 0|I sol ubl e copol yner of

one bond per
the foll ow ng general fornula

While the volyalkenes generally are hydrocarbon
polyalkenes, they can contain substituted hydrocarbon groups
such as lower alkoxy, lower alkyl mercapto, hydroxyl,
mercapto, and carbonyl, provided the non-hydrocarbon moieties
do not substantially interfere with the functionalization
reactions of this invention. Preferably, such substituted
hydrocarbon groups normally will not contribute more than
about 10% by weight of the total weight of the polyalkenes.
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 practicality
and expense, the olefin monomers and the polyalkenes will be
free from non-hydrocarbon groups. (As used herein, the term
"lower" when used with a chemical group such as in "lower
alkyl" or "lower alkoxy" is intended to describe groups
having up to seven carbon atoms.)

Although the polyalkenes may include aromatic groups --
particularly phenyl groups and lower alkyl- and/or lower
alkoxy-substituted phenyl groups 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 groups. Again, because
aromatic and cycloaliphatic groups can be present, the olefin
monomers from which the polvalkenes are prepared can contain
aromatic and cycloaliphatic groups.

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

This is the replacement sheet
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[err] wherein: Ais i :

r oi . a conj ugated d oF-Fd
wherein Rerr] is a Hor C[err] togC[err]I:PEny [he rorm
CH err] (i.e., isoprene) and present

- [ o
T €t

group, preferably H
tHasBXee

1

1

in 0 - oI,
nmol-e % proporti I |II||I n Replaced

Specific examples of terminal and internal olefin
monomers which can be used to prepare the polvalkenes
according to conventional, well-known'polymerization
techniques include ethylene; propylene; putene-1; butene-2;
isobutylene; pentene-1l; hexene-1; heptene-l; octene-1;
nonene-1; decene-1; pentene-2; propylene-tetramer;
diisobutylene; isobutylene trimer: putadiene-1,2; butadiene-
1,3; pentadiene-1,2; pentadiene-l,B; penta—diene-l,4;
isoprene; hexadiene-1,5; 2—chloro—butadiene—l,2; 2-methyl-
heptene-1; 3-cyclohexylbutene-l: Z-methyl—S-prcpyl—hexene-l;
pentene-3; octene-4¢; 3,3-dimechyl-pentene-l; styrene; 2,4;
dichlorostyrene; divinylbenzene; vinyl acetate; allyl
alcohol:; 1-methyl-vinyl acetate; acrylonitrile; ethyl
acrylate; methyl methacrylate; ethyl vinyl ether:; and methyl
vinyl ketone. Of these, the nydrocarbon polymerizable '
monomers are preferred and of these hydrocarbon monomers, the
terminal olefin monomers are particularly preferred.

-

-12-

Useful polymers include a-olefin homopolymers and
interpolymers, and ethylene/a—olefin copolymers and
terpolymers. Sbecific examples of polyalkenes include
polypropylene, polybutene, ethylene—propylene copolymer,
ethylene-butene copolymer, propylene-butene copolymer,
styrene—iéobutylene copolymer, isobutylene-butadiene-l,3

w2 copolymer, propene-isoprene copolymer, isobutylene-

chloroprene copolymer, isobutylene-(para—methyl)styrene
copolymer, copolymer of hexene-1 w;th hexadiene-1, 3,
copolymer of octene-1l, copolymer'of 3,3-dimethyl-pentene-1'
-with hexene-1, and terpolymer of isobutylene, styrene and

. piperylene. More specific examples of such interpolymers
include copolymer of 95% (by weight) of isobutylene with 5%
(by weight) of styrene; terpolymer of 98% of isobutylene with
1% of piperylene and 1% of chloroprene; terpolymer of 95% of
isobutylene with 2% of butene-1 and 3% of hexene-1;
terpolymer of 60% of isobutylene with 20% of pentene-1; and
20% of octene-1; terpolymer of 90% of isobutylene with 2% of
cyclohexene and 8% of propylene; and copolymer of 80% of

ethylene and 20% of pro lene. .
¥ propy This is the replacement sheet
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I ndicated by x which may vary from45 to 99 nole % Bis a Jerr] to

derr] nDnOV|ny%—a%eﬁa%rc—conpound and/ or aromatic substituted di ene and
present in melght r OQN ‘indicated by y which may vary from1l to
55 mole % typ| 0O nole % and preferably from5 to 40 nole
% The IatternD enting where the nost useful conposite
properties of oxi ty and --18Ferr] C. viscosity of the

| ubricating oil bIend is realized. Bl ock copol ynmers as used herein

i ncludes "multiple block copol yners"™ which term denotes copol yners
consisting of two or nore of the single block copolyners described above,,

which are bound\ tusefaxih solrere of mdliviallkeneisoGce o Wollybmyyldrgs exanpl e,
be prepar e di ddd Hy SRAULTR A% b3 E%”@e%tiin%r}f 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 a Lewis acid catalyst such as aluminum
trichloride or boron trifluoride.

It must be noted, however, that polyisobutylene contains
qua}ternary carbon atoms in the polymer chain. Consequently,
if the alkylating 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 polyisobutyl chains of the alkylated hydroxyaromatics
to be substantially less than the Mn of the polyisobutylene
starting material and to find dimers, trimers and oligomers
mixed in with the reaction product. '

The degradatiohlof quarternary carbon-containing polymer
alkylating agents in the presence of strong acid catalyst is
one feason why a-olefin homopolymers and interpolymers as
well as ethylene/a-olefin copolymers and terpolymers are
preferred.

Also useful are high molecular weight poly-n—bﬁtenes.
Reference is made to commonly assigned copending U.S. Serial
No. 992,871, filed December 17 1992 entitled, "Amorphous
Olefin Polymers, Copolymers, Methods of Preparation 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.
¢ 952,739 This is the replacement sheet
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20 mxture of butadiene and isoprene, thereafter poly zin rene
onto said copolyner and subsequently sequentjally copoF?ﬁt?TE?ﬁﬁ—%_ﬁT?Tiﬁi?
of- but adi ene and i soprene foll owed by said styrene onto tﬂthSSHeet\HaB ﬁﬁ

copol ymer.  For purposes of this disclosure, "l'iving" co
whi ch remains stable over an extended period of time durin m”ﬂ

addi ti onal npbnoners can be added to |tH

Preparing polyalkenes 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.

Ethylene/g—olefin Copolymer

The most preferred polymers suitable for use as
alkylatlng agents are polymers of ethylene and at least one «
-olefin, the a-olefin typically having 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 formula is alkyl of from 1 to 8
carbon atoms and more preferably is alkyl of from 1 to 2
carbon atoms. Therefore, useful comonomers with ethylene in
this invention include propylene, butene-1l, hexene-l, octene-
1, 4-methylpentene-1l, decene-1, dodecene-l, tridecene-l,
tetradecene-l; pentadecene-l, hexadecene-1, heptadecene~1,
octadecene-1, nonadecene~l and mixtures thereof (e.g.,
mixtures of éropyiene and butene-1, and the like). Preferred

. polymers are copolymers of ethylene and propylene and
ethylene and butene-1. '

The ethylene content of the polymers employed is
preferably in the range 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
ethylene content of such copoiymer is most preferably between :
about 20 and about 45% by weight, although higher or lower .
ethylene contents may be present.

Preferred ethylene/butene-1 copolymers are disclosed in
commonly assigned USSN 992,192, filed December 17, 1992,
titled POLYMERS DERIVED FROM ETHYLENE AND 1-BUTENE FOR USE IN
THE PREPARATION OF LUBRICANT DISPERSANT ADDITIVES, wherein is
disclosed an oil soluble copolymer comprising from 1l to about

50 weight percent monomer units derived from ethylene and
This is the replacement sheet
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actlve hal ogen atom e.g., di-

k copolynmers can al so be obtained in other ways such as hy
}ﬁgégkmktsidngre "l'iving" block copol yner nol ecules. This can be )
on of a conpound which reacts with two or nore "living",
yner nol ecul es. Exanples of this type of conmpound include
I'ning two or nore ester groups, conpounds with nore than one
and tri - Qloronethyl benzene, phosgene,

di chl orosi |l ane, carbon tetrachlorlde dlnethyldlchlor05|lane 1, 2-

di chl or oet hane.

and 1, 2-di br ono- net hane. Anot her possi bl e met hod

for preparflmgt rahdutpl% lﬁoOdbdiitpCﬂQ/fWﬁ;kﬁ;O@%lr%te?lﬂ il rad : on of .
singl e bl Q¢ i ng, a reactl e gﬁp In the nolecule (e.g.,
b % ‘éxa ®n Rolydery weight, and

car boxyl

up, |
I nerizgﬁw&ﬁgb@ @umhﬁ$(§W§n@g6ymmdebulam ed gyt @@QM@e@ﬂa%bu&ﬁqbg@o
G ox! de) " U0, "l ot A1 NP e R Gy G100t SHLS Y1 7O

l.yval ent al
themwth % percent ofya%l copolymer chains, and an absence of

aggregation in solution with mineral oil as determined by
having an S§ value(light- -scattering factor) of about zero.

j'.A preferred method for making ethylene/a~oclefin
coﬁolymer is described in commonly assigned USSN 992, 690,
filed December 17, 1992, titled DILUTE PROCESS FOR THE

~ POLYMERIZATION 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 system and in a reaction
zone containing liquid phase which comprises (A) continuously
providing a dilute liquefied a-olefin feed stream comprising
at least one a-olefin reactant and diluent admixed therewith
wherein the amount of diluent in said feed stream is at least
30% weight percent thereof; (B) providing a feed stream
comprising ethylene in liquid, wvapor, or liquid/vapor form;
(C) admixing, the feed streams of steps (A) and (B) in
amounts sufficient to provide a reactant feed stream having
an a-olefin/ethylene weight ratio effective ‘to yield a
copolymer containing between about 5 to about 70 weight
percent monomer units derlved 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 a-olefin to
polymer product having a number average molecular weight of

- not greater than about 15,000 (i), obtain an a-olefin
conversion of at least 30%, and (1ii) obtain an ethylene
conversion of at least 70%; and
(E) continuously withdrawing copolymer pProduct from the
reactor. :

This i the re,,iacemem sheet

Dae 2 0 FtB Bg?



Mul tiple block copolyners have the further advantage that they can

tailored to provide the nost useful additive KRGk
. . : properties wh
-nore undesirabl e properties inherent In any polyner blogh§b Bgm 'wd
present invention can also include star polyners as- disclo ﬂmull Hﬂtﬂ

such as U. S. Patent Nos. 5,070,131 4,108,945 and 3
_ . 5, : : : , 711, 406
5,049,294, Particularly wuseful star poligrers are disclosed in U S. Patent

5,070, 131. The Al kylation of the D hydroxyaromatics

The ethylene/a-olefin 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 several known .
techniques. A convenient method for such determination is by
51ze exclusion chromatography (also known as gel permeation
chromatography, or GPC) which additionally provides molecular
weight distribution information, see W. W. Yau, J. J.
Xirkland and D. D. Bly, "Modern Size Exclusion Liquid
Chromatography”, John Wiley and Sons, New York, 1979. Such
polymers generally possess-an intrinsic viscosity (as
measured in tetralin at 135° C.) of between about 0.025 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 dl1/g. These polymers preferably exhibit a degree of
crystallinity such that, when functlonallzed, they are oil
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
possible. Thus, one end of such polymers will be of the
formula POLY'-C(R") = CH, wherein R" is C; to Cig alkyl,
preferably C; to Cg alkyl, and more preferably C3 to C2
alkyl, (e.g., methyl or ethyl) and wherein POLY' represents
the polymer chain; and a nminor amount of the polymer chains
may contain terminal ethenyl (i.e., "yinyl") unsaturation,
i.e., POLY'~-CH=CH;. 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.g., POLY'-CH—CH(R"), wherein R"
lS as defined above.

Preferred ethylene/a-olefin polymer comprises polymer :
chains, at least about 30% of which possess terminal
This is the replacement shee
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The al kyl ation of the dihycoxyaronatlc conpounds may be carried out by

qufuric aci d, boron

catal yst are often

EP Publlcatlon 440 ,507 A2. Such

nmet hods known in tﬁm&sﬂ&;H%aﬁmn%ﬁ use of acid catalysts such as
".hpprogeneous” catal yst because they

!"HHH!E lIE -and al um num chl ori de such as descri bed

u. S. Pat ent hb;l

ei t her dissolve into the reactlon nlxture or are liquid at reaction
tenpreature pressure.

e heny idene 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 also
generally exhibit a minor percentage of highly desirable
ethenyl (vinyl) unsaturation, which may be substituted for
etgénylidene unsaturation in arriving at the percentages
disclosed above. Hence, for example, a combined percentaée
of 30% ethenylidene and ethenyl unsaturation will more than
adequately substitute for 30% ethenylidene alone -- and
should even prove superior by virtue of the higher reactivity
of terminal ethenyl in comparison to that of terminal
ethenylidene.

The ethylene/a-olefin polymer and the compositions
employed in this invention may be prepared as described in
U.S. Patent No. 4,668,834, in European 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 preferab;y 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 controlling 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

This is the replacement shee
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Preferred al kyl ation catalysts are the so called "heterogenous”
catalysts. Such catalysts remain solid during the alkylation and are
therefore easy to separate from the produc—;-h,s mgrgzenk Geedt abl e

het er ogeneous catalysts include zeolites, sed in US
Patent Nos. 4,283,573; 4,731,497 and 4, 954, 66 and exchange
resins such as are described in U.S. F@gent and 4, 849, 569
and EP Publicaticn 387,080; clays, Iayered naterlals and conposites

thereof such as are described in UK Patent Ap
plicatio 2,120, 953
and EP aApnbaG&tbna coafQgased diend Wydhaes&dleéssr BSPY L&¢ids and excess

ci de cubhBETRE, BOREmeR, preeSRaBly SEyrhadt ) RLe R o

escri Iso

3 57 Al
SU|tabIe;ncmwﬁa’PPdNNSESl§fa¢§6 tapﬁréﬂéF%@éegﬁéPepb§6ng8§§ cgta Vst .
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
follow1ng general formula: .

(B)x(B)y (4)

wherein:

A is a conjugated diene of the formula:

RS

CHp=CH-C=CH3

wherein R9 is a H or Ci1 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 Cpg 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 %; :
typlcally from 25 to 30 mole %, and preferably from 5 to 40
mole $. The lattermost range representlng where the most
useful composite properties of oxidative stability and -18°
C. viscosity of the lubricating oil blend is realized.

Block copolymers 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 a
“This ie the replacement she
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A particularIy-p#eie##ed——ea;a#yst Is a dehydrated heteropoly
cat al yst described . in Patent No. 5,334,775, wherein

t here i's dISC| ea as dfor al kyl ati ng hydr oxyar omati c
conmpounds conpr if in the liquid phase, a hydroxyaromatic
conpound, a polyne ent of at |east about 500 average

nunber nol ecul ar melght and - haV|ng Yat |east one reactive
carbon-carbon double bond wunsaturation, and a heteropoly catalyst

havi ng _SUbést%{la%ngl ll%!i%c?l%l\%,@t er nclré)gop:céﬁ/est atl.ﬂé{'] t;r)g%gﬁ%lggg{.gﬂwl yani on

t herei n. hos
si | i conol ydtiyrene sl saxgsngnn&ﬂq@mnqnd subsequently sequentla ly

copolymerizing a mixture of butadiene and isoprene followed
by said styrene onto the "living" block copolymer. For
purposes of this disclosure, a "living" copolymer is one
which remains stable over an extended period of time during
which additional monomers can be added to it.

Multiple block copolymers can also be obtained in other
wdys such as by coupling of two or more "living” 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 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-
dichloroethane, 1,2-dibromo-methane, and the like. Another
possible method for preparing multiple block copolymers
consists in the preparation of single block copolymer
containing a reactive group in the molecule (e.g., a carboxyl
group, which is, for exaﬁple, obtained by bringing the

- polymerization of a single copolymer to an end by addition of
carbon dioxide) and coupling of two or more of the molecules,
e.g., by esterifying them with a di- or polyvalent alcohol.
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 properties
inherent in any polymer block.

The present invention can also include star polymers as
disclosed in patents such as U.S. Patent Nos. 5,070,13%1;
4,108,945 and 3,711,406 as well as 5,049,294. Particularly
useful star polymers are disclosed in U.S. Patent No.
5,070,131.

The Alkvlation of the Dihydroxyéromatics
: This is the replacement sheet
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22 acid, tel l uronol ybdi ¢ aci d, al um nonol ybdi c aci d,
silicotungstic acid, phosphotungstic acid, borotungstic acid,
tIt&ﬂQﬁ%Qﬂé&}ﬂ%ﬁyﬂ lacedt annot ungsti ¢ acid, and salts thereof. The catal yst

is prep actlon by driving water of hydration and

crystal | the catal yst, ehdher before. or during the

al*kyl at include the ability to easily al kylate

hydroxyaronatlcs mnth polyner al kyl ati ng agents havi ng nol ecul ar wei ghts

wel | over 1000. -Reaction tenperatures vary fromabout 20[err]C to 250[err]

C., but wll o] 9 tﬁ@ f re

wat er needs to%Bg %g%&gﬁﬁég & ¥9§t§%ﬁe CW@B?%OUQd%a%%§V@@ .
carried out by methods known *n the art, as by the use of
acid catalysts such as sulfuric acid, boron triflouride and
aluminum chloride such as described 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 mixture or are liquid at

reaction temperature and pressure.

Preferred alkvlation catalysts are the so called
“heterogenoué" catalysts. Such catalysts remain solid during
the alkylation and are therefore easy to separate from the
product mixture. Suitable heterogeneous catalysts include
zeolites, as are disclosed 'in U.S. Patent Nos. 4,283,573;
4,731,497 and 4,954,0663; mole sieves and exchange 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 described in UK Patent

,  Application 2,120,953 and EP Application 400,857; and
hydrated heteropoly acids and excess water as is described in
U.S. Patent No. 4,912,264. Supported heteropoly acids such
as are described in U.S. Patent No. 3,346,657 are. also
suitable. Amberlyst 15 is also a preferred heterogeneous
catalyst.

A particularly preferred catalyst 1is a dehydrated
heteropoly éatalyst as described in Gutierrez et al., POLYMER
ALKYLATION OF HYDROXYAROMATIC COMPOUNDS, filed June 2, 1993,
U.S. Serial No. 070,572, wherein there is disclosed a process
for alkylating hydroxyaromatic compounds comprising
contacting, in the liquid phase, a hydroxyaromatic compound,
a polymer alkylating agent of at least about 500 average
number molecular weight and having at least one reactive
carbon-carbon double bond unsaturation, and a heteropoly
catalyst having substantially no waters of crystallization
per heteropolyanion therein. Such catalyst include
phosphomolybdic acid, silicomolybdic acid, arsenomolybdic

This is the replacement shee
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Al kyl ation of dihydroxyaromatic conmpounds in _the presence of Anberlyst
15 are typically carried out at tenperatures from10[err] to 150 C.,
generally 20 to 120[err] C., preferably 80[err] to ThisGje%H}s Been Keplacedeact i on
times of fromO0.5 to 24 hours, generally 1 to 12 houLﬂ I eﬁ” 2to6

hour s. The Am nes The am nes useful in th nti on are

i
potyam nes having at | east one primary 94 _secondary am ne grﬂ‘!m

acid, telluromolybdic acid, aluminomolybdic acid,
silicotungstic acid, phosphotungstic acid, borotungstic acid;'
tiﬁanotunqstic acid, stannotungstic acid, and salts thereof.
The catalyst is prepared for the reaction by driving water of
hydration and crystallization out of the catalyst, either
before or during the alkylation. Advantages include the
ability to easily alkylate hydroxyaromatics with polymer
alkylating agents having molecular weights well over 1000.
Regtction tempe:atures vary from about 20° C to 250° C., but
will be conducted above the boiling point of water in cases
where water needs to be driven out of the catalyst du}ing
alkylation. '

Alkylation of dihydroxyaromatic compounds in the
presence of Amberlyst 15 are typically carried out at
temperatures from 10° to 150° C., generally 20° to 120° C.,
preferably 80° to 110° C. for reaction times of from 0.5 to 24
hcurs, generally 1 to 12 hours, preferably 2 to 6 hours.

The Amines

The amines useful in the present invention are
polyamines having at least one primary or secondary amine
group.

Preferred polyamines are aliphatic saturated amines,
including those of the following structural formulas:

(III)
HoN—/(CHp) ,—N—R"

RIV—N—R"' (IV)
—:l
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Preferred pol yam nes are aliphatic sat ur at ed- am nes, | i
i , i ncluding those of.
fol I owi ng strueturat—formuras: g1 of the

) heet Has Been. Re laced

T

-22-

RV N — (CH; ) g=—f— N——(CHz ) g—— N ——R (V)

R” - R™ R

wherein n is an integer of at least 1 and R', R“, R"', and RW
are independently selected from the group consisting of
hydrogen; C; to Czs straight or branched chain alkyl
radicals; C; to Cp2 alkoxy Cp to Cg alkylene radicals; Cy to
Ci2 hydroxy amino alkylene radicals; and Cj; to Cjz alkylamino
Co to Cg alkylene radicals: and wherein R" and R"' can
additionally comprise a moiety of the formula:

(CHy g+ —N=—T—H
. | (VI)
. R' .
Tt _

wherein R' is as defined above, and whereln 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
each numbers of typically from 0 to 10, preferably about 2 to
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"', R¥Y, s, s', t, and t' be selected
in a manner sufficient to provide the compounds of formulas
IV and V with at least one primary amino group. This can be
achieved by selecting at least two of said R' ,R", or RY¥
groups in formula IV to be hydrogen, selecting both R' and R¥
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[err]

23
This Sheet Has Been Replaced

nw

:in formula V to be nydrogen, or by selecting t in formula V
o be at least one when the moiety of formula VI possesses a

«23 -

primary amino group.

Non-limiting examples of suitable amine compounds
include: 1,2-diaminocethane; 1,3-diaminopropane; 1,4-
diaminobutane; 1,6-diaminohexane; polyethylene amines such as
diethylenetriamine (DETA); triethylene tetramine; '
tetraethylene pentamine; polypropylene amines such as 1,2-
propylene diamine; di-(1,2-propylene)triamine; di-(1,3-
propylene) triamine; N,N-dlmethvl-L,3-Dronaned1am1ne (also
xnown as N,N-dimethylaminopropylamine, or DMAPA); N, N-di-(2-

" aminoethyl) ethylene diamine; N, N-di- (2-hydroxyethyl)-1,3-

propylene diamine; N-dodecyl-1,3-propane diamine; and

mixtures thereof.

Other useful amine compounds include: alicyclic diamines
such as 1,4-di-(aminoethyl)cyclohexane, and N-aminoalkyl
piperazines of the general formula:

H—[—NH—(CHZ)N—]-E-N\ N—t—f(CH, )z NH}—H (VII)

- - n2'

wherein pl and p2 are the same or different and are each
integers of from 1 to 4, and nl, n2, and n3 are the same or
different and are each integers of from 1 to 3.

Commercial mixtures of amine compounds may
advantageously be used. For example, one process for
preparing alkylene amines involves the reaction of an

~ alkylene dihalide (such as ethylene dichloride or propylene

dichloride) with ammonia, which results in a complex mixture
of alkylene amines wherein pairs of nitrogens are joined by

alkylene groups, forming such compounds as dlethylene
This is the reptacement shed
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[err] wherein n is an integer of at least 1 and R, R, R'', and
Rlerr] are |ndependently selected fromthe group conS|st|ng of hydrogen;
Clerr] to CJerr] BiiyShe m ed chain alkyl radicals; Cerr] to

Clerr] alkoxy Cer kyl ene radicals; Cerr] to Cferr] hydroxy
am no al kyl ene radi

]terH]aWWamnoqu]toqu]
al kyl ene radicals; and mhereln R' and _can additionally conprise a
noi ety of the for mul a:

triamine, triethylenetetramine, tetraethylene pentamine, and
corresponding piperazines. '

Particularly preferred amines include low cost
poly(ethyleneamine) compounds, often referred to as PAM,
averaging about 5 to 7 nitrogen atoms per molecule. These
are commercially available under trade names such as

' "Polyamine H", "Polyamine 400", "Dow Polyamine E-100", among
othérs.

Also useful are polyoxvalkylene polyamines, such as )
those of the formula: |

‘NHz-alkylene-(~-0O-alkylene-),—NH, (VIII)

where m has a value of about 3 to about 70 and preferably
about 10 to about 35; and

R4-[-alkylene-(-O-alkylene-)—NH,], (IX)

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 group is from 3

'go 6, and "a" is a number from 3 to 6 representing the number
of substituents on R4. The alkylene groups in either formula
VIII or IX may be straight or branched chains containing _
about 2 to about 7, and preferably about 2 to about 4 carbon '
atoms.

Particularly preferred polyamine compounds include the:
- polyoxyalkylene polyamines of formulas VIII and IX, and the
alkylene polyamines represented by the formula:

This is the replacement sheet
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[err] mhereln R is as defined above, and wherein each s and s’

can be |fferent nunber of from2 to 6, preferably 2 to 4;
and t and t “gﬁne or different and are each nunbers of typically
fromO tgh about 2 to 7, nost preferably about 3 to 7, with
the prOV|s not greater thanslo To assure a facile reactlon
it-
H=N alkylene—N H
| | (X)
H H

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

Examples of the alkylene polyamines of formula X include
methylene amines, ethylene amines, butylene amines, propylene
amines, pentylene amines, hexylene amines, heptylene amines
octylene amines, other polymethylene amines, the cyclic and
higher homologs 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,

di (heptamethylene)triamine, 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) piperazine, 1,4-bis(2-aminoethyl)piperazine, N,N-
' dimethylaminopropylamine (DMAPA), N,N'-dioctylethylamine, N-
octyl-N'-methylethylene diamine, 2-methyl-1-(2- '
aminobutyl)piﬁerazine, and the like. Other higher homoiogs
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 Encyélopedia of Chemical
Technology under the headihg of "Ethylene Amines" (Kirk and
Othmer), Volume 5, 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 complex mixture of alkylene amines, including
This is the remacement-sheet

2 0 FEB 1997

Date:



preferred that R, R, R, Rerr], s, s', t, andt" be selected in a
manner sufficient to provide the conpounds of fornyg}i@8hebi\VisaBekn chd] at

| east one prinmary am no group. This can be achieved | east
two of said R ,R', or Rlerr] groups in fornula IVt
selecting both R and R err] 2
formula V to be hydrogen, or by selectlng t in formula V
cyclic condensation products such as piperazines. Mixtures
of these amines may also be used for the purposes of this

invention.

The polyoxvalkylene polyamines of formulas VIII and IX,
preferably polyoxyalkylene diamines and polyoxyalkylene
triamines, may possess average molecular weights ranging from
about 200 to about 4000 and preferably from about 400 to
about 2000. The preferred polyoxyalkylene polyamines include
thé polyoxyethylene and the polyoxypropylene diamines and the
polyoxypropylene triamines having average molecular-weighﬁs
ranging from about 200 to about 2000. The polyoxyalkylene
polyamines are commercially available and may be obtained,
for example, from the Jefferson Chemical Company, Inc. under
the trade names "Jeffamines D-230, D-400, D-1000, D-2000, T-
403", etc.

The Amination Reaction Conditions

Without limiting the present invention to a particular

theory, it is believed that an alkylated quinone-type (i.e.,
dicarbonyl) intermediate is created (e.g., an alkylated 1,4-
benzoquinone in the case where hydroquinone is used as the

- dihydroxyaromatic; an alkylated 1,2-benzoquinone in the case
of catechol) during the reaction that is then subsequently
aminated. It is therefore possible to use alkylated
dicarbonyl analogues of the dihydroxyaromatics of the present
invention as starting material and aminate them directly in
accordance with the methods disclosed herein.

It is preferred that the reaction mixture be exposed to
an oxidizing agent such that the alkylated dihydroxyaromatic
is oxidized to the corresponding alkylated dicarbonyl
intermediate. The dicarbonyl then reacts with the amine.
Simple exposure to atmospheric oxygen during the reaction is
sufficient for this purpose, though other oxidizing agents
may be employed. The alkylation, oxidation, and amination
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to be at_|east one-when—the noiety of fornula VI possesses a prinmary am no

gr oup. Non-1limti anples of suitable am ne conpounds i ncl ude:
1,-2-di am maes nopropane 1, 4- di am nobut ane:

1, 6- dlanlno ﬁmﬁ. hyl ene am nes such as diethyl enetriam ne (DETA);
trlethylene traethylene pentam ne: pol ypropyl ene am nes such
as 1, 2- propylene diam ne; -(1,2-propytene)triamne: di-(1,3- propyl ene)

triamne; N, Ndinmethyl-1,3 propanedlan1ne (al so known as N;
N—dlnethylanlnogrop | am ne N, N- di - “82- anlnoethxl) et hyl ene
di am ne;  RERPA fi-ﬁ?d?%i&%?hyﬁgﬁgwﬁ BY oPPPERECAFARE Retechniques such
N- dodecyl ag, Baprapadeodi SMRnspeavntosteapures [err] O her useful
am ne conpounds include: alicyclic diamnes

Failure to use an oxidizing agent will result in poor
vields, 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.

- The amination of the present invention is preferably
. performed in an inert solvent, such as a hydrocarbon. Useful
hydrocarbons include heptane, cyclohexane, toluene, xylené,
mineral oil, and the like.

The 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 period of from 0.5 to 168
hours, preferably 1 to 48 (e.g., 1.5 to 12 ; 2 to 6) hours.

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 0.0l1 mole of amine per mole of
dihydoxyaromatic to 10 moleé 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 1).

Lubricant Compositions

The products prepared by the érocess of this invention
are very suitébie for use in lubricéting oils. The
lubricating oils can be aﬁy animal, vegetable or mineral oil,
for example petroleum oil to SAE 30, 40 or 50 lubricating oil

grades, castor oil, fish oils or oxidized mineral oils.
This is the replacement sheet
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fECh as 1,4-di-(am noethyl) cycl ohexane, and N-am noal kyl pi perazi of
L e general fornmula: [err] wherein pl and‘b?‘é?@ﬂgﬁgaézﬂgsor
ifferent and are each integers of from1 to 4, an

B e 1

Alternatively the lubricating oil can be a synthetic

. ester lubricating oil and these include diesters such as di-
octyl adipate, di-octyl sepacate, didecyl azelate, tridecyl
adipate, didecyl succinate, didecyl glutarate and mixtures
thereof. Alternatively the synthetic ester can be a
polyester such as that prepared by reacting polyhydric
altohols such as trimethylolpropane and pentaerythritol with
monocarboxylic acids such as butyric acid 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 glycol and an alcohol, or

monocarboxylic acid.

Base oils suitable for use in preparing the lubricating
0il compositions of the present invention include those
conventionally employed as crankcase lﬁbricatinq oils for
spark-ignited and compression-ign;ted internal combustion
engines, such és automobile and truck engines, marine and
railroad diesel engines, and the like. Advantageoﬁs 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 fluids, universal
tractor fluids and hydraulic fluids, heavy duty hydraulic
fluids, poWer steering fluids and the like. Gear lubricants,
industfial oils, pump oils and other lubricating oil
compositions can aléo benefit from the incorporation therein

of the products of the present invention.
: . This is the replacement sheet
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Commercial mxtures of am ne conpounds may advantageously be used. For
exanpl e, one process for preparing alkyl ene am nes involves the reaction of
an. al kyl ene di halide (such as ethylene dichloride or propylene dichloere)

wi th ammonia, which results in a conplex m xturer}ﬁgf‘s“hagtiqygmsﬁméaes wher ei n

pairs of nitrogens are joined by al kyl engy groups, nﬂllm“ﬂ"ﬂm ':orrpounds as

di et hyl ene
The amount of product alkylated with dispersant-range

molecular weight polymer alkylating agent added to a
lubricating oil is typically a minor proportion and will
generally be blended in propbrtions of from 0.01% to 30% by
weight of lubficatinq oil (e.g., 0.01% to.203 by weight),
preferably between 0.1%.and 8% by weight (e.g., 0.1% to 5% by

weight) .

The amouﬁt of product alkylated with viscosity-modifier-
range molecular weight polymer alkylating agent édded 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),
preferably between 0.01% and 6% by weight (e.g., 0.01% to 4%

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., including kerosene,

diesel fuels, home heating fuel oil, and jet fuels.
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25 triamne, triethylenetetranm ne, tetraethyl ene pentam ne, and
correspondi ng plpera2|nes L Particularly preferred am nes include | ow

about 5 to 7
under trade
E- 100",

ounds, often referred to as PAM averagi ng
per mol ecul e.  These are commercially avail abl e
Pol yam ne H', ,qPol yan ne 400", "Dow Pol yam ne

anong others Al so usef ul are polyoxyalkylene pol yam nes,

such as those of the fornul a:

The amount of product alkylated with dispersant-range
molecular weight polymer alkylating agent added to a fuel oil
is tybically a minor proportion and will generally be blended
in proportions of from 0.001% to 0.5% by weight of fuel oil
(e.g., 0.001% to 0.3% by weight), preferably between 0.001%
and 0.15% 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,
e.g., other viscosity index improvers and dispersants,
detergents, antioxidants, corrosion inhibitors, pour point
depréssants, antiwear agents, friction modifiers, and the
like.

EXAMPLES

Examples 1 to 5: Alkvlation of Hvdrogquinone

In each of Examples 1 through 5, a quantity of
hydroquinone (MW = 110) was dissolved in a quantity of either
heptane or 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
("EP polymer”) having a number average molecular weight of
870 and terminal unsaturation. Each reaction mixture was
then heated for a number of hours and then filtered, followed
by the removal of the solvent under vacuum.

IR spectra of the products revealed new peaks appearing
at 3600 and 1400 cm~! (thereby indicating a change in the
nature of the hydrxyl groups on the aromatic ring that would
This is ihe repiacement she
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NH[ err] - al kyl ene- (-0-al kyl ene-)[err]-NH err] where m has—a—vatue of about
3 to about 70 and preferably about 10 to about 35; and

Rl.err]-[-al kyl ene-(-O al kylene-)[err] -NHerr] ’ ﬁﬁemﬁe 1a°°d

val ue of about 1 to 40, with the provision that the SUH]Of

fromabout 3 to about 70, and preferably,fromabout 6 to a

Rl-err] is a substituted saturated hydrocarbon radi cal of up to 10 carbon
atons, wherein the nunber of substituents on the R err] group is from3 to

6, g{d "fn-#ﬁl aFE”PEé pregesckoof aeﬁﬁESEHtLagtthhenaqbéraoﬂ sappieteents
on err e a ene groups i,n £ o] | Lyn@r gbX rai ght
or branche8igaBPR2 Eﬂﬁ?aaﬁlh aSSHﬁi% énab%ggk% g hgrg e?g% yggbgﬁt tho-
about 4 cagbep,aLé48.and 885 cm™* (thereby lnalcatlng he loss oOf the
polymer unsaturation). This indicates that the
dihydroxyaromatic was successfully alkylated.

The alkylation procedures are shown in Table I as

follows:
TABLE I )
Hydro- _

qui- ' Sol- Sol- Amber RX RX
Ex. none vent vent -lite EP Temp Time
No. g. ml. qg. g. °C. hrs.
1 6.32 Hep 50 12.5 25 98 . 6.0
2 30.00 Tol S50 15.0 50 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 50 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 product redissolved in heptane.
The heptane solution was itself filtered and the filtrate
evaporated under vacuum to obtain the product.

Examples 7 through 12: Amination of Alkylated Hydroguinone
with PAM
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Particularly preferred polyam-ne conpounds include the pol yoxyal kyl ene

pol yam nes of forrmulas VIIlI and | X, and the al kyl ene pol yam nes represented
by the formul a: This Sheet Has Been Re; ilace

AR AR

In each of examples 7 through 12, 2 g. of the EP-
hydroquinone produced in Example 5 were dissolved in S0 ml
heptane. To this was added a quantity of either PAM
(polyethyleneamine having an average of 5 to 7 nitrogen atoms
per molecule),DETA (diethylenetriamine, MW = 103), or DMAPA
(N,N-dimethylaminopropylamine, MW = 103). Each solution was
stirred at room temperature for 24 hours and then diluted '
with 50 ml of heptane and filtered. The solvent was removed
by:hitrogen stripping followed by evaporation under high
vacuum. The products were analyzed for nitrogen content.'

The results are summarized in Table II as follows:

TABLE IT

Nitrogen

Ex. Amine Amine Content
No. g. wt.3
. PAM 0.150 2.18
8 | PpAM- 0.300 -3.27
9 DETA 0.103 1.58
10 DETA 0.206 2.65
11 DMAPA 0.103 0.33
12 DMAPA 0.206 0.40

Example.13: Amination of Alkvlated Catechol with DMAPA

4.32 g. of the product of Example 6 were dissolved in 50
ml of heptane. To this mixture was added 0.9 g. of DMAPA and
the solution was refluxed for 6 hours at 98° C. Afterwards,
the heptane was removed by nitrogen stripping followed by
evaporétion under high wvacuum,

The nitrogen content of the product was found to be 1.20

wt.%. .
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wherein x is an integer of from1l to about 10, preferably

about 2 to about 7, and the alkylene radical is a strai ght—or branched
chai n al kyl ene radi cal having about 2 to about 7; preferably about 2 to

about 4 carbon atomns. Exanpl es of the alkylene poly eﬂ
X include nethylene am nes, ethyl ene amiies, butylene amn
, pentyl ene am nes, hexyl ene am nes, heptylene anm ne

Dispersancy Performance

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
tegt. The SIB test has been found to be excellent for
assessing the dispersing power of lubricating oil dlspersant
additives.

The medium chosen for the SIB test is a crankcase
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
lubricating oil, a viscosity index improver, a pour point
depressant, and a zinc dialkyl-dithiophosphate anti-wear
additive. The oil contains no -sludge dispersant. A quantity
of such used oil is acquired by draining and refilling the
taxicab crankcase at 1,000 to 2,000 mile intervals.

The SIB test is conducted by first taking the afo:ésaid
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 Zrom
the sludge particles. The sludge has been removed from this
supernatant but it still contains sludge precursors, which
upon heating will convert to additional sludge.

A small amount of each dispersant being tested is then
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 having a well known commercially
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octyl ene anmines, other polynethylene anmines, the cyclic and higher honol ogs
of these ami nes such as the piperazines, the am no-alkyl-substituted
prperazines, This Sheet Has Bedhlplacelmi nes i ncl ude, for exanple, ethylene

di am ne, diethyle ' ‘ i ethyl ene tatram ne, propylene diam ne,
di (hept anet hyl ene (! | propyl ene tetram ne, tetraethyl ene
pentam ne, trinmet I'am ne, pentaethyl ene hexam ne, di (trinethyl ene)

arignLne, ?éheptyl-S- (ZI?ano- propyl) imdazoline, 4-nethylimdazoline,
, 3-bis- (2- am nopropy pi perazine, 1 4-bis(2-am_noethyl)piperazine, N, N
di et hyl asvadjebpy! diispe rEBRRPR)L enkeR thesedp étsh;?lféﬁi“né‘?éeko a5 :
OCtOtylh-eL\l - {%tﬁ}eé%leﬁxg:%: gﬁgt%khiﬂfiﬁ'ﬁ%,in%%”&héygaﬁpﬁag afiencbotleld) gicpeoen ne -
: ich e used.can ai ned ing two
or nore oft PRETATYFE- %EFH F&H&J%Feﬁé ARCREs J?n%g’t"k Gvin %rﬁlgl .ﬁégﬁ °
The et hyl eRacvEdn ey Whiish saep par isepalraciey byefeicamtdéng the resulting
supernatant and washing the precipitate with heptane,
followed by additional cetrifugation. The sludge precipitate

is then dried and weighed.

: The SIB score is determined by comparison with the
stgndard (the sample having no dispersant). The weight of
the sludge precipitate removed from the standard is )
normalized to 10. The amount of sludge precipitated from -the

. other samples are scored by weight. Hence, if the
precipitate from the standard were found to have weighed 22
grams, for example, and the precipitate from a particular
dispersant sample 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 better the
sludge deposit inhibition qualities of the dispersant.

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

classified as a flocculant.

) 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
soaked overnight at about 140° C and then cent;ifuged to
remove the sludée precipitate. The precipitate is removed
and the supernatant is then subjected to heat cycling of from
room temperature to 150° Cc. at a frequency of about 2 cycles
.per minute over a 3.5 hour period. During the heating-phase
of each cycle, a gas comprising 0.7% SOz by volume, 1.4% NO
by volume, and the remainder air, is bubbled through each
test sample. These cycling periods may be repeated as

necessary. : _
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descri bed, for exanple, in the Encyclopedia of Chem cal Technol ogy under
t he headi ng of "Ethylene Amnes" (Kirk and thner) Vblune 5, pp.

898-905: Interscience Publishers, New York (1950). mmmelmwd
prepared by the reaction of an alkylene chloride mnth annnn

results in the production of a conplex msxture of aI kyI ene H MI m”l” '
I ncl udi ng

After heat cycling, the Zlasks in which the samples are
contained are visually examined for varnish deposits. The
sémplés are subjectively rated against the standard on a
scale of 1 to 11, wherein a score of 1 indicates no varnish
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 aualltles of the tested additive are worse than no
‘additive at all.

The reference used in the table below was a PIBSA-PAM
+ dispersant wherein the polyisobutylene moiety had a number
~ average molecular weight Oflabout 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 considered representative
of dispersants currently in commercial use.

The results of SIB and VIB tests on the products of
Examples 7 through'l3 were as follows:

TABLE III

Example No. SIB mg VIB rating

7 7.1 4

8 8.5 4

9 , 8.0 ' ' 5+*%
10 . o 8.5 4

11 5.85 5-**
12 | 5.75 6

13 : 1.59 4
Reference” | 4.20 +0.68 7 %0
Standard ) 10.00 11.00

* the catechol- and hydroquihone derived dispersants were
evaluated in two separate sets of SIB and VIB tests using two
This is the replacement sheei
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cyclic condensation products such as piperatines. Mxtures of these am nes
may al so be used for the purposes of this invention. The

pol yoxyal kyl ene pol yam nes of formulas VIII and | X, preferablyY

pol yoxyal kyl ene di am nes and pol yoxyal kyl ene triam nes, may possess average
nol ecul ar wei ghts ranging fromabout 200 to about 4000 and preferably from
about 400 to about 2000. The preferred pol yoxyal kyl ene pol yam nes i ncl ude

t he pol yoxyet hyl ene and the pol yoxypropyl ene di am nes and the

pol yoxypropyl.ene triam nes having aver ags-nol ecul ar wei ghts rangi ng from
about 200 to-about 2000. The polyoxyalkylene pol yam nes are connercially

avai |l abl e and may be obt ai ned. for exanp from the Je em ca
Conpany, |feparatiersamples s@é ﬁ%ﬂ%5n39%$¥aﬁF?E§C%§%3 lf[>4g%§£ 6%%

D-2000, T- _49§ en@écscore for each test is not exactly the same. Here,
the two scores from the SIB tests and the two scores from the

VIR tests were averaged.

#% p mwew indicates a slightly higher value, a "-" slightly
lower. No attempt at greater accuracy is made since the

evéluation is necessarily subjective.

As can be seen, the catéchol derived dispersant (Example
13) displayed the most impressive sludge-reducing properties
and significant varnish reducing properties over the
reference. Hydrogquinone-derived dispersants (Examples 7 to
12) showed improved varnish reduction over the reference.

//
Been Re{ylaced
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The Ami nation Reaction Conditions Wthout |limting the present
I nvention to a particular theory, it is believed that an al kyl at ed
gu none-type (i.e., di carbonyl) internediate is created (e.g., an

al kyl ated 1, 4- bent oqui none in the case where hydfﬁﬁu+ﬂeﬂe—_Ls_used as

the di hydroxyaromatic; an al kyl ated 1.2-benzoquin |n the case of
catechol) during the reaction that is then subsequen C¢h S
therefore possible to use alkylated _ d¢-garbonyl anal HH l '

di hydroxyaromatics of the present invention as sta and

am nate them-directly in accordance with the nmethods discl osed herein.

It is preferred that the reaction mxture be exposed to an oxi di ni-ng
agent such téfg-ﬁie al kyl at ed di hydr oxyaromati c is oxidized to the
correspondi ylated dicarbonyl i nt er medi at e. The di carbonyl then

reacts with the am ne
What is claimed is:

1 A process for the production of fuel and lubricant

additives, said process comprising:.
providing an alkylafed 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 hydroquinone.

* C L M S . -
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Sinmple exposure to atnospheric oxygén during the

le _ _ ction is
sufficient for this purpose, though other oxidizing \gggﬁTE“‘“ﬁﬂy~be‘~\

enpl oyed. The al kyl ati on, oxi dation, and anlnatloﬂhmsmm“q
28 steps may be easily followed by spectroscopic tec
i nfrared or NVR spectroscopy. _ ,/I/f”” m IT
- 38 -
1. The process of Claim 1 wherein said amine is at

least one selected from the group consisting of amines
represented by the following structural formulas:

T'.

va__.] 2!
R" . , and -

. Iv
RIV_ N—-(CHZ)S_-N—(CHZ)S——N— R

| Rn ) . R"' R

wherein n is an integer of at least 1 and R', R",.R"',
and R are independently selected from;the group
consisting of hydrogen; Cj to Cy5 straight or branched
chain alkyl radicals; Cj to C12 alkoxy Cz to Cg alkylene
radicals; Cy to Ciz hydroxy amino alkylene radicals; and
Cy to Cji2 alkylamino C; to Cg alkylene radicals.

I

R A A
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Failure to use an oxidizing agent will result in poor yields, since it my
be expected that one nol ecul e of reactant wll onsuned in order to
oxi di ze another to form one nol ecul e of final'p&%%gﬁ§”ﬂ63ﬂmg_1hedanination

of the present invention is preferably perforne | vent, such
as a hydrocarbon. Useful hydrocarbons include hep ﬂwm ne,
aromati c

t ol uene, xylene, and mneral oil The al kyl ﬂﬂﬁ
conpound, primary am ne, and sol vent.agg wixed and will generally be
reacted at a.tenperature of fromO[err] to 200 C., preferably 10[err] to
110[err] C.(e.g., 20[err] to 10Q[err] ~C), for_a period, of frgn10.5 to 168
hours, prefé&kabl fhe progessec§. Claip fowherein RG gpdnByr s further -

Depending upgRnsYGh bagbektyasst Bher eaghanks chosen and

| -(cuz),-—lir -H
-'- R'
:. t? .

wherein each s and s' is the same or a different numbe;
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 i whérein said amine is N,N-
dimethylaminopropylamine.

9. The process of Claim 1 wherein_said-polymér
alkylating agent is an unsaturated ethYlene/a—olefin

copolymer.

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

comprises four carbon atoms. _
—_— _ This is the replacement sheet
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the nitrogen content of the final product desired, the amnes of the
present invention will generally be enployed in the amount of from0.01
note of am ne per nole of di hydoxyaromatic to 10 noles of am ne per nole of
di hydoxyaromatic, preferably 0.1 to 5 noles of anwmggga@hgp&ﬂn_lmmd _
di hydroxyaromatic (e.g., 0.3 to 2; 0.5 to 1). sitions
The products prepared by the process of this |nvent sui tabl e
for use in lubricating oils. The | wbgiocat i ng oi | i mal ,

vegetable or mneral oil,

11. The process of Claim i wherein said polymer
-alkylating agent is an unsaturated propylene/butene-1’
copolymer.

12. The process of Claim 1 wherein 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
" said polymer alkylating agent comprises at least about
30% combined terminal ethenylidene 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 thé process of any of claims 1
through 12.

16. An oleaginous composition compriéing a major amount
of a lubricating oil and a minor amount of the product of
Claim 15.

17. An oleaginous composition comprising a major amount
of a fuel and a minor amount of the product of Claims 15.

L
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for exanple petroleumoil to SAE 30, 40 or 50 lubricating oil gr ades,

castor oil, fi+sh—eits—oer—oxi-di-zed mneral oils.
AIternatlver the Iubrlcat|ng oil can be a synthetic
T

- 41 -

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

0
0
,-- _ — N-Amine
POLY

wherein POLY is a polymeric hydrocarbyl and N-Amine is an )
amine bound to the ring structure via a nitrogen atom.

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

N-Amine
POLY

wherein 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.

ORI T o e roniacoment shest
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ester lubricating oil and these i nclude diesters such as di- octyl

adi pate, di-octyl sebacate, didecyl azel‘ate, .tridecyl adipate, didecyl
succi nate, didecyl glutarate and mi*xtures thereof. Alternatively the
synthetic ester can be a 'polyester such as that prepared by reacting

pal yhydric al cohols such as trinethyl ol propane and pentaerythritol with
ndnocar boxyl i ¢ acids such as butyric acid to give the corresponding tri-
and tetra-esters. Al so conplex esters gy - be used. such as those forned by
esterification reactions

FUEL_AND LUBRICANT ADDITIVES DERIVED
FROM DIHYDROXYAROMATIC COMPOUNDS

ABSTRACT OF THE INVENTION

The present invention relates to a novel process for
the production of fuel and lubricant additives useful as
dispersants and multifunctional viscosity modifiers
wherein a dihydroxyaromatic compound is alkylated with an
olefinic polymer and then aminated in such a manner as to
oxidize the hydroxyl moieties of the dihydroxyaromatic
compound to carbonyl groups.

This Sheet Has Been Reilaced
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bet ween carboxyllc acid,; a glycol and an al cohol, or nnnocarboxyllc ac d. -
Base ails suitable for use in preparing the Iubrlcatlng ~oil conp05|tfo

of the present i nvention include those conventionally enployed as .
crankcase lubricating oils for spark-ignited and conpreSS|on-|gn|ted
i nternal conbustion - engines, suchlas autonDblle and Lruck.-eng-ne:

and railroad diesel engifgsayp LUBRICANT ADBRTANERGEFBEVERS
| . FROM DIHYDROXYAROMATIC COMF:

"

i

e
" 5& :

en ot a1 doam

. ;'._.‘(L
TITLD QOF THE TNVENTION | — I _
i N sty 5 ..................
! ; —
- - - -— = :‘f}:be_ : c8ss ba{ .
The present LnVeEnILIn I2LETE8S -v S =¥ _ .

srscucing fuel and lubrizant acddizives such &S CGiSpersancs.

]
st bt e o wm o -

X3 < - -5 Seewn 3 v-i C:S‘."'_‘
viscssity medillers, zncé mul cz.cnal s Ty

rocifiers
sy alkvlating andé then aminatling

Ciatema s

-.d::xvarcna:i:'ccm-cuucs.
sucs as catechcl and hyé::qui:cae.

BACKGROUND OF THE INVENTION

British Patent Mo. 963,263 discloses reaction products
of alkyl hydroxyaromatic compounds having from S to 34
carbon atoms in the alkyl portion thereof with polyalkylene-
amines. The reaction products are disclosed to be useful
additive agents in distillate fuels, partlcularly to inhibit
gasoline against oxidation and reduce screen clogging
properties of distillate fuel oil.

Liston et al., d.s. satent Nos. 4,632,771 and 4,643,838
for MORMALLY LIQUID Cj;g TO C24 MONOALKXYL CATECHOLS refer tO
nor=ally licuid lubricating oil additzives which provide both
antisxidant and fricticn-modifying =T cperties when added to
iubricating oil. In particular, ~-ese patents relate to Cig
zo Cyq alkyl catechol lupricating cil additives which are

nor=ally liquid at typical storage Tamperafures.
’ 3

(-3
TOR TEE ZSRESARATICN OF HY v DROXY-DIFETNYLAMINES refers to a
srocess for

Werner et al., U.S. Patent lo. 4,265,833 for a PROCEZSS

the greparation of hydzcxy-diphenylamines by :
condensaticn c¢f d;bya: xybenzene wWith an excess amount of

i lytic amount
primary arcmatic amine iqa the presence of a cataivt

of an acid at =‘evaced -emperature, wWnerein the eaxcess
i - o ) - - ‘..
arcmacic amine and the rceactisn neoduce is.distilled off Zrom

- oy em mevwngm o
The resacTlicn IX

T i~ the cresence of a2 base.

H :, S z Zoz
Ccupland =t al., J.S. Patent lc. 3,592,320 ZIo

SUSSTITUTED CATICHOL SRLTS OF SEINZCT3IAZOLES CR
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are ; L R Lo o
baseagffsagghsges_by_enploylng the products of the present invention in
transnitffn ”fln.honally enployed in. and/ or- adapted for use as pomef '

g ui ds such as autonmmtic tranSniSsion_fLuids,7tract0r fluids

‘universal -tractor fluids and hydraulic.flui heav A
“fluids and power steering fl Ui-d}s/,dfr._ém ic fluids, heavy-duty hydraulic.

oils, pu Sl : S Gear l.ubricants, industri
fromt ﬁe”pi_ﬁ'cl)fpofgfi 3;“5[&{3?;' ngl?ﬁéﬂ | . conposi-tions can al souﬁiﬁ'e?! t
R e o prodycts of the present .invention.
SHENYLEYDRAZINES refers ¢ @ compound which may te procduced
by ceaction cf substituted zatechol with phenYlhyd:aziné, _
substituted p'nenylhyd:a::::e._' senzotriazole, or suhs::'._:ur;ed.
benzotrxriazole. The reac:zizn may be carried out ia an inert
solvent, such as a hyd:cca:;':.oh; " The compcunds are useful as

antioxidants in lubricant -ompositions.

small, Jc. et al., U.S. Patent No. 5,061,390 for
DIETEYLAMINE COMPLEXES OF SORATED ALKYIL CATECHOLS AND
LUBRICATING OIL COMPOSITIONS CONTAINING THE SAME refers to
lubricating oils con;aininq a borated alkyl
catecholdiethylamine cemplex effective in reducing oxidation,
wear, and deposits in :aternal combustion engines.

pavis, U.S. Patent No. 4, 663,063 for ALKYL PHENOL AND
AMINO COMPOUNIj _COMPOSI".’IONS 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

wherein each R is independently a substantially saturated
hydrocarhon-based group of an average of at léas_t about 10
aliphatic carbon atoms; a and b are each independently an
integer of one up to three times the number of aromatic
nuclei present in Ar with the proviéo that the sum cf a, b.
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 substituents
selected from the gIoup consisting essentially of lower
alkyl, lower alkoxyl, carboalkoxy methylol or lower
hyd:ocarbon—based substi-uted methylol, nitro, nitroso, halo
and combinations of said optional substituents, and (B) at
least one amino compound with the proviso that the amino
compound is not an amino zhenol. Lubricants and lubricating
oil-fuel mixtures Zor two-cycle engines which include the
above compositions, and methods for lubricating two-cycle
engines are also discicsed.
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30 The amount of pfoduct' alk | .
yl ated with di spersant-ra
nmol ecul ar wei ght polyner alkylatlng agent added to ap nge

-

PCT Publlshed Application No. h092/14805 disClOSes motar
' fuel comp051tlons comprising a normally liquid fuel in the

gasollne boiling range, an amino phenol, and an amine. The
aminoc phencl has the formula

Aa—Ar—--—(oH)b

wherein each A is independently H or a substantially
saturated hydrocarbon-based group, each T is independently H
or a hydrocarbyl group of up to about 28 carbon atoms, a, b
and ¢ are each independently an integer of at least one with
the proviso that the sum of a, b and c does not exceed the
unsatisfied valences of Ar: and Ar is a single ring, a fused
polynucleaf ring or a linked polynuclear ring aromatic moiety
having 0 to 3 optional substituents selected from the group
consisting essentially of lower alkyl, lower alkoxyl, nitro,
carboxy lower alkyl, nitroso, halo and combinations of two or
more of said optional substituents. The amino phenol and
amine are disclosed to be present in an amount sufficient to
provide intake system cleanllness and to prevent or reduce
the formation of intake value deposits or to remove such
deposits where they have formed.

When z gsiymer zhain Is Swenczocnalized Wit &
hycssxyarcmatis, 1T LS welil known in the arT It cderlvatl:ce
the =zlkylated nydroxyarcmatic with an zsmine in The presence

of zn aldenvdée. This derivatizaticn is Xnown as & Mannizh

Base reaction. In the gresent I enrion, dihvdrcxyarcmatics
may be derivatized wWith amines without the use cf an aldenvce
-- thereby saving the expense of utilizing & :eagent That is
consumed in the reacticn.

SUMMARY OF THE INVENTION

SUMMARY OF THE INVENIIUN
In the cresent invention, a dihydércxyarcmatic compound
is alkylatec¢ with a polymer zlkylating agent and then reac:ted

with an amine under reaction conditions e:fec:;ve in

oxidizing the hydrcxyl groups to carconvi grcups. The
preferred d-n"c:cxyarcmati coczpounds are. catechol and
hydr-cquinone. L
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| ubricating oil

bl ended in proportions .of fromO0.01%
preferably between 0:1% and 8% by wei ght -

0.01%to 20% by wei ght),
0.1%to 5% by weight).

(e.g.,
(e.g.,

s typical 'Iy a nminor proportion and will- |

general ly be'

to 30% by weight of Iubrlcatlng oi |

The amount of product alkylated with

vi scosity-nodifier-
‘to a lubricating oil

range nol ecul ar -wei ght pol ynmer al kyl ati-ng agent added

Is typically a mnor

fuel

DETAILED DESCRIPTION OF T

.oresent iaventicnh cencnst-a:

proportion and W II :

dignly
whnen :sed as

The crocess cf the cresent inventicn may be descziZed By
the following illuscratiwve Isrmulas wnerelin cace ncl, for
examsle, is Iir-st alkylacec anc then aminated with an amine:

This is the replacement sheet
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generally be blended in proportions of fromO0.01%to 20% by wei-ght of
lubricating oil (e.g., 0.01%to 12% by weight), opreferably between- 0.01% .
and 6% by weight (e.g.; 0.01% to 4% by weight). The products of
the present invention may be borated by neans known in the art. . Fuel
Conposi tions . ' . o

pPOLY + HO @

OH

followed by:

oLY HN-Amine

. N-Amine @
(0] '
HO'

wherein (0] indicates oxidation; POLY represents a polymer
alkylating agén: which will react with the aromatic, ring so
as to attach as a polymeric hydrocarbyl moiety (i.e., —2QLY)
thereto; and wherein HN-Amine sy:nboli_zes a primary or
secondary amine and the particular nitrogen moiety thereof
that takes part in the amination reaction; and wherein —N-
. Amine symbolizes the amine bonded directly to the ring via

the reacting nitrogen atom as a result of the amination
reaction.

Similarly, the final reaction product of the present
jnvention wherein hydroquinone is utilized may be represented
by, for example, the following formula:

oLY

N-Amine

though iz is nct reguired that the N-2mine and POLY moig:ies
be diametrically opposed as shown. .
This is the replacement sheet
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The products of this_invention-ake'Suifablé.for use in normally Iiquid
petrol eum fuels such as mddle distillates boiling fromabout 65[err]C.

430[err] C., including kerosene, di‘esel fuels, honme.heating fuel oil, and
j et fuels. __ ' - '

to

.The reacticn is unusual in that, :n;iké & Mannich Zase
reaczion, no “srmaldenvde is needed. Also unlike a Mannich
Base is that the hydroxyl grcups are cxidized to carzonvl
groups, the rin loses its arqmati:;ty, and the nitrzgen atom
bonds directly with the ring.

The resulting compositicns are very effeczive as a
-dispersant in reducing 6il siudge ancd varnish in internal
combustion engines.

The Dihvdéraoxvarcmatizs Comceingds

Dihydroxyarcmatic compounds useful in the present
invention include, but are not limited to, hydroquinone,
catechol, hydrocarbyl-substituted dihydroxyaromatics such as
methyl hydroquinone, ethylhydroquinone, 2-phenylhydroquinone,
chlorohydroquinone, 3-methylcatechol, 4-methylcatechol, and
the like. Also useful are dihydroxynapthols such as 1,4-

dihydroxynaphthalene -and 1,2-dihydroxynaphthalene.
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31 - The anount of product alkylated with dispersant-range

nol ecul.ar wei ght pol ynmer al kyl ati ng agent added to a fuel oil is _
typically a mnor proportion and will generally be blended in proportions
of from0..001%to 0.5% by weight of fuel oil- (e.g., 0.001%to 0.3%by
wei ght), preferably between 0.001%  and -0. 15% by wei ght (e.g., 0.005%to

0.1% by weight =~ - The final fuel and lubricating oil conpositions-may if -
desired contain other additives known_in the additive art, e.g., other
viscosity index_ inprovers and dlsﬁersants
Dihvdrcxyarcmatocs usefil in the presenz ~Zvention
include those repr nted by the fzllowing Zormulas:
oH
7
Q _
N
oH © " o
OH ' OH
OH OH
7 2
N N

wherein Q is a substituent comprising a halide radical, an
aryl group, hydrogen, a hydrocarbyl having 1 to 12 carbon
atoms, or a structure of the form:

anc wherein Q' is deiined as Q above, the same cr cdiffarent,
and wherein one or more sides may be shared with the moiety
so substiturted. B '

For the purcoses of this invention, the term
‘hydrccarbyl” is not strictly limited to moieties possessing
solely carzon and hydsogen, tut sather may enccompass a =inor

This is the replacement sheet

. cen 1908
oate: 3 FEg 8



detergents, antioxidants. corrosion ~inhibitors, pour point depressants.
antiwear agents and friction nodifiers. - EXAMPLES ‘Exanples 1 to 5:
Al kyl ation of Hydroqui none In each. of'Exaanes 1 through 5, a -
quantity of hydroqui'none (MN= 110) was.dissolved in a quantity of elther-
heptane .or toluene and char ged to a 250 m . .round bot t om

_*%' S .
aegree cf substisuzosn SO long as the trocesses and benefics
of the iavention are not thwarzed thereby.

Tr: Dolvme. Alkvliating Agents

Polymer alkylating agents'which are useful in the
_presenﬁ invention are'polymer< containing at least cne
carbon-carbon double bond unsaturation (olefinic, or
"ethylenic®) and which are not so sterically hindered, or in
reaczive competition with other functional groups, so as to
render them unable to participate in the catalytic alkylation
of the chosen dihydrcxyaromatic compound. As long as a
chosen double bonrd will react in the presence of a chosen
catalyst so as to alkylate a chosen dihydroxyaromatic
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 include
those derived frzcm polymerizable olefin monomers of 2 to
about 16 carbon atcms:; usually 2 to about 6 carton atems.
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 Zrom each of said two or more
olefin monomers. Thus, "interpolymer(s)” as used herein is
inclusive of tergclymers and tetrapolymers. As
will be apparent tc those of ordinary skill in the art, the
polyalkenes from which the poly-substituent ¢f Formulas I and
II are derived are cften conventionally referred to as
"solyolefin(s)".

Useful polymre

rs include those described in U.S. Patent
Nos. 4,234,435, 5,0t

1
<,29¢, 3,186,851 and Zuropean Patent
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flask. A quantity of Anberlite-15 (a strongly acidic resin conpri si ng
di vi nyl benzene- cr ossl i nked polystyrene to which sulfonic groups are -
attached) was added; followed by the  addition of a quantlty of an
et hyl ene/ propyl ene copol yner. ("EP pol ymer") havlng a nurnber average
nmol ecul ar weight of- 870 and term.nal unsaturation.-Each reaction mxture
was = then heated for a nunber of hours and then filtered; followed by the
renoval of the solvent under vacuum | R spectra of the products
reveal ed new peaks appearing at 36002 and 1400 cnferr] (thereby indicating
a clhgnge Agbifeaciditng & ®f¢ddhe fpdnoxylpagraund 2 tdte mmratis nadeg that
wou o the a-olefin golymers I e made using cr ganomezzllic
coordination compounds as cdisclssed therein. A-particularly
preferred class of solymers are ethylene/a-olefin ccpolymers.
such as those disclcsed Iz U.S. Datent No. 5,017,299 and .

5,186,851.

The preferred ;alymér alkylating agents for use in this
invention possess at least one carbon-carbon unsaturated
double bond. The unsaturation can be termi inal, internal, or
both. Preferred polymers have cermznal unsaturation. The
polymers of the present invention preferably comprise a high
degree of terminal unsaturaztican. For the purgoses of this
invention, "terminai unsaturation” refers to the unsaturation
provided by the last moncmer unit located in the rolymer. |
The unsaturation can be located anywhere in this terminal
monomer unit. Terminal olefinic groups include ethenylidene
(alsc known as "vinylidene") unsaturation, R3RPC=CHj;
trisubstituted clefin unsatuvration, R2RPC=CRCH; vinyl
unsaturation, R2HC=CHj3; l,2-disubstituted terminal
‘unsaturation, R2HC=CHRP:; and tetra-substituted terminal
unsaturation, Ra8RPC=CRCRA. At least one of R& and RP is a
polymeric group, and the remainder are hydrocarbyl groups,
polymeric or otherwise, the same or different.

Especially preferred polymers for use in this invention
exhibit substantial terminal ethenylidene unsaturation. At
least about 30%, 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. Such polymers also may
exhibit a minor percentage ¢f highly desirable ethenyl (vinyl)
unsaturation, .which may be substituted for ethenylidene .
unsaturation in arriving at the percentages disclcsed above.
Hence, for example, a combined percentage of 30% ethenylidene
and ethenyl unsaturaticn will more than adequately substitute
for 30% ethenylidene alone  -- and should even prove superior

This is the replacement '_s;:'heei'
~ 3 Ft8 18

Dater



32 |nd|cate t he presence of a substituent thereon) and conpl ete _
di sappearance of the doubl e bond peaks. of the EP pol ynmer at 3065, - 1645 and
885 cnjerr] (thereby indicating the |oss of ‘the pol ymer . unsat ur ati on).

This indicates that. the dlhydroxyaronatlc mes successful Iy al kyl at ed.
The alkylatlon procedures are shomn |n TabIe as folloms
err - . . _ o _ _

Lerr] o 0 |
~w; sizo=us of zhe nigher ssactivizy ¢ terminal acthenyi in
cammariszon Tz that of termonal echenyiidene.

—ne momozclivmers anc ccspcoiwmers ci the gresent Lnventicsn

~an te czsavenisntly chiaragTiseriiec Iase

4 cn melecular weight

range Sclmers and copciymer=z cf "low", “"intermedlace" and
- ..h’ - - ‘_f. - ) - K )
mwient mgleculzr weights can be prepared.

Low wmoleculizr weight

as "dispersant-range"” =olecular welight G cilymers, are

ze polymers having a nuxmber average :o;eculér
weight of less than 20,000 (e.g., 250 to 20, 000) preferably
from at least 400 to about 20,000 (e.g., 450 to 1000: 500 to

—ciymers, also_referred tc herein
o)

considered o

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
preferably from 1,500 to 5,000. The low molecular weights are
number average molecular weights measured by vapor phase
osmometry or gel permeation.chromatography (GPC). Low
molecular weight polymers are useful in the present invention
for forming dispersants for fuel and lubricant additives.

Mediu= molecular weight polymers, aiso refezrec O

herein as "viscesity-modifier-range” =olecular weight

coliymers, have nuxTer zverage mclecular weights Janging i=c
20,000 =o 200,C00: greferably 25,000 to :90,000; znc =ore
preferably £rcz= 25,000 to 80, 000 anc are ugsefrl in the
presen: inventicn for making vzsc*s;ty index ixprovers Zor
lubricating oil compositizns, Zfuels, adhesive csatings,

. i | — v-'—! —— ‘l
vackifiers and sealants. The mediuxm nuzter average malecular

weights can te determined by membrane CsSIomMerTy

- 4.

The high =molecular we:i ~ =materizls nave = nuxter

Y tﬂ

average molecular weights ci greater “han apoutz 200,800 ana

can -znge Z=zcm 201,000 to 15,000,000;

a
$ 200,000 £z 10,000,C00: zncé =oxe speciiizaily 200
2,000,000. Thesse

~gclvmers are useful 1 colvmerlc
composics lends :rnclugin
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_.I.-Iydro- - qui=  Sol - éo-l - Aﬁbef : R " ) -

. RX .

none Cventh'vent -lite EP Tenp Tine “"No. . g RX ' mEX' g

9. . rs. 1 - 6.32 Hep 50 12.5 25 .98 6.0 . 2

30.00 Tol 50- 15.0 50 90 2.0 .3 3.16 Hep6'03o L

15.0 50 - 90 2.5 - 4 '6.32 Hep ~ 30 1570 50 90 2.5

5f ca%z'ﬁ4|' Hep 30 . 150 50 90 2.5 - on

o echo Into a 250 m. roungjbottomflask were charged 6.32
6.3 :

1(0.0575 nol es) of Catechol (N_W;:—};J(OQQ%IGOSD m = 006 PoBnezn bg _ 2 g

molecular weigh
measured =V cel permeaticn chromategraphy with utniversal

|l

calibrazicn, ¢r by iight scattering &s recited o Blllneve:,-
Texthook cf Peolymer Science, Seccnd Tdition, pp. 81-84
(1971).

The values of the ratio Mw/Mn, also referred to as
molecular weight distzibution, (MWD) are not critical.
However, a typical minimum Mw/Mn value of about 1.1 to 2.0 is
preferred with typical ranges of about 1.1 up to about 4.

Usefr! olefin monomers from which the polyalkenes can be
derived aze colymerizable olefin moncmers characterized by
the presence of one or more unsaturated cdouble bonds (i.e.,

>C=C<); that is, they are monocolefinic monomers such as
ethylene, przopylene, butene~1, iscbutylene, and octene-l or
polyolefinic monomers (usually diolefinic monomers) such as
butadiene-i,3 and isoprene.

These olefin monomers are preferably polymerizable
terminal olefins; that is, they possess term.nal
unsaturation. However, polymerizable internal ‘olefin
mMONOMers 'scmetmes.refersed to as medial olefins)
character.zed by the presence within ctheir structure of the
moiety:

can also be used to form the polyalkenes. When internal
olefin moncmers are employed, they normally will be employed
with terminal olefins to produce polyalkenes which are
intergclymers. For purposes of this iavention, when a |
par::.:'.:laz: colymerized olefin monomer can be classified as
both z terminal olefin and an _nter::al olefi it will be
deemed == pe a terminal olefin. Thus, for exa;nple,
pentadiene-i,3 (i.e., piperylene) is deeméd to be a terminal

fzr purposes ¢f this inventizcn.
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To this was added 10.-g. of Anberlite-15 and the m xture was heated to
90[err] C. Added to this was 50 g. of an EP polynmer (MNW = 870) and the
sol uti on was nmi ntained at 90[err] C.. for another 2 = hours. The reaction
m xture was then filtered, the filtrate ‘evaporated, and the resul t ant
product redissolved.in heptane. The heptane sol ution was itself filtered
and the filtrate  evaporated under vacuumto obtain .the product.
Examples 7 through 12: Anlnatlon of AIkyIated Fydrqu|none “with PAM

12 | _

Whiie :hehpolyalkenes generally.are nydreccarton
pél?#ikenes. they can contain substituted Hycrocar:cn groups
such as lower alkoxy, lower alkyl mercaprto, hydroxyl,
mercapte, and carbﬁnYl, provided the non-aydrocarzon moieties
do not substantially interfere with the functionalization
reactions of this invention. Preferably[ such substituted
hydrocarbon groups normally will not contribute more than
about 10% by weight of the total weight of the polyalkenes.
Since the polyalkene can contain such non-hydrocarbon
substituent, it is apparent that the olefin monomers Irom
which the pclyalkenes are made can also contain such

-

substit-uents. Normally, however, as z matter of practicalicty

and expense, the olefin monomers and the polyalkenes will be

free from non-hydrocarbon groups. (As used herein, the tem

"lower" when used with a chemical group such as in "lower

alvyl" or "lower alkoxy" is intended to describe groups
wving up to seven carbon atoms.)

Although the polyalkenes may include aromatic groups --
.particularly phenyl groups and lower alkyl- and/or lower
alkoxy-substituted phenyl groups 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 groups. Again, because _
aromatic and cycloaliphatic groups can be present, the olefiz
monomers frocm which the polyalkenes are prepared can contain
aromatic and cycloaliphatic groups.

There is a general preferenée for polyalkenes which are
derived from the group consisting of homopolymers and
interzolymers of terminal hydrocarbon olefins of 2 to about
16 carcon atoms. A more preferred class of polyalkenes are
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.
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33 I n each of exanples 7 ‘through 12, 2 g. of the EP-

hydr oqui none - produced i-n Exanple 5 were dissolved” in 50 ml heptane. To
this was added a quantity of either PAM (pol-yethyl eneani ne having an .
average of 5 to 7 nitrogen atons per nol ecul ), DETA (diethyl enetrian ne, MN

= 103), or DMAPA (N, N-di net hyl am nopropyl ani ne, MWV = 103). Each sol uti.on
was stirred at roomtenperature for 24 hours and then diluted with 50 n
of heptane and filtered. The solvent s renoved by nitrogen stripping

fol owed by evaporatjon under. hi gh vaguum,_,The pr.odycts :wer.e Anal yzed for
ni trogen contemPeC==== SXAESie3 TL -S2menls dRaPLEREE R e A VS

moncmers winich can te used IS grepare the rgolyzlikenes
acccrding to c:nven:i:nal.'well-<nown polimerizaction
tecaniques include sthylene; crooylene; tutene~i; butene-2;
isobutylene; pentene-1; hexene~i; heptene-i; octene-1;

nonene-1; decene-i:; pentene-z:_;ropyiene-cEtramer:

diisobutylene; isotutylene coiner; butadiene-~i,2; butadiene-
1,3; pentadiene-:,2: pentadiene-i,3; penca-diené—-;4;
isoprene; hexadiene-i,5; 2-chloro-butadiene-1,2; 2-methyl-
heptene-l; 3-cyclochexylbutene-i; Z-ﬁethyl-S-prcpyl-hexene-l:
pentene-3; octene-4; 3,3-dimethiyl-pentene-l; styrene; 2,4-
dichlorostyrene; divinylbenzene: vinyl acetate: allyl
alconol; l-methyl-vinyl acerate:; acrylonitzile: ethyl
acrylate; methyl mechaccylate:; ethyl vinyl ether; and methyl
vinyl ketone. Of these, the nhydrocarbon polymerizable
monomers are preferred and of these hydrocarbon monomers, the
terminal olefin monomers are particularly preferred.

Useful polymers include a-clefin homopolymers and
interpolymers, and ethylene/a-clefin copolymers and
terpolymers. Specific examples of polyalkenes';nclude
polypropylene, polybutene, ethylene-propylene copolymer,
ethylene-butene ccrolymer, propylene-butene -1 copolymer,
Styrene-isobutylene copolymer, isobutylene-butadiene-:,2
copolymer, propene-iscprene cspolymer, isobutylene-
chlorcprene copolymer, iscbutylene-{(para-methyl)styrene
copolymer, copolymer of hexene-l1 with hexadiene-i,3,

'copolymer of octene-l, copolymer of 3,3-dimethyl-pentene-l
with hexene-1, and terpolymer of isobutylene, styrene and
piperylene. More specific examples of such interpolymers
include éopolymer of 95% (by weight) of isobutylene with 5%
{by weight) of styrene; terpcilymer of 98% of iscbutylene with
1% cf piperylene and 1% of chloroprene; terpolymer of 25% of
isobutylene with 2% of butene-: and 3% of hexene-1l; !
tergolymer of 60% cf iscbutylene with 20% of pentene-1l; and
20% of octene-i: zerpolymer cf 90% of isobutylene with 2% of
cycichexene and 8% cf propylene:; and copolymer of 80% of
ethyiene and 20% ¢ sropylene.

Thig is the replacement sheet

Date: * 3 FEB 1998



The results are summarized in Table Il as follows: . '
TABLE || S : - Ni trogen . : . Ex.
Am ne.- Am ne Cont ent ' ~ No. : g w
7 " 'PAM - 0. 150 2.18 - 8 "PAM 0.300 - -
3. 27 - 9 " DETA  0.103 1.8 . .. 10 DETA
0. 206 2.65 . 11 DVAPA ~  0.103 . 0.33 .
12 DWVAPA 0.206 0.40 14 '

A userful =zourze cf

ebtaized v ¢

(4]
..-
[ P%g
5]
{0
(3]

Sutene zzntent < abecuz IS

isozuTylene content of abeouz 39 to abouz 50% Ty weight in o ==a
presence of a Lewis aciZ catalvst such as aluzinum '
TTichlzoride or boren tziflucride.

It must L= ncted, however, zthat =olyisccutylene cznctazins
guarcernary

cartcn atoms in the palymer chain.

s

Consequently

P4
i1f the alkvlating catalyst is highly acidiz (e.g., a

hetercsgely aciZ catalyst), highly stable zertiary
may Iorm, therezy either cracking the colvmer
=g

charn, zigrati inwarc Izcm the terxminus of

Zhe chiain zand
thersby shifting the location of the doutle tond, or some
cozmzination of both. Depending upon =he 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 substancially less than the Mn of the golyiscbutylene
starting material and to find dimers,

trimers and oligomers
mixed in with the reaczion product.

The cdegrzdaticn of guarternary carZon-csataining sciymer
streng acic cataliyst is
one ceason why a-clefin homogclymers and

s et
-

alkylating agents in the presence of

intercolvmers as
well as ethylene/a-olefin ccpolymers and

terzcolymers are
prefsrred.

Also useful are high molecular weight poly-n-butenes.
Reference is made to PCT Published Application No. WO 94/13714

entitled, "Amorphous Olefin Polymers, Copolymers, Methods of
Preparation and Derivatives Thereof".

ferced scurce ¢ =mcncmer Zcr making poly-n-buzanes

um fsedstreams such as Raffinate-2. These

feecstecks are disclosed iz the ar:t such as :n U.S. Patent
No. 1,282, 73¢.
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Exanpl e 13: Amination of Al kylated Catechol with DVAPA 4.32 g. of
t he product of Exanple 6 were dissolved in 50 -m of heptane. To this
m-xture was added 0.9 g. of DMAPA and .the solution was refluxed for 6
hours at 98[err] C. Afterwards, the heptane was renoved by nitrogen:
sripping foll owed by evaporati.on under :hi:gh vacuum The ni trogen -
~content of the product was found to be-1.20 w. %-.. :

_ _ 15 _ _

< : . - .
..... FSl/2LASNesS s CZCesSCIlIseC &ZTVe Whlsh meer  -%

arT anc Zces ncSTt ISmgriie =ars —l@ SIesent invenzion

The =cst ;:efar:ei';oiwné:s suiztztle for use :zs
alkylating age iymers of echylene and at least cne g

-0lefin, the «

—olefin <ypically having the formuia EyC=Cxré
wherain 24 :is Straight chain or Zranched chain alkvl radical

1 Lo 18 cazzzn atcns and wherein zthe colvmer

CSnT21ns 2 high degres ¢f tarminal etnhenviidena LnsaETurasian
y —- -t ot am s Al o
Preferaziy RY -n the ztove formuiz is alkyl of Zxom 1 to 8

carZcn ate=s and mere streferably is alkyl of fxem ! to 2

carzon atcms. Therefcre, useful comonomers with ethylene ir

this Invention include prepylene, butene-i, hexene-i, octene-
1, 4-methylrentene-i, decene-i, dodecene-1, tridecene-i,

tet-adecene-1l, pentadecesne-:i, hexadecene-i, heptadecene-~1,

octadecene-1, nonadecene-! and mixtures thereof (e.g.,
mixtures of propylene and butene-:i, Preferred

pPolymers are ccpolymers of ethylene and propylene and
ethiylene and hLutene-:. |

The echylene ccntent of che colymers emploved is

preferably in the range of between about 20 and about 80%,
and more creferably between about 30 and about 70% by mole.
When butene-: is emplcyed as comoncmer with ethylene, the

ethylene czatent of such copolymer is most creferzbly between’

about 20 and zbout 45% by weight, although higher or lower
ethylene contents may te cresent. :

Preferrecd ethviena/bucens-: =an

y 1e-1 copelvmers are disclosed in
ished Application No. W094/1943s, '
IMERS TEIRIVED TRCM ZTIEYILINET AND 1-BUTINE TOR

a'a ase e avasato. Loain,

TEZ FREFRSATION OF LUBRICANT DISSEIESANT ADDITIVES, wheresin is

disclicsec an cil soluble ===

SSzolivmer Zomprising frsm L te abou:

S0 wergzht percen: .:incmer unic

2nils derived I-om ethviene and
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34 - Di spersancy Performance pe
Exanples 7 through 13 were tested for sludge inhi
‘inhibition as described herein.
referred
for :

: 16

Zzom azeun

~ "The perfo'r-mance of the products of

bition and varni sh

. "The test for sludge inhibitionis
‘to as the SIB test. The SIB test has been found to.be excellent

€% T3 acout I welgnt feccenT TInsmaer tnsrs
cerived I-cm Zuzsme-l, Zzsad == Ine IStea. Soivmer werthI, ang
RAVIRS & numBber zverage mslecular werght IZetWean abcus L, 300
anc 7,300, ecthyivinyiidene zrsuzs zermizzzing ac least zrzour

. . ’ * . i TTTTE oTE

20 garcenc of ail topelymer zRzins, and zn zbsencs of
aggTegaticn in sciuticn with mineral cil zs cdecarminaed =
RaVing an Sy value!llighz-sczttaring faczos: ¢f abouc zerc.

A p_referred mephcd for making 'ethylene/a—olefin

copolymer is in

WO931/1371S, titled DILUTE PROCESS

POLYMERIZATION QF

descriked

PCT Published Application
.FOR THE

No.

STRYLINZ/a~-QLITIN CoPQLA=x USING
CETELLCCINE  CATRIYST SYSTIMS, whersin tiers is descoized 2
orscass for SnTinuwecusly groducing  cccoivmer comzrising
=8nomer units derived fzsm athylene z2nd a-clefin -’.:1 The
Tesence of 3 merzllecane catalyst system and ia a reaction
Zone containing liquid thase wnich cempIises (A) continuously

Providing a diluze ligrefied a-olefin feed stream comss

at least cne a-ol
wherein the amo

uns

30t weight percsat thereof: (B)

providing a_ feed

Ch.ﬁ-

ising

efin reactant and diluent admixed therewith
of diluent in said feed stream is at least

Sstream
ceTPrising ethylene in liquid, vapor, or liquid/vapor form:
(C}  admixing, the fged sctreams cf steps (A} and {B) in
amgunts suffizient o previde a -eaczant fsed sTrezm Rhavin
AR a-olefin/ethvlene weight ratio effactive to wvield a
Copolymer conta:ining bSetween abour S to about 70 weight

Percent onomer uaits derived “ronm ethylene:; (D) cecatizuously

intrsducing reactant feed

stream derived

in accesdance with

STep (C) and =etallocene catzlyst system into =the liquid
s2ase of the resactien Sne in a manner and under csaditicns
suflizient ze: (i) golymerize -the ethylene and e-clefin -=o
Solymer srocduzs naving & nusmber average moiscular weicht of
[WT  greater :than abou:z 13,000 ‘ii), obtain an a-clefin
SCnversion cf at least 30%, anc (Iii! ckraiz an ef:.h'ylene
]aversicn of at least T0%: znd

{£) continucusiy <lthdrawing copolymer srosduct from the

JgaczIzzr

-
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assessing the di spersing power of lubricating oil dispersant additives.
The medi um chosen for the SIB test is a crankcase mineral |ubricating: oi
conposi tion having an original viscosity of about 325 SUS at 38[err] 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 pgjneral lubricating oil, a viscosity
i ndex i nprover, a pour point depressant, and a zinc - '

di al kyl - di t hi ophgspbhat,e.antj,-wear.additive. The oil contains no sludge '

~N I a™

di spersant. A quanfity of stuch-asad 8PFYFE*4c§BRRERGLEY &csiseissgaand

refilling”¥RESFagVeanTer ankeassaat ~22088 te 22000, € 2kRt@RLalS ran e,

The SIB testzbsegonduchedohysibestotakbnosthe gloresald . o . =~
disgersants are frzx ;bcu: 300 o about 10;000, p:eferablv'df.
Zrem abeut 1,000 ts about 8,000, =ost creierably of frem )
abcut 2,000 ts abcut §,000. The mumber average mcleculaf
weight for such polymers can be derar—ined 5y several known
Ctechniques. A convenient method far such.determination is by
size exclusicn chrcmatography (also known as gel permeation )
hrematcgraphy, or G2C) which additionally provides molecular
weight distribution information, see W. W. Yau, J. J.
Kirkland and D. D. 3ly, "Modern Size Sxclusien Liguid
Chrzsmaccgraphy”, John Wiley and Sons, New Yaork, 1579. Such
pPclymers ‘generally cossess an iatzinsic viscesity (as
measured in tetralin at 135° C.) of between about 0.025 and
about 0.6 dl/gq, preferably of between about 0.05 and about
0.5 dl/g, most preferably of between about 0.075 and about
0.4 d1/g. These polymers preferably exhibit a degree of

crystallinity such that, when functionalized, they are oil
soluble.

The preferred ethylene/a-olefin polymers are further

characterized in that che polymer chains cossess as much

| terminal ethenylidene- and ethenyl-type unsatuvration as
pPossible. Thus, one end of such polymers will be of the
formula POLY'-C(R") = CH; wherein R" is Ci to Cyg alkyl,
preferably C; to Cg alkyl, and more preferably C; to Cp
alkyl, (e.g., methyl or ethyl) and wherein POLY® represents
the polymer chain: and a minor amount of the golymer chains
may contain terminal ethenyl (i.e., "wvinyl") unsaturation,
i.e., POLY'-CH=CH,. The chain length of the R; alkyl grcun.
will vary depending on the comonomér(s) selected for use i;
Fhe polymerization. A portion of the polymers can contain
?nternal monounsaturation, e.q., POLY'-CH=CHX(R"), wherein R".
1s as defined above.

Preferred ethylene/a~-olefin molvmer SSmprises polymer
chains, at least about 30% of which possess tarminal
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used crankcase oil fromthe taxi and centrifuging the mlky brown fluid for
1 hour at about 39, 000 gravities (gs ). The resultant clear bright red
supernatant oil is decanted fromthe sludge particles. The 'sludge has been -
renoved fromthis supernatant but it:-still contains sludge precursors,.

whi ch upon heating w |l convert to”adﬁgtional sludge.. - : A snmall anount
of each dispersant being. tested is' then added to a quantity of the B
super nat agt-apd:heahed at=-1435-C. ~for 16, bqunslyn-th_pmesemae_oﬂaa A
sanpl e of_éhg su ernatant ~w { hout any dlspersant added i's uUsed .as the

rfayr==y

standar d. “Whi | 83 Sanpté PavirAgSa weFF= “kirdin  GoTTErGi-alFRE S STES LY &t
leasT zbcut "3t le.g., 73 Tz £8%), 2 such soivmer zhanns
@XnilZlT Terminzi echenviizZene uvnsatuzzzisn. The ;e::sn:aée
cf zclymer chz:ins exhizizing cerminzl zrhenviidene
unsatiraticn may be dererm TTIE

v} unsaturacizsn, which may ze sub
echenylidene unsaturaticn ia ar-iving ac o}
discicsed zbcve. Hence, for examgle, & cembined
of 0% ethenviidene ancé etk '

adegquately su=sticuze *

bramwwe

shculd even szove siiperiz:o Sy vizzTue cf the higher reaczivicy
cZ terminal echenyl in ccmparison =z that of termizal
ethenylidena,

The echy!

ilene/a-olefin polymer zand the ccmno<1rlons
empfoyea in this inventicn may be prepared as descsited in

U.S. Patent MNo. 4,668,834, in Eurogean Patent Publicacions

128,046 and 129,368, and in U.S. Patent Nos. 5,084,534 and
5,324,800. ' |

The gciymers can he srepared
Sixtures com=

Zy solymer=zing =cncmer
ising ethvlene in cecxmbinaticn with cther
BOnOmers such as a-olefins having fzom 2 to 20 carten atoms
2

(and preferzzly from to 4 carken atoms, i.e., pregylene,

butene-1l, anc mxxt"*es thereof) in the presence of a

metallocene catalystc system ccmn*‘-'ng at least cne

metallocens (e.g., & cyclsopentadienyl-transit:on merzl

compound! and an activatcr, e.g., alumoxane <cmpounc. The

conmeonomer content :an ne

ssat-olled thrcugh the seisczion of

the metallccene catzlyst zsmpenent and Ly contzziling the

sarcial pressure ¢f zhe

The zclilymer - use i~ th

y i the present invenz:icn can include
Slock zand :izpered zspcivmers dersved S-an monomers Zomprising
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avail abl e dispersant blended therein is often used as -a reference.

After heating, the sanples are cool ed to roomtenperature and centrifuged
at about 39, 000 gs: - Any sludge renoved by this step is separated by
decanting the resulting supernatant and washing the precipitate with

hept ane, followed by additional cetrifugation. . The sludge precipitate is

t hen dried and wei ghed. The SIB score-i's determi.ned: by conparison
‘with the standard.(the sanpl e having nggdispersant). The weight of the -

sl udge precipitate renoved fromthe standard is . _

at lsast one csnjugated Ziene with &t _eas: Tencvinyi

arcmatizs nonomer, preferazliy sty

vrene. Useful solvmers
include polymers of the type disclosed in U.S. Taten: Yos.
4,073,737 and 3,795, 81%. |

Such polymers should not be completely hydrcgenated so
that the polymeric composition contains terminal clefinic
double'bdnds, preferably at least cne bond per molecule.
Useful polymers include an o0il soluble copolymer of the
following general formula: '

(A)x(B}y . (4)
wherein:

A is a conjugated ciene cf the formula:

RS
l

CH2=CH-C=CH>

wherein R® is a H or C; to Cg alkyl grqup,'preferably-H or
CH3 (i.e., isoprene) and present in mole % propor=ion as
indicated by x which may vary Zzom 45 to 99 mole %;

B is a Cg to Czp monovinyl aromatic compound and/or
aromatic substituted diene and cresent in weight % proportion
- as indicated by y which may vary from 1 to 53 molé %
typically from 25 to 30 mole 3, and preferably from £ to 40
- mole $. The lattermost range representing where the most
useful composite properties of cxidative stability and -18°
C. viscosity of the lubricating cil blend is realized.

Block copolymers as used herein includes "multiple block
copolymers" which term denotes copolymers consisting of two
or xmore of the single block copolymers described above, which
are tound to each other. A multiple block copolymer méy, for
example, be prepared by first copolymerizing to completion a
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normal i zed to 10. The anount of sludge precipitated fromthe other sammles
are scored by weight . Hence, if the precipitate fromthe standard were
found to have wei ghed 22 grans, ‘for exanple, and the precipitate froma-
particul ar -di- spersant sanpl e wei ghed 11 -grams, then the dispersant sanple
scores 5 after normalization of the standard to 10. As can be seen, the

| ower the SIB score, the better the slud deposit inhibition qualltles of
t he di spersant. An SIB score greater than 10 indicates that the

add:tive bei ng_.test ed . denonstyat Wﬁ%&éd%&%@ﬁérlﬁbwﬂrgﬂ---
qualities t

- ol
ry

10" addltlve at al Such an addi tive wul QL . fied as
a floccul anstyrene caTtPhEadd IRRALYRET ARF (SPRATT 77 Tre- V?ig %ﬁ?%i tion.

Here, Snallcébﬁﬁﬁiééﬁﬁiﬁﬁ dirspensentc arewaitieshe e -soc'ene £allowed
by said styrene cnto the "living® block copclymer. For
purgoses cf this disclosure, a "living" ccpolymer is one
which remains stable over an extended period of time du:;;
‘which addzt;onal monomers can ce added tc it.

Mu‘*;ple block copolymers can also be obtained in cther
ways such as by coupling of two or more "living" block )
copolymer molecules. This can be achieved by addition of a
compouns which reacts with two or more "living” single block
copolymer =oiecuies. Exampies of this type of compound
inciude ccmpounds con~:ining two or ore esSter groups,
compounds with more t..an one active halogen atom, e.g., di-
and tri-chloromethyl-benzene, phosgene._dichlorosilane.
carbon tetrachloride, d;methyld;chloros;lane. l 2~ _
d:.chloroethane and 1,2-dibromo-methane. . Another
possible method for preparzng multiple block copolyvmers
consists in the preparation of single block copolymer
containing a reactzve group in the molecule (e.g., a car:cxvl

- gfoup, which is, for examnle. obtained by bringing the
polymerization of a single copolymer to an end by addition cZ
carbon cioxide) 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 Zurther advantage that

| they can be tailored to provide the most useful additive
properczies while masking one or more undesirable properties
inheren=z in any polymer block.

The present invention can alsc include star polymers as
disciosed in patents such as U.S. Patent Nes. 35,070,131;
4,108,545 and 2,711,406 as well as £,0483,254. Particularly

useful star colymers are cdiscleosed in U.S. Patent No. °
§,070,131.

The Rlkvlarion cf the Dihvdroxvarcmatics
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supernatant oil having sludge precursors, just as described above with
respect to the SIB test. Each sanple is heat soaked overnight at about 140

C and then centrifuged to renmove the sludge precipitate. -.The precipitate

is renoved- and the supernatant is then subjected to heat-cycling of from .
roomtenperature to 150 C. at a frequency of about .2 cycles.per. mnute over
a 3.5 hour period. During the heatingzphase of each cycle, a gas conprising

0. 7% So[err]

- -e @
-

by volune, 1.4% NO by volune, and the remainder air, is

-t e e rm e

bubbl ed thumggbeggfvggst-sag@k%:ghgge"gggggggmgggEdds_ﬁ@megrégyﬁggd as

necessary. ad oyc .
car-isd cut Ty mechscs

aciz

sataivysts

gdliums mrem i lAaws g - oy~

=ix

resacTicon temperatiTe and zsressure

catalysts

encé are <thersfeore

el ol et
- -

MXTuTe. Suirzab

in .S.

s are desczifed iz U.S. Sarent Nos.

are
Such catalysts remain solid durin
aasy O ey

hetsrcgenecus

factent Nos.

s Ty Zhe tse of

—— =1 -a
pagediedil o) L agulied -

ing

No.
are.

Patent

catalysc

catalyst because cthey

. po oy
-

-

cr are licuid acg

the so

separatae ZIrca che

acing

4,283,373;

catalysts

Tole sieves and exchange resins such

and

EP Pubhlicaticn

4,323,714 and 4,849,563

387,080; clays, layersd materials and
composites thereof such as are described in UK Patent
Application 2,120,953 and EP Application 400,857;

and

hydrated hetercpoly acids and excess water as is described in

U.s.

Patent No. 4,9212,264. Supported heteropoly acids such

as are descsibed in U.S.. Patent No.

sustzble. Ampersiyst 1S is also a
catalyset. '

A particularly preferred
heteropoly catalyst
No. 5,334,775,
for alkyizting

as described

there is
hydrexyvarcmatic

wherein

contacting, in the liquicd chase, a
alkvlatizng agent of at
Jolecular weight and having at

couzl

a golvmer
nurmter
carzcn-carzcn Zondé wunsacutratizno,
no waters

Such

catalyst

disclosed a
compcunds

least one

acla,

3,346.657. are also

greferze

r-ag

netercgeneous

is a dehydrated
U.S. Patent

process
comprising

in

nydsexvaromatic compound,
ieast

about 500 average

ceactive

and a heteropoly

cf crystalliizaticn

cataliysc include

arsencmclvbdic
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36 - After heat cycling, the flasks in which - the sanples are contained
are visually exam ned for varnish deposits. The sanples are- subjectlvely
rated -agai nst the standard on a scale of 1 to 11, wherein a score of 1 '
i ndi cates no varnish deposits at all and t he standard (having no .

di spersant) is given a rating.of 11. . Hence, the lower the score, the -
better the varnish inhibition qualltles of the di spersant. . AVIB
score greater than 11 indicates that Zhe varni sh |nh|b|t|on qualities ‘of

the tested additive are worse than no additive_at all. ' The reference
used in @eidable BRI WAL PIHBSA- PERA S alumincrmolybdic acid,

silicstungstic acid, rchospactuagstic acid, Torotungstics acid,

titanotungstic acid, stannc:unast*c acid, and salts thereof. .
The catalyst is prepared Zsr the reaction by driving water of
nydration and c:ystallization out of the catalyst, either.
before or during the alkylation. Advantages include the
apility to easily alkylate hydroxyaromatics with polymer
alkylating agents having_mcleéular weights well over 1000.
Reaction temperatures vary <rom about 20° C to 250° C., but
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 dihydroxyaromatic compounds in the
presence of Ampberlyst 15 are typically carried out at
temperatures from 10° to 1S50° C., generally 20° to 120° C.,
preferably 80° to 110° C. for reaction times of from 0.5 to 24
hcurs, generally 1 to 12 hours, preferably 2 to 6 hours.

"The Amines

The amines useful in the present :invention are

polyamines having at least one primary or secondary amine
group.

Preferred polyamines are aliphatic saturated amines,
including those of the following structural formulas:

T S (III}
HoN— (CHp ) y—N—R"

RV—H—R " - (IV)
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di spersant wherein the polyisobutylene noiety had a nunber average

nmol ecul ar wei ght of about 950, the numher of succinimde noieties to each
pol yi sobutyl ene chain was about 1.18, and the nitrogen content of each
nol ecul e averaged 1.59% by wei ght. The reference is considered

representative of dispersants currently in comrercial use. . - The . _
results of SIB and VIB tests on the products of Exanples 7 through 13 were ..
as follows: _ - TABLE I 11 Exanpl e No. ° '
SIB ng VIB rating 7 ' ' 7.1
4 _ 8.5 23 4 9
8.0 5+** 10 =~ = . : 8.5
4 : _ | .
— ._1
ft—m——wmh——n——m&h——?——fv (V)
R' R.' ' . RN

wherein n is an integer of at least 1 and R', R", R"', and RW
are independently selected Irom the group consisting of
hydrcgen: C; to Cys straight or branched chain alkyl
radicals; C; to Cjp alkoxy Cz to Cg alkylene radicals; Cz to
Ci2 hydroxy amino alkylene radicals: and Cj to C;p alkylamino
Cz to Cg alkylene radicals; and wherein R" and R"' can
additionally comprise a moiety of the formula:

(cxz)g°—N H
. | (VI)
Rf
o, . €’

wherein R' is as defined above, and wherzin 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
each numbers of typically from 0 to 10, preferably about 2 to
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"', RM, s, s', t, and t' be selected
in a manner sufficient to provide the compoﬁnds of formulas
IV and V with at least one primary amino group. This can be
achieved by selecting at least two of said R' ,R", or R¥
gzeups in formula IV to be hydrogen, selecting =oth R' and R¥
This is the replacement sheet
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11 o . 5.8 oL mxr

5.75 o 6. 13 E el 1.59 -
4 Reference* 4. 20 0 68 . 70 Standard -
10. 00 - 11.00 - the catechol - and hydr oqui none-deri ved

di spersants were evaI uated in-two separ ate sets of SI.B and VI B tests
using two : 2l : :

in fsrzmula V to be nhydrogen, o y seiec=ing = :ia fermula V

to be at least ocne when the =giety of fcrmula VI possesses a
praizary amino gIoup.

Non-limiting examples cf suitable amine compounds
inciude: 1,2-diamincethane: 1,3-diaminoprcpane: 1,4-
diaminobutane:; 1, 6-diaminchexane; polyethylene amines such as
diethylenetriamine (DETA); triethylene tetramine:
tetraethylene pentamine: pol'y'pr'::pylene amines such as 1,2-
propylene diamine; di-(1l,2-propylene)tziamine: di-(1,3-
prepylene) triamine: N,N-dimethyl-1, 3-propanediamine (also
known as N,N-dimethylaminopropylamine, or DMAPA); N,N-di-(2-
aminocethyl) ethylene diamine; N,N-di-{2-hydroxyethyl}-i, 3-
prc:.:yiene diamine; l~-dodecyl-i,3-propane diamine: and
mixtures the -f.

Other ugeful amine compounds include: alicyclic diamines
such as 1,4-di -(am:.noeth;l) cyclohexane, and N-aminoalkyl
pips-azines of <he general formula:

. T

H—5=NH = (CH, ) simr TN Ner—1(CH,) -z-m-z <—H (VII)

CH,CH,

wherein pl and p2 are the same or different and are each
integers of from 1 to 4, and nl, n2, and n3 are the same or
different and are each integers of Zrom 1 to 3.

Commercial mixtures cf amine compounds may

advantageously be used. For example, one process for

preparing alkylene amines involves the reaction of an

alkylene dihalide (such as ethylene dichlcride or rcropyiene
dichloride) with ammonia, which results in a complex mixcure

of alkviens amines wherein nai*s of nitrogens are jcined by

alkylene groups, Zorzing such compounds as diethylene _
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separate sanples of supernatant crankcase oil. - “Hence; the reference score

~for each test: is-not exactly the sane. Here. the two scores from the
SIB tests and the two scores fromthe VIB tests were averaged. ROATEY
indicates a slightly higher value, a "-" slightly lower. No attenpt at

greater accuracy is made since the eval uati'on is necessarily-subjective.
As can be seen, the catechol derived dispersant (Exanple 13) displayed -the
nost i npressive sl udge- redu0|ng properté§5 and signi ficant varnish reducing
propertles over the . _ ,

Izizmine, --;ethylenece::a:ine. -et:ae:h/l ne rentamine, znd

cerrespending. piperazines.

Particularly prefersed amines include low cost

soly(ethyleneamine) cempcunds, cften referred to as PAM,
averaging about 5 to 7 nizrcgen atems per m=olecule. These
‘are ccxmercially available under trade names such-as
"Polyamine H", "Polyamine 400", "Dow Polyaﬁine'i~100", among
others.

Also useful are colvoxyalkvlene nolyamznes. such as
those of the formula:

NHj,-alkviene- -J-alkylene-)p—NH, (VIZII)

where nm has a value of about 3 to about 70 and preferably
about 10 to about 35; and

Ri-{-alkylene-(-0-alkylene-),—NH,], (IX)
where n has a value of about 1 to 40t 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 hydrocarbcnlradical_of up to 10 carbon atoms,
wherein the number of substituents on the RY group is from 3
to 6, and "a" is a number from 3 to 6 representing the number
of substituents on R4. The alkylene groups in either formula
VIII or IX may be straight or tranched chains containing
about 2 to about 7, and treferably about 2 to about 4 carkton
atoms.

Particularly preferred polyamine compounds include the
polyoxyalkylene polyamines of formulas VIII and IX, and the
alkylene polyamines represented by the formula:
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ref erence. FWdrqu|none derlved dlspersants (Exanples 7 to 12) showed
|nproved varni sh reducti on over the reference

26

r

He=Ne—t-alkylene —N—-i

| ] (X)
H i

wherein x is an integer of from ! to about 10, preferably
about 2 to about 7, and the alkylerie radical is a straight or
branched chain alkylene radical having about 2 to about 7;
oreferably about 2 to about 4 carbon atoms. :

Exampies of the alkylene polyamines of Zormula X iaclude
methylene amines, ethylene amines, butylene amines, Propylene
amines, pentylene amines, hexylene amines, heptylene amines

- octylene amines, other polymethylene amines, the cyclic and
-higher homologs of these amines such as the piperazines, the
amino-alkyl-substituted piperazines, . These
amines include, for example, ethylene diamine, diethylene
triamine, triethylene tatramine, propylene diamine,

di (heptamethylene} triamine,. itriprcpyleiie" tetramine, .
tetraethylene peritamine, trimethylene diamine, pentaethylene
hexamine, di(trimethylene)triamine, 2-heptyl-3-{2-amino-
propyl) imidazoline, 4-methylimidazoline, 1,3-bis-({2-
amincpropyl)piperazine, 1,4-bis(2-amincethyl)piperazine, N,N-
dimethylaminopropylamine (DMAPA), N,N° <4ioctylethylamine, N-
octyl-N'-methylethylene diamine, 2-metayl-i-(2-
aminobutyl)piperazine . 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 particulariy useful are
described, for example, in the Encyclopedia of Chemical:
Technology under the heading of "tthylene Amines” (Kirk and
Othmer), Volume 3, Pp. 898-90S; Interscience Publishers, New
York (1950). These compounds are prepared by the reactiosn of
an alkylene chloride with ammonia, which results in the
production of a compiex mixture of alkylene amines, including.
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1. A process for producing fuel and |ubricant additives which conprises:
provi ding a pol yneric hydrocarbyl substituted di hydroxyaromatic conpond

obt ai ned by al kyl ating a di hydroxyaronatic conmpound with a pol ymer S
al kyl ati ng agent- conpri sing a hydrocarbon pol yner containing at | east one
reacti ve carbon-carbon doubl e bond, wherein the hydrocarbon polyner is .
sel ected fromthe group consisting of _a | ow nol ecul ar wei ght hydrocarbon:

pol ymer having a .nunber average nol ecdl ar wei ght of from 700 to | ess than
20,000, a nedium nmol ecul ar_wei ght_h

il ar {_Jwydrocar bon pol yier. havi ngs a_nugper
aver age aptdisl aF-wRTFHYht=TamtT 'TT%n%"Z‘Q’,‘O '8 T'g'g '0'0':"0'?)%?' an %f_'l'ﬁ _

mol ecul agewehebe bytinesamiynabed perised FeT SSRenBerFaserage FdfEcular
wei ght g[eateLigggn 200, 000; and am nating the polyneric hydrocar byl
substitu?@ﬁeﬁrﬁy'Foxyaronatic conpound with at | east one am ne under

conditions effective in oxidizing the hydroxyl groups of the polyneric
hydrocarbyl seghgt bblyesydikyliensypedparipesonfodng=uias VIIZ anc IX

preferably polyoxyalkylene diamines and polyoxyalkyleme
ecriamines, may possess average molecular weights ranging Srom
abour 200 to about 4000 and preferably Zzpm about 400 to |
about 2000. The preferred polyoxyalkylene polyamines include
the polycxyethylene and the polyoxyprocpylene diamines and.:ne
palyaxyp:cpylene r-iamines having average molecular weight
ranging Z-om about 200 to about 2000. The polyocxyalkylene
pelya=ines are c::me::ially-available and may be obtzined,
#a- exa=sle, 2zom the Jefferson Chem:ical Co=pany, Iac. unger
the =rade names "Jeffamines D-230, D-400, p-1000, D-2000, T-
403%, etc.

—

’

The Amination Reaction Conditions

Rithout iiniting the present invention to a pa:t;:ula;'
" theory, it is believed that an alkylated quinone-type (I.e..

dica=monyl) intermediate is czeated (e.g., an alkylaved 2, 4=
ben:cq:;ﬁane'in ~he case wnere hydzsguinsne is used as <he
dihyg=oxyassmatizs: an alkylated 1,2-penzcguinone in the czase
of carechsl) during the reaction that is then subsequently
aminared. It is therefore possible to use alkylated
dicastonyl analogues of the dihydroxya tics of the present
inven=ion as starzing material and aminate Them direczly in
ac=cr-dance with the metiods cdisciosed herein.

1s is preferzed that the reaczion =ixtTurs be exposed TO
an cxidi:i:; agent sush that <the glkviated Zinydroxyarcmatlic

is oxidized == the cocrespending alkylated Zicazbonyl

e
imepsmediape. The cSizaztonyl chen realls wWitl Che amine.
Simmle exposurs Tc 2T=oSpheriz oxygen uIing the reacttich 2
SufSi-ians Sar chis puTEOoSe, TRough Sther cxiZizing agexnts

ma': pe e==ioved. The alkyizzion, cxidazicm, ang aminals
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to carbonyl groups. 2. The process.of Cfarn11 wherein said
di hydr oxyaromati c conpound is catechol. 3.  The process. of'CIalnll
wherein said dlhydroxyaronatlc conpound |s hydrqu|none

28
steps may be eas&-; Z5llowed spec::cs::c;:"echn:Ques such

=
as -“f:area cr NMR speczroscceoy.

Failure ts use an oxidizing agent will result in poor
'yields, since it may be expec-ea +hat cne molecule of
reactant will be consumed in order to oxidize another to form
one molecule of £inal product. . o

The amination of the present invention is preferably
performed in an inert solvent, such as a hyc’ocarbon. Useiul
hydrocarbons include heptane. cycichexane, toluene, xylene.ami_
mineral oil .

The alkylated cihydroxyaromatic coxpound, 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 period of from 0.5 to 168
hours, preferably 1 to 48 (e.g., 1.5 to 12 ; 2 to 6) hours.

Depending upon such factors as the reactants chosen and
- the nitrogen content of the Z£inal product deszred. the amines -
of the present invention will generally be emnloyed in the .
amount of from 0.0l mole of amine per mole cf
dihydoxyaromat-c ro 10 moles of amine per moie of
dihydoxyaromatlc, preferably 0.1 to S moles of amine per mole
of dihydroxyaromatic (e.g., 0.3 to 2; 0.5 to ).

Lubricant Compositions

The produczs prepared by ;he process of this invention
are very suitable for usé in lubricating oils. The '
lubiicating oils can'be any animal, vegetable or mineral oil,
for example petrzleum oil to SAE 30, 40 or 50 lubricating oil

grades, castor oil, fish cils or oxidized mineral oils.
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The prdCess;of;Clain11 wherein said amne is at | east one selected fromthe
group consisting of am nes represented by the following structural
formulas :  [err]. - ' T - o o

Altermatively the lubrizating oil zan be a synthetic

‘ester lubricating cil and these include ciesters such -as di-

-t

octyl adipate, di-cctyl sebacats. didecyl azelate, tridecyl
adipate, didecyl sucﬁijate.'dide;yl gluzarate an& mixtures
thereof. ternatively the synthéti: asrer can.be a
polyester such as that prepared by reacting polyhydric
alcchols such as t:inethylolprépane and pen#aerythritcl with
monocarboxylic acids such as butyric acid to give the
correspending tri- and tetra-esters. Also complex esters may
be used, such as those formed by esterification reactions

between cartoxylic acid, a glycol and an alcohol, or

monocarboxylic acid. .

Base oils suitable for use in preparing the lubricating
oil compositions of the present invention iﬁclude those
conventionally employed as crankcase lubricating oils for
spark-ignited and compressicn-ignited ianternal combustion
engines, such as automobile and truck engines, marine and
railroad diesel engines, . Advanﬁagecus results
are also achieved by employing the products of the present
invention in base oils conventionally employed in and/or
adapted £cr use as power ::ansmitting.fluids such as
automatic transmission fluids, tractor £fluids, universal
tractor fluids and hydraulic fluids, heavy duty'hydraulic
fluidﬁ and power steering fluids. | : Gear lubricants,
industzial oils, pump oils and other lubricating oil
compositions can also benefi: frem :he incsrporation therein

of the przoducts of the present invention.

This is the replacement sheet

Sae: - 3 FEB 198



30

The amount cf produ;: alkvlated wita dispersan:-:ange"
molecular weight pol&mér alkylatinq agent édded to a
lubricating oil is typically a minor proporzion and will
generally be blended in proportions of fromlo.OI%.co 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

weight).

The amount of product alkvlated with viscosity-modifier-
range nolecular weight polymer alkvlating agent added to a
lubricating oil is typically a minor proportion and will
generally be blended ;n proportions of f£rom 0.01% to 20% by
Qéight of lubricating oil (e.g., 0.01% to 12% by weight),
preferably between 0.01% and 6% by weight (e;gf, 0.01% to 4%
by weight).

The products of the present invention may be torated by

means known in the art.

Fuel Compositions

The procducts of this invention are suitablie for use in
normally liquid petroleum fuels such as middle distillates
boiling from about 65°C. .., 430°C., including kerosene,

diesel fuels, home heating fuel oil, and jet Zfuels.
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wherein n is an |nteger of at least 1 and R, R', R'"", and. R[err] are
|ndependently sel ected fromthe group conS|st|ng of hydrogen; Cerr] to . -
Clerr] straight or ‘branched chain alkyl radicals: Clerr] to (Jerr] alkoxy
C2 to C6 al kyl ene radlcals Clerr] to err] hydroxy am no al kyl ene

radicals; and (Jerr] ‘to. Clerr] al'kyl amino err] to err] alkyl ene

radicals: and wherein S i's a nunber fggn12 to 6 and t is a nunber fromO to
10. - 30 0 : '

.“he.ambun:-cf szrcduct aikvizzed with Zispersanc-range
moleca;ar delgqt colymer alkviazing agen: added o a2 fueli sil
is typ;*ally a mincr groporticn and Will, generally be tlended
in p:c"crt-ons of Zrom 0.001% to C.5% by WELQ“- of fuel.oil
(e.g., 0.001% to 0.3% by welgnt), pre:e*ably between 0.001%

and 0.15% by weight (e.G.» 0.005% to 0.15 by we;ght}.

The final fuel and lubricating oil compositions may if
desired contain other additives known in the add. tive art,
e.g., other VlSCOSlty index improvers and- d;spe'san?s.
detergents, antioxidants. sarrosion inhibitors, pour gpoint
depressants, antiwear agents and friction modifiers.

EXAMPLES

. Examples 1 to S: Alkvlation of Hvdrocuinone

In each of Examples 1 througn 3, a quantity of
hydroguinone (MW = 110) was dissolved in a quantity of either
heptane or toluene and charged to a 250 ml. round—bottom
flask. A quantity of Amberlite-15 (a strongly acidic resin
comprising dzvznylbenzene-c:assl-nked polystyrene, to which
sulfonic groups are attached] was added, followed by the
addition of a quantity of an ethylene/propylene copolymer
("EP polymer”) having a numper average molecular weight of-

870 and terminal unsaturation. Each reaction mixture was
then ﬁeated for a number of hours and then f£iltered. fo%lowed
by the remoéal of the solvent under vacuum.

IR speczra of the products revealed new peaks appearing
at 2600 and 1400 ca~! (thereby indicating a change in the
natuse of the hydroxyl groups cn the aromatic ring chat would
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5. The process of Claim4 V\:heI’GI n R' and R"

further co i < i
~‘the fornula: [err] rrpr_lsearrmety of

32
“indizate the gresence cf & sunsticuent thereon) and coxmplste
disappearance of the dsuble =C “d' ceaks cf the ZI? polymer at
3065, 1645 and 885 cm~! (thereby indicating the loss of the
polymer unsaturation). ‘This indicates that the
dihydroxyaromatic was successfully alkylated.

The alkylation procedures are _shov_m in Table I as

follows: = -
E I
Hydro-
qui- Sol- Sol- Amber RX RX
Ex. none vent ventz =-lite EP Temp Time
No. g. ml. g. g. °C. hrs.
1 6.32 Hep SO 12.5 25 98 6.0
2 30.00 Tol S0 15.0 50 90 2.0
3 3.16 Hep 30 15.0 50 90 2.5
4 1 6.32 Hep 30 15.0 S0 90 2.5
S 12.64 Hep 30 15.0 50 90 2.5

Examcle 6: Alkvlaticn. of Catechol

Into a 250 ml. zound-bottom f£lask 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-~l15 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 f£iltered, the Zlltrate
evaporated, and the resultant preccuct redissolved in heptane.
The heptane solution was itself Ziltered and the filtrate
evaporated under vacuum to obtain the product.

Examonies 7 throuch 12: Amination of Rlkvlated Hvcrsguinone
with PaM
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wherein each s and s' is the sane or a different nunber of from2 to 6,;
and t and t' is the same or different and are each nunbers of fromO to 10,
with the proviso that t+t" is not greater than 10. 6. The process of -
Claim1 wherein said am ne is polyethyleneamine. . 7. The process of

‘Claim1 wherein said anmine is diethylenetri am ne. 8. The process of
ClalmlvxlnerelnsaldamnelsNN- B ' '

' .:.33 '

Tn each cf examples 7 :':.:cuc;'r._' 12, 2 g. of the 8~
nydroquinone produced in Zxazpie I were dissolved iz S0 ml
heptane. To this was added 2 quancity of either PAM
(polyethyleneamxne having an average cZ 5 to 7 nit-cgen atems
per molecule) ,DETA (diethylenetziamine, MW = 103), or DMAPA
.(N,N-dimethylaminopropylamine, MW = 103). Each solution was
stizred at .room temperature for 24 ho urs_and then diluted
with 50 ml of heptane and <iltered. The solvent was removed
by nitrogen stripping followed by evaporation under high
vacuum. The procducts were a_nalyzec'. £or nitrogen content.

The results are summarited iZ "'a.b'e II as follows:

ol o

"TABLE II

Nitrogen
Ex. Amine ‘Amine Content
No. - e wt.3$
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
12 DMAPA 0.206 0.40

Txample 13: Amination of Alkvliated Catechol with DMAPA

4.32 g. of the product of Example & were dissolved in 30
a1 of heptane. To this mixture was added 0.9 g. of DMAPA and
the solution was refluxed for & hours at 98° C. Afterwards,
<he heptane \;.-as removed by nitrogen stripping followed by
evaporation under high vacuum )

The rnitrogen content c¢f the product was found to be 2.20
WEL.E.
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di met hyl am nopropyl anmine. - 9. The process of d al.m'l \Aherél n said
polymer al kyl ating agent is an unsaturated et hyl ene/ a- ol efin copol yrer.

10. The process of C ai m 9 wherein said a- oI efin corrprl ses four carbon
at ons. . .

4

Dispersancyv Perfzrmance

'The performance of the products of Examples 7 through i3
were tested for sludge inhibition and. varnish J.nhmst:.on as
desc-ibed herein.

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

assessing the dispersing power of lubricating oii. dispersant
agdditives.

The medium chosen for the SIB test is a crankcase
mineral lubricating oil composition having an original
vi: -sity 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 basé mineral
lubricating oil, a viscosity index improver. a pour point
‘depressant,. and a zinc dxalkyl-dith:.ophosnhate anti-wear
additive. The oil ceontains no sludge dispersant. A quantity
of such used oil is acquired by draining and refilling the
taxicab crankcase at 1,000 to 2,000 mile intervals.

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
the sludge particles. The sludze has been removed from this
superaatant but it still contains sludge precursors, which
upon heating will convert to additional sludge.

'A small amount of each dispersant being tested is then
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 sampie having a well known commercially

This is the replacement sheet

Date: - ~ 5 FER 1998



41 11. The process of daim1 mhereln sald polyner aIkyIatlng agent is

an unsaturated propyl ene/ but ene- 1 copol yner. +12. The process of

Claim1l wherein said polymer al kyl ati ng .agent i s an unsat ur at ed
honnpolyner of an olefln nnnoner ~sai d nonomer having four carbon-atoms.

‘available c'sbersan* :Eéﬂééd fhe:e;:'Ls citen used as a
zeference. . ~lter :ea:;:g, the samples ars csoled to room

temperature &nd ¢ en::;:::ec at abou: --,000 gs. Any sludge
removed by this sten is separaced v decanting the *=sul:ing
supernatant and washing :he precipitate with heptane, _
followed by additicnal cet-ifugaticn. The sludge precipitarte
is then cdried and weighed. ' '

The SIB scocre is determined by comparison with the
stancard (the sample having no dispersant). The weight of
the sludge precipitate removed Zrom the standard is
normalized to 10. The amount of sludge crecizitated from the
other samzles are scsred by weighit. Hence, if the
precigitate from the standard were Zound to have weighed 22
grams, for example, and the precipgitate from a particular
dispersant sample weighed 11 grams, then the dispersant
sample scores 5 after normalization of the standard to 10.
As can-bs seen, the lower the SIB score, the better the
sludge deposit inhibition qualities of the dispersant.

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:
classiiied as a flocculant.

The VIB test is used to determine varanish 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
soaked overnight at abou; 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 température to 150° C. at =z frequency of about 2 cycles
per 1inute over a 3.5 hour period. During the heating phase
of each cycle, a gas comprising 0.7% SO by volume, .1.4% NO
by volume, and the remainder air, is bubbled through each
test sample. These cycling pericds may be repeated as '
necessary. . _
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13. The process of any of Clalns 9 t hrough 12 wherein said polyner
al kyl ati ng agent conpri ses: 1 east about 30% conbi ned termn nal
~ethenylidene and et henyl unsaturatlon -14. -The process of claim1 -

wherein said pol ymer al kylating agent conprises a | ow nol ecul ar "wei ght

hydr ocar bon pol ynmer having a nunber average nol ecul ar wei ght of from'1, 000
to 19, 000. 15. The product forned by the process of any of . claims 1
through 12. - o - 36 . L

After heat cyciing, the Ilasks Iin wniczh the samples'are
¢¢ntained are visually ekamined €c- varnish ceposits. _The
samples are subjectively rated against the standard on a
scale of 1 to 11, wherein a score of ! indicates no varnish -
deposits at all and the standard (having no d'snersant) is
'gzven a rating of '11. Hence, the lower the. score, the better
the varnish inhibition cualltles cf the gzspersant.

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

The reference used in the tabie below was a ﬂIBSa--AM
dispersant wherein the polyisobutylene moiety had a number
average molecular weight of about 950, the number of
succ.nxn;de moieties to each polyisobutylene chain was about
'1.18, and the nitrogen content of each molecule averaged
1.59% by weight. The reference .is considered 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 mag VIB rating

7 - 7.1 4

8 8.5 4

9 8.0 5+**

10 8.5 ' 4
11 5.85 5-"° .
12 5.75 6

13 1.59 © 4
Reference” 4.20 =2.68 . 7 *0
Standard ' 10.00 : 11.00
* the catechol- and aydroguinone-derived dispersants wer
evaluared in two separate sets of SIB and VI3 tests using two
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16. An ol eagi nous conposition_conpr{éing'a'dajOr'anDunt OT“a'Iubricating 
oil and a m nor anount -of the product of C aim 15. 17. An- ol eagi nous
conposi tion conprising.a major anmount . of-a fuel and a m nor anount of the

product of d aim 15.:

separate samgiss ¢ surernztanc Toankcase ¢il. Hence *“&é
. . (SR seBsala, AT
-~

reference score 2sr sach <e

the
VIB

e

T 1s not exac:ily the same. Here,

TWO scores o Ithe SIZ tests znd the owo scores f-em the
tests wers averaged. ' |

"+" indicaces slightly nigher value, a "-" slightiy

a
lower. No attampt at greater accuracy is made since the

evaluation is necessarily subjecztive

13)

As can te seen, the cateczci derived dispersant (Example

displayed the most impressive sludge-reducing propercies

and significzan: varnish reducing =ISperties over the

- anadt o e W

reference. Hydrcquincne~derived dispersants (Examples 7 to
12) showed improved varnish reduction over the reference.
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18. A substance - useful as a fuel or | ubri cant . additive having the
chem cal formula: [err] ' : -

38
 CLATMS:
‘1. A process for producing fuel and lubricant additives

‘which comprises: -
' pProviding a polymeric hydrocarbyl sﬁbstitﬂted

- dihydroxyaromatic cempend obtained by alkylating é

- dihydroxyaromatic compound with a polymer alkylating agent
comprising a hydrocarbhon polymer containing at least one
reactive carbon-carkon double bond, wherein the hydrocarbon
polymer is selected from the group consisting of a low
molecular weight hydrocarbon pPelymer having a number average
molecular weight of from 700 to less than 20,000, a medium
molecular weight hydrocarbon polymer having a number average
molecular weight ranging from 20,000 to 200,000, and a high
molecular weight hydroccarbon polymer having a number average
molecular weight greater than 200,000; and

aminating the pPolymeric hydrocarbyl substituted

dihydroxyaromatic compound with at least one amine under
conditions effective in oxidizing the hydroxyl groups of the

polymeric hydrocarbyl substituted dihydroxyaromatic-compound
to carbonyl groups.

2. The process of Claim 1 wherein said
dihydroxvarcmacic ccpound is catechzi.’

3. The proccess of Claim 1 wherein said
~
dihydrexyarcmacic cezpound is hydroguinone.

I
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wherein N-Anine is an amine bound to the ring structure via a nitrogen atom~
and POLY is a polyneric hydrocarbyl derived froma hydrocarbon pol yner

sel ected fromthe group consisting of a |ow nolecul ar wei ght hydrocarbon -
pol ymer having a nunber average nol ecul ar wei ght of from 700 to |ess than
'20, 000, a nedi um nol ecul ar. wei ght "hydrocarbon pol ymer havi ng-a nunber

aver age nol ecul ar -wei ght rangi ng from 20,000 to 200, 000, and .a high

mol ecul ar wei ght.- hydrocarbon pol ymer havi ng a nunber average nol ecul ar-
wei ght greater than 200, 000.. 19. © Asgubstance useful as a fuel or

| ubri cant additive having the chenmical fornula: . :

. *le grzcess ¢F “lage '
. EsoCess ¢ Zlainm ~nerxsir =zail amine lg at
~B2ST One seliected fram thg cemuem ~ame

<
5
SR Tl8 gITup CInsisting cf admrmec
) . - -
" =

py = f:l‘gw1:: [ e ibadebibet Y

R" , and

RFV

s |
R R R”

——

T

wnerein n is an

.iatege £ at i T i -
. ger ol at ieast ! and R', R", R"*,

. are independently seleczted Zrom the group
conélsting of hydrogen; Ci to C2s straight or b;anched
chain alkyl radicals; Ci 0 C3jo alkoxy C2 to Cg alkylene
&1 to Orp morres SXy amino alkylene radicals:
. 1no C; to Cg alkylene radicals;
§ is a number from 2 to 6 ang t is a number from

radicals: Cz to Cj» hydr and
nd

and wherein
0 to 10.

O O 0
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[err]

40

S. The cfocess of Claim 4 wheresin R" and R"' further
comprise a 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 0 to 10, with the nroviso
that t+t' is not greater than 10.

6. The process of Claim 1 wherein said ;mine_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. '

9. The process of Claim 1 wherein said polymer
alkylating agent is an unsaturated ethvlene/a-olefin
copolymer. -

10. <he process of Claim 9 wherein said a-olefin
comprises four carbon atoms.
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wherein N—Anine is an amine bound to the ring structure via a hitrogen at om
and POLY is a polyneric hydrocarbyl derived froma hydrocarbon pol yner
sel ected fromthe group consisting - . _ .

.41
1 - . o 1
=>. The gzccess o Clais f ~nere:r szii zzlymer
alkyiating zgen: s an unsacuszzed s-cowlena/bucane

ccpcliymer,

. ™ - . = ]
12. The preccess of Claim . whersein sais colymer
1

vuer of aﬁ

alkylating &gent is an unsacurated homozc
e - L ] Y ~ i . )
olefix monozer, saic Tonomer having four carkon ateoms

. ) .
g ess of any of Claims 9. through 12 wherein
(o) v 3 ] S - ’ .
sSaic colymer aikylating agenrt ccmprises at least abourt
30% combined Terminal ethenylidene anc athenyl
unsaturation.

14. Theﬂprocess of claim 1 wherein said polymer alkylating
agent comprises a' low molecular weight hydrocarbon polymer

having a number average molecular weight of from 1,000 to
19,000. ‘ |

15. The precues formed by the process of any of ‘claims |
through 12. )

16. An oleagi- s ol isi
agllous .compositiaon COmMEIlsSing & major amount

of - S e e ey 5 - 3
? lubr--ag-?g 0il and a minor amoun:z of the producs of
Clainm 15, '

17. 1 in i3
An oleaginaus CiRpositicn comprising a major amcunrc
of 2 fuei = mi . .~
f 2 fuei and = Rinor amount of the produc: of Claim 15

(NN U e e ropiacoment sheet
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of a | ow nol ecul ar wei ght hydrocarbon.-pol ynmer having a nunber average

mol ecul ar- wei ght .of from 700 to | ess than 20,000, a nmedi um nol ecul ar wei ght
hydr ocar bon pol yner havi ng a nunber average nol ecul ar wei ght ranging from
20, 000 to 200,000, and a hi gh nol ecul ar wei ght hydrocarbon. pol yner having-a

. nunber. average nol ecul ar wei ght greater than 200, 000. ' 20. A-Iubricant
conposition conprising: lubricating oi'l; and at | east one of the -
substances of Cains 18 and 19. .49 o : : Lo

18. A substance useful as z 3uel cr lubriztant additive

having the chem:ic:z

N-Amine

wherein N-Amine is an amine bound to the ring structure via a
nitrogen atom and POLY is a polymeric hydrocarbyl derived
from a hydrocarbon polymer selected from the group consisting
of a low molecular weight hydrocarbon polymer having a number
average molecular weight of from 700 to less than 20,000, a
medium molecular weight hydrocarbon polymer having a number
average molecular weight ranging from 20,000 to 200,000, and
.a high molecular weight hydrocarbon pcl}mer having a number
gverage molecular weight greater than 200,000.

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

N-Amine
POLY
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whe*ein N-Amine. is.an amine bound to the ring structure via a
nitrogen atom and POLY is a pclyme*lc hydrocarbyl derived
from a hydrocarbon polymer selected from the group COﬂSlstlng
of a low molecular weight hydroccarbon polymer having a number
average molecular weight of from 700 & less than 20,000, a
medium molecular weight hydrocarbon polymer ‘having a number
average molecular welght ranging from ZO,QOO to 200,000, and
a high molecular weight hydrocarbcn polymer having a number
average molecular weight greater than 200,000.

20. A lubricant composition comprisings:

lubricating oil; and

at least one of the sttstances of Claixs '3 and iS.

o
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FUEL AND LUBRICANT ADDITIVES DERIVED
F

ABSTRACT OF THE INVENTION

The present invention relates to a novel process for
the production of fuel and lubricant additives useful as
dispersants and multifunctional viscosity modifiers
wherein a dihydroxyaromatic compound is alkylated with an
'olefinic polymer and then aminated in such'a manner as to
oxidize the hydroxyl moieties of the dihydroxyaromatic .
compound to carbonyl groups.



