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Technical Field This invention relates to a process for the preparation of
a functional 5 polymer, an additive conposition, and in particular to a
process for the preparation of an additive conmposition conprising an
am di zed or imdized polyner. The invention further relates to a highly
grafted, nulti-functional |ubricant addittve useful to | nprove the

vi scosity index and di spersancy properties of a lubricating oil
conposition. The present invention also relates to a nethod of extending
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with an ol efinic carboxylic acid acyla
reactlon"q t it ate, which is then reacted with an anine. U S. Pat. No.
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copol yner unsaturated carboxylic acid material followed by a reaction with a polyfunctional
material reactive with carboxyl groups, such as a polyamine, a polyol, or a

20  hydroxyamine, which reaction product is useful as a sludge and varnish control additive
in lubricating oils.

U.S. Pat. No. 4,137,185 discloses a stabilized imide graft of an
ethylene copolymer additive for lubricants.
U.S. Pat. No. 4,146,489 discloses a graft copolymer where the
25  backbone polymer is an oil-soluble ethylene-propylene copolymer or an ethylene-
propylene-diene modified terpolymer with a graft monomer of C-vinylpyridine or N-
vinylpyrrolidone to provide a dispersant VI improver for lubricating oils.
U.S. Pat. No. 4,320,019 discloses a muitipurpose lubricating additive
prepared by the reaction of an interpolymer of ethylene and a C;-C; alpha-monoolefin
30  with an olefinic carboxylic acid acylating agent to form an acylating reaction
intermediate, which is then reacted with an amine.
U.S. Pat. No. 4,340,689 discloses a process for grafting a functional
organic group onto an ethylene alpha-olefin copolymer or an ethylene-propylene-diene
terpolymer.

35 U.S. Pat. No. 4,357,250 discloses a reaction product of a copolymer




-2- and an olefin carboxylic acid via the "ene" reaction followed by a
reaction with a nonoam ne/ polyam ne mxture. U S. Pat. No. 4,382,007

di scl oses a dispersant VI inprover prepared by reacting a

pol yam ne-derived di spersant with an oxi di zed et hyl ene-propyl ene 5 pol yner
or an ethyl ene-propyl ene-diene terpolyner. U S. Pat. No. 4,144,181

di scl oses polyner additives for fuels aBd |ubricants conprising a grafted
et hyl ene copol yner reacted with a pol yam ne, polyol or hydroxyam ne and
finally reacted with an al karyl sulfonic acid. W 96/ 39477 teaches
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U.S. Pat. No. 5,075,383 discloses a process for preparing a
20  dispersant and antioxidant olefin copolymer additives, wherein free-radical grafting is
accompanied by the molecular weight reduction of the copolymers due to mechanical
shearing.
U.S. Pat. No. 5,556,923 discloses oil solutions of adducted
derivatized EPR or EPDM. This patent does not teach the functionality to molecular
25  weight relationship of the highly grafted, multi-functional VI improvers of the present
invention.

Backaround of the Invention

A method for preparing a highly grafted multifunctional olefin
30 copolymer is known from U.S. Pat. No. 6,107,257, which describes the grafting of an
ethylenically unsaturated carboxylic acid material onto a copolymer prepared from
ethylene and at least one C; to Cz; alpha-olefin and, optionally, a pelyene, wherein an -
intermediate copolymer has grafted thereon from 0.3 to 0.75 carboxylic groups per
1000 number average molecular weight units of olefin copolymer. Next, the polymer
35 intermediate is reacted with a polyamine compound, resulting in an imidized




-3- copol yner, wherein the copolyner has a nunber average nol ecul ar wei ght

of between 20,000 and 150,000 g/ nol. A drawback of this known process for

preparing a highly grafted nmultifunctional olefin copolymer is that it

requires a | ow nol ecul ar weight polyner to 5 start wi th. Another drawback

of this known process is that the conversion to the imdized polyner is

not nore than about 80% This means that ‘about 20% of the anhydri de groups

will not be converted to imde groups. In the presence of water, these

anhydride groups will be partly or totally converted to acid groups.

Anot her part of the 10 anhydride groups may be converted to am des. Such
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antioxidant properties to a ubricating oil composition, as well as enabling extended

lubricant drain intervals and improving fuel economy and fuel economy durability.

20 A further object is to provide a novel lubricating oil composition
containing the highly grafted, muiti-functional olefin copolymer additive of the invention

as well as to provide concentrates of the novel additive of the invention.

Summary of the Invention

25 The novel process for the preparation of an additive composition
comprises the following steps as described in claim 1.
The novel lubricant compositions of the present invention comprise an oil of lubricating
viscosity and an effective amount of the highly grafted, multi-functional clefin
copolymer.

30
Detailed Description of the Invention

The olefin copolymer employed in the novel, highly grafted, multi-
functional olefin copolymer additive of the present invention may be prepared from
ethylene and propylene or it may be prepared from ethylene and at least one higher

35  olefin within the range of C; to Cy; alpha-olefins.




-4- Preferred polymers for use in the present invention are copolyners of

et hyl ene and one or nore C3 to C23 al pha-ol efins. Copol yners of ethyl ene
and propylene are nost preferred. O her al pha-olefins suitable in place of
propyl ene to form the copolyner or to be used in conbination with ethyl ene
and propylene to forma 5 terpolyner include 1-butene, 1-pentene, 1-hexene,
1-octene and styrene, branched chain alpha-ol efins such as

4- et hyl but ene- 1, 5- net hyl pentene-1 and 6- net hyl heptene-1; and m xtures

t hereof . More conpl ex ol efin copolyners, often designated as interpolyners,
may be prepared using a third conmponent. The third conponent generally used
to 10 prepare an int er poligfasied Polymersfprusedn thepeseahiovertion aer copely@eisad f r om
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to 15 W % ofxagidgHan- conj ugat ed diene or triene. The ol efin copol yner or

t er pol y g is an oil-soluble, linear or
The triene component will have at least two non-conjugated double

bonds, and up to about 30 carbon atoms in the chain. Typical trienes useful in
preparing the interpolymer of the invention are 1-isopropylidene-3a,4,7,7a-
tetrahydroindene, 1-isopropylidenedicyclopentadiene, dihydro-isodicyclopentadiene,
and 2-(2-methylene-4-methyl-3-pentenyl)[2.2.1] bicyclo-5-heptene.
25 Ethylene-propylene or higher alpha-olefin copolymers may consist of
from about 15 to 80 mole percent ethylene and from about 85 to 20 mole percent C; to
C2; alpha-olefin with the preferred mole ratios being from about 35 to 75 mole percent
ethylene and from about 65 to 25 mole percent of a C; to Cy; alpha-olefin, with the
more preferred proportions being from 50 to 70 mole percent ethylene and 50 to 30
30  mole percent C; to Cy; alpha-olefin, and the most preferred proportions being from 55
to 65 mole percent ethylene and 45 to 35 mole percent C; to Cy3 alpha-olefin,
Terpotymer variations of the foregoing polymers may contain from
about 0.1to 15wt % of a non-conjugated diene or friene.
The olefin copolymer or terpolymer is an oil-soluble, linear or
35  branched polymer having a number average molecular weight from about 20,000 to




35 branched pol ynmer having a nunber average nol ecul ar wei ght from about
20,000 to -5- 500,000 g/ nmol as determ ned by gel perneation chronmatography
and universal calibration standardization, with a preferred nunber average
nol ecul ar wei ght range of 30,000 to 400,000 g/nmol. The terns pol yner and
copol ynmer are used generically to encogpass et hyl ene al pha-ol efin

copol yners, terpolyners or interpolyner These 5 materials may contain

m nor anounts of other olefinic nonomers so |ong as the basic
characteristics of the ethylene al pha-olefin copolyners are not naterially
changed. An eth | enically unsaturated carboxylic acid material is next
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pol ymer. 25 The car box react ant raf ed o d olefin
copol ynéP | ACifumara Aa mlwmnvé@d@ogamwe OfMOe?FQODSAhQSGt Magic of said
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is, methyl methacrylate can provide one carboxylic group per molecule to the grafted
polymer while maleic anhydride can provide two carboxylic groups per molecule to the
grafted polymer.

25 The carboxylic reactant is grafted onto the prescribed olefin
copolymer in an amount to provide 0.2 to 20, preferably 1 to 8, of said carboxylic acid
acylating groups per 1000 C atoms of said olefin copolymer. The minimum level of
functionality is the level needed to achieve the minimum satisfactory dispersancy
performance. This minimum performance is reached when on average less than one

30 functional group is present per polymer chain. Above the maximum functionality level
little, if any, additional dispersancy performance is noted and other properties such as
bulk viscosity and solubility of the additive may be adversely affected.

The grafting reaction to form the acylated olefin copolymers is carried
out in a first step (A) by reacting an olefin copolymer with an olefinic carboxylic acid
"~ 35 acylating agent, said process comprising heating said olefin copolymer to & molten




out in a first step (A by reacting an olefin copolyner with an olefinic
carboxylic acid 35 acylating agent, said process conprising heating said

ol efin copolynmer to a nolten -6- condition at a tenperature in the range of
60C to 240C, grafting, in a first extruder or a first m xing device, said
ol efinic carboxylic acylating agent ontq said copolyner, optionally
subsequent |y reducing the nol ecul ar weight of said copolyner at a
tenperature in the range from 250C to 350C, thereby producing a grafted,
reduced 5 nol ecul ar meight acyl at ed copol ynmer havi ng a nunber average

nol ecul ar wei 8@ ? g from5,000 to 80,000 g/nol and having between 0.2
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met hods kno agtion o | ene pha-ol efin
copol yners % gt %ﬁ[agéﬁ %rg fﬁ%“r'\ eEPHr éﬁf‘% quc@PB‘&@éh‘{'%Verglﬂﬁh as

hal ogenati on react i ons Thterfreemicabmmamwmley bensedo g?@mmdéﬂﬁlehﬁﬁllye()f can
be used 30 unssEhe, roce u reactions are

conveni ﬁ)ﬁ%ar“ ed out in mnera e reactants
at tenp Pegpx (pqr%stga,oqumlﬁg:@zo Caﬁpwmlﬁtanapmpblyetrmslewmhm d the

generat i on décofrpese thamhalilksa ilsétamial@RichORitHY e Qi igtemperature range and
time to provide free radicals. Representatives of these free-radical initiators are
azobutyronitrile, dicumyl peroxide, 2,5-dimethythexane-2,5-bis-tertiarybutyi peroxide,
2,5-dimethylhex—3-yne-2,5-bis-tertiary-butyl peroxide and di-tertiarybutyl peroxide. The
25 initiator is used in an amount of between about 0.005% and about 1% by weight based
on the weight of the reaction mixture.

Other methods known in the art for effecting reaction of ethylene
alpha-olefin copolymers with ethylenically unsaturated carboxylic reagents, such as
halogenation reactions, thermal or "ene* reactions or mixtures thereof, can be used

30 instead of the free-radical grafting process. Such reactions are conveniently carried out
in mineral oil or bulk by heating the reactants at temperatures of 60°C to 240°C under
an inert atmosphere to avoid the generation of free radicals and oxidation byproducts.
"Ene" reactions are a preferred method of grafting when the ethylene-olefin copolymer
contains unsaturation. To achieve the high graft levels (up to 20 molecules of the

35  acylating agent per 1000 C atoms of the oiefin copolymer) desired by this invention it




"Ene" reactions are a preferred nethod of grafting when the ethyl ene-olefin
copol yner contains unsaturation. To achieve the high graft levels (up to
20 nol ecul es of the 35 acyl ating agent per 1000 C atons of the olefin
copolynmer) desired by this invention it -7- may be necessary to follow or
precede the "ene” or thermal graft reactjon with a free- radical graft
reaction. Next, in a second step, the polyner internedi ate possessing
carboxylic acid acylating functions nade in (A is reacted in a second
extruder or a 5 second m xing device with a polyam ne conpound sel ect ed
fromthe gro Qnsistin f. (a) an N-ary|phenyl enedi am ne represented by
the formia: MeyBRIecessanto f‘ﬂf"lﬁg F'?*?c‘%% e "exe” prathermahgriaft ceagtion with a free-H, - NH2,
-(-NH Aryl) Fadical graftirgctignl.) H, -NH-arylal kyl, a branched or straight chain
radi cal having from4 t . that can be al kyl, al kenyl,

al koxyl, aral kyl, al k_argﬂ : 'F\@%é%%&%ﬁ%bﬁﬁgpdy'ﬂﬁﬁ' [5HNedRte ppgsessing - NHD,

- (NH( CH2) n ) fidrRptic aqiccppyyating fumrtionsamnade-ilNMD) is feactetiircisedsnaBgtruiehavee a val ue
from1 tosl1l0secdpd ' : ; | .15 aral kyl,

al karyl havin fdriking Gevits i ‘@%?ﬁ%yﬁﬁ*aﬁ@%ﬁ%%ﬂmgw ‘ﬁ?s'ﬁg‘"ﬂmm,

and R3 = H, ®hich is N-phenyl pare phenylene diamine (NPPDA) and its

i somers. (b) a(ra)aaﬁmwhbag@{eeim@p@amgdgythgb@mfﬁwl as N-12 RHRL
20 in which R and Rl represent hydrogen or an al kyl, al kenyl, or al koxyl
radical having from1 to 14 carbon atons, (c) an am noi ndol e represented
by the formula: R H2"*D N H in which,R represents hydrogen or an al kyl
radi cal having from1l to 14 carbon, 25 at R3. (d) an am no-i ndazol i none
represented by the fornul a: RLAF_N‘@RZ

10 in which Ar is aromatic and R* is —H, ~NH,, =(-NH-Aryl),—H, ~(-NH-Alkyl),~H,
—NH-arylaikyl, a branched or straight chain radical having from 4 to 24 carbon
atoms that can be alkyl, alkenyl, aikoxyl, aralkyl, alkaryl, hydroxyalkyl or
aminoalkyl, R? is (~NH,, —(NH{CH3),~)m—NHs, —(CHa)q—NH,, ~aryl-NH,, in which
n and m have a value from 1 to 10, and R®is hydrogen, alkyl, alkenyl, alkoxyl,

15 aralkyl, alkaryl having from 4 to 24 carbon atoms, preferably R = H, R? = -NH,,
and R* = H, which is N-phenyl para phenylene diamine (NPPDA) and its
isomers.

(b} an aminocarbazole represented by the formula;

N

R { 1
& R
20 in which R and R represent hydrogen or an alkyl, alkeny}, or alkoxyl radical
having from 1 to 14 carbon atoms,
(¢} an aminoindole represented by the formula:

R

N

|
H

in which R represents hydrogen or an alkyl radicai having from 1 to 14 carbon
25 atorns,




RO HZNNNH i H in which Ris hydrogen or an al kyl radical having from1
to 14 carbon atons, (e) an am nonercaptotriazole represented by the
formula: NNH2 ,R-<Y HSNNr 5 H in which R can be absent or can be
C, - Cl10 linear or branched hydrocarbon selected fromthe group consisting
of alkyl, aryl, alkaryl, or arylalkyl. (f) an am nopyrim di ne represented
by the formula: NH2 NJ-'"N 66 R 10 in®which R represents hydrogen or an
al kyl or al koxyl radical having from1 to 14 carbon atons. Particularly
preferred polyam nes for use in the present invention are the

N-aryl phenyl enedi am nes, nore specifically the N-phenyl phenyl enedi am nes,
for exanpl e NdpiRerapina-indazsiioens reprederded pietheferpiuiny | - 1, 3- phenyl enedi ani ne,
and N 15 phenyl -1, 2- phenyl enediami ne. It is preferred that the pol yam nes
contain only one primary amine group soRas tocavoid coupling and/ or
gelling of the olefin copolynmers upo | of said diamne in the form
of a crosslinker. Addition of thel ne |1 provide a chem cal |ink
bet ween the 20 polyam ne and the acy ednOpoOl ymer via an am de group in
the case of a nono acyl acylating agent. A preferred enbodi ment of the

i nvention consists of the coupling of -9- Hhe described primary amne with

i aci latig : i [ } f . | i f th I d
ol ymor w11 i DP4RG Ris Blondhlaf 3h kTR gt 1o 1AflpBenatems ' © ©

{e) an aminomercaptotriazole represented by the formula:
N NH»
/R—< \Ir
'
5 H
in which R can be absent or can be C, — C4, linear or branched hydrocarbon

selected from the group consisting of alkyl, aryl, alkary!, or arylalkyl.
(f) an aminopyrimidine represented by the formula;

NH,
N7 N

R

10 in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to
14 carbon atoms.

Particularly preferred polyamines for use in the present invention are
the N-arylphenylenediamines, more specifically the N-phenylphenylenediamines, for
example N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-

15 phenyl-1,2-phenylenediamine.

Itis preferred that the polyamines contain only one primary amine
group so as to avoid coupling and/or gelling of the olefin copolymers upon reaction of
said diamine in the form of a crosslinker.

Addition of the polyamine will provide a chemical link between the

20  polyamine and the acylated copolymer via an amide group in the case of a mono acyl
acylating agent.

A preferred embodiment of the invention consists of the coupling of




species. This functionality is generally known to be tenperature and

noi sture sensitive resulting in both cases in the |iberation of the

pol yam ne and is thus undesired for the 5 application. Characteristic of
the reactivity of a primary amine and the described diacid acylating agent
or derivatives thereof is that the an1§la0|d I nternmedi ate can provide a
thermal |y and hydrolysis stable imde Iinking functionality by liberation
of reaction water. This imde formation is the preferred result of the
process. All other above-nentioned conponents m ght be present to sone
extent in the reaction product. 10 The second step of the process of the

i nventi on i §eflesernespripapAming ith Blﬁ"tacidr?ct"ﬁty’gpﬂgéﬁb?kfjér'ﬁ“vﬁﬁhe&qfd Wth the
process of tlaepun@\bemtela@ﬂafeb@onym@mIurmtaﬁy kst g theFbrmidlibsl bZ@tamic acid

f t I d h b ut 75 % . Pref bly th d
has s pa. <soeciet, BB funcfaneingfe dhonll Kikindt o8 Finerdire Appangitireiovecn ot o
t enper at ur ereslltiB9 @ baltbcakes ththe lsstiation of the molyamiresandfis thbe undeseed foothecan be

but d . I

benzene Sl PRPIERIH. bR of e Heifs s bl e AT bpibdatagY, |
aci d ( H2SO4peyiating fagerd op derivatives thﬁ!ﬁ@f 15 Wa:ammacl%ln@mme@m piovide a( SnCl 2) ,

al um num chiyrhals aﬁ&‘lh%rsﬂ:sas EfaﬁfeQﬁfﬂgllelné huﬁct:d’nﬁlgf by ﬁHérétBntolf' ?ea@f d?ﬁﬁa‘iér of the
invention is carfied o presence of A The anmount of

aci d used |§h'ﬁﬂ@f’%F%’ﬂPSPrﬁéfhﬁéﬁ?fe'Pdaﬁa“@fm %"B%%eﬁ” °t8ﬁf Qqﬁ’ée mﬁﬁ?ﬂe of the
pol yam ne. Bﬁhﬁbﬁeﬁtsﬁﬁb%ﬁehﬁes@ﬁ!tﬁsbmﬁehﬁhﬂh!heaﬁﬁctﬁﬁfpﬁﬂucpn the conversion

of the hydride groups. to imd es_ahove 4 | %
nave ultied out to be g RRH R if Ross of S MRl BRielell Sl
i nventi on ceut ittheqaesenexiofantacidnWith ¢heoprecess oéthe sreetiicoribe incbinpletemay be

carried out Ehpioz'e%h nﬁé&é&{ﬁ;ﬁ‘&uoﬁ&’éé&ﬁ%gg?h&&%@bﬁ‘geq%%d !#j&fou ?*3'/ a grafting

ext ruder react tween an copol ymer with an

ol efinic fefriably the a@z@u hes aPfiaat 4. dje plfaria definedas BRagsed Brealdayeeuse nol ecul ar

wei ght may gﬁut,oh@qig@@ﬁberﬁu,re@aggw device (3) for the reaction of the
functionalized acyl at ed am ne npound, a degassi ng

and finidhing extruder A(’ﬁf u %Hf‘é'?? E’FB‘EPSBQ?thFé'T‘)f;BWcFaB ezi’ub%"FI”é’f kgiggd™ (5) . The
f eedi ng ext foushed to(ukhe BEONIREACRITPESAY, uweaedyobenzuhﬂmrob.alaeaa (6BSA),as a coni cal
Stripe. or BORBHEFHSNEREP OMBEORST SPRESes Mg AFEO R i g Zone has
been desi gn&F:G6.H)ostanrnus phintidea(SdChik atumamuin chierjslet(AIE1) Argfesblyt thet he second
part of 1t NerBERRGT herébess dfine aftioh Wedtidd dif iithe RELARY: PYsad second zone
of the foeedl ng extruder can a e use
The amount of acid used is preferably between 1 and 3 mol% based
on the amount of the polyamine. Below 1 mol% the acid has hardly any effect on the
conversion of the anhydride groups to imide groups, while quantities above 4 mol%
have turned out to be of little added value.
25 . The process of the invention can be carried out in one ore more
sections, which may be carried out in the following devices: a feeding extruder (1), a
grafting extruder (2) for the graft reaction between an olefin copolymer with an olefinic
carboxylic acid acylating agent in which optionally the molecular weight may be
reduced, a reactor device (3) for the reaction of the functionalized acyiated polymer
30 with a polyamine compound, a degassing and finishing extruder (4), which may be
followed by a pelletizer (5).
The feeding extruder (1) may be an extruder for rubber bales such as
a conical twin-screw extruder headed by a gear pump, or a feeding extruder for rubber
strips, or a feeding extruder for crumbs or pellets. The feeding zone has been designed
35 totransport and melt and pump the polymer to the second part of the process e.g.




as a water-degassing zone. In the water-degassing zone the polynmer can be
degassed to an anount of water preferably less than 0.5 wt % The degassing
zone can also be a first 5 zone of the extruder used to carry out the
grafting and down-shearing reactions. The second extruder contains a
grafting zone where the grafting reaction takes place, optionally followed
by a nol ecul ar wei ght reduction. Injecttfon of the acylating agent and the
peroxi de generally takes place in this grafting zone. Optionally, multiple
i njection of acylating agent and peroxide is applied. The acylating 10
agent and the peroxide can be injected into the nolten polyner as a nelt,
as a sol uti egactins e)élﬁxdér. BiptdHN iacoit 2onk F thkiféelingdxitaddr cah alb Beuaéd oi | .

Pref erably, the tion of the peroxide would follow the acylating agent
addi tion af taéra“ia a:lega% MBi ameters to allow sufficient dispersion of

t he acyl ating agent. | rin¢hepwatérdapassingrinmeitnepdlyrhdrean tididegamsedfo acyl at i ng
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tenperature in the gratln zone i S [oni er nocoupl e
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the reaction are r ved fromt preterred nmeans of purifying
the -11- reaction zones. In the case of multlpie |nject|ons the mdlwdual amounts of injected

20 reactant are chosen to represent even or uneven portions of the total amount of
reactant.

The length of the grafting zone is chosen to allow the peroxide to
decompose substantially resulting in the highest grafting efficiencies. In case of
multiple injections of the reactants the grafting section will obviously be extended to

25  fulfill the requirement of peroxide decomposition and consumption of graft monomer.
Alternatively, the temperature of the grafting zone can be raised to some extent to
allow faster decomposition of the added peroxide.

The temperature in the grafting zone is monitored by means of a
thermocouple mounted in the polymer melt. The temperature profile can be installed by

30 means of the resistance of flow caused by typical screw elements in the grafting zone
and by adjusting the screw rpms.

The grafted polymer may be transported from the grafting zone
through an optionat restrictive dam into a purification zone, which is a region where
solvent, unreacted reagents, by-products, co-products and other volatile impurities from

35  the reaction are removed from the polymer. One preferred means of purifying the




pol ynmer is through use of a vent zone. Such vent zone conprises one or nore
vents wth optional vacuum systens to reduce pressure and assist in the
stripping of the volatiles and/or solvents. In the case of nultiple vents
within a vent zone, the vents are separated fromeach other by restrictive
dans simlar to those described above-1ii)se of 5 the vacuum system helps to
| ower the boiling point of the volatile inpurities and facilitates their
renoval . To further assist the renoval or stripping of unreacted reactants,
by- products and co-products, the vents nay be under reduced pressure and

an inert ps%pga n'gg-fr ruse o?é'ggh@én{“stu%’gé?z? %sé@&ﬁé’%&gveﬁtge use of

nitrogen st particul ar e renoval
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reaction of hihgetd W&d-;%éudtsz% ve%f’%h?@éjurmél' b@&iﬁéed%r&éku?e%éfﬁﬁér{‘e conpound.
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the react or Ha(PASePE OVEs, at EXBEPg extruder will be
equi pped for adequat e Epéesllydhapurificatiopwzope nan iseecperated aondraaded- up
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case the po can rou Foact evice at a very
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extruder tor IS | S poOSSi because of the very low viscosity of the

pol yrer r@'H“?Fé'é"'ﬁ%'é’ﬁgf?HWi‘P”shear ed in the reaction zone and increased in
30 tenperature in the Sm@alﬁtdzné@mﬂirémmmmranibmeﬂdyﬁameyag@mwdtwawpt|onal
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extruder and reactor device to be connected differ in shape or surface. The reactor
device can be a second extruder or a passively mixed unit such as a static mixer.
if the reactor device is a static mixer the preceding extruder will be
equipped for adequate pressure with a pumping section to build-up transportation of
25 the melt through the passively mixed reactor. In this case the polymer melt can be
pumped through the reactor device at a very low pressure drop over the reactor device,
making use of a very small pumping zone at the head of the grafting extruder at a
sufficiently high extruder torque. This is possible because of the very low viscosity of
the polymer, which has been down-sheared in the reaction zone and increased in
30 temperature in the second reaction zone.
The polyamine and the optional acid will be dosed to the acylated
polymer melt at the beginning of the reactor device, in which the reactants and the
acylated functionalized melt are mixed and the imidization reaction takes place. The
dosing of the reactants can be combined or separate, as a melt, solution or suspension

35 insolvents or oil.




-12- A preferred enbodi nent of the present process consists of injecting
the pol yam ne just before the second m xi ng device. Injection can take
place at the last barrel of the extruder, where at the point of addition
part of the pressure-building transport elenents are substituted by severe
m xing el ements to i nprove dispersion-@2-5 the reactants. Alternatively,
the reactants are added at the entrance of a severe m xing device placed
bet ween the extruder and the reactor device to generate nol ecul ar

di spersion of the amine within the polyner melt. The tenperature at the

oint of amne additio lo W unted in
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pol ymer "and a ‘pol yam ne
are commonly known as aliphatic or phenolic alkoxylates Representatwe examples

are SURFONIC® N-40, N-60, L-24-5, L-24-2, L-46-7 (Huntsman Chemical Company),
Neodol® 23-5 and 25-7 (Shell Chemical Company) and Tergitol® surfactants (Union
Carbide). Preferred surfactants include those surfactants that contain a functional

25 group, e.g., --OH, capable of reacting with the acylated olefin copolymer.

Another category of surfactants as described above is represented by
derivatives of oil soluble acids (e.g. fatty acids) with polyalcohols. Typical examples of
such compounds are glycerol monooleate and glycerol monostearate.

The quantity of surfactant used depends in part on its ability to

30 solubilize the pclyamine. Typically, concentrations of up to 40 wt% polyamine in
surfactant are employed.

The second reactor device should have a mean residence time to
allow substantial conversion of the acylated polymer and the polyamine. In general
reaction between the acylated polymer and a polyamine to form an amide is fast,

35 whereas the conversion to the imide species will require longer residence times.




35 whereas the conversion to the imde species will require |onger
residence tines. -13- In a preferred enbodi nent the second reactor is
operated to sinulate as closely as possible a plug flow reactor. Broad
residence time distribution is to be avoided since this can result in a
broad distribution of the targeted reat3+on product in the polyner nelt.
Such plug flow residence pattern is for exanple obtained by the use 5 of
static mxing elenments as obtained fromSul zer Itd, Wnterthur, Switzerland
under the trade nanme of SMX. Such plug flowsinulating conditions can be

described as the rel ath‘lQBﬁal?ér%dtl#ﬁmﬁﬁbniﬁﬁs(e%dqgéh‘i@r&bﬁ@aﬁ&%élﬂﬁla&m yner
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volune static mxer I's preferably used for carrying out the process of the
i nvention. MR&NFSIOPAEIIMRIt in the second reaction zone preferably has a
tenperajare of bet weenTReGesied a%’uagerdémenteeum@rnahmmn@eémmepamn 20
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Idﬁjvgl:?lt ibdnl p%&bmngﬂ{%h ﬁ’l@ﬁi\gé g;g%gl lin Rigﬁrotr%uegfang?vﬁf Agdtiafdhfidennal
the reactwlty of the melt A temperature above 320"C should be avoided as this might
cause substantial degradation of the polymer. More preferably, the temperature in the
second reaction zone is between 275 and 290°C, while the temperature of the material
exiting the dye is preferably between 290 and 310°C. Degradation of the polymer can
25 be promoted to a certain extent, by variation of temperature and shear for the
production of lower MW derivatives.

The product from the second reactor device is discharged into a
connected finishing extruder, which devolatilizes the functionalized polymer product
and, if desired, mixes the polymer product with any additional additives. The finishing

30 extruder is provided with an inlet port for receiving polymer from the reactor device.
The inlet port is preferably situated between the devolatilization port and the extruder
exit.

If desired additional injection peorts may be provided along the length
of the finishing extruder for the injection of other additives. Such additives will be

35 chosen according to its beneficial properties on the functional polymer itself or its oil




of the finishing extruder for the injection of other additives. Such
additives will be 35 chosen according to its beneficial properties on the
functional polyner itself or its oil -14- solution. Useful additives are
those that stabilize the functional polynmer obtained by the process or to
its resulting oil solutions with respet4-to color, shelf life stability,
viscosity stability, etc. In a preferred enbodi nent of the invention an

al dehyde, ketone or 5 other am ne reactive additive is added at the
finishing extruder. This additive will allow the further reduction of free
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conveni ent way. Thus, the 8!’8. ted, nulti ctional lefin
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mul ti - mers can
and 20 functional groups per 1000 C atoms, the functional groups consisting of amide
or imide groups, characterized in that the ratio of the amide or imide groups with
respect to the functional groups is more than 0.85, preferably more than 0.90 and most
preferably more than 0,95,

25 The highly grafted, multi-functional olefin copolymers of the present
invention can be incorporated into lubricating oil in any convenient way. Thus, the
highly grafted, multi-functional olefin copolymers can be added directly to the
lubricating oil by dispersing or dissolving the same in the lubricating oil at the desired
level of concentration. Such blending into the lubricating oil can occur at room

30 temperature or elevated temperatures. Optionally, a portion of the cil or other additives
can be added at the finishing extruder to improve the later solubilization process.
Alternatively, the highly grafted, multi-functional olefin copolymers can be blended with
a suitable oil-soluble solvent/diluent (such as benzene, xylene, toluene, lubricating
base oils and petroleum distillates) to form a concentrate, and then the concentrate can

35 be blended with a lubricating oil to obtain the final formulation. Such additive




a suitable oil-soluble solvent/diluent (such as benzene, xylene, toluene,

| ubricating base oils and petroleumdistillates) to forma concentrate,
and then the concentrate can 35 be blended with a lubricating oil to obtain
the final fornulation. Such additive -15- concentrates will typically
contain (on an active ingredi ent basisjiStromabout 3 to about 45 w% and
preferably fromabout 10 to about 35 wt% highly grafted, nulti-functional
ol efin copol yner additive, and typically fromabout 20 to 70 Wt %
preferably fromabout 65 to 90 wt % base oil based on the concentrate
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the various materi al difficult and awkward astofaC|I|tate
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a 10 to 50 wt % concent fn%ee pre];)grratioenngmn%étin'g%ii?ormulations it is common practice
to introduce the additives in the form of 10 to 80 wi% active ingredient concentrates in
25  hydrocarbon oil, e.g. mineral lubricating oil, or other suitable solvent. Usually these
concentrates may be diluted with 3 to 100, e.g., 5 to 40, parts by weight of lubricating
oil per part by weight of the additive package in forming finished lubricants, e.g.
crankcase motor oils. The purpose of concentrates, of course, is to make the handling
of the various materials less difficult and awkward as well as to facilitate solution or
30 dispersion in the final blend. Thus, the highly grafted, multi-functional olefin copolymer
would usually be employed in the form of a 10 to 50 wt% concentrate, for example, in a
lubricating oil fraction.
The highly grafted, multi-functional olefin copolymers of the present
invention will generally be used in admixture with a lube oil base stock, comprising an
35 il of lubricating viscosity, including natural lubricating oils, synthetic lubricating oils and




| ubricating oil fraction. The highly grafted, nmulti-functional olefin

copol yners of the present invention will generally be used in adm xture
with a lube oil base stock, conprising an 35 oil of lubricating viscosity,
i ncluding natural lubricating oils, synthetic lubricating oils and -16-

m xtures thereof. Natural oils includet1é&nimal oils and vegetable oils
(e.g., castor, lard oil), liquid petroleumoils and hydrorefined,
solvent-treated or acid-treated mneral |lubricating oils of the
paraffinic, naphthenic and ni xed paraffinic-naphthenic types. Ols 5 of

| 'ubri cating\ ,&a?gg.; ehepsderived fromcoal or shale are also useful base oils.
The synthetic ricating oils used in this invention include one of any
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i nvention SO as to inpar I onal properties
necessary odescdwa’ﬂ@defor a specific lubricant application. Post-treatnment

techni qups are wel | knme éHetka%fé&témﬁF&ubﬁ?ﬁhtL@ﬁnlﬂﬁér@ﬂ@id Pishicle is
phosphoryl ati on, and pmal ei nati on. Short Descrlgrtllon of the Fliﬂure Fig. |

shows a pr eFantgnepiated. atfereRd C‘P’BP”SSQPF?)F%@ FdoPeREng i Saecrankepse piR
i nventi on. vdideethaillbrcating ot compdsitionalesdrived Bs@ker r ed Enbodi ment Fig. 1 shows

an arrangement of a gr %fmetﬁg:l (o] r%’urar%d%g tl'ge%w ?ewpe?atﬁrte%trti:p%rﬁes of lubricating
oil is also contemplated. Said method comprises combining an oil of lubricating
20  viscosity and the highly grafted, multi-functional olefin copolymer described above.

The highly grafted, multi-functional olefin copolymers of the present
invention may be post-treated so as to impart additional properties necessary or
desired for a specific lubricant application. Post-treatment techniques are well known in
the art and include boronaticn, phosphorylation, and maleination.

25
Short Description of the Figure
Fig. 1 shows a preferred arrangement for carrying out the process of

the invention.

30 Detailed Description of the Preferred Embodiment
Fig. 1 shows an arrangement of a grafting extruder (2) and a static

mixing device (3). A feeding extruder (1) comprises a unit for grinding and dosing bales
(10} to a single conical extruder (11) headed with a gear pump (12), capable of
delivering a melt at 110-120°C to a side feed (20) of a grafting extruder (a ZE 60A x

35 58D UTX twin-screw extruder from Berstorff) with a diameter of 60 mm and an L/D ratio




m xi ng device (3). A feeding extruder (1) conprises a unit for grinding and
dosing bales (10) to a single conical extruder (11) headed with a gear
punp (12), capable of delivering a nelt at 110-120C to a side feed (20) of
a grafting extruder (a ZE 60A x 35 58D UTX tw n-screw extruder from
Berstorff) with a dianmeter of 60 nm and7an LID ratio -17- of 58. The
grafting extruder conprises the follow ng zones: 1. A transportation,

heati ng and pressure build up zone (20) with an LID = 10. 2. A degassing
zone (21) to renove vol atiles of EP-rubber, mainly water, up to a 5 |evel
of less tha S%wth an UD = 6. 3. Afirst injection (22a) and m xing
zone for the acylating agent, with an UD of 3. 4. Afirst injection (23a)
and ni xi ng zone for perﬂﬁlgﬂéﬂm%ﬁ'ﬁda‘rﬂmﬂs‘e%he@"O‘N”EFP%QS t enper at ur e

measur ement  Z@nea rdfisporaiioH, h§étm§ aﬁd%VH&&ﬂ'etbeLﬁﬁ)ﬁdﬁéRtQ vith annmbt-wth an UD
of 1. 10 6. Aflrst tran |on rea essuy e pzone
with an UD = ﬁeggﬁsglgggﬂ%j °é’€?"i°8‘?1"‘§§%°’)°f%%dmﬁ$§(l 'ﬁ'@’"@(ﬂﬂg eIt Y °tahe

acyl a]'Ei ng agent méllmfh;stﬂdﬁom%f@sth 8nLid sBcond i njection (23b) and m xi ng
zone for peroxi t h.an of, 4 ction
and pressure gu Fgrsu QZCB% %Wdﬂmﬂgz%é@F&g%gy%@%%ﬁéhgﬁsé?nﬂlg ‘Szgﬁe (25)
to renove unréac-ﬁﬁt‘atpmcmm (#8a) archyhizing Agnesfgeperoxidr] withirerl/Dedl atiles with an
UD of 10. 11.5A X@l¥f F?%Fatér@mae&gﬁﬁgﬁzb@sch(sg? rﬁgﬁé ¥iEH thethocdg®in 12 A

zone wherein at two separated fe | ocks e polyam ne conpound
and optional |y tmeltwihanbdhofide dosed, nixed and reacted with an UD of 5. 20

13. A seggond eenmrsairaﬁs%oﬂafbﬁwreaawatana Fess@rehild G Fehedwitidn lODEET mocoupl e
(28) in the m;lt W th an

d transport at and pressure
build up zonewifRecHTdiHE 'P"gizf’gg'?dlmﬁ"\?efm% %acﬁ%[) "H!Eh i npscr ew
extruder (2) anduDh#3second reactor (3), V\/mch Is an SMX reactor m xi ng

devi ce (DN150g 1 QU Gl 8dohon tdhfar HHolne 7 pglpRHE ity e hSPAL N Of 1.4

neter, a di anet er : a con static m xer
is fol | owed b9. aA seeonddransponation, reection anddsessys) build ypgensswitiyamL/D of 3.

transpogkati ofp zQ B@gas@m@ &3@?@?0%‘1‘%\%‘ e perdiide: Qcyﬂétl P@gbﬂ%g ofhér @

degassi ng zone (4 devo zation of water, resid pol yam ne and
ot her volatiles V%'!fsd‘"'lhe?é‘tu'%(%@ (42) for adding and m xi ng of specified
additives HECﬂSSRWIvéfbfs@rhblm@@h@zﬁiﬂlakéd/&pb@memék(ZB)SECOHd val ve (30b)

separates t he1£e ggnsé Wi rgl):%ta[ Hvo separa?ed feecF ing blocks (27) the polyamine compound
and optionally the acid can be dosed, mixed and reacted with an L/D of 5.
20 13. A second temperature measurement zone comprising a sword thermocouple
(28) in the melt with an L/D of 1.
14. A third transportation and pressure build up zone with an L/D of 5 (29).
A valve (30) between the twin-screw extruder (2) and the second
reactor (3), which is an SMX reactor mixing device (DN150 from Suizer), with 7 mixing
25 elements, a length of 1.4 meter, a diameter of 150 mm, and a content of 21 liters.
The static mixer is followed by a second twin screw extruder (4)
comprising a transportation zone, a pressure build-up zone, which is followed by a
degassing zone (41) for devolatization of water, residual polyamine and other volatiles
and a last zone (42) for adding and mixing of specified additives necessary for oil
30 additive recipes. A second valve (30b) separates the degassing extruder from the
pelletizer (5), which extruder is provided with an underwater pelletizing system.
The invention is further elucidated with the following examples.

Exampie 1
35 Bales of rubber (Keltan 3200A, a product from DSM Elastomers, 49




pelletizer (5), which extruder is provided with an underwater pelletizing
system The invention is further elucidated with the foll ow ng exanpl es.
Exanple 1 35 Bal es of rubber (Keltan 3200A, a product from DSM El ast oners,
49 -18- wt % of ethylene and 51 w % of propylene with a nunber average

nmol ecul ar wei ght of 120 kg/nol), wereisiripped of filmwap and fed to an
extruder arrangenent according to Fig. | at a feed rate of 200 kg/h. The
screw of the ZE 60A was relatively weak by a preferred use of transport
and neutral m xing or kneading el enents. Mlten nmaleic 5 anhydride (80C)

was fed at oﬂ&ﬁg Q‘%%‘I Wid G2iop y?e%QO tﬂ%r@nﬁ@ﬁ&ié%rﬁ&@&iér@ Hbf 3. 0% of

t he rubber throug 0% sol ut | on eroxid r| gonox B)
in mneral 137 ka/fgl eé%IStﬁPP%f'l%Mﬁ?g?“ﬂé? San(ezggdergggyge&@ergamqqed rate
of 0.4% of idwg. 1 atkireéd ﬁatwtngngm TIRCScPoW MBS HE GBA wid Pelatudlyiweakeyah a
reaction nelt te eragure @_L dz\%@ asuregnb?é.thﬁe rreg]MBerrm oupl e (24).
Degassi ng oPreffite é‘é?@ FAFEBYLRTC N ME ShESFFRIEFIEH " OZEh A S) at a
vacuum of 2Bghyatide (S0MCIMRA fedst tikmdesingadoints (22a522b) af ®cdminedfeed tat®d, as a
melt at 100 | to the
Stati o m xer Oy e B foudhet AP KRN BUEBRBOUGS) Nooty HEHELERR, |

i nj ection puoineral of @33 fedtat therdesiog epintsy @33y /23b\ At GWEJAIHEQSGWI%O fl%*!rﬂlféh%at ure

af ter am neru%BQr E’B dﬂ;?%cF@v eaeea %stzbﬂmfoqu@&rpa re@é’@n M@\‘éte%&%'id?b ged to be

290C. The barrel he static m xer. (3) was accor di ngly set
at 300C to a%Pdﬂ%aéBﬂePﬁgﬂtﬁm?'h@eﬁmcyH@? (24)Regassipgiofusrgactrd REpAUChas nol yer
melt at 14 hedé‘r@»ﬁ@thewﬁtfzaﬁe(zsﬁ attma@smmtdfqominbaf The finishing extruder (4)

was a short 65 mm singl tru 20 with I|ed at
the venting port (41) A Fﬂ@ S‘S'nj\?ft%"r?glngﬁoa% acmeg%\ibll?ﬁa(gg

added at t hestelofs8.Migp/jonir ahd dﬂhseéﬁimtly Hamﬁsraﬁduome\mlcmxeﬂ(a) ned at 300C The
polymer nelt exiting t " \é@&fﬁh- r
system (5) including ta&espieqﬁ% |2|Aﬁg ead ﬁ?ﬁégoiétg%?g Kni e'@géédgﬁ%%?and
wat er reci r @d) attd rete of 160 aouriP THA-heat exchanger. 25 The additive

conposi §4 on obt ai ned Wihe _ﬁe ndefalire Qe NEHRiné BAJ G?éAﬁbﬁﬁ‘gr aﬂﬁémﬁﬁowubne a nelt
flowindex of 1.98 g/10 mn %%QOC 2160 functionalization

of the pol y??é? Wﬂ%@%“*’i‘"‘é"%ﬂ’é?@? 0&e The parre! %W%W&meﬁt?ch%fi‘?rdﬂ)w means of
precipitati éutofdaiglycweé 300°@ tcam itk colirandt ithespaymeFisearh and bwling bbigen | evel of

0 : .
of 2.6 per EUBE R RERE iR BRI et Svel of functionality has
been The finishing extruder (4) was a short 65 mm single screw extruder
20  with a high vacuum applied at the venting port (41} of the machine. 0.5 wt% pelargonic
aldehyde was added at the dosing point 42. The temperature was maintained at 300°C.
The polymer melt exiting the extruder was fed to an underwater pelletizer system (5)

including a pelletizing head with a star knife assembly and water recirculation system
with heat exchanger.

25 The additive composition obtained was a clear orange and gel free
polymer with a melt flow index of 1.98 g/10 min (190°C, 2160 g).

The levet of functionalization of the polymer melt is determined after
thorough purification by means of precipitation followed by elemental analysis. The
bound nitrogen level of 0.52% of the purified sample can be converted to a functionality

30 level of 2.6 per 1000 carbon atoms. Alternatively the level of functionality has been
determined by FTIR, following the absorption intensity of the representative peak for
the NPPDA succinimide at 1598 cm™, normalized against the EPM backbone
absorption at 722 em™.

Conversion of the maleic anhydride functionality toward the imide was

35 determined to be 96% after intensive drying and evaporation of free and amide-bound




determned by FTIR, follow ng the absorption intensity of the
representative peak for the NPPDA succinimde at 1598 cm, nornmalized

agai nst the EPM backbone absorption at 722 cmi. Conversion of the maleic
anhydride functionality toward the imde was 35 determned to be 96% after
I ntensive drying and evaporation of ff#e- and am de-bound _19- NPPDA by
FTIR follow ng the absorption intensity of a representative anhydri de peak
at 1860 cm, nornalized agai nst the EPM backbone absorption at 722 cm . The
total residual NPPDA and NPPDA bound as am de acid neasured by standard

chr omat ogr aRBPBATHyFHTHR Sfonmgcmé Qﬁs’&xﬁﬁﬂ .ﬁt&swoﬁp@pﬁeaﬁta@e%ﬁhya}% peai

tenperature gel pérneation chromat og hy con ;é,gct ed nol ecul ar

wei ght redu@k 18R oo npmatized sgaigst e BM béﬁkl?%ae?”&t'qﬁ at? fPar ati ve

E)Spgrl n'enll; dA The pr oCeghe Watal p:%E'EOMWNQPDAdGh? reRPHA b:ﬂmthasa%m:e@n@hld ions as
escribed in ] erence of t ustment to an

"nor eased  Meriure A HpSely el i ot HERTEE 3B e by meane

of a slightly increasé&drsariewespestire ge(permeatios ghooeategmraphy canfmedt  wi t h

kneadi ng el %@%%ﬁ)‘nol%lﬁn’eg RIVREGAbH [dPvin @?ﬁﬁé’g@ﬂﬂ BVarl /DG 14lg t her mocoupl e

(24) was 25 SO In experi nent the tive corrp05|t|on obt ai ned
was a clear orange polyner. The texture 15 of the cold sanple indicated the

presence of cggbsrativEEmemment@onfirmed by solubility in THE foll owed by
filtration rough a mcron filter resulting in a. content of 3.4%
The el £ 11 ow | ndox wadhh Biocaw s A SLU RN MRt ForeBRE bt gers.  The
| evel ofo f udestrisegaiah ezaﬁplen mshmhjermﬁmnbeastmsirbaﬂtoamneoeam e 1. The
bound nitrogep, | evel of t | t of 1.6 per 20
1000 car bon’gslf E?msoerat”re 5'%@' %rﬂgﬁﬁ:ﬁehéraﬁa% g&% %‘%ﬁé"%ns %35@'@& lonality
toward the :nmed@dmeevuavemm(medeplecamermaﬁsmm with kma@lmgu elaments)i Mgt and

evapor at i O(r)'t]gﬂigelfaﬁﬁg ul%@‘b??ﬁeblﬂFIPﬁlernNPcBDﬁe o2y WL Boad, AisftnRAT (hat the

formation rafting yie are unaccept abl e and
unwant ed i ne’ipﬁ%mﬁ'?té%%?ﬁd‘twﬁ\?é'ﬁ??%" |\*@sza°i¢?é°ﬁnse@§§%§ hg éaduse med

under i fent g chdJ ié PaRaRd trcbep‘régénbedf dig) TR ERlcBnfkmed bg s@lﬂbllitidi fference
5 e e SR b 5 B s b e 4 =0 1
The melt ﬂow lndex was not determined because of the presence of gels.
The level of functionalization was determined as described in
example 1. The bound nitrogen level of 0.32% indicates a functionality level of 1.6 per
20 1000 carbon atoms.
Conversion of the maleic anhydride functionality toward the imide was
determined to be 97% after intensive drying and evaporation of free and amide-bound
NPPDA by FTIR.
It is clear that the formation of gel as well as the low grafting yield are
25 unacceptable and unwanted in the present invention.

Example 2
The process was performed under identical conditions as described

in example 1. The only difference is that no PTSA was dosed at the second injection
30  point (27).
Also in this case the sample obtained was a clear orange and gel free
polymer with a melt flow index of 2.1 g/10min (190°C, 2160 g).
The level of functionalization of the polymer melt is determined after
thorough purification by means of precipitation followed by elemental analysis. The
35 bound nitrogen level of 0.42% of the purified sample can be converted to a functionality




polymer with a nelt flow index of 2.1 g/10m n (190C, 2160 g). The |evel of
functionalization of the polyner nelt is determned after thorough
purification by neans of precipitation followed by el enmental analysis. The
35 bound nitrogen level of 0.42%of the purified sanple can be converted to
a functionality -20- level of 2.1 per -0G0 C. Conversion of the nmaleic
anhydride functionality toward the imde was determned to be 79% after

i ntensive drying and evaporation of free and am de-bound NPPDA by FTIR,
foll owi ng the absorption intensity of a representative anhydride peak 5 at
1860 cm, no@pdfizzegerqoabast t he EPM backbone absorption at 722 cm. The

total residual NPPDA and NPPDA hound as am de acid neasured by, standard
chr omat ogr aphi ¢ et hodsCNE SPEE e rﬂﬂﬁ'cﬁﬂhﬂé‘d%gﬁ'@'%ﬁw towiged grmideivas| evel
of functi onalkeietryined totRC?q% aftdréntemuiverdriibg Bnd &@psefipreofcfeet dnd apti®s Baund

i i i G A h d .| | of b d, ni i

10" Toner od MEFDATTENIR Bwihd B BB @iy ofh e bitle hEHGHu fesk ' 1
Exanpl e 8 Tiab1§500we’s sormalizesbadainsting ERMibackboreratisogtion atiti2tanohs as descri bed
in exanple 1. Additi on ﬁ,{et&tggglgi%jugbwo By I@Fﬁ’[‘[‘)@%un% s i&’é‘é&? was hal ved

and 15 reduced to a single a on of each malerc anhydride and Trigonox B
of 1.5% and Megsyed Pe§igeEaTt gomatadranhic methads wastdedgrmingdyebe 8300ppm23a) . The
second set of valves (2@pugh ##dvelsf fandliohaRleid atdptdoid SndBNifi{ thERBépe of Ne

dosage of arine was. redquced in  cqgnseqgyence t .0 kg/ hour,  at dosing point
27 Ao i e irestEh ORI s iEr 47 e atar sl o botad fraserig Bus i ol Fr ee
20 pol yner ‘loweredecomedrsioh lobiive ianklelride bp&ied tg tHkGmide spaQe, 2160 g). The | evel
of functionalization of the polyner nelt is determ ned after thorough

purification by neans of precipitation followed by el enental analysis. The
bound nit r ogsampledel of 0.25% of the purified sanple can be converted to a

functionality Ievel OTThé-p?ncEﬂw&@P&fdo?rtﬁé@Gﬁheﬁgigﬁﬁv\cgiSZ&gﬁaﬂy§£éésgﬁ?é?f L he

mal ei ¢ anhydride functional ity towar he 1m < eterm ne 0 be 95%
af ter i nt en&ig¥@mgleyh Agditieniofdgaghive menemeids wallas Perrxidenyasdiahgd@ad NPPDA by
FTIR, {081 omidogedtbe stiafensduiitiondf eadhanaleit Yinkydride BRPTRORBX Blof Y S9paray dr i de peak
fotal rest d02 REPGNEN A RERBHebBLIRIeR BN T Foosbmel ety ot andar d
chr ormat ogr ap3t) eveneblindeld fontids elpeementn€hk dasabe ofifingpes reddifed in
consequence to 4.0 kg/hour at dosing point 27.
Also in this case the sample obtained was a clear orange and gel free
20  polymer with a melt flow index of 3.2 g/10min (190°C, 2160 g).
The level of functionalization of the polymer melt is determined after
tharough purification by means of precipitation followed by elementai analysis. The
bound nitrogen level of 0.25% of the purified sample can be converted to a functionality
level of 1.3 per 1000 carbon atoms.
25 Conversion of the maleic anhydride functionality toward the imide was
determined to be 95% after intensive drying and evaporation of free and amide-bound
NPPDA by FTIR, following the absorption intensity of a representative anhydride peak
at 1860 cm™, normalized against the EPM backbone absorption at 722 cm™.
The total residual NPPDA and NPPDA bound as amide acid
30 measured by standard chromatographic methods was determined to be 500 ppm.




CLAIMS A process for the preparation of an additive conposition prepared
by the steps conprising: (A reacting an ol efin copol yner of ethylene and
at least one Cs to C2s a- olefin and, optionally, a polyene selected from
non-conj ugated diaries and trienes conprising fromabout 15 to 80 nole
percent of ethylene, fromabout 20 to 85 nole percent of said Cs to Cza
a-olefin and from about 0 to 15 w pet2gent of said polyene, said copolyner
having a nunber average nol ecul ar wei ght ranging from 1,000 to 500, 000,
with an olefinic carboxylic acid acgLalM®o agent, said process conprising
heating said polymer to a nolten condition at a tenperature in the range
of 60C to 240C, grafting, in a first extruder, said olefinic carboxylic
acyl al i ng'fagentAprttoessfai'the@tqpai'aﬂamofan aipitivecmhpogition prepateddyliye r educi ng t he
mol ecul ar wei ghle coﬁ@ copol yner at a tenperature In the range of 250C
to 350C, thereb p um%g a grafted, optionally reduced nol ecul ar wei ght
acyl at ed copoléﬁer‘ﬂﬁ'ﬂs AR olgfim copelymen ermd@t:leastronn&sgmcamngl ng from

1,000 to 80, 000 and)léﬁﬂ\énﬂgap%ndllﬁ%sﬁog@ngsele&&mh‘ﬁﬁ O@J« @bnbs Car boxy' ic

acid acyl ating agent fted ato of said copol y

and (B)yactl ng, ?nag 88%?@’5’%@3’8?’@3‘wt%I%%ﬂe@ﬂHGfW?“ﬁmge in (A)
in the presence of Mmmmw&mlemmmmmmuehmfmﬁ fromthe

For mil §°”SlftR'3“% £ apdthto 8 b b\ PG bVE! A Afpoly i BRA T ") "°
S(-NH-Aryl)"-H, -{‘uRperavRIAIS mdqqularw@s@mmm 1,908 k50000, wih st ’ra. ght
chain radi cal haVlaﬁ@leﬁﬁieI&hrﬁo)Bmcgédﬁ@!dﬂﬁ@@r@@i&ﬂ?@&sﬁ%&n%@ kyl', al kenyl,

al koxyl , aral kyl, al yl or .am no . -NH2 -
(NH(CH2) " - - ) m NHa, fe kt@ idmérrner W%%“"?W‘Pﬁlﬂgﬁmﬁe@??!?% théhas a val ue
from1l to 10, and mngﬁsfﬁﬁfaﬂo@&fp praKing, in alfileexttuder, z2- al koxyl , aral kyl,
al karyl havi ng fronkﬁd&&nﬁﬂa@é&m%%emmsadwpdyma

optionally subsequently reducing the molecular weight of said
copolymer at a temperature in the range of 250°C to 350°C, thereby
producing a grafted, optionally reduced molecular weight acyiated
copolymer having a number average molecular weight ranging from
1,000 to 80,000 and having at least 0.2 — 20 molecules of said
carboxylic acid acylating agent grafted per 1000 C atoms of said olefin
copolymer, and

(B) reacting, ina second exinuder, said
acylated copolymer made in (A) in the presence of an acid with a
polyamine compound selected from the group consisting of:
{a) an N-arylphenylensdiamine represented by the formula:

. H R®
R+Ar—N

R2
in which Ar is aromatic and R" is =H, ~NH,, ~{(~NH-Aryl),~H, —(~
NH-Alkyl)s~H, -NH-arylalkyl, a branched or straight chain radical
having from 4 to 24 carbon atoms that can be alkyl, alkenyl,
alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalicyl, R? is (~NH,, —
(NH(CHo)r—)m=NHg, <(CHz)—NH,, —aryl-NH, in which n and m
has a value from 1 o 10, and R* is hydrogen, alkyi, alkeny,




preferably R - H R2 = -NH2, and R = H, which Is Nphenyl pars phenylene
di am ne (NPPDA) and its isoners. (b) an am nocarbazol e represented by the
formula: O NHZ RH1in which Rand Rl _represent hydrogen or an al kyl,

al kenyl, or al koxyl radical having frofi® to 14 carbon atons, (c) an

~am noi ndol e represented by the formula: R HZNN I H in which R
represents hydrogen or an al kyl radical having from1 to 14 carbon atons,
(d) an am no-i ndazol i naikexyl.cpalied.catitasd hiwing fram # to 24 ¢asbon #omeZN NH H I n

whi ch R is hydrogen or pgéz?%'?!é&hh =r@q§@mdh%gﬂgﬁa;?%igh lsN-PHenycar bon at ons,

(e) an am nonercaptotri représente B/ the formula: "R "N 'NHZ HST
NN r H-23- in whi car rhenyiene damiep (NRSTDA)sad #eisgmers. . C10 | i near or
branched hydrocarbqs) aflafficegrbbiddidphgestodbpthedsmuiat i ng of al kyl, aryl,
al karyl, or arylalkyl. (f) an am nopyrim dine represented by the fornula:
NHZ NAN in which R represents hyd I k'}il or- al koxyl radi cal
having from1l to 14 carbon atons. NH>

N
[ 1
R i

in which R and R! represent hydrogen or an alkyl, alkenyl, or
alkoxyl radical having from 1 to 14 carbon atoms,
(c) an aminocindole represented by the formula:

R

N

1
H

in which R represents hydrogen or an alky! radical having from 1
to 14 carbon atoms,

(d) an amino-indazolinone represented by the formula:

R 0
NH
N

1
H

in which R is hydrogen or an alky! radical having from 1 to 14
carbon atoms,
(e) an aminomercaptotriazole represented by the formula:

N- -NH2
R T
s’ _<N.--N
H




2. The process as clainmed in claim1, wherein the acid has a pKa <4. 3_ The
process as clainmed in claim2, wherein the add is PTSA or DBSA. 4. The
process as clainmed in claim3, wherein the amount of PISA is between 1 and
3 nol % based on the polyamine. 5. The prog®ss as clainmed in any of the
preceding clains, wherein the first extruder is a tw n-screw extruder and
the second m xing device is a static m xer device. 6. The process as
claimed in claim5, wherein the reaction mxture is degassed after the
static m xer device by means of an extruder. 7. The process as clained in
any of the preceding cllmRwebeaﬁsehfmmbahcw—emhmmDMﬂFhﬁﬁe pol yam ne
conpound and the acyl ati

ent Lr The process as
claimed in claimb5 or @V%{g?ﬁ X Frtvﬁgﬂ{ouﬁg ratufe 0119{"?&k'?,ei reaction
m xture in the statl C nrikant, adaryiatkd |s at least 276C. 9. A highly grafted,

mul ti-functional sf%.@ ym:ocess of claiml,
further conprising Eét %R-Jﬁ-g;'pé-mﬂigegé Egtglbglr?laeltfbg oups per 1000 C atons,
the functional groups consisting of am de NH, am de groups, characterized
in that the ratio of the am de or imde grjoups with respect to the
functional groups is nore than 0.85, pref€raply nore than 0.90 and nost
preferably nore than 0.95. -24-- 10. A llubri ati ng oil conposition
conprising a major amount of an oil of ) ing viscosity and a m nor
anount of the highly grafted, nulti- f ol efin copolynmer of claim
9. 11. The lubricating oil conposition 10, further conprising at
| east one additive selected fromthe group cohsisting of additional

viscosity index inprovers, antioxidants, corro detergents,
di spersants, pour poi W whighRaerrasants hygragerran %bgm%'p%&?oanants

denul sifiers and fri ctina@ng fodi1fto @4 sarbdrRatorfise | ubri cating oil conposition
of claim10 or 11, wherein the oil of |ubri cati_ngﬁw scosity is selected
fromthe gmoup cTmshretdsegs chimestiniclaim biwherein the scHd@p @ P¥R1<*and ni xt ur es

e 0 B 15 i lioPT®A of DBEMY Of the
clains 10 to 12 Tﬂ\%‘lﬂﬁrﬁb&gtab'a 1nmdln9@ﬁﬂ)9i¢ﬁe¥éiﬂthé%cﬁl 0 y

e anmount |.ow ol ecul ol yam ne
conpri si ng4. conpBunerosessansiaimed ip §'a§ha|w*@w"t wﬁﬁ"‘e?a %%\trswﬁé Bellved
1 and 3 mol% based on the polyamine.
5, The process as claimed in any of the preceding claims, wherein the first

extruder is a twin-screw extruder and the second mixing device is a stafic

mixer device.
8. The process as claimed In claim 5, wherein the reaction mixture is degassed

after the static mixer device by means of an exiruder.

7. .The process as claimed in any of the preceding claims, wherein the molar
ratio between the polyamine compound and the acylating agent is between
0.9 and 1.2.

8. The process as claimed in claim 5 or claim 6, wherein the femperature of the
reaction mixture in the static mixer device is at ieast 275°C.

9. A highly grafted, multi-functional olefin copolymer, prepared by the process
of claim 1, further comprising between 0.2 and 20 funclional groups per
1000 C atoms, the functional groups consisting of amide or imide groups,
characterized in that the ratio of the amide or imide groups with respect to
the functional groups is more than 0.85, preferably more than 0.90 and most
preferably more than 0.95.




14. A nmethod of inproving fuel econony of a vehicle wherein said nethod
conpri ses adding to and operating in the crankcase of the vehicle the

| ubricating oil conposition of claim10 -13. 15. A nethod of inproving
durability of a vehicle wherein said nmett&t- conprises adding to and
operating in the crankcase of the vehicle the |lubricating oil conposition
of claim10 - 13. 16. A nethod of extending lubricant drain intervals in a

vehi cl e wherein id nethod copprises, adding to and aergting in the
crankcase dP- t heA HBAPRNE of ARPastibR PR ASrHloramVBL e aR Al 51 cl ai m 10 - 13.

17. A nethod of lubguating viscosityesand awnihergoeunat of thes highdpgnatted;snulti- a | ubri cati ng
oil, said neth ri.l L L n oil of lubricating viscosity and
the highly gra?itqre“g,ﬂnanﬁreﬁe&uo ctl (Ic),ﬁégfjl'm(ﬁ?efi n copolymer of claim9 or claim

10. 18. A bt hodThstlubrigatingceliicomgositionof elaimb Q. fustherepmnsising &t ©pF 988 d net hod
conpri ses addi NGaddftivé Bele@RFdH tHaGroup doRélstinh dNLddfoRaifiscaitydnditt onot i ve
engine the |ubri igl%':[-olvgr%, gr{tilcxigé)n .%gllrgslio%r}nrﬁl];ito(r;sl, gletre]}gleﬁt's, t!jilspersants. pour

point depressants, antiwear agents, antifoamants, demulsifiers and friction

modifiers.

12. The lubricating oil compesition of claim 10 or 11, wherein the oil of
lubricating viscosily is selected from the group consisting of natural oils,
synthetic oils and mixtures thereof.

13. The lubricating oit composition as claimed in any of the claims 10 to 12,
wherein the amount of a low molecular weight polyamine comprising
compound in the oil is smaller than 50 ppm.

14. A method of improving fue! economy of a vehicle wherein said method
compnses adding to and operating in the crankcase of the vehicle the
lubricating oil composition of ¢laim 10 13,

15. A method of improving durabifity of a vehicle wherein said method
comprises adding to and operating in the crankcase of the vehicle the
lubricating oil composition of claim 10 - 13.

16. A method of extending lubricant drain intervals in a vehicle wherein said
method comprises adding to and aerating in the crankcase of the vehicle the
lubricating oil composition of claim 10 - 13.

17. A method of improving the low temperature properties of a lubricating oil,
said method comprising cormbining an oil of lubricating viscosity and the
highly grafted, multi-functional olefin copolymer of claim 9 or claim 10.

18. A method of lubricating an automotive engine wherein said method
comprises adding to and operating in the crankcase of said automofive
engine the lubricating oil composition of claim 13.




