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1 PROCESS FOR PREPARI NG HOMOOLI GOVERS AND COCOLI GOVERS Desﬁrﬁmbkgnrﬁ- AEEEN
of the-invention The invention relates to a process for p eparlﬁgnhQﬂDv and §
cbol1goners especi ally cooligomers of (neth)acrylic aC|d.£stets~and'"‘““1=>
[err]-ol efins which may be used as synthesis 10 oil's or conpon

such oils, as mneral oil additives as wel{ as plastifiers and the |ike.
Prior art 15 In general, oligoners are conpounds w.th a nol ecul ar wei ght
of fromJ[err] 64§g§]33§spe0|ally [err]- [err], which are synthesised from
correspondi ng nononer units. (cf. Ronpp's Chenle Lexi kon, 8th Ed., p. 2893,
Franckh' sche Verl agsbuchh. 1985). Prior art exanples, on which this 20

i nvention i s tpssskcipoLonde cool i gomers of (neth)acrylic acid esters and
a-olefins. Ai-goners of acrylic acid

5 Area of the invention

The invention relates to a process for preparing homo-
and cooligomers, especially cooligomers of (meth)acrylic
acid esters and o-olefins which may be used as synthesis’/
10 oils or components of such oils, as mineral oil
additives as well as plastifiers and the like. i

Prior art

15 In general, oligomers are compounds with a molecular
' weight of from 102 - 10°, especially 102 - 10%, which are

synthesised from corresponding monomer units. (cf.
Rémpp's Chemie-Lexikon, 8th Ed., p. 2893, Franckh'sche
Verlagsbuchh. 1985). Prior art examples, on which this

20 invention is based, include cooligomers of (meth)acrylic
acid esters and a-olefins. Oligomers of acrylic acid
esters,'as understood nowadays, are disclosed, for
example, in C.E. Rehberg et al. in Ind. Eng. Chem. 44
(12) 2864,1952). | '

25
US-A 3 968 148 or DE-A 22 43 064 describe, for example,
this type of oligomer which are synthesised from three
monomer groups. These oligomers comprise:
about 10 - 90 wt.% of an l-alkene having 4 to 32 C-atoms
30 about 1 - 35 wt.%¥ of one or more alkyl (meth)acrylic
acid esters having 8 to 34 C-atoms in
the alkyl group and
about 1 - 35 wt.% of one or more alkyl esters of
(meth)acrylic acid or homologous,
35 terminally unsaturated carboxylic

acids having 1 to 4 C-atoms in the
alkyl group.
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the narrow molecular weight range and of the high
uniformity of the products. US-A 4 009 195 also
5 discloses an oligomerisation process, in which various

(meth)acrylic acid derivatives such as Cl-C4-alkyl
esters in amounts of 1 to 35 wt.% and (meth)acrylic acid
esters of C8-C34-alkanols in amounts of 1 to 45 wt.%,
are continuously and simultaneously added to a mixture

10 ‘of radical initiators and 10 to 90 wt.% of a 1l-alkene
having 4 to 32 C-atoms, so that the molar ratio, which
arises more or less immediately, between acid
derivatives and l-alkene is kept relatively constant in
the reaction preparation within a range of 0.001 to 0.2.

15 The addition, here, should be at a temperature which
does not affect oligomerisation. The yields are given
as 40 to 70%, the residue, in particular, being o-
olefin.

20 Furthermore, DE-A 32 23 694 discloses copolymers of
a-p-unsaturated dicarboxylic acid esters with a-olefins.
By definition, the o-f-unsaturated dicarboxylic acid
esters contain, as alcohol component, straight-chained
or branched monoalcohols having 3 to 10 carbon atoms;

25 the a-olefins have 10 to 16 carbon atoms. The
copolymers, may, optionally, be crosslinked and their
pour-point must be between -60 and 0°C.

US-A 4 526 950 discloses a method for preparing

30 copolymers, in which the mixture of the components,
based on at least one a-olefin having at least 6
C-atoms, and at least one unsaturated carboxylic acid or
derivatives copolymerisable with olefins, is heated to
at least 135°C in the presence of a radical initiator

35 and in the absence of solvents or diluents. Here, none
of the reactive monomers is used in excess in order to
avoid a dilution of activity. SU-A 1 135 752 also
discloses copolymers comprising decyl methacrylate and
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- 2- Aigoners of this kind preferably have a nol ecul ar weig
1, 000 t0A4(Xﬁhs$memﬂnmmm$h«ﬂe made of the narrow nol ecul ar

ahd of' the hig the products. US-A 4 009 195 al'so 5 -
di scl oses an ol process in which various (neth)acrylic acid
as U - esters in anounts of 1 to 35 w. % and

derivatives su
(nmeth)acrylic acid esters of C8 C34-al kanol's in anmounts of 1 to 45 w.%

are cont i NuoUS| ¥ ARdeSLAU! 1 APRONSKY1 8606di bRc 08T ! 66 18 13, 8ot adi cal

initiators and kene™havi ng to 32.C-a o that
the nol ar rati®righi ageavpedsagoFbigkendag FﬂﬁEHFa%%I}ubBéFﬁEéﬁgaEFg
derivatives and 1l-al kene is kept relatively constant in the reaction

preparation “‘ﬁ@lﬂ 315a88§ 8Lsgr9 %stgi 'gdditives based on ethylene
5 copolmers which comprise inter alia ethylenically
unsaturated mono- or dicarboxylic acids and the esters
thereof which have a molar weight of M, < 1,000.

Object and solution

10
One method for reducing the molecular weight in the.
radical polymerisation of monomers is the use of
regulators, especially mercaptans (cf. G. Henrici-Olivé
et al. Fortschr. Hochpolym. Forsch. Vol. 2., p. 496 -

15 577 (1961); Houben-Weyl, Methoden der Organ. Chemie, 4th
ed., vol. XIV/I). '

A further suitable method described in the literature is
the overdosing of catalyst. This, however, makes the

20 process more expensive. Furthermore, experiments have
been carried out for obtaining oligomers of methyl
methacrylate during heating in the liquid phase above
160°C, in the presence of an inhibitor. Experience
shows that an increase in temperature and in pressure

25 and longer reaction times promote the formation of
higher oligomers. (Houben-Weyl, 4th ed., vol. XIV/I p.
1046, 1072 - 1073, Georg-Thieme-Verlag 1961).

However, process conditions which are too drastic should
30 not be used for a technical process which is, moreover,
based on the exothermic radical polymerisation. Yet, if
the prior art preparetion of oligomers or cooligomers
comprising (meth)acrylic acid esters and a-olefins, is
used, for example, the lack of generally applicable‘”'
35 process rules which ensure constant success is apparent.
The processes shown were also not able to fully satisfy
the requirements in individual cases. The prior art
application of (meth)acrylate oligomers is characterised



15 The addition, here, should Deé at a tenperature whipchr=do
ol i gongri sation. ih@sm§ﬁhggaﬁm@|g£yen as 40 to 70% the |r @Bicd¥e;’

particul ar, being'[ Furthernore, DE-A 32 28 591‘* ___ﬁj
di scl oses copolyner -unsaturated di car boxXyfic acid gsters
e [err]-[grr]-unsaturated dicarboxylic

w th a-ol efins.
acid esters contaln as alcohol conponent, straight-chained or branched
nonoal cohol s nglng 3 to 10 carbon atons; 25 the [err]-olefins have 10
to 16 carbon atonms. The copolyners, may, optionally, be crosslinked and
their pour-point nust be between -60 and O[err]. US-A 4 526 950 discl oses a
met hod for prepari nthedlapp af&t@éngéd in pairchctber nfeatutkeoanibaic

conponents, based qn Xﬂ%ﬁ%ﬁ%%%ﬁ%b r&egég Plfg ﬁglbgasélﬁ & ahans,

and at |east one uﬁ% |c aci rves’ copo ynerlsable
with ol efins, is hepexation takes place under 1nert conditions;

relatively pure monomers are needed; use of a
solvent is standard procedure.

- when regulators are used in radical reactiomns,
10 commonly known problems occur with the
incorporation of terminal groups as, for example,
in the case of mercaptans.

- furthermore, high concentrations of initiator are
15 used. Apart from the considerable costs involve,
it also means a greater safety risk.

It has now been found that the process of this invention
makes cooligomers, especially those of (meth)acrylic
20 acid and a-olefins significantly more accessible.

This invention relates to a process which makes it
possible to homopolymerise (meth)acrylates or
copolymerise them with further monomers and in which the

25 molecular weights may be adjusted over a wide range
which covers the entire oligomer range and even extends
beyond it. No regulator is used here. The amount of
initiator used is normally not greater than the amount
usually needed for solution polymerisations. The

30 molecular weight adjustment to obtain lower molecular
weights, in particular, is not predominantly effected by
varying the amount of initiator used, as is disclosed in
the prior art.

35 The systems described comprise a component B), which has
a higher polymerisation tendency (such as
(meth)acrylates), plus a component A), which has a lower
polymerisation tendency, and/or a suitable solvent L.
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used ih excess |d a dilution of activity. SU-A 1 135 752

al so di scl oses r|S|ng decyl nethacrylate and - 3-
tetradecene with a nDIar melght of 8,000 to 13,000, which are used as

t hi ckening agents in lubricating oil. EP-A 217 602 describes oil additives

based on et hyl@fie x1eciE PR HRLShVhb £ KONBT 1 §6mé s ST rBGhe &éwl esi eakl y
unsat urated npno- or dlcarboxyllc acids and. t ers ereo mhlgh have a

mol ar wei ght o¥OY&¥ rMolequlnip oy ‘?r%nﬂn‘éjo‘il‘a:l'?%n‘gll‘ﬁers trimers,

regulated via the following variables:

[HiS ---;-'~£ ;
at | east 135[errf“l A iab g&:e of aradical initiator 35 anq:;un ,mrej
absencp of solv mm Here, none of the reactive lbononers

5 o) The ratio of B) to A) or to A) plus L or to L
alone. Under otherwise similar conditions, with a
larger amount of A) and/or L or A) alone, lower
molecular weights are obtained.

10 B) The feed time for B). If the feed times are
increased, lower molecular weights are obtained
under the same conditions.

Y) The reaction temperature which is selected within a

15 range in which a conventionally prepared,
regulator-free homopolymer of the more
polymerisable component B) depolymerises to a
noticeable degree. This means that at the chosen
temperature, in the monomer/polymer equilibrium,

20 there are already larger amounts of monomer,
normally 3 to 80 wt.%, especially 10 to 60 wt.%.
Thus, depending on the required molecular weight
range for n-decyl methacrylate, for example, a
suitable temperature range is from 120°C to 170°C,

25 in which between 3 and 80 wt.% of the monomers are
in equilibrium. A temperature, at which there are
between 15% and 50% of monomers (here 140 to 160°C)
is particularly suitable for molecular weights Mw
in the lower molecular weight range with

30 simultaneously high yield. 1In this way, depending
on the chosen reaction temperature, the formation
of long B) sequences may be suppressed to a greater
or lesser extent which means that in addition to o)
and p) the molecular weight may be effectively

35 controlled by lowering the reaction temperature in
-the above range, the molecular weights of the
(co)oligomers thereby being increased.



One nethod for-Teducing the nolecul ar weight in the radical p
of nmonpners is tHR su&eHBBeénRpplh@t or s, especial ly nmercaptans (

Henrici-Oive et Fbchpolyn1 Forsch. Vol. 2., p. 496 - 15 :;
577 (1961); Hoube en der Organ. Chemie, 4th ed., vol. XIV/1).

A further suitabl escrlbed inthe.literature is the over dosi ng of

catal yst. This, however, nakes the 20 process nore expensi ve.
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are too o astithshootall reaction time, a complete reaction of the
monomers may also be achieved easily. Thus, the process
according to the invention has the further advantage
that the residual monomers do not have to be separated
(see Examples). If the formulation is such that apart
.10 from A) no further "solvent" is used and A) is
J complétely reacted which is easily possible (see
Examples), a further working up of the preparation
mixture may be dispensed with. If in formulations with .
an inert solvent, a solvent L is chosen which may remain
15 in the product such as PAO or mineral oil for which
oligomers are used as the synthetic component of the
base 0il, or previously prepared oligomer is used as
solvent for preparing further oligomer, the separation
of the solvent may also be dispensed with (Examples 10
20 and 13).

Thus, this invention relates to a process for preparing
oligomers and cooligomers through radical polymerisation
with at least one monomer component B) with a higher

25 polymerisation tendency and 0 to 90 wt.%, preferably 1
to 50 wt.% (based on the oligomers) of a monomer
component A) with a lower polymerisation tendency, at an
elevated temperature and in the presence of
polymerisation initiators in a conventional

30 polymerisation vessel, whereby:

a) - a liguid phase comprising the monomer component A)
or a solvent L or both is introduced into the
polymerisation vessel and heated to the reaction

35 temperature.

B o)) the component B) with a higher polymerisation
tendency is added after the component A) has been



30 not be used for a technical process which is, nnreovj}Txbased on,
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oflgonbrs or cool i i ng (neth)acryllc aci d est 6F s=aifigro ..
a-olefins, is used the lack of generally applicable 35
process rules whi ¢ ensu e cons ant success is apparent. The processes
shown were also not able to fully satisfy the requi rements in individual
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operation takes pl arecenalesut n@r2 twonehéi bnstial phase of the

polymerisation and achieves the value of 0.2 to 20
5 in the end phase of the polymerisation, with the
proviso that ' '

c) the reaction temperature is chosen within a range

in which there is already a significant

10 depolymerisation of the homopolymer (prepared
without regulator) comprising the monomer component
B) which has better polymerisation characteristics.
In order to determine a "significant
depolymerisation® please note that under these

15 temperature conditions there are already larger
amounts of monomers, normally 3 to 80 wt.%, in
particular 10 to 60 wt.%, especially 15 to 50 wt.%
(based on the sum of the monomers plus polymer) in
the monomer/polymer equilibrium,

20
d) the initiator I is added throughout the entire
polymerisation, the initiator I being selected such
that the half life at the corresponding reaction
temperature is one minute to about five hours and
25 the amount of initiator used is 0.1 to 10,

preferably 1 to 5 wt.% based on the total amount of
monomers .

Normally, the skilled man has sufficient know-how from

30 the prior art literature (e.g. K Wachstum)
K Abbruch

in order to differentiate between monomers with a high

radical polymerisation tendency B) or C) and those with

a lower polymerisation tendency (Monomer A). One Wa§'of
35 assessing the relevant polymerisation tendency is, for

example, the use of the widely differing Q-values of the

monomers (according to Alfrey-Price, cf. Brandrup-

Immergut Polymer Handbook loc.cit. II/267). Generally,
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whi ch covers t entire oner rahge and even extends
Q-value of 35 butyl methacrylate, for example, has

the Q-value of 0.82.

According to the invention, the monomer component A), to
be used in amounts of 0 to 90 wt.%, preferably comprises
10 at least one radically polymerisable o-olefin having 4
to 40 carbon atoms, here, the cooligomer composition of
CM normally comprises 5 to 90 wt.% of A), the remainder

being B) (= cooligomers CM'). Preferably, the component
B) comprises at least one acrylic or methacrylic acid
15 ester of Formula (I)
Tl
CH, = C - C - ORg (I)
20

wherein R is hydrogen or methyl and R; may be an
optionally branched, optionally cyclic alkyl group
. having 1 to 42 carbon atoms, in which individual chain
members may be substituted by ether groups -0O-, in which
25 there is a spacing of at least two carbon chain members
between the individual ether groups, in which R; may
additionally be substituted by one or more functional
groups Y which comprise at least one nitrogen or oxygen
atom bound to carbon. Preferably, Y is a -NRyR3, -ORy,
30 -COOR; or -C-CH- group, wherein R, and
\ / -
0 .
Ry, independently of each other, are alkyl groups with 1
to 4 carbon atoms, wherein R, and R;, together with the
35 nitrogen and optionally further nitrogen or oxygen atoms
may be a 5- or 6-membered ring, and wherein R, and R; are
hydrogen or an alkyl or cycloalkyl group with 1 to 40,
preferably 1 to 10, carbon atoms. If cycloalkyl groups
are present, they are preferably 5- to 8-membered ring



beyond it. No reg i used here. The anount of |n|t|r
normal ] y not grea nt usually needed for
pbl yrer i sati ons. l , ul ar wei ght adj ustnent t

nmol ecul ar melghts i's not predom nantly effected by varying
t he amount of initiator used, as is disclesed in the prior art. 35 The
systens described conprise a conponent B), mhich has a hi gher

pol ymeri sati Orsyts%il@ency e Ao kB tH@ CEdhpd RSt B) Uay E6MpRDSEt A),

whi ch has a | ower pol i sati t ndency, and/ or a suitable solvent L.

The nol ecul ar RBPRE f° rﬁ??ﬂéihnéi ri ght down to the | ower nol ecul ar

oligoners including dinmers/triners, |s regul ated via the foll ow ng
vari abl es:

R o)
5 I
CH2=C-C-liT-R‘1 ' . (I1)
Rg
10 wherein R' and R'; have the meanings of R or R; and R¢ is

hydrogen or has the same meaning as R;.

According to the invention, the process is particularly
preferred for preparing homo-oligomers from the monomer

15 component B), particularly (meth)acrylic acid esters of
Formula (I) (see above), especially from the monomers
B') (see below), more particularly from B'-c
Furthermore, the process according to the invention is
preferably used for preparing cooligomers CM",

20 synthesised from

A) 0 to 75 wt.%, preferably 10 to 40 wt.% of at least
an l-alkene having 4 to 32 carbon atoms,
preferably 10 to 14 carbon atoms in the molecule

25 and

'B'-a) 20 to 100 wt.%, preferably 40 to 90 wt.% of at
least one (meth)acrylic acid ester of Formula I'

30 R'" O

CHZ = C - C - ORl" (I')

wherein R' is hydrogen or methyl and R;" is an
35 optionally branched alkyl group or a cycloalkyl
' group having 4 to 32 carbon atoms, preferably 8 to

20 carbon atoms in the alkyl group and

B'-Bf) 0 to 65 wt.%, preferably 0.5 to 50, more
40 particularly 3 to 40 wt.%, of a (meth)acrylic acid
ester of Formula IV
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N

- of herw se S|n1Iar condltlons mi a | arger anount of A)

al one, | ower “ obt ai ned. 10 “[err])
for B). If thef
obt ai ned under the

ncr eased, | ower nol ecul ar me19hts are
[erﬂa 10 Fhe reaction tenperature which
Is selected within a 15 range I n which a conventionally prepared,
regul ator-free honopol ymer of the nore pRlyn@risabl e conponent B)
depol yneri ses to a noticeabl e degree. Thl s” nibans that at the chosen

tenperature, in the nonomer/ pol yneFHeqﬁ|¢|br¢um ORg'' there af&I")
al ready larger anounts of npnomer, nornal 3to 8 . % ecially 10 to
60 wt.% Thus, dependiWRETRLR He' r’e%Jﬂf‘%EP T e%ﬁ n- decyl

met hacryl ate, for exargllleyl agroup with 2 to 6 carbon atoms, Substltuted
with at least one group Y', wherein Y' has the
same meaning as Y, more particularly substituted
with a hydroxyl group, or R;" is a group

10 . :
[ H - CH -0 - }n - Rg
i
wherein R; and Rg are hydrogen or methyl, Ry is
15 hydrogen or an optionally branched alkyl group
with 1 to 40, preferably 1 to 20 carbon atoms, and
n is an integer from 1 to 60, with the proviso
that if n is 1, Rg is at the same time only an
optionally branched alkyl group having 1 to 40
20 carbon atoms. |
The components A') and B') of the cooligomers normally
make up 100 wt.%. Examples of the monomer component A)
include:
25
butene-1, pentene-1, hexane-1, heptene-1, octene-1,
nonene-1, decene-1, undecene-1, dodecene-1, tridecene-1,
tetradecene-1, pentadecene-1, hexadecene-1, heptadene-1,
octadecene-1, nonadecene-1, eicosene-1, heneicosene-1,
30 docosene-1-, trocosene-1l, tetracosene-1l, pentacosene-1,
hexacosene-1, heptacosene-l, octacosene-1, nonacdsene—l,
triacontené-l, hentriacontene-1, dotriacontene-1l, or the
like. Suitable monomer components alsc include branched
alkenes such as vinylcyclohexane, 3,3-dimethylbutene-1,
35 3-methylbutene-1, diisobutylene-4-methylpentene-1 or the

like. 1-Alkenes with 10 to 32 carbon atoms, which are
obtained during the polymerisation of ethylene,
propylene or mixtures thereof, are also suitable. These
materials, themselves, are obtained from hydrocracked
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nmol ecul ar wei ght

tabl e for nolecular weights Mvin the | ower:
si gyl taneously high yield. In this

way, depending on the chosen reaction tenperature, the formation of |ong B)

sequences may digpStpeessed to a greater or | esser extent which neans that

in addition to a) and [err]) the nolecular weight may be effectively 35

controlled by |lowering the reaction tenperature in the above range, the

mol ecul ar wei Jiies wdridmet (in)whigbhneompohentbi) bef nghencoedigdmers CM

is 1-decene or dodecene, tetradecene is particularly

5 preferred. Also of special interest are oligomers or
cooligomers CM wherein component B) comprises
(meth)acrylic acid esters having 4 to 22 carbon atoms in
the (branched or unbranched) alkyl group, or mixtures
thereof.

10
Examples of monomers include e.g.:

butyl acrylate, 2-ethylhexyl acrylate, cyclohexyl
acrylate, isodecyl acrylate, decyl acrylate, undecyl

15 acrylate, dodecyl acrylate, tridecyl acrylate,
tetradecyl acrylate, pentadecyl acrylate, hexadecyl
acrylate, heptadecyl acrylate, octadecyl acrylate,
cetylstearyl acrylate, oleyl acrylate, nonadecyl
acrylate, eicosyl acrylate, cetyleicosyl acrylate,

20 stearyleicosyl acrylate, docosyl acrylate,
eicosyltetratriacontyl acrylate or the cofresponding
methacrylates. Special mention must be made alkyl
methacrylates with > C10 in the alkyl group which have a
higher iso content. These include, for example, Cl2-

25 Cl5-alkylesters of methacrylic acid with an iso content
of about 60 to 90%, as well as isodecyl methacrylate.
For certain applications it is also possible to use
monomers according to Formula I, wherein R; is C1-C3-
alkyl, in particular methyl methacrylate in addition to

30 ethyl acrylate, ethyl methacrylate, propyl acrylate and
propyl methacrylate. Here, however, the lower boiling
points have a limiting effect on the reaction at normal
pressure.

35 Examples of the monomer group B) of Formula I also
include the following amino-substituted alkyl esters of
(meth)acrylic acid:
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the invention has the further advantage that t he residual nononers do not
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10 fromA) er soI sed is conpletely reacted
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conponen® of t3ranorpholinoethyl (meth)acrylate,

2-tert.-butylaminoethyl (meth)acrylate,

nDIecular merght lﬁﬁi 100,000 in a sinple and reproducereAkFE

3- (dimethylamino) propyl (meth)acrylate,
2- (dimethylaminoethoxy-ethyl) (meth)acrylate.

10 Mention must also be made of the following oxy- or
alkoxy-substituted alkyl esters of (meth)acrylic acid :
2-hydroxyethyl (meth)acrYlate,
2-hydroxypropyl (meth)acrylate,
2-methoxyethyl (meth)acrylate,

15 2-ethoxyethyl (meth)acrylate,
2-butoxyethyl (meth)acrylate,

2- (2-butoxyethoxy) ethyl methacrylate,
2- (ethoxyethyloxy) ethyl (meth)acrylate,
4-hydroxybutyl (meth)acrylate,

20 2-[2- (2-ethoxyethoxy) ethoxyl ethyl (meth)acrylate,
3-methoxybutyl-1- (meth)acrylate,
2-alkoxy-methylethyl (meth)acrylate,
2-hexoxyethyl (meth)acrylate.

25 Examples of the monomer group B) of Formula (II) include
the following (meth)acrylamides:
N-methyl (meth)acrylamide,
N-dimethylamino (meth)acrylamide,
N-dimethylaminopropyl (meth)acrylamide,
30 N-isopropyl (meth)acrylamide,
N-tert.butyl (meth)acrylamide,
N-isobutylmethyl (meth)acrylamide,
N-decyl (meth)acrylamide, N-cyclohexyl (meth)acrylamide,
N- [3- (dimethylamino) -2, 2-dimethylpropyl] -methacrylamide,
35 N-dodecyl (meth)acrylamide,
N- [3-dimethylaminopropyl] (meth)acrylamide,
N- [2-hydroxyethyl] (meth)acrylamide.

5,

Through a correct choice of bt e o
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prepari ng ollgoners an coollgoners t hrough radi cal polynerisation with at

| east one nononer conponent B) with a higher -25 pol ynmeri sation tendency

and 0 to 90 wt.% preferably 1 to 50 w. % (based on the oligoners) of a
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Solvents of this kind are known per se.
Preparing cooligomors CM

As already stated, the preparation of oligomers or

10 cooligomers from the two monomer classes is known per
se, using radical-induced polymerisation e.g. thermal
polymerisation and whilst adding a suitable initiator
and/or Redox system (cf. prior art). The process of the
invention may be used for preparing cooligomers CM which

15 are either new or whose comonomer composition is known.
The process according to the invention is noted for its
great applicational possibilities and excellent results,
but certain process conditions must be maintained.
During the process, the monomer component A) with a low

20 polymerisation tendency and/or the solvent L are heated
to a reaction temperature in a suitable polymerisation
vessel equipped with thermometer, heating and stirring
devices. The solvent L must be stable and inert under
the reaction conditions. The boiling point is

25 preferably above the chosen reaction temperature.
Examples of solvents include aliphatic or aromatic
hydrocarbons, such as xylene or cymene, decane or
dodecane, but mineral oils, polyalphaolefins, esters and
previously prepared oligomers are also suitable as

30 solvents.

The use of mineral oils or other non-mineral oil based
synthesis oil liquids, is of particular advantage if the
cooligomers are intended to be used as base liquids for
35 synthesis'oils (cf£. Ullmann's Encyclopddie der Techn.
Chemie, 4th Ed., Vol. 20, p. 454 - 530, Verlag Chemie
1981), in particular the types later to be used as
mixing components. Here, mention must be made of



b) t he conponent—B)—wth—ahigher- pol yneri sati on tendency lgHgﬂéﬁauafterB ugﬁ
t he conmponent A) Iﬁ@sﬁg mﬁm Jitroduced, so that the nol; ar_Jat“l‘@‘Au‘u

bét weeh t he conpon passes through val ues of fromoO t0 ab
0.2 in the |n|t|al ol ymerisation and achi eves the val ue of
0.2 to 20 5 ase of the polynerisation, with the
provi so that c) the reactlon tenperature 1s chosen within a range in

\A\hl ch Ithere I( Spaiysaﬁuaaléfmﬁlsf b@a{}b.riaus viscosiepobyaBEEgati on of the
onopol ymer are ul. at or n e_no conponent
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esters as well as commercially avallable mineral oils

such as of the 100N or 150N-class.

According to feature C), the reaction temperature is
chosen within a range in which a homopolymer (prepared
without regulator) from a monomer cbmponent B) which has
better polymerisation characteristics depolymerises to a

10 noticeable extent. A "noticeable depolymerisation"
normally exists when there are already large amounts of
monomers in the (thermally related) monomer/polymer
equilibrium. As a guide, there is 3 to 80 wt.% of
monomer in the equilibrium. However, there are certain

15 requirements for determining the
polymerisation/depolymerisation equilibria and no data
exist as yet in respect of a number of monomers or
temperature regions. In order to give a rough but
practical estimate of the temperature range suitable for

20 the process, the simple method of thermograviometxry has
proved useful. Here, a conventionally prepared
homopolymer of the more easily polymerisable component
B) is examined at increasing temperature, under oxygen
exclusion using thermograviometry. In order to carry

25 out preliminary oligomerisation experiments, the
temperature range should be considered which starts at
50°C below the temperature at which the first weight
losses occur because of depolymerisation, and which ends
at about 30°C above this temperature.

30
According to the invention, the selection and mode of
feed of the radical initiators I are also important:
the initiators I selected must have a half-life at the
corresponding reaction temperature of from about 1

35 minute to about 5 hours. (Cf. Kirk-Othmer, 3rd. Ed.
Vol. 13. pg. 355 - 373, Interscience 1981; Brandrup-
Immergut, Polymer Handbook loc.cit. II/1).
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In order to deternine a "significant depol ymerisation” pléagéﬁdéﬂ§'tﬂ f

under fhese 15  ThisSheet « conditions there are afready |atQet _
aimount's of nnnonerilﬂ' I 0 80 w.% in particular 10 to 60 W%
especially 15 to 5 the sum of the nononers plus polyner) in

t he nononer/pol ynmer equilibrium 20 d) _ ghe_initiator | is added

t hroughout the entire polynerisation, the initiator | being sel ected such

that the half gnd & it £0:£9 408 PR Sl ¢ SR AU PTG Sl @it fei S One m nute
to about five hqurs and '

10, preferabl P W%l%'gf%sg’ﬂlgh ‘Hﬂé %g‘?%ﬁ?éja%u%g%#g%{ﬁ regl | SNOI‘OrY;J Its
the skill ed npolhassiddt borenthiclovmdouly roakad 30 nmimupesoctoatthdburgrature
(e.g. K waChS%ﬂQ reaction normally takes about 10 to 15 hours, for
5 example about 12 + 1 hours. 1/10th up to half of this
time, that is, 1 - 5.5 hours is normally takén up by the
phase in which the monomer is fed in. The initiators
are fed in during the entire reaction, preferably,
either in batches at suitable intervals e.g. every half
10 hour, or continuously e.g. by feed mode. The addition
of 0.001 - 0.005 mol of initiator each per portion every
half hour may be given as a guide (based on each mol of
monomers A) or B)). The amount of initiator used is 0.1
to about 10 wt.% based on the total amount of monomers.
15 Suitable initiators are, for example, peroxide
initiators, provided they meet the above criteria. They
include di-tert.-butlyperoxide tert.butylperbenzoate or
tert. butylperoctoate, but these are only a few
examples.
20
Based on present findings, according to the invention, a
reaction of the monomers of e.g. 98% may be largely
achieved by a suitable choice of the reaction
conditions, so that in many cases the monomers need not
25 be separated off or indeed further processed. 1In the
remaining cases, the residual monomer comprises almost
exclusively component A) which is separated off,
depending on the application. The products are inter
alia colourless oily liquids which are completely
30 miscible with mineral oil, PAO, HC-oils and ester oils
if the content of B'- B does not exceed certain limits
e.g. 50 wt.%.

Advantageous characteristics

35
As already stated in the prior art, the cooligomers CM
according to the invention may be used for various
technical applications. They are suitable as valuable



K Abbruch in order to dlffere tlate bet ween nonomers with B tigh 'd"§1““”"‘
pol ynerisation 1t and those with a | ower ponynerlsafﬁﬁh -
t endency (Monone f assessing the relevamt—— -

pol ynmeri sation t exanple the use of the widely differing

Q val ues of the nDnoners (accordlng to AI;Fey Price, cf. Brandrup- | nmergut
Pol ymer Handbook loc.cit. 11/267). Genera It may be assuned that the

nononers have | r , 1f the two
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5 Furthermore, they are used as low-molecular weight
mineral oil additives, those with dispersing properties
being regarded as of special interest. They may also be
used as plastifiers for certain plastic materials.

Their advantages include low migration and absence of

10 toxicity. The use of polar/non-polar monomers
advantageously results in greater applicational
possibilities.

The following Examples serve to explain the invention.
15 In so doing, the physical data are determined using the
following standard specifications:

Viscosity : n (100°C) (according to DIN 51 562 or
ASTM D 445 in the Ubbelohde-capillary
20 viscosimeter)

VIB calculated from the 40 and 100°
vigcosity of the base oil
Pour point: in the pour point automat according to DIN
51 583,
25 Molar weight: (by gel chromatography using PMMA as
standard)
Nonuniformity: U

Refractive
Index: According to DIN 51 774
30 Noack index: According to DIN 51 581

The abbreviations used have the following meanings:
"AMA" alkyl methacrylates, "PAO" polyalphaolefins, "TMA-
OD-Esters" esters of trimethylol propane with adipic~

35 acid.



According to thﬁhggx Diids@8en Replecedrononmer conponent A), to be

‘ 13 G g & e
of 0 tp 90 wt. % rises 10 at | east one radi%ak lbilis

pol yneri sabl e [erm“ n‘mm ng 4 to 40 carbon atons, here, the ' -
cool i goner conposi normal ly conprises 5 to 90 w.%of A), the

remai nder being B) (= cooligoners CM)._Pygeferably, the conponent B)
conprises at |east one acrylic or nethacrylic acid 15 ester of Formul a
(1) [err] (1) r2@Mphgicein R is hydrogen or nethyl and [err] may be an
optionally branched, optionally cyclic alkyl group having 1 to 42 carbon
atons, in which individual chain nmenbers may be substituted by ether groups
-0-, in which-2Processere is a spacing of at |east two carbon chain nenbers
bet ween the individual ether groups, in which [err] may

5 Example 1

1 mol of 1l-decene (140 g) is heated to 160°C in the
reaction vessel. A mixture of 0.5 mol of isodecyl
methacrylate (113 g) and 0.5 mol of C12-Cl15 alkyl

10 methacrylate with a 60% iso-content (136 g) is then
allowed to flow in over 4 hours. After the feed, the
mixture is polymerised out in batches for another 12
hours. During the total reaction time of 16 hours, with
the exception of the last hour, di-tert.-butylperoxide

15 is added as an initiator every 30 minutes, (here 30
batches, total amount of 2.8 wt.% based on the
monowmers) .

At the end of the reaction the monomer yield is about
20 98%.

The product is a colourless, oily liquid which is
completely miscible with mineral oils, poly-olefins or
ester oils.
25
Product data:
n (100°C) = 45.1 mm?/s.
n (40°C) = 489.0 mn’/s.
VIB = 146 .
30 Pour point = -43.2°C
Mw = 4 000
Mn = 1 790
U = 1.23
loss by evaporation according to Noack 4 - 5 wt.%

35
Example 2

As in Example 1 but the methacrylate mixture is fed in
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e

Ti CH group, wherein [err] and fererd—errtr—a—
e al kyl groups with 1 to 4 carbon atons,

wherein [err] and [err] together with the1§5_ nitrogen and optionally

further nitrogen or oxygen atons may be a 5- or 6-nenbered ring, and

wherein [err]camﬁifgg]héﬁf hydrogen or an alkyl or cycloal kyl group with 1
to 40, preferably 1 to 10, %arbon atons. If cycloal kyl groups are present,

they are preferably 5- to 8-nenbered ring -9- systenms. Furthernore, the
conponent B) oD@’ d&Ea '

n (100°C) = 94.9 nm?/s.
5 n (40°C) = 1 210.8 mm?/s.

additionally be_su stht qm A
c9rrprise at Ieaﬁsm or oxygen atom bound to carban. Prefgnaakliy,
Y'is a' [err] 30 u “ ‘ =

i ndependent |y of I

VIB = 164

Pour point = -33.6°C
Mw = 8 330

Mn = 2 280

10 U = 2.65
Monomer yield = 95%

Example 3

15 As in Example 1, but reaction temperature 140°C,
initiator used: tert.-butylperbenzoate

Product data:
n (100°C) = 87.8 mm?/s
20 n (40°C) = 1 188.3 mm?/s.

VIB = 154

Pour point = -34.7°C
Mw = 6 890

Mn = 2 240

25 U = 2.00
Monomer yield = 97%

Example 4

30 2 mol of 1l-decene (280 g) is heated to 160°C in the
reaction vessel. 1 mol of isodecyl methacrylate (227 g)
is allowed to flow in at this temperature over 5 hours.
At the end of the feed the mixture is further
polymerised in batches for 6 hours. During the total

35 reaction time, with the exception of the last hour, di-
tert-butylperoxide is added as initiator every 30
minutes (here: 20 portions, a total of 4.3 wt.% based on
the monomers). When the reaction has finished, the



nononer s of Fornula I [err] (I1) 10

mhereln [err]
hydrogen or has
process |s part

Bvavlﬁetabed meani ngs of Ror [err] a BT ] “\' BEEN |
ng as [err] According to th F#&%pyﬁ h$ f =
red for preparing hono-oligghers

B

nononer conponent particularly ﬁegh)acrylic acid esters of

For mul a (I) (see above) espeC|aIIy from nononers B') (see below), nore
particul arly {j ooy kardls frddiiiemysy, the process according to the

i nvention is prefergbly used for preparing cooligonmers CM, 20

synt hesi sed from A) Oto 75 wt% preferably 10 to 40 W .%of at | east
an 1-al kene haticihct tdatd: carbon atons, preferably 10 to 14 carbon atons

in the nolecu%e(%%ooc) _ 25.9aﬁ93/s
5 n (40°C) = 250.3 mm?/s.

VIB = 134

Pour point = -48.4°C
Mw = 2 240

Mn = 1 370

10 U= 0.64
Example 5

As in Example 4 but using isodecyl methacrylate/decene
15 1 : 1 mol, total initiator amount 2.8 wt.%

Product data:
n (100°C) = 47.6 mm?/s
n (40°C) = 603.8 mm’/s.
20 VIB = 132
Pour point = -38.9°C
Mw = 3120
Mn = 1 610
U= 0.94
25
Example 6

As in Example 4, but using isodecyl methacrylate/decene
in a mol ratio of 1 : 0.25, total initiator amount 2.8
30 wt.%

Product data:

n (100°C) = 424.6 mm?/s

n (40°C) = 1 219.7 mm®/s.
35 - VIB = 170

Pour point = -10.7°C

Mw = 12 300

Mn = 2 890



B'-[err]) 20 to 100 w9 preferably 40 to 90 wt.% of at |e %ﬁﬂ@QS"Fréﬁﬁﬂ”ﬂw
(meth)acrylic acid f Fornula |' 30 SHEET HES BHL
D erein & s r}gﬁ%ﬁe{e’cﬁasBeen and [err] is an 35 | m:mmm;f.%)_‘. |
optionally branched mmm& a cycl oal kyl group having 4 to 32 carbon
atons, preferably 8 't tons anbhg al kyl group and B -[err]) O
to 65 wt% , preferably 0.5 to 50, nore 40 particularly 3 to 40
w.% of a (mgyhlagryéic acid ester of Fornula 1" 10 [err]
(11") 5 wherein R is hydrogen or nethyl and [err] is an

Monomer yield = 98%

Example 7

As in Example 6, but introducing isodecyl methacrylates
over 2.5 hours, total initiator amount: 2.8 wt.%.

Product data:

10 n (100°C) = 888.2 mm’/s
n (40°C) = 27162 mm?’/s.
VIB = 206
Pour point: (too viscous)
Mw = 24 800

15 Mn = 3 480
U= 6.12
Monomer yield > 99%

Example 8

20
As in Example 5, but reaction temperature 140°C,
initiator: tert.-butylperbenzoate 4.8 wt.%.

Product data:
25 n = (100°C) = 130.7 mm?/s
n = (40°C) = 2 335.1 mm?/s.
VIB = 147
Pour point: -25.9°C
Mw = 6 690
30 Mn = 2 200
U= 2.04
Monomer yield = 96%

Example 9

35
As in Example 5, but reaction temperature 126°C,
initiator: tert.-butylpernonoate 4.8 wt.%.



al kyl group with 2ThigSheet substituted with at/Teast, GpE ToE
Y,, wherein Y has ﬂ g as Y, nore partlculad y s @ét;a-%@ ---- BN
wth & hydr oxyl gro a group 10 [err] wheré an& .

hydr ogen or nethyl, [err] is 15 hydr ogen or an optronally R
branched al kyl group with 1 to 40, prefer bly 1 to 20 carbon atons, and n
is an integer from1l to 60, with the proviso that if nis 1, R8 is at the

sanme time onl Yoot i@@d ! y branched al kyl group having 1 to 40 20
carbon atonms. The conponents A') d B) of the cooligoners normally nake
up 100 wt. % Bkahfie&) o 4RO r%‘?rg f component A) include: 25

n (40°C) = 12321.7 mm’/s.

VIB = 180
5 Pour point = -8.5°C
Mw = 11 800
Mn = 2 560
U= 2.31
Monomer yield = 88%

10
Example 10

As in Example 4, but using in addition to 1 mol of
l1-decene in the preparation mixture, also 280 g of

15 synthesis oil as solvent, prepared according to Example
4,

Product data:
n (100°C) = 28.0 mm’/s
20 n (40°C) = 294.0 mm?/s.
VIB = 127
Pour point = -44.5°C
Mw = 2 180
Mn = 1 350
25 U = 0.61
Monomer yield = 98%

Example 11

30 As Example 1, but methacrylate component used is butyl
methacrylate, feed time 3.5 hours

Product data:
n (100°C) = 1 480 mm?/s
35 n (40°C) = 2 836.2 mm’/s.
 VIB = 147
Pour point: -26°C
Mw = 6 500



but ene-1, pentene-1, hexane tene 1, octene-1, nonend} THISIBEEARHAS BEEN

updecene- 1, dode@ 1, tetradecene-l, pent adecene+ER ACED
hexadecene- 1, hep ecene-1, nonadecene-1, ei = =
henei cosene-1, 30 trocosene-1, tetracosene-1,

pentacosene-l, hexacosene 1, heptacosene 3o Qctacosene-l, nonacosene- 1,
triacontene-1, hentriacontene-l,-dotriacontene-l, or the like. Suitable
nononer conpongats alggoi ncl ude branched al kenes such as vinyl cycl ohexane,
3, 3-di net hyl byt ene: 35 3- et hyl but ene- 1,

di i sobut yl ene-%4-F pentene-1 or the like. 1-Alkenes with 10 to 32 carbon
atons, whi ch aMenainiykelduxi 99.%he pol yneri sation of ethyl ene, propylene
or mxtures thereof, are also suitable. These materials, thenselves, are

obt ai ned fronlhydrocracked
5 Example 12

3 mol of dodecane (523 g) is heated to 160°C in the
reaction vessel, 1 mol of Cl2-Cl5-alkyl methacrylate
with a 90% iso-content (272 g) is allowed to rotate for

10 5.5 hours. At the end of the feed, the mixture is
repolymerised in the batch for 11 hours. The initiator
is added as described in Example 1. After the reaction
the solvent is removed by distillation. The product
obtained is a colourless, oily liquid which is

15 completely miscible with mineral oils, PAO or ester
oils.

Product data:
n (100°C) = 16.7 mm?/s
20 n (40°C) = 128.1 mm?/s.

VIB = 141

Pour point: < -52.1°C
Mw = 1 510

Mn = 1 230

25 U =0.23
loss by evaporation according to Noack = 6%
Monomer yield = 95%

Example 13

30
As in Example 12, but instead of dodecane the same
amount by weight of hydrocrack oil is used as solvent.

Product data hydrocrack oil:
35 n (100°C) = 3.62 mm’/s

ViB = 126

Pour point = -33.0°C



- 11 - substances. The variant |n whi ch conponent A) of th$

i? 1- decene or ddﬁsé&w ne is particularly 5 e
of speci al interes s or cooligoners CM wherein conponent B)
conpri ses (neth)ac ers having 4 to 22 carbon atons in the

(branched or unbranc a kyI group, or Brxtures thereof. 10 Exanpl es of
nononers i nclude e.qg. butyl acryl ate, 2-ethyl hexyl acrylate, cycl ohexyl
acryl ate, iSOdR@M&u@ErdéﬁieodeEd|oBﬁgaﬁéfﬁoiDnﬂﬁﬁ&ﬁré5obtaﬂﬁé&kate,
dodecyl acryl ate 1¢6%%eqyl tetradecyl acryl ate, pentadecyl
acryl ate, hexa e& decyl acryl ate, octadecyl acrylate,
cetyl stearyl aa:r%fa‘t@ =ol%ﬁly-ll am;/lsﬁte nonadecy!

VIB = 144
5 Pour point = -34.5°C

"Example 14

400 g (0.28 mol) Cl* is dissolved in 450 g (1.99 mol) of
10 isodecyl methacrylate. 250 g (1.78 mol) of 1-decene is
heated to 140°C in the reaction vessel. During 1.5
hours the methacrylate mixture is allowed to flow in.
At the end of the feed, the mixture is repolymerised in
the batch for 15 hours. The initiator is added as
15 described in Example 1. The initiator is tert-
butylperbenzoate, total amount ~ 3 wt.%. The product
obtained is a yellowish oil which is soluble in mineral
oil.

20 * Cl1 is the methacrylic acid ester of an ethoxylated
Cl6-Cl18 fatty alcohol mixture, average degree of
ethoxylation of 25. The alcohol used here is Marlipal
1618/25%®, the product made by Hlls AG.

25
Product data:
n (100°C) = 1 006 mm?/s
n (40°C) = 15 756 mm?/s.
VIB = 276
30 Pour point: (too viscous)
Mw, Mn = cannot be determined via GPC because of high
absorption.
Yield: > 98%

35 Example 15

300 g (0.37 mol) of component C2** is dissolved in 400 g
(1.77 mol) of isodecyl methacrylate. 300 g (214 mol) of
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** C2 is the methacrylic acid ester of methoxy

polyethylene glycol with an average degree of

ethoxylation of 16. The alcohol used here is Carbowax
10 750® (trademark of Union Carbide).

Product data:
n (100°C) = 293.4 mm?/s
n (40°C) = 3 999.0 mm®/s.
15 VIB = 217
Pour point = -22.1°C
Mw, Mn cannot be determined via GPC because of high
absorption.
Yield about 100%
20
Example 16

As in Example 5, but instead of isodecyl methacrylate,

Cl2-C15-alkyl methacrylate with 90% iso-content is used.
25

Product data:

n (100°C) = 41.8 mm’/s

n (40°C) = 417.6 mm’/s.

VIB 152
30 Pour point = -44.1°C

Mw = 3 430 '

Mn = 1 830

U=20.78

35 Example 17

As in Example 1, but methacrylate component is C12-C15
alkyl methacrylate (90% iso), AMA/decene-ratio: 1 : 0.5
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nﬁm AKJ:'. J

e

5 ~Tor phol i noet hyl

thyl (e h)acryl ate,

2- (di et hyl am noet hoxy- et hyl )

(et h) acryl at emol) aMAMea8i @ Aost 1ahearbe made of the foll owi ng oxy- or

al koxy-substituted al kyl
(meth)acryl ate,

10

15

20

25

30

Mn

n (100°C) =

n (40°C) = 4 810.6

VIBE = 165

Pour point =

Mw = 23 100
3 230
U =6.14

Practical Examples

Example 18

2- hydr oxypr opyl
Product data:

234.4 mm®/s
mm’/s .

-25.6°C

esters of (nmeth)acrylic acid 2-hydroxyet hyl
(meth)acryl ate,’

Comparing the viscosity data of an oligomer/ester oil

mixture with those of a poly-o-olefin/ester oil mixture.

20% PAO 100 in
TMA-OD®-ester

20% oligomer from
Example 17 in
TMA-OD®-ester

n (100°C)
VIB

CCS (-30°C)

6.68 nm?/s
193
1 800 mPa s

7.70 mm?/s
212
1 600 mPa s

It is clearly apparent that with cooligomers in the

mixture a lower viscosity may be achieved at -30°C,

despite the higher viscosity at 100°,
a better low-temperature behaviour.

Example 19

thereby obtaining

Comparing an-oligomer/PAO formulation with a PAO6/PAO40

formulation when carrying out an MOT for a VW.



2- met hoxyet hyl (ﬁE?ﬁTEETVTﬁTE*‘iS 2- et hoxyet hyl (neth)achIéE ' ‘
Z]butoxyethyl (neWh)gg&yﬁgﬁ& 2 but oxyet hoxy) et hyl et haci *.: [

2- (ethoxyethyloxy) ate, 4-hydroxybutyl (neth)acrylate 201'““““
2-[2-(2- ethoxyetho (meth)acryl ate,

3- et hoxybut yl -1 -( 2 al koxyogethyl et hyl (meth)acryl ate,

2- hexoxyet hyl (neth)acrylate Exanpl es of the nononer group B) of

Forrmula (I1) include the follomnng (et h)acryl am des: N-net hyl
(meth)acryl am de, N-di nethylam no (neth)acryl am de, N-dinmethyl am nopropyl
(et h)acryl am de, 30 N-i sopr opyl (neth)acrylan1de N-tert. butyl

(et h) acryl ani de, PAO40 in PAO Oligomer from
Example 18 in
5 PAO6
Formulation 45% PAO 40 . 45% oligomer
14.2% commercially 14.2% commercially
available DI available DI
10 package package
40.8% PAO6 40.8 PAO6
n (100°C) 19.5 mm’/s 18.7 mm?/s
VI 147 148
SAE-class 10W-50 ' 10W-50
15 VW-MOT result 63.7 points, 67.2 points, all
rings free all riﬁgs free

Excellent diesel specifications can therefore be
obtained with the oligomer/PAO mixture which results in

20 good thermo-oxidative stability. It must also be noted
that the pure polyalphaolefin formulation used for the
purpose of comparison has an excellent diesel
performance, as known.



N—isobutylnethyL—%ﬂE%h}&%%y#ﬁﬂ#de——hkdecyl (et h) acryl am dj

(geth)acrylan1de no) - 2, 2- di net hyl propyl ] }
"' N-dodecyl (I ﬂa N[ 3- dlnethylanlnopropyl
(et h)acryl am de, I] (et h) acryl am de. is

L used for the npbnoners nust be stabl e ang7 nert under the chosen reaction
conditions. Cenerally, in order to avoid any pressure reactions, the

boi l i ng poi nt Clisimde above the chosen reaction tenperature. 5 Sol vent s
of this kind are known per se. Preparing cooligonors CM As al ready stated,

the preparation of oligoners or
1. A process for preparing oligomers and cooligomers

rrm;ta@mam%“-
REPLACED -

by means of radical polymerisation of at least one
5 monomer component B) with a higher polymerisation
tendency and 0 - 90 wt.% based on the oligomers of a
monomer component A) with' a lower polymerisation
tendency, at an elevated temperature and in the presence
of polymerisation initiators using a conventional
10 polymerisation vessel, characterised in that

a) a liquid phase comprising the monomer component A)
or a solvent L or both is introduced to a
polymerisation vessel, and is heated to the
15 reaction temperature.

b) the component B) with the higher polymerisation
tendency is added, provided the component A) has
been introduced, so that the molar ratio of the

20 component B) to component A), passes through
values of 0 to about 0.2 in the initial phase of
polymerisation and reaches the value 0.2 to 20 in
the final phase of polymerisation with the proviso

that
25
c) the reaction temperature is chosen within a range
in which there is already a significant
depolymerisation of a homopolymer comprising the
more easily polymerisable monomer component B) and
30
4d) an initiator I is added throughout the entire
polymeriéation, initiator I being chosen such that
the half-life periods at the relevant reaction
temperature are 1 minute to about 5 hours, and the
35 initiator amounts are 0.1 to 10 wt.% based on the

total amount of monomers.

2. A process according to claim 1, characterised in

This Sheet Has Been Replaced




10 cool i goners fromthe-twe—Tononer classes is known per $ﬁﬁ;@$¢mQ:;C BEEN i
radi ga) -i nduced poI mer | S@!‘!\i Qih t hermal pol yneri sationlland whis psm,p; J

addi hg" a sui tabl\ﬂm “ l‘ Redox system (of. prior fetr=Fe
process of the i sed for preparing cooligoners CM which 15

are either new or’ V\/nose conononer conposi 2ok i s known. The process
according to the invention is noted for its great applicational
possi bi lities &hatektethenQ-vadukes (abgprdéngatn %lﬁcestﬁeneotpénghﬂust be

mai ntai ned. DupbRgméPs ﬁH Oﬁﬁéﬁ tthlEIHEE”?BlEraEPQQsE&oA) t¥hiBnayl ow 20
pol yneri sation_tendency and/or the solvent L are_heated to a_re ctlon

t enper at ure i ndhEERTL EBP@ BBP§ﬁePf-sEPFoﬁ°¥}8§‘§EF EbquEBdtRFt Righernonet er,
heating and stpolymgriedtien. téhéenoyvept alfausbrbe 5table and inert under

the reaction conditions. The boiling point is 25 preferably above the
chosen reaction tenperature. Exanples of solvents include ali phat| c or
aronatic 3. A process according to claims 1 and 2,

characterised in that the range in which there is
already a significant depolymerisation of a homopolymer
comprising component B) is a range in which 3 - 80 wt.%
10 of monomers (based on the sum of monomers + polymer) are
registered under monomer/polymer equilibrium conditions.

-

"l



hydr ocar bons,

such as xyl ene or cynene, decane or dodecane, q&i [
o%lsh_polyalphaolefins, esters and.previously prepared ol i goj gbﬁ%&éHASBEEN i

sui fabl e as 30 solvents. The use of mineral oils or othert=saes ”‘“DfﬂT
oi |l based synthesis oil liquids, is of particular advantage if the
cooligonmers are intended to be used as bka2® |- quids for 35 synt hesi s
oils (cf. Ulmann's Encycl opadi e der Techn. Chem e, 4th Ed., Vol. 20, p.
454 - 530, VerhbgtrheWwie 1981), in particular the types later to be used as
m xi ng conponents. Here, mention nust be nmade of - 14 - polyal phaol efi ns
of yarious visgosily classes, Dydroctack oils, oYkl gaketng o such as
TMA- OD-
oligomers and cooligomers by means of radical

5 polymerisation of at least one monomer component B) with

a higher polymerisation tendency and 0 - 90 wt.% (based

on the oligomers) of a monomer component A) with a lower

polymerisation tendency at an elevated temperature and

in the presence of polymerisation initiators, in a

10 conventional polymerisation vessel, in which |

a) a liquid phase comprising a monomer component A)
or a solvent L or both is introduced to the
polymerisation vessel, and the phase is heated to .

15 the reaction temperature,

b) the component B) with the higher polymerisation
tendency is added after component A) has been
introduced, so that the molar ratio between B) and

20 component A) passes through values of 0 to about
0.2 in the initial phase of polymerisation and has
the value of 0.2 to 20 in the end phase of
polymerisation, with the proviso that

25 c) the reaction temperature is chosen within a region
in which there is already a significant
depolymerisation of a homopolymer comprising the
monomer component B) which polymerises more easily
and

30

d) an initiator I is added throughout the entire
polymerisation, the initiator I being such that
the half-life periods are 1 minute to about 5
hours at the relevant reaction temperature and- the

35 initiator amounts are 0.1 to 10 wt.% based on the

total amount of monomers.

TG

l
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esters as well as commercially available mneral oils such = ==
of 150N-class. According to feature C), the reaction tenperhnmpegcs ﬁhﬁ§@hFi}
within a range in which a honopol yner (prepared w thout reg Iato fﬂJgnggh |
nononer conponent B) which has better pol ynerisation charac Qﬁﬁ@{l% .................... |
~depol yneri ses to0 a4 10 noti ceable extept. A "noticeabl e a7
depol ynerisation” normally exists when there are already |arge anmounts of
nononers in the (thernally rel at ed) nononer/polymer equilibrium As a

guide, there is 3 to 80 w.% of nononmer in the equilibrium However, .there
are certain 15

| e 1NN he :
polynerisation/gepoﬁgﬁe?ﬁgz §ﬁ£§5Hg|#ﬁ?ﬁéLéﬁﬂuﬁBsd%FQ.%9@%¥anﬂs%t in
respect of a nunber of nobnonmers or tenperature regions. In order to give a
rough but practical estimate of the tenperature range suitable for 20
the process, t e SIHEJQ net hod of thernogravi onetry has

tion
5 Area of the invention

The invention relates to a procesé for preparing homo-
and cooligomers, especially cooligomers of (meth)acrylic
acid esters and a-olefins which may be used as synthesis
10 oils or components of such oils, as mineral oil
-additives as well as plastifiers and the like.

Prior art

15 In general, oligomers are compounds with a molecular
weight of from 102 - 10°, especially 102 - 10%, which are
synthesised from corresponding monomer units. (cf. '

Rompp's Chemie-Lexikon, 8th Ed., p. 2893, Franckh'sche
Verlagsbuchh. 1985). Prior art examples, on which this
20 invention is based, include cooligomers of (meth)acrylic
acid esters and a-olefins. Oligomers of acrylic acid
esters{ as understood nowadays, are disclosed, for
example, in C.E. Rehberg et al. in Ind. Eng. Chem. 44 -
(12) 2864,1952). ' )
25 | ' .
US-A 3 968 148 or DE-A 22 43 ‘064 describe, for example,
this type of oligomer which are synthesised -from three
monomer groups. These oligomers comprise:
about 10 - 90 wt.%¥ of an l-alkene having 4 to 32 C-atoms
30 about 1 - 35 wt.%¥ of one or more alkyl(meth)acrylic
’ acid esters having 8 to 34 C-atoms in
the alkyl group and
‘about 1 - 35 wt.% of one or more alkyl esters of
(meth)acrylic acid or homologous,
35 ' terminally unsaturated carboxylic
) acids having 1 to 4 C-atoms in the
alkyl group.



prdVed useful . Here, a conventionally prepared honopol yner of the nore

.casily pol ynerisabl e conponent B) is exam-ned at increasin cgégne - T f
under oxygen excl usion using thernogravionmetry. In order t W3§£ %

prelimnary oligonerisation experinents, the tenperature r naﬂ ?HPqL
considered which starts at 50[err] below+th tenperature a P&t

wei ght | osses occur because of depol ynerisation, and which ends at about
30[err] above tAligemeper eEuEbis3bindcpraferpbly (have m diestlathe
sel ection and npdegat beest of 1) @00 ach cRloGol t iMemrion st dlesmadepoit ant :

(he mitrators Liaehagiay [ILIte, Qsbahi- Luigy dhed o oohs S50 19
Ki rk-Q hmer, 3runiformigly. 0£3th9gpr9§50ts873UST%t%r%Q9éHE%5¥981 Brandrup-
| mrer gut, BO|YWEESEQBQQQOKn|Silgbherhbé&ion process, in which various
(meth)acrylic acid derivatives such as Cl-C4-alkyl
esters in amounts of 1 to 35 wt.$% and (meth)acryllc acid
esters of C8-C34-alkanols in amounts of 1 to 45 wt. %,
are continuously and simultaneously added to a mixture
10 of radical initiators and 10 to 90 wt.% of a 1-alkene
having 4 to 32 C-atoms, so that the wmolar ratio, which
arises more or less immediately, between acid
derivatives and l-alkene is kept relatively constant in
the reaction preparation within a range of 0.001 to 0.2.
15 The addition, here, should be at a temperature which
does not affect oligomerisation. The yields are given

.as 40 to 70%, the residue, in particular, being a-
olefin.

20 Furthermore, DE-A 32 23 694 discloses copolymers of
«-B-unsaturated dicarboxylic acid esters with o-olefins.
By definition, the a-B—uhsaturated dicarboxylic acid
esters contain, as alcohol component, straight-chained
or branched monoalcohols having 3 to 10 carbon atoms;

25 the a-olefins have 10 to 16 carbon atoms. The
copolymers, may, optlonally, be crosslinked and their
pour-point must be between -60 and 0°C.

US-A 4 526 950 discloses a method for preparing

30 copolymers, in which the mixture of the components,
based on at least one a-olefin having at least 6
C-atoms, and at least one unsaturated carboxylic acid or:
derivatives copolymerisable with olefins, is heated to
at least 135°C in the presence of a radical initiator

35 and in thé absence of solvents or diluents. . Heré, none
of the reactive monomers is used in excess in order to
avoid a dilution of activity. SU-A 1 135 752 also
discloses copolymers compfising decyl methacrylate and




15 The initiators are introduced during the entire pohyaa, sa"jo, (mn'
the exception of the final polynerisation which nostly takes 30" Wi nut e
1 hour). The reaction normally takes about 10 to 15 hOUFS' Laﬂ $Ub ﬁﬁﬁanple-
about 12 1 hours. 1/10th up to half of this tinme, thab-ls =B
hours is normally taken up by the phase i-n3wki ch the nononer i's fed |n'”The
initiators are fed in during the entire reaction, preferably, either in
bat ches at sui tt@tradeceny witle. &) mahay Wweight of 8, 09duito 3B, O8%i nuous! y
- e.g. by feed nogigjch Tafe agshd | 98 ©idkdifihg dyts M 1bridadiaigOoiaach per

portion every half hour may be given as a guide (based on each nol of
nmononmers A) or B)). The anmpunt of initiator used is 0.1

EP-A 217 602 describes oil additives based on ethylene

5 copolmers which comprise inter alis ethylenically
unsaturated mono- or dicarboxylic acids and the esters
thereof which have a molar weight of M, < 1,000.

Object and solution

10
One method for reducing the molecular weight in the
radical polymerisation of monomers is the use of
regulators, especially mercaptans (cf. G. Henrici-Olivé
et al. Fortschr. Hochpolym. Forsch. Vol. 2., p. 496 -

i5 577 (1961); Houben-Weyl, Methoden der Organ. Chemie, 4th
ed., vol. XIV/I).

A further suitable method described in the literature is
the overdosing of catalyét. This, however, makes the
20 process more expensive. Furthermore, experiments have
been carried out for obtaining oligomers of methyl
methacrylate during heating in the liquid phase above
- 160°C, in the presence of an inhibitor. Experience
shows that an increase in temperature and in pressure
25 and longer reaction times promote the formation of
' higher oligomers. (Houben-Weyl, 4th ed., vol. XIV/I p.
1046, 1072 - 1073, Georg-Thieme-Verlag 1961) .

However, process conditions which are too drastic should

30 not be used for a technical process which is, moreover,
based on the exothermic radical polymerisation. Yet, if
the prior art preparétion of oligomers or cooligomers
comprising (meth)acrylic acid esters and a-olefins, is
used, for example, the lack of generally applicable

35 process rules which ensure constant success is apparent.
The processes shown were also not able to fully satisfy

- the requirements in individual cases. The prior art

application of (meth)acrylate oligomers is characterised



to about 10 wt. % based on the total anmount of nononers.
initiators are, for exanple, peroxide initiators, provid’
above criteria. They include di-tert.-butlyperoxide tert.
or tert. butyl peroctoate, but these are only a few exanpl _ 20 "Based* 6.
present findings, according to the inventi én; a reaction of the nDHB_—”~"_'
e.g. 98% my be largely achieved by a suitable choice of. the reaction
condi tions, soh¥#rat in nany cases the nononers need not 25 be separated
of f or indeed further processed. 1In the renaining cases t he residual
nmononer conprises al ost excl si vel £0mno [ e off,
dependi ng on the ap T? ‘ﬁ¥ uggggﬁgglln Plaégg gﬁ? égg oi

| i qui ds which are cmmﬂxmeﬁasaﬁlon.rﬂSuQQﬂaﬁsﬁnPHYnﬁﬁﬁﬁéﬁlUﬁb spRee HE?0|IS

and ester gils operation takes place under inert conditions;

relatively pure monomers are needed; use of a
solvent is standard procedure.

- when regulators are used in radical reactions,
10 commonly known problems occur with the
incorporation of terminal groups as, for example,
in the case of wmercaptans.

- furthermore, high concentrations of initiator are
15 used. Apart from the considerable costs involve,
it also means a greater safety risk.

It has now been found that the process of this invention
makes cooligomers, especially those of (meth)acrylic
20 acid and a-olefins sigpificantly more accessible.

This invention relates to a process which makes it
possible to homopolymerise (meth)acrylates or
copolymerise them with further monomers and in which the
25 - " molecular weights may be adjusted over a wide range |
which covers the entire oligomer range and even extends
beyond it. No regulator is used here. The amount of
initiator used is normally not greater than the amount
usually needed for solution polymerisations. The
30 molecular weight adjustment to obtain lower molecular
" weights, in particular, is not predominantly effected by
varying the amount of initiator used, as is disclosed in
the prior art.

35 The systems described comprise a component B), which has
a higher polymerisation tendency (such as '
(meth)acrylates), plus a component A), which has a lower
polymerisation tendency, and/or a suitable solvent L.



If the content of B' - [err] does not exceed certain I|mtrg—x\e;—g?:i:Zv@-:rvx,t::'%—-_-'--'ff-"'-"---'=
Advant ageous characteristics 35 As already stated in the pRFEt’QLv ¥ e .

cool i gonmers CM according to the invention may be used forij vari a Aﬁ@h@ggalz,
applications. They are suitable as val uabl e - 16 - con‘pcjnenl(:)gaf '

synthesis oils. If they conprise functiomal> groups (e.g. ‘according o e

feature B - [er the synthesis oils exhihit dIS erS|n activit
Furt her nor e, ea‘F‘@-%@‘é équE%ﬁP‘chP%crt}}%rowcﬁ‘}ﬁ &qwna&é tt?’\?e

EI' Eose with. di spEbﬁéﬁan@l@e@I&retslb@mms eiger et ras d)ﬁneqsa/mralmem.en@t
ey may also beegulated via the following variables:

5 o) The ratio of B) to A) or to A) plus L or to L
alone. Under otherwise similar conditions, with a
larger amount of A) and/or L or A) alone, lower
molecular weighté are obtained.

10 - B) The feed time for B). If the feed times are
increased, lower molecular weights are obtained
under the same conditions.

Y) The reaction temperature which is selected within a

15 range in which a conventionally prepared, '
regulator-free homopolymer of the more
polymerisable component B) depolymerises to a
noticeable degree. This means that at the chosen
temperature, in the monomer/polymer equilibrium,

20 - | there are already larger amounts of wmonomer,
normally 3 to 80 wt.%, especially 10 to 60 wt. %
Thus, depending on the required molecular weight
range for n-decyl methacrylate, for example, a
suitable temperatﬁre’range is from 120°C to 170°C,

25 in which between 3 and 80 wt.% of the monomers are
in equilibrium. A temperature, at which there are
between 15% and 50% of monomers (here 140 to 160°C)
is particularly suitable for molecular weights Mw
in the lower molecular weight range with

30 simultaneously high yield. 1In this way; depending
on the chosen reaction temperature, the formation
of long B) sequences may be suppressed to a greater
or lesser extent which means that in addition to o)
and B) the molecular weight may be effectively

35 _ controlled by lowering the reaction temperature in
the above range, the molecular weights of the
(co)oligomers thereby being increased.



used as plastifiers for certain plastic materials. Their a aabﬁgg%qtnegkﬁen—]

4 ow m gration and absence of 10 toxicity. The use of palarf qfqﬂgf
nononer s- advant ageously results in greater applicational pQsgsiiBi iﬁhThe q

fol | owi ng Exanpl és serve to explain the invention. 15° | H=se--tleifg it Nemmmmi
physical data are determ ned using the fel bowi ng standard specifications:
Vi scosity : [err] (100[err]) (according to DIN 51 562 or ASTM D 445 in

t he Ubbel ohde- dapivdmring@), B) and v) it is posedbileeter pdynstchheul at ed
fromthe 40 angnchQtheldd weifis 1of %fbomem@seooubo%uo RAi At s:.mplén the

pour pornt it 5 S dng 10 B ST St vl (DY 0o
Through a correct ch01ce of the parameters, 1nc1uding
5 the total reaction time, a complete reaction of the
monomers may also be achieved easily. Thus, the process
according to the invention has the further advantage
that the residual monomers do not have to be separated
(see Examples). If the formulation is such that apart
10 from A) no further "solvent" is used and A) is
complétely reacted which is easily possible (see
Examples), a further working up of the preparation
mixture may be dispensed with. If in formulations with
an inert solvent, a solvent L is chosen which may remain:
15 in the product such as PAO or mineral oil for which
oligomers are used as the synthetic component of the
base oil, or previously prepared oligomer is used as
" solvent for preparing further oligomer, the separation
of the solvent may also be dispensed with (Examples 10
20 ‘and 13). '

Thus, this invention relates to a process for preparing
oligomers and cooligomers through radical polymerisation
with at least one monomer component B) with a higher *

25 polymerisation tendency and 0 to 90 wt.%, preferably 1
to 50 wt.% (based on the oligomers) of a monomer '
component A) with a lower polymerisation tendency, at an
elevated temperature and in the-presence of
polymerisation initiators in a conventional

30 polymerisation vessel, whereby:

a) a liquid phase comprising the monomer component A)
or a solvent L or both is introduced into the
polymerisation vessel and heated to the reaction

‘35 temperature. '

b) the component B) with a- higher polymerisation
tendency is added after the component A) has been



| ey

Nonuni formty: U Refractive I ndex: According to DI N 5lpd74: 3Gw~g“:f"—
Noack index: According to DIN 51 581 The abbreviations us d hav

fol |l owi ng neani ngs: "AMA" al kyl nethacrylates, "PAO' pol yaI“ aé n@s 1998
"TMA- OD-Esters” esters of trimethylol propane with adipict3

-17- EXAMPLES - Process - 5 Exanpl e 1-17nol of 1-decene (140 g) is

heated to 160[err] in the_reaction vessel. A mxture.of O,
| ! introduced, so that the molar ratio between tgf | sodecyl

components B) and A) passes through values of from
0 to about 0.2 in the initial phase of the
polymerisation and achieves the value of 0.2 to 20
5 in the end phase of the polymerisation, with the
proviso that ' '

c) the reaction temperature is - chosen within a range

in which there is already a significant

10 depolymerisation of the homépolymer (prepared
without regulatbr) comprising the monomer component
B) which has better polymerisationh characteristics.
In order to determine a "significant :
depolymerisation" please note that under these

15 temperature conditions there are already larger
amounts of monomers, normally 3 to 80 wt.%, in
particular 10 to 60 wt.%, especially 15 to 50 wt.%
(based on the sum of the monomers plus polymer) in
the monomer/polymer equilibrium,

- 20 _

d) the initiator I is added throughout the entire
polymerisation, the initiator I being selected such
that the half life at the corresponding reaction
temperature is one minute to about.five hours and

25 the amount of initiator used is 0.1 to 10,
preferably 1 to 5 wt.% based on the total amount of
monomers . '

Normally, the skilled man has sufficient know-how from
30 the prior art literature (e.g. K Wachstum)
' K Abbruch
in order to differentiate between monomers with a high
radical polymerisation tendency B) or C) and those with
a lower 'polymerisation tendency (Monomer A). One way of
35 assessing the relevant polymerisation tendency is, for
example, the use of the widely differing Q-values of the
monomers (according to Alfrey-Price, cf. Brandrup-
Immergut Polymer Handbook loc.cit. II/267). Generally,




met hacrylate (113 g) and 0.5 nol of Cl12-C15 al kyl 10 neﬂhac?yhabe w th.ar
60% i so-content (136 g) is then allowed to flow in over 4 .ours f ﬁG kﬁﬁ
feed, the mxture is polynerised out in batches for anothe QQ?H@@ g

During the total reaction time of 16 hours, with the exceptton of~the™ Iasf-~—
hour, di-tert. -butyl peroxide 15 is add8d-as an initiator every 30

n1nutes (here 30 batches, total anobunt of 2.8 w.% based on the pononers).

At the end of tife Makls AFFURESEDGTe the €P6‘°F‘§r§bBBYe281the§8@/ hxgher
product. i s a c@POUdweAS paliynediisgitidnvtienidensyGorfl ehel ywoi sunbkicalt h

mneral ofls, RAING! &4 AN Frohl lebor?Ocheadp! adthBeokerrd. (1900 err])
‘Hexene as monomer component A) has, for example, a
5 Q-value of 0.035, butyl methacrylate, ‘for example, has
the Q-value of 0.82.

According to the invention, the monomer component A), to
be used in amounts of 0 to 90 wt.%, preferably comprises

10 at least one radically polymeriséble a-olefin having 4
to 40 carbon atoms, hexre, the cooligdmer composition of
CM normally comprises 5 to 90 wt.% of A), the remainder
being B) (= cooligomers CM'). Preferably, the component
B) comprlses at least one acryllc or methacryllc acid

15 ester of Formula (I)

0
I

fr—

- C - OR; : (1)
20.
wherein R is hydrogen or methyl and R; may be an
optionally branched, optionally cyclic alkyl group
having 1 to 42 carbon atoms, in which individual chain -
members may be substituted by ether groups -0-, in which
25 there is a spacing of at least two carbon chain members
between the individual ether groups, in which R; may
additionally be substituted by one or more functional
groups Y which comprise at least one nitrogen or oxygen
atom bound to carbon. Preferably, Y is a -NRéR3, -OR,,
30 - -COOR; or -C-CH- group, wherein R, and
\/
0]
R;, independently of each other, are alkyl groups with 1
to 4 carbon atoms, wherein R, and R3, together with the
35 nitrogen and optionally further'nitrogeh or oxygen atoms
may be a 5- or 6-membered ring, and wherein R, and R; are
hydrogen or an alkyl or cydloalkyl group with 1 to 40,
preferably 1 to 10, carbon atoms. If cycloalkyl groups
are present, they are preferably 5- to 8-membered ring



[err] (40[err]) =
=4 000 vh =1 79
wt . % 35 Exanple 2
-18- over 1.5 hou

489.0 [err]/s. VIB = 146 30 Pour poin

U = 1.23 loss by evaporation according .

As in Exanple 1 but the nethacrylate m

rs. Product data: [err] (100[err]) =94.9
- 9 -

0

systems. Furthermore, the component B) méy comprise
monomers of Formula II

R
CH, = C-C- N -.R'; _ o (II)

10 wherein R' and R'; have the meanings of R or R; and Ry is
hydrogen or has the same meaning as R;.

According to the invéntion, the process is particularly
preferred for préparing homo-oligomers from the monomer

15 component B), particularly (meth)acrylic acid esters of
Formula (I) (see above), especially from the monomers
B') (see below), ﬁore particularly from B'-a.
Furthermore, the process according to the invention is
preferably used for preparing cooligomers CM",

20 synthesised from

A) 0 to 75 wt.%, preferably 10 to 40 wt.% of at least
an l-alkene having 4 to 32 carbon atoms,
preferably 10 to 14 carbon atoms in the molecule

25 and

B'-ct) 20 to 100 wt.%, preferably 40 to 90 wt.% of at
least one (meth)acrylic acid ester of Formula I'

30

O

R
|
C

CH, = C - C - OR," | (L)

_ wherein R' is hydrogen or methyl and R," is an

35 optionally branched alkyl group or a cycloalkyl
group having 4 to 32 carbon atoms, preferably 8 to
20 carbon atoms in the alkyl group and

B'-f) O to 65 wt.%, preferably 0.5 to 50, more
40 particularly 3 to 40 wt.%, of a (meth)acrylic acid
. ester of Formula I"



[ ST T

5 [err] (40[err]) =1 210.8 [err]/s VIB = 164 Pour poi p g} L\‘ @[

= 8 330-Mh = 2 280 10 U = 2.65 Minomer yield = 95% Exa 5

Exanple 1, but reaction tenperature 140[err], initiator ust d,(,a
~tert.-butyl perbenzoate Product data: [err] %OO[err]) 87~8.[err /s

[err] (40[err]) =1 188.3 [err]/s. VIB = Pour point = -34.7[err]

890 WMnh = 2 240 ' R' O .

CH, = C - C - ORy"! ©o(IIv)
5 wherein R' is hydrogen or methyl.and R;" is an

alkyl group with 2 to 6 carbon atoms, substituted
with at least one group Y', wherein Y' has the
same meaning as Y, more particularly substituted
with a hydroxyl group, or R;" is a group

[H-CH—O--L-Rg

wherein R; and Rg are hydrogen or methyl, Ry is

15 hydrogen or an optionally branched alkyl group
with 1 to 40, preferably 1 to 20 carbon atoms, "and
n is an integer from 1 to 60, with the proviso
that if n is 1, Rz is at the same time only an
optionally branched alkyl group having 1 to 40

20 carbon atoms. -

10

The components A') and B') of the cooligomers normally.
make up 100 wt.%. Examples of the monomer component A)
include:

25
butene-1, pentene-1, hexane-1, heptene-1, octene-1,
nonene-1, decene-1, undecene-1, dodecene-1, tridecene-1,
tetradecene-1, pentadecene-1, hexadecene-1, heptadene-1,
octadecene-1, nonadecene-~-1l, eicosene-1, heneicosene-1,

30 docosene-1-, trocosene-1, tetracosene-1, pentacosene-1,
hexacosene-1l, heptacosene-1l, octacosene-1l, nonacosene-1,
triacontené—l, hentriacontene-1, dotriacontene-1, or the
like. Suitable monomer components also include branched
alkenes such as vinylcyclohexane,-3,3-dimethy1butene—1,

35 3-methylbutene-1, diiéobutylene-4—methylpentene-l or the
like. '1-Alkenes with 10 to 32 carbon atoms, which are
obtained during the polymerisation of ethylene,
propylene or mixtures thereof, are also suitable. These
materials, themselves, ‘are obtained from hydrocracked



£

25 i U = 2.00 Mononer yield = 97% Exanpl e 4 30 2 ol ofy BEREREHET2
g) is heated to 160[err] in the reaction vessel. 1 nol of

ilsodec

met hacryl ate (227 g) is allowed to flowin at this tenperaq Pémdﬁig"%ua"ﬁmﬁ"'
hours. At the end of the feed the mxture is further poly ' in bat ches
for 6 hours. During the total 35 reactiddn time, with the exception of
the last hour, di- tert-butylperoxide is added as initiator every 30

m nutes (here: PPFTAGNs, a total of 4.3 wt.% based on the nononers).
When the reaction has finished, the - 19 nononer yield is about 92%

The variant in which component A) of the cooligomers CM
is 1-decene or dodecene, tetradecene is particularly

5 preferred. Also of special interest are oligomers or
cooligomers CM wherein component B) comprises
(meth)acrylic acid esters havinQ 4 to 22 carbon atoms in
the (branched or unbranched) alkyl group, or mixtures
thereof. '

10
Examples of monomers include e.g.:

‘butyl acrylate, 2-ethylhexyl acrylate, cyclohexyl
acrylate, isodecyl acrylate, decyl acrylate, undecyl

15 acrylate, dodecyl acrylate, tridecyl acrylate,
tetradecyl acrylate, pentadecyl acrylate, hexadecyl
acrylate, heptadecyl acrylate, octadecyl acrylate,
cetylstearyl acrylate, oleyl acrylate, nonadecyl
acrylate, eicosyl acrylate, cetyleicosyl acrylate,

20 stearyleicosyl acrylate, docosyl acrylate,
eicosyltetratriacontyl acrylate or the corresponding
methacrylates. Special mention must be made alkyl
methacrylates with > C10 in the alkyl group which have a
higher iso content. These include, for example, C12~

25 C15-alkylesters of methacrylic acid with an iso content
of about 60 to 90%, as well as isodecyl methacrylate.
For certain applications it is also possible to use
monomers according to Formula I, wherein R, is C1-C3-
alkyl, in particular methyl methacrylate in addition to

30 ethyl acrylate, ethyl methacrylate, propyl acrylate and
propyl methacrylate. Here, however, the lower boiling
points have a limiting effect on the reaction at normal
pressure. '

35 Examples of the monomer group B) of Formula I also
include the following amino-substituted alkyl esters of
(meth)acrylic acid:



Product data: [err] (100[err]) = 25.9 [err]/s 5 [err]

Jerr]/s VIB = 134 Pour point = -48.4[err] Mv = 2 240 M j "0

0. 64 Exanple 5 As in Exanple 4 but using isodecyl methacryilate/d

1: 1 nol, total initiator anount 2.8 wt.% Product data: Kr “f

47.6 [err] [err] (40C) = 603.8 [err]/s. 20,2 - VIB = 132 Pour—point =

.-38.9[err] Mwv = 3120 i
2-diaminomethyl (meth)acrylate,

2-diethylaminoethyl (meth)acrylate,

3-dimethylamino-2, 2-dimethylpropyl-1- (meth)acrylate,

3-dimethylamino-2,2-dimethylpropyl-1- (meth)acrylate,
5 2-morpholinoethyl (meth)acrylate,

2-tert.-butylaminoethyl (meth)acrylate,

3- (dimethylamino)propyl (meth)acrylate,

2- (dimethylaminoethoxy-ethyl) (meth)acrylate.

" 10 Mention must also be made of the'following OoXy- or
alkoxy-substituted alkyl esters of (meth)acryllc acid :
2- hydroxyethyl (meth)acrylate,
2- hydroxypropyl (meth) acrylate,
2-methoxyethyl (meth)acrylate,

15 2-ethoxyethyl (weth)acrylate,
2-butdxyethyl (meth)acrylate,

2- (2-butoxyethoxy) ethyl methacrylate,
2-(ethoxyethylpxy)ethyl (meth)acrylate,
4 -hydroxybutyl (meth)acrylate,

20 2-[2- (2-ethoxyethoxy) ethoxy] ethyl (meth)acrylate,
3-methoxybutyl-1- (meth)acrylate,
2-alkoxy-methy1ethyl (meth) acrylate,
2-hexoxyethyl (meth)acrylate.

25 Examples of the monomer group B) of Formula (II) include
the following (meth)acrylamides:
N-methyl (meth)acrylamide,'
N-dimethylamino (meth)acrylamide,
N-dimethylaminopropyl (meth)acrylamide,
30 N-isopropyl (ﬁeth)acrylamide,
N-tert.butyl (meth)acrylamide,
- N-isobutylmethyl (meth)acrylamide,
'N-decyl (meth) acrylamide, N-cyclohexyl (meth)acrylamide,
. N-[3- (dimethylamino) -2, 2-dimethylpropyl] -methacrylamide,
35 N-dodecyl (meth)acrylamide,
N- [3-dimethylaminopropyl] (meth)acrylamide,
N- [2-hydroxyethyl] (meth)acrylamide.



M o= 1 610 U = 0.94 25 Exanple 6 As in Exanple 4, but USIngzgﬂuhﬁaﬂENf

net hacryl ate/ decene in a nol ratio of 1 : 0.25, total I nityator anDunt 2.8

30 wt . %

219.7 [err]/s 35  VIB = 170 Pour poi Nt = -10.7C My = 12 B300=Nemnsd

10

15

20

25

30

35

Product data: [err] (1000 = 424 6 [err]/s [eWr]*i Qty' gﬁgﬁ___

- 13 -

The solvent L used for the monomers must be stable and
inert under the chosen reaction conditions. Generally,
in order to avoid any pressure reactions, the boiling
point must be above the chosen reaction temperature.
Solvents of this kind are known per se.

Preparing cooligomors CM

As already stated, the preparation of oligomers or
cooligomers from the two monomer classes is known per
se, using radical-induced polymerisation e.g. thermal
polymerisation and whilst adding'a suitable initiator
and/or Redox system (cf. prior art). The process of the
invention may be used for preparing cooligomers CM which
are either new or whose comonomer composition is known.
The process according to the invention is noted for its
great applicational possibilities and excellent results,
but certain process conditions must be maintained. -
During the process, the monomer component A) with a low
polymerisation tendency and/or the solvent L are heated
to a reaction temperature in a suitable polymerisation
vessel equipped with thermometer, heating and stirring
devices. The solvent L must be stable and inert under
the reaction conditions. The boiling point is
preferably above the chosen reaction temperature.
Examples of solvents include aliphatic or aromatic
hydrocarbons, such as xylene or cymene, decane oOr

dodecane, but mineral oils, polyalphaolefins,'esters and

previously prepared oligomers are also suitable as
solvents. '

The use of mineral oils or other non-mineral oil based
synthesis oil liquids, is of particular advantage if the
cooligomers are intended to be used as base liquids for
synthesis oils (cf. Ullmann's Encyclopddie der Techn.
Chemie, 4th Ed., Vol. 20, p. 454 - 530, Verlag Chemie
1981), in particular the types later to be used as
mixing components. 'Here, mention must be made of



{r_.:_'. Lo
-20- U = 3.26 Monomer yield = 98% Exanple 7 5 As in Exarrpll R g s
i ntroduci ng i sodecyl nethacrylates over 2.5 hours, total |m|t|eu3ﬂ EUG"@@@
2.8 w.% Product data: 10 [err] (100[err]) = 888.2 [err]sif.erl]..

(40[err]) = 27162 [err]/s VIB = 206 Pour point: (too viscobsy=My—=:24=

15 M = 3 480 U = 6.12 Mononer yield > 9% Exanple 8 o

polyalphaolefins of various viscosity classes,
hydrocrack oils, various ester oils such as TMA-OD-
esters as well aé commercially available mineral oils
such as of the 100N or 150N-class.

According to feature C), the reaction temperature is
chosen within a range in which a homopolymer (prepared
without regulator) from a monomer component B) which has
better polymerisation characteristics depolymerises to a
10 noticeable extent. A nnoticeable depolymerisation"
normally exists when there are already,largé amounts of
monomers .in the (thermally related) monomer/polymer
equilibrium. As a guide, there is 3 to 80 wt.% of
monomer in the equilibrium. However, there are certain
15 requirements for determining the
polymerisation/depolymerisation equilibria and no data
exist as yet in respect of a number of monomers or
temperature fegions. In order to give a rough but
practical estimate of the temperature range suitable for
20 the process, the simple method of thermograviometry has
proved useful. Here, a conventionally prepared
homopolymer of the more easily polymerisable component
B) is ‘examined at increasing temperature, under oxygen
exclusion using thermograviometry. In order to carry
25 out preliminary oligomerisation experiments, the
temperature range should be considered which starts at
- 50°C below the temperature at which the first wéight
losses occur because of depolYmerisation, and which ends
at about 30°C above this temperature.
30
According to the invention, the selection and mode of
feed of the radical initiators I are also important:
the initiators I selected must have a half-life at the
corresponding reaction temperature of from about 1
35 minute to about 5 hours. (Cf. Kirk-Othmer, 3rd. Ed.
Vol. 13. pg. 355 - 373, Interscience 1981; Brandrup-
Immergut, Polymer Handbook loc.cit. II/1).



20 As in Exanple 5, but reaction tenperature 140[err], |n| %ﬁ SUENT ST
tert.-butyl perbenzoate 4.8 w.% Product data: 25 130
[err]/s = (40[err]) = 2 335.1 [err] VIB = 147 Pour-p0|nt 25§ AZDrA

690 30 M = 2 200 U = 2.04 Mnoner yield = 96% Exanpl e

Exanpl e 5, but reaction tenperature 126[err}? tnitiator:

tert'-bUtylpernoeﬁgt§n§t§a¥£rs are introduced durlng the entire

polymerisation (with the exception of the final
polymerisation which mostly takes 30 minutes to 1 hour).
The reaction normally takes about 10 to 15 hours, for

5 example about 12 + 1 hours. 1/10th up to half of this
time, that is, 1 - 5.5 hours is normally takén up by the
phase in which the monomer is fed in. The initiators
are fed in during the entire reaction, preferably,
either in batches at suitable intervals e.g. every half

10 hour, or continuoﬁsly e.g. by feed mode. The addition

of 0.001 - 0.005 mol of initiator each per portion every
half hour may be given as a guide (based on each mol of
monomers A) or B)). The amount of initiator used is 0.1
to about 10 wt.% based on the total amount of monomers.

15 -Suitable initiators are, for example, peroxide
initiators, provided they meet the above criteria. They
include di-tert.-butlyperoxide tert.butylperbenzoate or
tert. butylperoctoate, but these are only a few
examples.

20 _
Based on present findings, according to the invention, a
reaction of the monomers of e.g. 98% may be largely
achieved by a suitable choice of the reaction
conditions, so that ih many cases the monomers heed not

25 be separated off or indeed further processed. In the
remaining cases, the residual monomer comprisés almost
exclusively component A) which is separated off,
depending on the application. The products are inter
alia colourless oily liquids which are completely

30 miscible with mineral oil, PAO, HC-oils and ester oils
if the content of B'- B does not exceed certain limits
e.g. 50 wt.%.

Advantageous characteristics

35 , .
As already stated in the prior art, the cooligomers CM
according to the invention may be used for various
technical applications. They are suitable as valuable



- 21

broduct data: [err] (100[err]) = 460.1 [errhf&g&rlng49 erﬁ—)

= 12321.7 [err] VIB = 180 5 Pour point = -8.5[err]

560 U = 2.31 Monomer yield = 88% 10 Exanple 10 As in Exang U)M&u@@ﬁg
in addition to 1 nol of 1- decene in the preparation n1xturelfé _S0..280-g=0of=-
15 synthesis oil as solvent, prepared agcerding to Exanple

10

15

20

25

30

35

components of synthesis oils. If they combrise
functional groups (e.g. according to feature B'- B), the
synthesis oils exhibit dispersing activity.

Furthermore, they are used as low-molecular weight
mineral oil additives, those with dispersing properties
being regarded as of special interest. They may also be
used as plastifiers for certain plastic materials.

Their advantages include low migration and absence of
toxicity. The use of polar/non-polar monomers
advantageously results in greater applicational
possibilities.

The following Examples serve to explain the invention.
In so doing, the physical data are determined using the
following standard specifications:

Viscosity : n (100°C) (adcording to DIN 51 562 or
ASTM D 445 in the Ubbelohde-capillary
viscosimeter) -

VIB calculated from the 40 and 100°
viscosity of the base oil

Pour point: in the pour point automat according to DIN
51 583, _
Molar weight: (by gel chromatography using PMMA as
_ standard)
Nonuniformity: U
Refractive ' _
Index: According to DIN 51 774

" Noack index: According to DIN 51 581

The abbreviations used have the following meanings:
"AMA" alkyl methacrylates, "PAO" polyalphaolefins, “TMA-
OD-Esters" esters of trimethylol propane with adipic:
acid.



4. Product data: [err] (100[err]) = 28.0 [err]/s 20 [ erg
294.0 [err] VIB = 127 Pour point = -44.5[err] Mv = 2 180 |Mrgp
= 0.61 Mononer yield = 98% Exanple 11 30 As Exanple 1, 'but
conponent used is butyl nethacrylate, feed tine 3.5 hour
Ez;r] (100[err]) =1 480 [err] 35 [err{ XAG{err]) = 2

......

EXAMPLES
- Process -
5 Example 1

1 mol of 1-decene (140 g) is heated to 160°C in the
reaction vessel. A mixture of 0.5 mol of isodecyl
methacrylate (113 g) and 0.5 mol of C12-C15 alkyl

10 méthacrylate with a 60% iso-content (136 g) is then
allowed to flow in over 4 hours. After the feed, the
mixture is polymerised out in batches for another 12
hours. During the total reaction time of 16 hours, with
the exception of the last hour, di-tert.Qbutylperoxide

15 is added as an initiator every 30 minutes, ({here 30
batches, total amount of 2.8 wt.% based on the
monomers) .

At the end of the reaction the monomer yield is about
20 98%.

The product is a colourless, oily liquid which is
completely miscible with mineral oils, poly-olefins or
ester oils.

25 |

" Product data:

n (100°C) = 45.1 wm’/s.
n (40°C) = 489.0 mm®/s.
VIB = 146

30 Pour point = -43.2°C
fiw = 4 000
Mn = 1 790
U =1.23 _
loss by evaporation according to Noack 4 - 5 wt.%

35
Example 2

As in Example 1 but the methacrylate mixture is fed in



Pour point: -26[err] Mv = 6 500 - 22 - M1 =1 860 U= ZESJLthQnek]yieLdfﬁ}
=91.%5 Exanple 12 3 nol of dodecane (523 g) is heatedﬁrd“Tﬁgkffug Kﬁ@"‘"
the reaction vessel, 1 nol of Cl2-Cl5-al kyl nethacrylate with a. AA ,
i so-content (272 g) is allowed to rotate for 10 5.5 hours At tHE énd i
of the feed, the mixture is repolynerised 18 the batch for 11 hours. The
initiator is added as described in Exanple 1. After the reaction the

sol vent is renpeowerby .& doulrisati on. The product

Product data:
n (100°C) = 94.9 mm?/s.
5 n (40°C) = 1 210.8 mm?/s.

VIB = 164
Pour point = -33.6°C
Mw = 8 330
Mn = 2 280
10 U= 2.65

Monomer yield = 95%
Example 3

15 As in Example 1, but reaction temperature 140°C,
initiator used: tert.-butylperbenzoate

Product data:
n (100°C) = 87.8 wmm?/s

20 'n (40°C) = 1 188.3 mm’/s.
VIB = 154
Pour point = -34.7°C
Mw = 6 890
Mn = 2 240
25 U = 2.00

- Monomer yield = 97%
Example 4

30 2 mol of 1-decene (280 g) is heated to 160°C in the
reaction vessel. 1 mol of isodecyl methacrylate (227 g)
is allowed to flow in at this temperature over 5 hours.
At the end of the feed the mixture is further
polymerised in batches for 6 hours. During the total

35 reaction time, with the exception of the last hour, di-
tert-butylperoxide is added as initiator every 30
minutes (here: 20 portions, a total of 4.3 wt.% based on
the monomers). When the reaction has finished, the



~ obtained is a colourless, oily liquid which is 15 conpl et ¢ :

wth mneral oils, PAO or ester oils. Product data: [err] (100p«
[err] 20 [err] (40[err]) 128.1 [err] VIB = 141 Pour [ S

NM/: 1 510 Mnh = 1 230 25 U= 0.23 | oss by evaporation accordlng to hback
6% Mononer yield = 95% Exanple 13 30 As i% £xanple 12, but instead of

dodecane the same anount by weight of hydrocrack oil is used as solvent.
monomer yield is about 92%.

Product data:
n (100°C) = 25.9 mm?/s
5 n (40°C) = 250.3 mm’/s.

VIB = 134

Pour point = -48.4°C
Mw = 2 240

Mn = 1 370

10 U =0.64
Example 5

As in Example 4 but using isodecyl methacrylate/decene
15 . 1 : 1 mol, total initiator amount 2.8 wt.%

Product data:
n (100°C) = 47.6 mm?/s
n (40°C) = 603.8 wm’/s.

20 VIB = 132
Pour point = -38.9°C
Mw = 3120
Mn = 1 610
U= 0.94
25
Example 6

As in Example 4, but using isodecyl methacrylate/decene
in & mol ratio of 1 : 0.25, total initiator amount 2.8
30 wt.%

Product data:

n (100°C) = 424.6 mm’/s

n (40°C) = 1 219.7 mm?/s.
35 VIB = 170

Pour point = -10.7°C

Mw = 12 300

Mn 2 890



Product data hydrocrack oil: 35 J[err] (100[err])
.Pour point = -33.0[err] - 23 - Product data of the ollgdﬁe
obtained: [err] (100[err]) = 5.08 [err] [err] (40[err])
144 5 Pour point = -34. 5[err] Exanple 14 400 g (0.28 nDI) Cj*-is

di ssolved in 450 g (1.99 nol) of 10 i-sodecyl nethacrylate. 250 g (1'78 £
nol ) of 1-deceq? |§3ﬁ§§ted to 140[err] in the reaction vessel. During 1.5

Monomer yield = 98%
Example 7

As in Example 6, but introducing isodecyl methacrylates
over 2.5 hours, total initiator amount: 2.8 wt.%

Product data:
10 n (100°C) = 888.2 mm?/s
n (40°C) = 27162 mm?/s .

VIB = 206 o
Pour point: (too viscous)
Mw = 24 800

15 Mn = 3 480 -
U= 6.12 '

Monomer yield > 99%

Example 8

20 '
As in Example 5, but reaction temperature 140°C,
initiator: tert.-butylperbenzoate 4.8 wt.%.

Pioduct data:
25 n = (100°C) = 130.7 mm’/s
| n = (40°C) = 2 335.1 mm’/s.
VIB = 147
Pour point: -25.9°C
Mw = 6 690
30 Mn = 2 200
U= 2.04
Monomer yield = 96%

Example. 9

35 ; _
As in Example 5, but reaction temperature 126°C,
initiator: tert.-butylpernonocate 4.8 wt.%.



hours the met hacrylate mixture is allowed to flowin. At the end of the

feed, the mxture is repolynerised in the batch for 15 h jyxl ;p
f?ﬁ%éﬁ?ﬁ N shee

is added as 15 described in Exanple 1. The initiator

butyl perbenzoate, total anpunt - 3 wt.% The product obtained gg qug 1996
yell owi sh oil which is soluble in mineral 28iF. 20 « o {5t

met hacrylic acid ester of an ethoxylated Cl16-Cl8 fatty al cohol nlxture
aver age degr eePgpduchoffpkati on of 25. The al cohol used here is Marli pal

1618/ 25[err], H{heipoeduci 4@eler Ay s AG 25 Product data: [err]

éé?ﬂ%erz%éO:VIgcggg S{rl {5551 4%%%»3_ 15 756 [err] VIB = 276 30 Pour
VIB = 180
5 Pour point = -8.5°C

) Mw = 11 800
Mn = 2 560
U=2.31
Monomer: yield = 88%

10
‘Example 10
As in Example 4, but using in addition to 1 mol of
1-decene in the preparation mixture, also 280 g of

15 " synthesis oil as solvent, prepared according to Example

4.

Product data:
n (100°C) = 28.0 mm?/s
20 n (40°C) = 294.0 mm’/s.

VIB = 127

Pour point = -44.5°C
Mw = 2 180

Mn = 1 350

25 U = 0.61
Monomer yield = 98%

Example 11

30 As Example 1, but methacrylate component used is butyl
methacrylate, feed time 3.5 hours

Product data:

n (100°C) = 1 480 mm?/s
35 n (40°C) = 2 836.2 mm’/s.

VIB = 147

Pour point: -26°C

Mw = 6 500

1
!
:
{
!
|

i




My, Mh = cannot be deternined via GPC because of hi gh absorptrl o> Y’»eld >N
.98% 35 Exanpl e 15 300 g (0.37 nol) of conponent C2** is dlSSOéXqulnﬂ4

g (1.77 nol) of isodecyl nethacrylate. 300 g (214 nol) of :
1-decene is heated to 160[err] in the reaction vessel. The fethacrylatre=== e
m xture is allowed to flow in over 2 houw 22 Fotal reaction tinme 16.5 hours,

addi ti on of
total 5

is the nmethacryiL »xmgid ester of nethoxy pol yethyl ene glycol with an
average deQreeﬁghomer yield = 91.%

10

15

20

25

30

35

Example 12

3 mol of dodecane (523 g) is heated to 160°C in the -
reaction vessel, 1 mol of Cl12-Cl5-alkyl wmethacrylate
with a 90% iso-content (272 g) is allowed to roﬁate for
5.5 hours. At the end of the feéd the mixture is
repolymerlsed in the batch for 11 hours. The initiator
is added as described in Example 1. After the reactlon
the'solvent is removed by distillation. The product
obtained is a colourless, oily liquid which is
completely miscible with mineral oils, PAO or ester
oils.

Product data:
n (100°C) = 16.7 /s
n (40°C) = 128.1 mm’/s.

VIB = 141

Pour point: < -52.1°C
Mw = 1 510

Mn = 1 230

U=0.23

loss by evaporation acéording to Noack = 6%
Monomer yield = 95%

Example 13

As in Example 12, but instead of dodecane the same
amount by weight of hydrocrack oil is used as solvent.

Product data hydrocrack oil:
n (100°C) = 3.62 mm’/s

VIB = 126

Pour point = -33.0°C

initiator as in Exanple 1. Initiator: di-tert.-butyl peroxide,

anodt = B 8G0 % The product is soluble in mneral oil. ** C2



etHoxyLation of 16. The al cohol used here is Carbowax 10 {7

: . SULeTT
.(trademark of Union Carbide). Product data: [err] (100[ererEpL@§§MENR§HqF

[err] (40[err]) = 3:999.0 [err] 15 VIB = 217 Pour point : - JA
Mh cannot be determ ned via GPC because of_high absorptio Detest - ég%

100% 20 Exanple 16 As in Exanpl e 5, but Tt ead of | sodecyl net hacryfate;
Fé?rflﬁlggFgLr] %h %e V%E'Eﬁgy@ffﬁoméyyﬂyf:di&tﬁ%%dob%glgéadUCt dat a:
n (100°C) = 5.08 mm?/s
n (40°C) = 24.1 wm?/s
VIB = 144
5 Pour point = -34.5°C

Example 14

400 g (0.28 mol) Cl* is dissolved in 450 g (1.99 mol) of-
10 isodecyl methacrylate. 250 g (1.78 mol) of 1-decene is
- heated to 140°C in the reaction vessel. During 1.5
hours the methacrylate mixture is allowed to flow in.
At the end of the feed, the mixture is repolymerised in
the batch for 15 hours. The initiator is added as
15 described in Example 1. The initiator is tert-
butylperbenzoate, total amount ~ 3 wt.%. The .product
obtained is a yellowish oil which is soluble in mineral
oil.

20 * Cl is the methacrylic acid ester of an ethoxylated
C16-C18 fatty alcohol mixture, averége degree of
ethoxylation of 25. The alcohol used here is Marlipal
-1618/25%, the product made by Hils AG.

25
Product data:
n (100°C) = 1 006 nmt/s
n (40°C) = 15 756 mm?/s.
VIB = 276
30 Pour point: (too viscous)
Mw, Mn = cannot be determined via GPC because of high
absorption.
Yield: > 98%

35 Example 15

300 g (0.37 mol) of component C2** is dissolved in 400 g
(1.77 mol) of isodecyl methacrylate. 300 g (214 mol) of




[err] (40[err]) = 417.6 [err] VIB 152 30 Pour poi nt = H4dsfGome=BsA30;: |
M = 830 U= 0.78 35 Exanple 17 As in Exanple 1, but nethagrlﬁggaagn
conponent is Cl2-Cl15 al kyl nmethacrylate (90%iso), AMAN degameeratl o L.
0.5 "~ - 25 - nol, AMA fed in for 1 hour. Product data: [ S f‘\__,J

234.4 [err] 5 [err] (40[err]) = 4 810. &4 err]

1-decene is heated to 160°C in the reaction vessel. The
methacrylate mixture is allowed to flow in over 2 hours.
‘Total reaction time 16.5 hours, addition of initiator as
in Example 1. Initiator: di-tert.-butylperoxide, total
5 amount ~ 3 wt.%. The product is soluble in mineral oil.

*% C2 is the methacrylic acid ester of methoxy
polyethylene glycol with an average degree of
' ethoxylation of 16. The alcohol used here is Carbowax
10 750® (trademark of Union Carbide) . '

Product data:
n (100°C) = 293.4 mm’/s
n (40°C) = 3 999.0 um1/s
15 VIB = 217
Pour point = -22.1°C
Mw, Mn cannot be determined via GPC because of high
absorption.
Yield about 100%
20
Example 16

As in Example 5, but instead of isodecyl methacrylate,
C12-C15-alkyl methacrylate with 90% iso-content is used.
25 | '
' Product data:
. n (100°C) = 41.8 mm®/s
'n (40°C) = 417.6 mm’/s.
VIB 152 '
30 Pour point = -44.1°C
Mw = 3 430
Mn = 1 830
U =0.78

35 Example 17

As in Example 1, but methacrylate component is C12-C15
alkyl methacrylate (90% iso), AMA/decene-ratio: 1 : 0.5



VIB = 165 Pour point = -25.6[err] Mv = 23 100 Mh = 3 230
Practical Exanples Exanple 18 15 Conparing the viscosity
ol igoner/ester oil mxture with those of a poly-[err]-alef
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m xture. 20% PAO 100 in 20% ol i gonmer from TMA- OD[ err] -ieste -
Exanple 17 in TMA-OD[err}-ester 20 [ errd5 (1100[ err]) 6.68 [err]
7.70 [err] IB . . 3 212 CCS (-30[err])

1 800 nPa s Mol f%ofﬁﬁ?&%.lngr i's BY¥ar 1y apparent that with cool i gomers

in the
Product data:
'n (100°C) = 234.4 mm’/s

5 n (40°C) = 4 810.6 mm?/s.
VIB = 165
Pour point = -25.6°C
Mw = 23 100
Mn = 3 230

10 U =6.14

Practical Examples

Example 18
15
Comparing the viscosity data of an oligomer/ester oil
mixture with thoée of a poly-a-olefin/ester o0il mixture.
20% PAO 100 in 20% oligomer- from
TMA-OD®-ester Example 17 in
| TMA-OD®-ester
20 n (100°C) 6.68 mm’/s 7.70 mm?/s
VIB 193 | 212
CCs (-30°C) 1 800 mPa s 1 600 mPa s
It is clearly apparent that with cooligomers in the
25 mixture a lower viscosity may be achieved at -30°C,
despite the higher viscosity at 100°, thereby obtaining
a better low-temperature behaviour. -
Example 19
30

Comparing an oligomer/PAO formulation with a PAO6/PA040
formulation when carrying out an MOT for a VW.



25  mixture a | ower viscosity may be achieved at -30[er|+]=,_despiite th
.hi gher vi.scosity at 100, thereby obtaining a better Iomftenperature :
behavi our.. Exanple 19 30 Conparing an ol igoner/PAO fornulﬂtf \&@fhuﬁ 988

PAOG/ PAO40 formul ati on when carrying out an MOT for a VW _—11'5éﬁifﬁﬁtﬁﬂx::
in PAO 6 A igoner from Exanple 128 5 '
PAC6 Formul ation 45% PAO 40 45% ol i goner. 14. 2% comrerci al l y
14. 2% comrerci al ly avail abl e DI ' avai |l abl e Dl
PAO40 in PAO 6 Oligomer from
Example 18 in
5 PAO6
Formulation 45% PAO 40 45% oligomer
14.2% commercially 14.2% commercially
available DI . available DI
10 package 3 package
40.8% PAO6 40.8 PAOG6
n (100°C) ° 19.5 wm®/s 18.7 mm?/s
VI 147 148
SAE-class 10W-50 |  10W-50 |
15 VW-MOT result 63.7 points, - 67.2 points, all
rings free all rings free |

Excellent diesel specifications can therefore be
obtained with the oligomer/PAO mixture which results in

20 ‘good thermo-oxidative stability. It must also be noted
that the pure pblyalphaolefin formulation used for the
purpose of comparison has an excellent diesel
performance, as known.



10
40.8 PAGG [err]

VW MOT result 63°7 poithts, 67.2 points, a+e|TeHngs .......... \I
rings free Excellent diesel specificat2dns can therefor ame:d::_~
with the oligoner/ PAO m xture which results in 20 goof=t= '
stability.
used for the purpose of conparison has an excell ent diep
1
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| so be noted that the pure polyalp
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by means of radical polymerisation of at least one '
monomer component B) with a higher polymerisation
tendency and 0 - 90 wt.% based on the oligomers of a
monomer component-A) with a lower polymerisation
tendency, at an elevated temperature and in the presence
of polymerisation initiators using a conventional
polymerisation vessel, characterised in that

a) ~a liquid phase comprising the monomer component A)
or a solvent L or both is introduced to a
polymerisation vessel, and is heated to the
reaction temperature.

b) the component B) with the higher polymerisation
tendency is added, provided the component A) has
been introduced, so that the molar ratio of the
component B) to component A), passes through
values of 0 to about 0.2 in the initial phase of -
polymerisation and reaches the value 0.2 to 20 in
the final phase of polymerisation with the proviso
that

c) the reaction temperature is chosen within a range
in which there is already a significant
depolyﬁerisation-of a pomopolymer comprising the
more easily polymerisable monomer component B) and

d) an initiator I is added throughout the entire
polymerisation, initiator I being chosen such that
the half-life periods at the relevant reaction
temperature are 1 minute to about 5 hours, and the
initiator amounts are 0.1 to 10 wt.% based on the
total amount of monomers.

2. A process according to.claim 1, characterised in

This Sheet Has Been Rer
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by nmeans of r a¢h on of § BEENTEY (€ onpoReRicR)r sHEET |
with a higher p Lsation tendency . jed; on th%%AUG 1996
oligormers of a n(ﬂi‘tw_"ﬁ I A) W ettt pe=prertsdl Dak Lenlency., ...
at an el evated - n the presence of polyneri§attoﬂ:tﬁhthataﬁszzj

usi ng a conventional pol ynerisation vessel4” characterised in that the

Q val ues, accord] {0 r ri.ce,..of Wi hee | r

polynerisationtﬁgﬁ%éﬁcﬁﬁg%é5§?ﬁfﬁ% ég%gﬁ%?é“%f9§f§%§fﬁ% %%%ﬁ%% 6e' CHE

pol ymeri sati on REMEKS A fHidh fthemleveraReLBLTbFaRiPRcEBHIEREFY] 5 and

that a) a |i GuifkEdhasok WAYSSIdH thiee mohomets BPMPwRtRNthé) higharsol vent L

or both is introduced o .a pol sation_v I nd is heated to the
i e B SRR AL R ) TaRERe, Pe

reaction tenpeﬁﬁf ; e hi gher pol ynerisation
5 .

3. - A process according'to claims 1 and 2,
characterised in that the range in which there is
already a significant depolymerisation of a homopolymer
comprising component B) is a range in which 3 - 80 wt.%

10 of monomers (based on the sum of ‘monomers + polymer) are
registered under monomer/polymer equilibrium conditions.

—_—
This Sheet H. B

1T



|

1&@&k11

tehdency I s .added, provided the conponent A) has been int %E?ﬁg
the nolar ratio of the conponent B) to conponent A), pas E

of 0 to about 0.2 in the initial phase of polynerisation gﬁ re ________________
value 0.2 to 20 in the final phase of polynerisation mnthL_ji_ﬂ’ """""

(@) the reaction tenperature is chosen within a range in which a

“honopol ymer of the nore easily pol ymer2%abl e nonomer conponent B) .

depol ynmeri ses to such an extent that 3 - 80 w. % of nononers (based on the
sum of nonomers plus polyner) are recorded under nononer/ pol ymer

equi librium conditions. d) the initiator | is added throughout the
entire PROCESS FOR' PREPARING HOMOOLIGOMERS AND COOLIGOMERS
Abstract
5 A process for preparing oligomers and cooligomers via

radical polymerisation of more polymerisable monomer
component (s) B) and 0 - 90 wt.% (based on the oligomers)
of a less polymerisable monomer component A), in which

10 a) a liquid phase cqmprisiﬁg A) and/or a solvent is
introduced into_a'conventional polymerisation
vessel and heated to the reactidn temperature,

b) B) is added after A), so that the molar ratio
15 between B) and A) changes from 0 to about 0.2 in
the initial polymerisatioh phase and reaches 0.2 to
20 in the final polymerisation phase, with the
provisos‘that -

20 c) the reaction Eemperature is such that there is
significant depolymerisation of a homopolymer
comprising B), and

d) 0.1 to 10 wt.% amounts (based on the monomers) of
25 an initiator with half-life periods of 1 minute to
about 5 hours at the reaction temperature, is added
throughout the entire polymefisation.




polyherlsatlon initiator | being chosen such that the half-life pefiods at
the rekevant reaction tenperature are 1 nminute to about 5 hours, and.the

ini'ti ator anounts are 0.1 to 10 wt % based on the total anount of nonahers.
'\ -
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Claims

1. A process for preparing oligomers and cooligomers
by means of radical polymerisation of at least one

monomer component B) with a higher polymerisation

tendency and 0 - 90 wt.% based on the oligomers of a

monomer component A) with a lower polymerisation
tendency, at an elevated temperature and in the presence
of polymerisation initiators using a conventional
polymerisation vessel, characterised in that

the Q-values, according to Alfrey Price, of the
monomers A) with the lower polymerisation tendency and
of the monomers B) with the higher polymerisation

tendency differ from one another by a factor 2 5 and
that

a) a liquid phase comprising the monomer component A)

or d solvent L or both is introduced to a
polymerisation vessel, and is heated to the
reaction temperature,

b) the component B) with the higher polymerisation

tendency is added, provided the component A) has

been introduced, so that the molar ratio of the

- component B) to component A), passes through values
of 0 to about 0.2 in the initial phase of
polymerisation and reaches the value 0.2 to 20 in

the final phase of polymerisation with the proviso
‘that

c) the reaction temperature is chosen

in which a homopolymer of the more
polymerisable monomer component B)

within a range
easily
depolymerises to

.% of monomers (based
on the sum of monomers plus polymer)

. such an extent that 3 - 80 wt

are recorded
under monomer/polymer equilibrium conditions.
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the initiator I is added throughout the entire
polymerisation,

initiator I being chosen such that
the -half-life periods at the relevant reaction
temperature are 1 minute to about 5 hours, and the

initiator amounts are 0.1 tohlo wt.% based on the
total amount of monowmers.



