
EP 0 372 735 B1 Description This Invention relates to viscosity Index
Improver containing oil composition, particularly lubricating oil
compositions, exhibiting reduced haze, and to a process for preparing such
compositions. In particular, this 5   invention is directed to low-haze or
substantially haze-free lubricating oil compositions and additive packages
used In their formulation containing ethylene-propylene copolymer viscosity
Index improvers and a haze-redu- cing effective amount of  an oil-soluble
hydrocarbyl subtituted succinic said. An important property of a
lubricating composition Is the rate at which Its viscosity changes as a
function of temperature. The relationship between the viscosity and
temperature is commonly expressed as the viscosity 10  Index (V.I.)
Lubricant compositions which change little In viscosity with variations In
temnperature  have a greater viscosity index than do compositions whose
viscosity   materially affected by changes In temperature. One of the major
requirements of the lubricating oils is a satisfactory
viscosity-temperature  characteristic so that the oils will not lose their
fluidity but will show an equally good performance within a relatively wide
temperature range to which they may be exposed In service. 15     In
addition to refining natural petroleum oils to Improve their viscosity
Index characteristics, it has been common practice to introduce long chain
hydrocarbon compounds such as linear polymers In order to raise the
viscosity Index of lubricant compositions. Among the V.I. improver that
have been described in the patent ilterature we polyisobutylenee as taught
In U.S. Patent Nos. 2,084,501 and 2,770,753; polyalkylmethacrylates as
described in U.S. Patent No. 3,607,749; copolymers of alkylmethacrylates
and styrene as shown In U.S. 20  Patent No. 3,775,329; hydrogenated
butadienestyrene copolymers as shown In U.S. Patent No. 2,796,853; and
coplymera of butadlene, styrene and isoprene as shown In U.S. Patent No.
3,795,615. It Is also known to utilize ethylene-alpha-olefin copolymers
such as ethylene-propylene copolymers as viscosity Index improvers.
Particularly useful of ethylene-alpha- olefin copolymers are described In
EP-A-0299608 and 0129414. These copolymers are segmented copolymers of
ethylene and at least one other alpha-olefin monomer, each 25   copolymer
is intramolcularly hterogeneous nd intermolecularly homogeneous and at
least on segment of the copolymer, constituting at least 10% of the
copolymer's chain, is a crystallizable segment. The term crystallizable
segment" is defined to be each segment of the copolymer chain having a
number-average molecular weight of at least 700 wherein the ethylene
content Is at least 55 wt%. The remaining segments of the copolymer chain
are herein termed the "low crystallinity segments" and are characterized by
an average so  ethylene content of not greater than about 53 wL%.
Furthermore, the molecular weight distribution (MWD) of copolymer Is very
narrow. However, during the preparation, processing, and/or storage of
these oil soluble ethylene-alpha-olefin copolymers a haze may develop  in
their oil concentrates or oil compositions (e.g., oil concentrates or final
oil formulations containing the ethylene-alpha-olefin copolymers). The
source of this haze does not appear to be 35  the same  as that haze
resulting from Incompatibility of the several additives In a lubricating
oil additive concentrate or composition (see U.S. Patent No. 3,897,353
wherein haze resulting from component incompatiblity Is overcome In a
lubricating oil additive concentrate by blending an amorphous
ethylene-propy- lens copolymer with an n-alkyl methacrylate containing
polymer having a number average molecular weight between about 30,000 and
about 120,000). Rather, it Is believed that this haze is due to the
presence of a wide 40   variety of catalysts, metal weak acid salts, etc.
which are used In or result from the by-product of the polymerization,
finishing proces, or other steps In the manufacture or finishing of the
ethylene-alpha olefin copolymers of this inention or their oil
concentrates. Thus, for example, a typical haze producing substance Is
calcium stearate having a particle size of from about 0.01 microns to about
15 microns, which calcium stearate Is used In the finishing process of
these ethylene-alpha-olefin copolymers useful as V.. improvers. Generally,
45   oil compositions such as oil concentrates containing these
ethylene-alpha-olefin copolymer viscosity Index impmover also contain a
haze forming amount of these metal weak acid salts. These haze forming
amounts are generally less than about 1 wt. % based on the total weight of
the ol compositions. It has now been surprisingly discovered that the haze
of all compositions containing these ethylene-alpha- olefin copolymer
viscosity Index Improvers can be reduced or substantialy eliminated by the
addition thereto 50  or treatment thereof with a hydrocarbyl substituted
succinic acid, a week acid containing two hydrogen dissociating moietles
both of which have pKs above 2.5 (eg., succinic add has a [err] of 4.16 and
a p2 of 5.81). It has been discovered that the haze In lubricating ol
compositions containing certain specific types of at- hylene-alpha-olefin
copolymeric V.I. improvers can be reduced or substantially eliminated by
treating said copolymer or its oil composition such as an oil concentrate
composition, which typically comprises an oil such 55   as lubricatng oil
and from O.01 to 50,preferably 3 to 3Owt.% based upon said composition,of
said oil soluble 



copolymer with a hydrocarbyl substituted succinic acid. The preent
Invention has particular utility when the hazing subtance is a metal salt
of a weak acd, said weak acid having a pK of more than about 3.8,
preferably a pK of 4.0 to about 8 and said hazing substance has a particle
size of from about 0.01 microns to about 15 2    EP 0 372 735 B1 microne.
It is preferred to treat the oil composition containing the hazing
substance which is derived from the dissociable metal containing material,
1.e. the weak acid, by Introducing the oil-soluble hydrocarbyl substituted
sucinic acid within the range of from about 0.02 to about 0.5 weight
percent, based on the weight of the oil composition. 5      The
aformentioned EP-A-0299608  and 0129414 mention the addition of [err]
aliphatic succinic acids and anhydrides such as dodecanyl succinic
anhydride as rust Inhibitors. In accordance with the Invention there is
provided a process for reducing haze in a lubricating oil composition,
wherein the lubricating oil composition comprises: (i) lubricating oil, 10
(II) from 0.01 to 50% by weight of the total composition of a copolymer of
etthylene and at least one other alpha-olefin monomer, said copolymer
comprising intramolecularly heterogeneous and Intermolecularly homogeneous
copolymer chains containing at least one crystallizable segment of
methylene units and at least one low crystallinity ethylene-alpha-olefin
copolymer segment, wherein said at least one crystallzable segment
comprises at least 10 weight percent of said copolymer chain and contains
at least 15     57 weight percent ethylene, wherein said low crystallinity
segment contains not greater than 53 weight percent ethylene, and wherein
said copolymer has a molecular weight ratio of [err], of less than 2 and a
rato of [err] of less than 1.8, and wherein at least two portions of an
Individual Intramolecularly heterogeneous chain, each portion conprising at
least 5 weight percent of said chain, differ in composition from one
another by at least 7 weight percent ethylene, 20     (iii) a haze forming
amount of an oil Insoluble haze forming material resulting from the
manufacture or finishing process  of said ethylene-alpha-lefin copolymer,
characterised by treating said composition for from 0.1 to 20 hour at a
temperature from 50 to 250[err] with from from 0.001 to 10 weight percent,
based on the total weightof the composition, of a hydrocarbyl succinic
acid. 25      Preferably said temperature is from 50 to 16[err]. The
invention Includes as an aspect the use of a hydrocarbyl succinic acid for
the treatment of lubricating oil compositions containing
ethylene/alpha-olefin copolymer viscosity index improving additive for the
purpose of reducing haze due to the inclusion in such composition of a haze
forrning material resulting from the manufacture or finishing processes of
said viscosity Index improving additive, said composition being as 30
defined above. The ethylene-alpha-olefin copolymers are segmented
copolymers of ethylene and at least one other al- pha-olefin monomer; each
copolymer is Intramolecularly heterogeneous and Intermolecularly
homogeneous and at least one segment of the copolymer, constituting at
least 10% of the copolymer's chain, is a crystallizable segment. For the
purposes of this application, the term crystallzable segment" is defined to
be each segment 35   of the copolymer chain having a number-average
molecular weight of at least 700 wherein the ethylene content is at last 55
wt%. The remaining segments of the copolymer chain are herein termed the
low crystallinity segments" and are characterized by an average ethylene
content of not greater than about 53 wt.%. Furthermore, the molecular
weight distribution (MWD) of copolymer is very narrow. It is well known
that the breadth of the molecular weight distribution can be characterized
by the ratios of various molecular weight 40   averages. For example, an
indication of a narrow MWD In accordance with the present invention is that
the ratio of weight-tonumber-average molecular weight [err] is less than 2.
Alternatively a ratio of the z-average molecular weight to the
weight-average molecular weight [err] of less than 1.8 typ[err] a narrow
MWD In accordance with the present Invention. It is known that a portion of
the proprty advantages of copolymers In accordance with  the present
invention are related to these ratios. Small weight fractions of material
can 45  disproportionately Influence these ratios while not significantly
altering the property advantages which depend on them. For Instance, the
presence of a small weight fraction (e.g. 2%) of low molecular weight
copolymer can depres [err], and thereby raise [err] above 2 while
maintaining [err] less than 1.8. Therefore, polymers, 



in accordance with the present invention, are characterized by having at
least one of [err], less than 2 nd [err], less than 1.8. The copolymer
comprises chains within which the ratio of the monomers varies along the 50
chain length. To obtain the Intramolecular compositional heterogeneity and
narrow MWD, the copolymers are prefeably made in a tubular reactor. In
accordance with the instant invention it has been discovered that the haze
of an oil composition, such as a lubric ting oil concentrate composition,
containing a specific type of ethylene-alpha-olefin copolymer vicosity
index Improver can be reduced or substantially eliminated to treating said
composition with a haze 55  reducing effective amount of a hydrocarbyl
substituted succinic acid. In a preferred embodiment of the instant
Invention haze is reduced or substantially eliminated In a lubricating oil
concentrate composition suitable for use In a lubricating oil composition
comprising a lubricating oil and from about 0.01 to about 50 wt.% based on
the weight of said concentrate composition of ethylene-al- 3    EP 0 372
735 B1 pha-olefin copolymer viscosity Index Improvers and a haze forming
amount, e.g., less than about 1 wt.% based on the weight of said
composition, of a hazing substance containing calcium stearate of particle
diameter ranging from about 0.01 microns to about 15 microns by the step of
treating said composition with a haze reducing effective amount of
hydrocarbyl substituted succinic acid. 5 Ethylene and Alpha-olefin
Copolymer The ethylene and alpha-olefin copolymers of the Instant Invention
are described in EP-A-0299608. These coplymers are copolymers of ethylene
with at least one other alpha-olefin comprised of segmented copolymer 10
chains with compositions which are intramolcularly heterogeneous and inter-
moleculary homogeneous. For convenience, certain terms that are repeated
throughout the present specification are defined below. a. Inter-CD defines
the compositional variation, in terms of ethylene content, among polymer
chains. It is expressed as the minimum deviation (analogous to a standard
deviation) In terms of weight percent ethylene, from the average ethylene
composition for a given copolymer sample needed to include a given 15
weight percent of the total copolymer sample, which is obtained by
excluding equal weight fractions from both ends of the distribution. The
deviation need not be symmetrical. When expressed as a single number, for
example 15% Inter-CD, it shall mean the larger of the positive or negative
deviations. For example, for a Gaussian compositional distribution, 95.5%
of the polymer is within 20 wt.% ethylene of the mean if the standard
deviation is 10%. The Inter-CD for 95.5 wL% of the polymer is 20 wt.%
ethylene for such a sample. 20     b. Intrs-CD is the compositional
variation, In terms of ethylene, within a copolymer chain. It Is expressed
as the minimum difference in weight (wt.%) ethylene that existe between two
portions of a single copolymer chain, each portion comprising at least 5
weight % of the chain. c. Molecular weight distribution (MWD) is a measure
of the range of molecular weights within a given copolymer sample. It is
characterized In terms of at least one of the ratios of weight-average to
number- 25     average molecular weight [err], and z-average to
weight-average molecular weight, [err] where: [err] [err] and 45 wherein
[err] is the number of molecules of molecular weight [err] 55      d.
Viscosity Index (V.I.)is  the ability of a lubricating  oil to acommodate
Incrase in temperature with a minimum decrease in viscosity. The greater
this ability the higher the V.I. The instant copolymers are segmented
copolymers of ethylene and at least one other alpha-olein monomer wherein
the copolymer's chain contains at least one crystallizable segment of
ethylene monomer 4    EP 0 372 735 B1 



units, as will be more completely described below, and at least one low
crystallinity ethylene-alpha-olefin copolymer segment, where In the low
crystallinity copolymer segment is characterized In the unoriented bulk
stats after at least 24 hours annealing by a degree of crystallinity of
less than about 0.2% at 23[err], and wherein the copolymer's chain Is
Intramolecularly heterogeneous and intermolecularly homogeneous, and has an
MWD 5   characterized by at least one of [err] of less than 2 and [err] of
less than 1.8. The crystallizable segments comprise from about 10 to 90
wt.%, preferably from about 20 to 85 wt.%, of the total copolymer chain,
and contain an average ethylene content which is at least about 57 wt.%,
preferaby t least bout 62 wt.%, and more preferably at least about 63wt.%
and which is not greater than 95wt.%, more preferably<85%, and most
preferably <75wt.% (e.g., from about 58 to 68 wt%). The low crystallinity
copolymer segments comprise from 10  about 90 to 10 wt.%, preferably from
about 0 to 15 wt.%, and more preferably from about 65 to 35 wt.%, of the
total copolymer chain, and contain an average ethylene content of from
about 20 to 53 wt.%, preferably from about 30 to 50 wt.%, and moe
preferably from about 35 to 50 wt.%. The copolymer comprise
intramolecularly heteogenous chain segment wherein at least two portons of
an individual intramolecularly heterogenoeous chain, each portion
comprising at least 5 weight percent of the chain and having a molecular 15
weight of at least 7000 contain at least 5 wt.% ethylene and differ In
composition from one another by at least 5 weight percent ethylene, wherein
the intermolecular compositional dispersity of the polymer Is such that 95
wt.% of the polymer chains have a composition 15% or less  different in
ethylene from the average weight percent ethylene oomposition, and wherein
the copolymer is characterized by at least one or a ratio of [err], of less
than 2 and a ratio of [err] of less than 1.8. 20     As described above,
the copolymer wil contain at least one crystallizable segment rich in
methylene units (hereinafter clled an "M" segment) and at least one low
crystallinity thylene-alpha-olefin copolymer segment (hereinafter called a
"T" segment). The copolymers may be therefore illustrated by copolymers
selected from the group consisting of copolymer chain structures having the
folowing segment sequences: M-T, (I) 25
[err], and  (II) [err] wherein M and T are defined above, [err] and [err]
can be the same or different and are each M segments, [err] and [err] can
be the same or different and are  each T segments, x Is an Integer of from
1 to 3 and y Is an integer of I to 3. 30     In structure II(x=i), the
copolymer's M segment Is positioned between two T segments, and the M
segment can be positioned substantially In the center of the polymer chain
(that is, the [err] and [err] segments can be substanially the same
molecular weight and the sum of the molecular weight of the [err] and [err]
segments can be substantialy equal to th molecular weight of the M
segment), although this is not essential to the practice of this invention.
Preferably, the copolymer will contain only one M segment per chain.
Therefore, structures I 35  and II (x=1)w preferred. Preferably, the M
segments and T segments of the copolymer are located along the copolymer
chain so that only a limited number of the copolymer chains can associate
before the steric problems associated with packing the low crystillinity T
segments prevents further agglomeration. Therefore, In a preferred
embodiment, the M segment Is located near the center of the copolymer chain
and only one M segment is In the chain. 40      As will be shown below, a
copolymer of the structure MF - [err] (IV) (wherein [err] and T are as
defined above, and wherein z is an Integerof at least 1) are undesirable as
visosity modifier polymers. It has been found that solutions of structure
IV copolymers In oil tend to gel even when the M and T portions have
exactly the same composition and molecular weight as structure II
copolymers (with 45  x=z=I). It is believed this poor viscosity modifier
performance Is due to the Inablity of a center T segment to sterically
stablize against association. The M segments of the copolymers of this
invention comprise ethylene and can also comprise at least one other
alpha-olefin, e.g., containing 3 to 18 carbon atoms. The T segments
comprise ethylene and at least one other alpha-olefin, e.g., alpha-olefins
containing 3 to 18 carbon atoms. The M and T segment can also 50  comprise
other polymerizable monomers, e.g., non-conjugated dlenes or cylic
mono-olefins. Since the present Invention Is considered to be most
preferred In the context of ethylene-propylene (EPM) copolymers it will be
described in detail in the context of EPM. The ethylenealpha-olefin
copolymer in accordance with the present invention Is preferably made In a
tubular reactor. When produced In a tubular reactor with monomer feed only
at the tube inlet, it is known at the 55   beginning of the tubular
reactor, ethylene, due to Its high reactivity , will be preferentially
polymerized. The 



concentratin of monomers in solution changes along th tube in favour of
propylene as the ehylene is depleted. The result, with monomer feed only at
the inlet, is copolymer chains which are higher in ethylene concentration
In the chain segments grown near the reactor Inlet (as defined at the point
at which the polymerization reaction 5    EP 0 372 735 B1 commences), and
higher In propylene concentration In the chain segments formed near the
reactor outlet. These copolymer chains are  therefore tapered In
composition. An illustrative copolymer chain of ethylene-pro- pylene is
schematically printed below with E representing ethylene contituents and P
representing propylene constituents In the chain: 1               2
3             4 Segment:   E-E-E-E-P-E-E-E-P-P-I-I-P-P-E-P-P-P-P 10 As can
be seen from this illustrative schematic chain, the far left-hand segment
(1) thereof represents that portion of the chain formed at the reactor
inlet where the reaction mixture is proportionately richer in the more
reactive constituent ethylene. This segment comprises four ethylene
molecules and one propylene molecule. However, as subsequent segments are
formed from left to right with the more reactive ethylene being depleted 15
and the reaction mixture proportionately increasing in propylene
concentration, he subsequent chain segments become more concentrated in
propylene. The resulting chain is intramolecularly hoterogeneous. The
property, of the copolymer discussed herein, related to intramolecular
compositional dispersity (compositional variation within a chain) shall be
referred to as Intra-CD, and that related to Intermolecular compositional
dispersity (compositional variation between chains) shall be referred to as
Inter-CD. 20      For copolymers in accordance with the present invention,
composition can vary between chains as well as along the length of the
chain. An object of this Invention is to minimize the amount of Inter-chain
variation. The Inter-CD can be characterized by the difference In
composition between the copolymer fractions containing the highest and
lowest quantity of ethylene. Techniques for measuring the breadth of the
Inter-CD are known as Ilustrated in "Polymerization of ethylene and
propylene to amorphous copolymers with catalysts of vanadium 25 oxychlorlde
and alkyl aluminum haideas"; E. Junghanns, A. Gumboldt and G. Bier;
Makromol. Chem, V. 58 (12/12/62): 18-42, wherein a
p-xylene/dimethylformamide solvent/non-solvent was used to fractionate
copolymer into fractions of differing intermolecular composition. Other
solvent/non-solvent systems can be used as hexane/2 propanol, as will be
discussed in more detail below. The Inter-CD of copolymer In accordance
with the present invention is such that 95 wL % of the copolymer 30  chains
have an ethylene composition that differs from the average weight percent
ehylene composition by 15 wL % or less. The preferred Inter-CD is about 13%
or less, with the most preferred being about 10% or less. In comparison,
Junghanns et al. found that their tubular reactor copolymer had an inter-CD
of greater than 15 wt. %. Broadly, the Intra-CD of copolymer in accordance
with the present Invention is such that at least two 35  portons of an
indidual Intramolecularly heterogeneous chain, each portion comprising at
least 5 weight percent of the chain, differ in composition from one another
by at least 7 weight percent ethylene. Unless otherwise indicated, this
property of Intra-CD as referred to herein is based upon at least two 5
weight percent portions of copolymer chain. The Intra-CD of copolymer in
accordance with the present invention can be such that at least two
portions of copolymer chain differ by at least 10 weight percent ethylene.
Differences of at 40  least 20 weight percent, as well as, of at least 40
weight percent ethylene are also considered to be in accordance with the
present invention. The experimental procdure for determining Intra-CD is as
follows. First the Inter-CD is established as described below, then the
polymer chain is broken into fragments along its contour and the Inter-CD
of the fragments is determined. The difference in the two results is due to
Intra-CD as can be seen In the Illustrative 45  example below. Consider a
hetrogeneous sample polymer containing 30 monomer units. It consists of 3
molecules designated A, B, C. 50                       [err] [err] [err] 



55       Molecule A is 36.8 wL % ethylene, B is 48.6%, and C is 50%
ethylene. The average ethylene content for the mixture is 44.3%. For this
sample the Inter-CD is such that the highest ethylene polymer contains 5.7%
more ethylene than the average while the lowest ethylene content polymer
contains 7.5% less ethylene than the average. Or, in other words, 100
weight % of the polymer is within +5.7% and -7.5% ethylene about an 6    EP
0 372 735 B1 averag of 44.3%. Accordingly, the Inter-CD is 7.5% when the
given weight % of the polymer is 100%. If the chains are broken into
fragments, th  will be a now Inter-CD. For simplicity, consider first
breaking only molecule A into fragments shown by the slashes as follows:
[err] Portions of 72.7%, 72.7%, 50%, 30.8%, 14.3% and 0% ethylene  are
obtained. If molecules B and C are similarly 10  broken and the weight
fractions of similar composition are grouped a new Inter-CD is obtained. In
order to determine the fraction of a polymer which is Intramolecularly
heterogeneous in mixture of polymers combined from several sources the
mixture must be separated into fractions which show no further heterogenity
upon subsequent fractionation. These fractions are subsequently fractured
and fractionated to reveal which m heterogeneous. 15     The fragments into
which the originel polymer is broken should be large enough to avoid and
effects and to give a reasonable opportunity for the normal statistical
distribution of segments to form over a given monomer conversion range In
the polymerization. Intervals of ca 5 weight % of th polymer are convenient
For example, at an average polymer molecular weight of about 105, fragments
of ca 5000 molecular weight are appropriate. A detailed mathematical
analysis of plug flow or batch polymerization indicates that the rate of
change of 20 composition along the polymer chain contour will be most
severe at high ethylene conversion near the end of the polymerizaton. The
shortest fragments are needed here to show the low ethylene content
sections. The best available technique for determination of compositional
disperaily for non-polar polymers Is solven/non-solvent fractionation which
Is based on the thermodynamics of phase separation. This technique is
described In "Polymer Frctiontion", M. Cantow editor, Academic 1967, p.341
and in H.Inagaki, T Tanaku, 25  Develoments In Polymer Characterization",
3,1, (1982). Fornon-crystalline coplymers of ethylene and
propylene,molcular weight governs Insolublity more than does composition In
a solvent/non-solvent solution. High molecular weight polymer is less
soluble In a given solvent mix. Also, there is a systematic correlation of
molecular weight with ethylene content for the polymers described herein.
Since ethylene polymerizes much more rapidly than propylene, high ethylene
polymer also 30  tends to be high In molecular weight. Additionally, chains
rich in ethylene tend to be less  soluble in hydrocarbon/polar non-solvent
mixtures than propylene-rich chains. Furthermore, for crystalline segments,
solubillty is significantly reduced. Thus, the high molecular weight, high
ethylene chains are easily separated on the basis of thermodynamics. A
fractionation procedure is as follows: 35        Unfragmented polymer is
dissolved In n-hexane at 23[err] to form ca a 1% solution (1 g. polymer/100
cc hexne). lsopropyl alcohol  titrated Into the solution unti turbidity
appears at which time the precipitates is allowed to settle. The
supernatant liquid is removed and the precipitate is dried by pressing
between Mylar polyethylene terphthalate) film at 150[err]. Ethylene content
is determined by ASTM method D-3900. Titration is resumed and subsequent
fractions are recovered and analyzed until 100% of the polymer is
collected. The 40   titrations are Ideally controlled to produce fractions
of 5-10% by weight of the original polymer, especially at the extremes of
composition. To demonstrate the breadth of the distribution, the data are
plotted as % ethylene versus the cumulative weight of polymer as defined by
the sum of half the weight % of the fraction of that composition plus the
total weight % of the previously colected fractions. 45      Another
portion of the original polymer is broken into fragments. A suitable method
for doing this is by thermal degradation acsording to the following
procedure: In a sealed container In a nitrogen-purged oven, a 2mm thick
layer of the polymer is heated for 60 minutes at 330[err]. (The time or
temperature can be empically adjusted based on the ethylene content and
molecular weight of the polymer.) This should be adequate to reduce a 105
molecular weight polymer to fragments of ca 50  5000 molecular weight Such
degradation does not substantially change the average ethylene content of
the 



polymer, although propylene tends to be lost on scission In preference to
ethylene. This polymer is fractionated by the same procedure as the high
molecular weight precursor. Ethylene content is measured , as well as
molecular weight on selected fractions. The procedure to characterize
Intramolecular heterogeneity is laborious and even when performed at an 55
absolute optimum, does not show how the segment of the chain are connected.
In fact it is not possible, with current technology, to determine the
polymer structure without recourse to the synthesis conditions. With
knowledge of the synthesis conditions, the structure can be defined as
follows. Ethylene, propylene or high alpha-olefin polymerization with
transition metal catalysts can be described 7    EP 0 372735 B1 by the
terminal copolymerization model, to an approximation adequate for the
present purpose. (G. Ver Strata, Encyclocedia of Polymer Science and
Engineering vol.6 , 522 (1986)). In this model, the relative reactivity of
the two monomers Is specified by two reactivity ratios defined as follows:
[err]=    (rate constant for ethylene adding to ethylene) (rate constantfor
propylene adding to ethylene) [err]=  (rate consnt for propylene adding to
propylene) rate oonstant for ethylene adding to propylene) Given the two
constants, at a given temperature, the ratio of the molar amount of
ethylene, E, to the molar amount of propylene, P. entering the chain for a
solution containing ethylene and propylene at molar 10  concentrations [E]
end [P] respectively Is [err] [err] 15 The relation of E and P to the
weight% ethylene In the polymer is as follows weight% ethylene     [err]
[err] 20      The values of [err] and [err] are dependent on the particular
comonomer and catalyst employed to prepare the polymer, the polymerization
temperature and, to som  extent, the solvent For 11 transitlon metal
catalysts specified herein,[err] Is significantly larger than R2. Thus, as
can be seen from equaton (1), ethylene will be consumed more rapidly than
propylene for a given fraction of the monomer in th reacting medium. Thus,
the raio of [err] will decrease as the monomers are consumed. Only if [err]
25  will the composition In the polymer equal that In the reacting medium.
If the amount of monomer that ha reacted at a given time in a batch reactor
or at a given point in a tubular reactor can be detarmined, it Is possible
through equation (1), to determine the instanteneous composition being
formed eta given point along the polymer chain. Demonstration of narrow MWD
and increasing MW along the tube proves the compositional distribution Is
Intramolecular. The amount of polymer formed can be so  determined in
either of two ways. Samples of the polymerizing solution may be collected,
with appropriate quenching to terminate the reaction at various points
along the reactor, and the amount of polymer formed evaluated.
Alternatively, If the polymerization Is run adlabaticailly and the heat of
polymerization Is known, the amount of monomer converted may be calculated
from the reactor temperature profile. Finally, if the average composition
of the polymer Is measured at a series of locations along the tube, or 35
at various times in the b tch polymerization case, it Is possible to
calculate the Instantaneous composition of the polymer being made. This
technique does not require knowledge of [err] and [err] or the heat of
polymerization, but it does require access to the polymer synthesis step.
All of these methods have been employed with consistent results. For the
purpose of this patent,[err]  and [err] thus simply serve to characterize
the polymer composition In terms 40  of the polymeriation conditions. By
defining [err] and [err] we are able to specify the intramolecular
compositional distribution. In the examples shown below where VC14 and
ethylaluminum sesquichiorlde are employed in hexane as solvent, R   1.8
exp(+50[err])[err] = 3.2 exp(-15OO[err]) Where "R"  Is the gas constant
(1.98 cal/deg-mole) and "[err]" Is degrees Kelvin. For referenc, at 20[err]
= 9.7, [err] = 0.02. The [err] and [err] given above predict the correct
final average polymer composition. If the [err] and [err] and 45
expression (2) are someday proven to be Inaccurate the polymer
Intramolecular compositional distribution will 



rn a defined herein in term  of the polymerization conditions but may have
to be modied on th absolute composition scales. There Is little likelihood
that they are in error by more than a few percent, however. Ethylene
content is measured by ASTM-D3900 for ethylene-propylene copolymers between
35 and 85 wt.% ethylene. Abo 85% ASTM-D2238 can be used to obtain methyl
group concentrations which are related to percent ethylne in an unambiguous
manner for ethylene-propylene copolymers. When comonorners other than
propylene are employed no ASTM tests covering a wide range of ethylene
contents are  available; however, proton and carbon-13 nuclear magnetic
reasonance spectroscopy can be employed to determine the composition of
such polymers. These are absolute techniques requirng no calibration when
operated such that all nudeli of a given element contribute equally to the
spectra. For ranges not covered by the ASTM tests for ethylene-propylene
copolymers, these nuclear magnetic resonance methods can also be used.
Molecular weight and molecular weight distribution are measured using a
Waters 150C gel permeation chromatography equipped with a Chrornatix KMX-6
(LDC-Mllton Roy, Riviera Beach, Fla.) on-line light scattering photometer
The system Is used at 135[err] with 1,2,4 trichlorobenzene as moblie phase.
Showdex 8    EP 0 372 735 1 (Showa-Denko Arica, Inc.) polystyrene gel
columns 802, 803, 804 and 805 are used. This technique Is discussed in
"Liquid Chromatography of Polymers and Related Materials III", J. Cazes,
editor. Marcel Dekker, 1981, p. 207 (Incorporated herein by reference). No
correction for column spreading are employed; however, data on generally
accepted standards, e.g., National Bureau of Standards Polyethene 1484 and
anlonically 5   produced hydrogenated polyisoprones (an elternating
ethylene-propylene copolymer) demonstrate that such corrections on [err] an
less than .05 unit. [err] is calculated from an elution time-molecular
weight relationship whereas [err]  is evaluated using th light scattering
photometer. The numerical analyses can be performed using the commercially
available computer softwe GPC2, MOLWT2 available from LDC/Mllton
Roy-Riviera Beach, Florida. 10     As already noted, copolymers In
accordance with the present invention are coomprised of ethylene and at
least one other alpha-olefin.It is believed that such alpha-olefin could
include those containing 3to 18 carbon atoms, eg., propylene, butene-l,
pentene-l, etc Alpha-olefins of 3 to 6 carbons are preferred due to
economic consideratons. The most preferred copolymers in accordance with
the present invention are those comprised of ethylene and propylene. 15
As is well known to those skilled In tho art, copolymers of ethylene and
higher alpha-olefins such as propylone often include other polymerizable
monomers. Typical of these other monomers may be non-conju- gated dienes
such as the following non-limiting examples: a. straight chain acyclic
dienes such as: 1,4-hexadiene; 1,6-octadiene; b. branched chain acyclic
dienes such as: 5-methyl-1, 4-hexadiene; 3, 7-dimethyl-1,6-octadiene; 3,
7-di- 20      methyl-1,7-octdiene and the mixed isomers of dihydro-myrene
and dihydroocinene; c. single ring alicyclic dienes such as:
1,4-cyclohexadiene; 1,5-cyclooctadlene: and 1,5-cyclododecadiene; d.
multi-ring alicyclic fused and bridged ring dienes such as:
tetrahydroindene; methyltetrahydroindene; dicycclopentadiene;
bicyclo-(2,2,1)-hepta-2, 5-diene; alkenyl, alkylideno, cydoalkenyl and
cycloalkylidene norbornenes such as 5-methylene-2-norbornene (MNB),
5-ethylidene-2-norbornone (ENB), 5-propylene- 25      2-norbornene,
5-isopropylidene-2-norbornene, 5-(4-cydopentenyl)-2-norbornene;
5-cyclohexylidene-2- norbornene. Of the non-conjugated dienes typically
used to prepare thin copolymers, diene containing at least one of the
double bonda in a strained ring are prefrred. The most preferred diene is
5-ethylidene-2-norbornone (ENB). The amount of diene (wt.basis) In the
copolymer could be from about 0% to 20% with 0% to 15% being 30  preferred.
The most preferred range is 0% to 10%. As already noted, the most preferred
copolymer in accordance with the present Invention is ethylene-pro- pylene.
The average ethylene content of the copolymer could be as low as about 20%
on a weight basis. The preferred minimum is about 25%. A more preferred
minimum is about 30%. The maximum  thylene content could be about 90% on a
weight basis. The preferred maximum is about 85%, with the most preferred
being 35  about 80%. Preferably, the copolymers of this Invention Intended
for use as viscosity modifier-dispersant contain from about 35 to 75 wL%
thylene, and more preferably from about 0 to 70 wt.% ethylene. The
molecular weight of copolymer made in accordance with the present invention
can vary over a wide 



range. it is believed that the weight-average molecular weight could be as
low as about 2,000. The preferred minimum is about 10,000. The most
preferred minimum Is about 20,000. It is believed that the maximum weight-
40  average molecular weight could be as high as about 12,000,000. The
preferred maximum is about 1,000,000. The most preferred maximum is about
750,000. An especially preferred range of weight-average molecular weight
for copolymers Intended for use as V.M. polymer is from 50,000 to 500,000.
The copolymers of this Invention will also be generally characterized by a
Mooney viscosity (i.e., ML(1,+4,) 125[err]C) of from about I to 100,
preferably from about 10 to 70, and more preferably from about 15 to 65,
and 45   y a thickening fficincy ("TE") of from about 0.4 to 5.0,
preferablyfrom about 1.0 to 4.0, most preferably from about 1.4 to 3.8.
Another feature of copolymer of the present invention is that the molecular
weight distribution (MWD) is very narrow, as characterized by at least one
of a ratio of [err] of less than 2 and a ratio of [err] of less than 1.8.
As relates to EPM and EPDM, a typical advantage of such copolymers having
narrow MWD is 50  resistance to shear degradation. Particularly for oil
additive applications, the preferred copolymers have [err] less than about
1.5, with less than about 1.25 being most prefered. The preferred M[err] is
less than about 1.5, with less than about 1.2 being most preferred. The
copolymers of the Instant Invention may be produced by polymerization of a
reaction mixture comprised of catalyst, ethylene and at least one
additional alpha-lef in monomer, wherein the amounts of monomer, and 55
preferably ethylene, is varied during the course of the polymerization In a
controlled manner as will be hereinafter described. Solution
polymerizations are preferred. Any known solvent for the reaction mixture
that is effective for the purpose can be used in conducting solution
polymerizations in accordance with the present invention. For example,
suitable solvents would be 9    BP 0 372 735 01 hydrocarbon solvents such
as allphatic, cycloallphatic and aromatic hydrocarbon solvents, or
halogenated versions of such solvents. The preferred solvents are [err] or
lower, straight chain or branched chain, saturated hydroabon, [err]
saturated  cyclic or aromatic hydrocarbon or [err] halogenated hydocrbons.
Most prafd are [err] or lower, sraight chain or branched chain hydrocarbon,
particularly hexane. Non-ll- 5   miting illustrative examples of solvents
are butane, pentane, hexane, hoptane, cyclopentane, cyclohexane,
cyclohoptane, methyl cylopentane, methyl cyclohexane, isooctane, benzene,
toluene, xyiene, chloroform, chlorobenzene, tetrachloroethylene,
dichloroethane and trichloroethane. These polymerizations are carried out
In a mix-free reactor system, which is one In which substantially no mixing
occurs between portions of the reaction mixture that contain polymer chains
initated at different times. 10   Suitable reactors are a continuous flow
tubular or a stirred batch reactor. A tubular reactor Is well known and is
designed to minimize mixing of the reactants In the direction of flow. As a
result, reactant concentration will vary along the reactor length. In
contrast, the reaction mixture in a continuous flow stirred tank reactor
(CFSTR) Is blended with the Incoming feed to produce a solution of
essentially uniform composition everywhere In the reactor. Consequenty, the
growing chains In a portion of the reaction mixture will have a variety of
ages and 15   thus a single CFSTR is not suitable for the process of this
invention. However, It is well known that 3 or more stirred tanks in series
with all of the catalystfed to the first reactor can approximate the
performance ofa tubular reactor. Acordingly, such tanks In series are
considered to be in accordance with the present Invention. A batch reactor
is a suitable vessel, prefe rably equipped with adequate agitation, to
which the catalyst, solvent, and monomer re added at the start of the
polymerization. The charge of ractants is    then left to 20  polymerize
for a time long enough to produce the desired product or chain segment. For
economic reasons, a tubular reactor is preferred to a batch reactor for
carrying out the processes of this Invention. In addition to the importance
of the reactor system to make copolymers In accordance with the present
invention, the polymerization should be conducted such that (a) the
catalyst system produces essentially one active catalyst species, 25
(b) the reaction mixture is essentially free of chain transfer agents, and
(c) the polymer chains ae essentially all initiated simultaneously, which
is at the same time for a batch reactor or at the same   point along the
length of the tube for a tubular reactor. To prepare copolymer structures
II and III above (and, optionally, to prepare copolymer structure I above),
additional solvent and reactants (e.g., at least one of the ethylene,
alpha-olefin and diene) will be added either 



30  along the length of a tubular reactor or during the course of
polymerization in a batch reactor, or to selected stages of stirred
reactors in series In a controlled manner (as will be hereinafter
described) to form the copymers of this Invention. However, it is necessary
to add essentially all of the catalyst at the inlet of the tube or at the
onset of batch reactor operation to meet the requirement that essentially
all polymer chains are Initiated simultaneously. 35      Accordingly,
polymerization in accordance with the present Invention are carried out (a)
In at least one mix-free reactor, (b) usIng a catalyst system that produces
essentially one active catalyst species, (c) using at least one reaction
mixture which is essentially tranfer agent-free, and (d) In such a manner
and under conditions sufficient to Initiate propagation of essentially all
polymer chains 40      simultaneously. Since the tubular reactor is the
preferred reactor system for carrying out polymerizations in accordance
with the present invention, the following ustrative descriptions are drawn
to that system, but will apply to other reactor systems as will readily
occur to the artisan having the benefit of the present disclosure. In
practicing polymerization processes in accordance with the present
Invention, usee is preferably made 45  of at least one tubular reactor.
Thus,in Its simplest form, such a process would make use of but a single,
reactor. However, as would readly occur to the artisan having the benefit
of the present disclosure, a series of reactors could be used with multiple
monomer feed to vary Intramolecular composition as described below. The
composition of the catalyst used to produce alpha-clefin copolymers has a
profound effect on copolymer product properties such as compositional
dispersity and MWD. The catalyst utilized In practicing 5o  processes in
accordance with the present invention should be such as to yield
essentially one active catalyst species in the reaction mixture. More
specifically, it should yield one primary active catalyst species which
provides for subetantially all of the polymerization reaction. Additional
active catalyst species could provide as much as 35% (weight) of the total
copolymer. Preferably, they should account for about 10% or less of the
copolymer. Thus, the essentially one active species should provide for at
least 65% of the total copolymer 55   produced, preferably for at least 90%
thereof. The extent to which a catalyst species contribute to the
polymerization can be readily determined using the below-described
techniques for characterizing catalyst according to the number of active
catalyst species. Techniques for characterizing catalyst according to the
number of active catalyst species are within the skill 10    EP 0 372 735
B1 of the art, as evidenced by an article entitled "Ethylene-Propylene
Copolymers. Reactivity Ratios, Evaluation and Slgnlflcance ", C. Cozewith
and G. Var Strate, Macromolecules 4, 482 (1971). It Is disclosed by the
authors that copolymers made In a continuous flow stirred reactor should
have an MWD characterized by [err]=2 and a narrow Inter-CD when one active
catalyst species Is present By a 5   combination of fractionation and gel
permeation chromatography (GPC) It is shown that for single active species
catalysts the compositions of the fractions vary no more than [err]3% about
the average and the MWD (weight- to number-average ratio) for these samples
approaches 2. it is this latter characteristic ([err] of about 2) that is
deemed the more  important In identifying a single active  catalyst pecies.
On the other hand, other catalysts gave copolymer with an Inter-CD greater
than 10% about the avege and multi-modal MWD of ten wIth [err] 10
greaterthan10 These other catlysts are deemed to have more than one active
species. Catalyst systems to be used In carrying out processes In
accordance with the present Invention may be Zlegler catalysts, which may
typically Include: (a) a compound of a transition metal, I.e., a metal of
Groups I-B, III-B, IVB, VB, VIB, VIIB and VIII of the Perlodic Table, and
(b) anorganometal compound of ametal of Groups I-A, II-A, II-B and III-Aof
the Periodic 15     Table. The preferred catalyst system In practicing
processes In accordance with the present Invention comprises
hydrocarbon-soluble vanadium compound In which the vanadium valence Is 3 to
5 and an organo-aluminum compound, with the proviso that the catalyst
yields essentially one active catalyst spacles as described above. At least
one of the vanadium compound/organo-aluminum pair selected must also
contain a valence-bonded 20  halogen. In terms of formulas, vanadium
compounds useful In practicing processes In accordance with the present 



Invention could be: 25                           0
(1) [err] where x = 0-3 and R - a hydrocarbon radical; 30        [err]
[err] where AcAc = acetyl acetonate which may or may not be
alkyl-substituted (e.g to [err] alkyl); [err] V(dlcarbonyl moiety)3; 35
[err] where x = 1 or 2; V(dicarbonyl [err]Cl; and [err] where n=2-3, B =
Lewis base capable of making hydrocarbon-soluble complexes with [err], such
as 40  tetrahydrofuran, 2-methyl-tetrahydrofuran and dimethyl pyridhine,
and the dlcarbonyl moty Is derived from a dicarbonyl compound of the
formula: [err] In formula (1) above, each R (which can be th  same or
different) preferably represents a [err] aliphatic, alicyclic or aromatic
hydrocarbon radical such a ethyl (Et), phenyl, isopropyl, butyl, propyl,
n-butyl, i-butyl, t- 50   butyl, hexyl, cyclohexyl, octyl, naphthyl, etc.
R, preferably represents an alkylene divalent radical of 1 to 6 carbons
(eg., [err] Nonlimiting Illustrativ examples of formula (1) compounds are
vanadyl trihalides, alkoxy halides and alkoxides such as [err] (OBu) where
Bu = butyl, and [err]. The most prefrred vanadium compounds are [err]. 55
As already noted, the co-catalyst is preferably organo-aluminum compound.
In terms of chemical formulas, these compounds could be as follows: 11
EP 0 372 735 B1 [err]                  [err] [err]                [err]
[err] [err] [err] 10  where [err] and [err] represent hydrocarbon radicals,
and are the same or different, as described above with respect to th
vanadium compound formula. The most preferred organo-aluminum compound is
an aluminum alkyl sesquichloride such as [err] or [err]. In terms of
performance, a catalyst  system comprised of [err], preferbly where R is
yl, has been shown to be particularly affective. For best catalyst
performance, the molar amounts of catalyst 15  components added to the
reaction mixture should provide a molar ratio of aluminum/vanadium (AI/V)
of at least about 2. The preferred minimum AI/V is about 4. The maximum
AI/V is based primerily on the considerations of catalyst expense and the
desire to minimize the amount of chain transfer that may be caused by the
orga- no-aluminum compound (as explained In detail below). Since, as is
known certain organo-aluminum compounds act as chain transfer agents, If
too much is present in the reaction mixture the [err] of the 20  copolymer
may rise above 2. Based on these considerations, the maximum AI/V could be
about 25, however, a maximum of about 17 Is more preferred. The most
preferred maximum is about 15. With reference again to processes for maldng
copolymer in accordance with to present Invention, it  well known that
certain combinations of vanadium and aluminum compounds that can comprise
the catalyst system 25   can cause branching and gelation during the
polymerization for polymers containing high levels of diene. To prevent
this from happening Lewis bases such as ammonia, tetrahydrofuran, pyrldine,
tributylamine, tetrahydrothlophene, etc., can be added to the
polymerization system using techniques well known to those skilled in the
art. 



Chain tranfer agents for the Ziegler-catalyzed    ploymerization of
alpha-olefins are well known and are 30  illustrated, by way of example, by
hydrogen or diethyl zinc for the production of EPM and EPDM. Such agents
are very commonly used to control the molecular weight of EPM and EPDM
produced In continuous flow sirred tank reactors. For the essentially
single active species Ziegler catalyst systems used in accordance with the
present invention, addition of chain transfer agents to a CFSTR reduces the
polymer molecular weight but does not affect the molecular weight
distribution. On the other hand, chain transfer reactions during tubular
reactor 35  polymerization in accordance with the present invention broaden
polymer molecular weight distribution and In- ter-CD. Thus the presence of
chain transfer agents in the reaction mixture should be minimized or
omitted altogather. Although difficult to generalize for all possible
reactions, the amount of chain transfer agent used should be limited to
those amounts that provide copolymer product in accordance with the desired
limits as regards MWD and compositional dispersity. It is believed that the
maximum amount of chain transfer agent 40  present in the reaction mixture
could be as high as about 0.2 mol/mol of transition metal, e.g., vanadium,
again provided that the resulting copolymer product Is In accordance with
the desired limits as regards MWD and compositional dispersity. Even in the
absence of added chain tnsfer agent, chain transfer reactions can occur
because propylene and the organo-aluminum cocatalyst can also act as chain
transfer agents. In general, among the organo-aluminum compounds that in
combination with the vanadium compound yield just one active 45  species,
the organo-aluminum compound that gives the highest copolymer molecular
weight at acceptable catalyst activity should be chosen. Furthermore, if
the AI/V ratio has an effect on the molecular weight of copolymer product,
that AIN should be used which gives the highest molecular weight also at
acceptable catalyst activity. Chain transfer with propylene can best be
limited by avoiding excessively elevated temperature during the
polymerization as described below. 50      Molecular weight distribution
and Inter-CD are also broadened by catalyst deactivation during the course
of the polymerization which leads to termination of growing chains. It is
well known that the vanadium-based Ziegler catalysts used in accordance
with the present invention are subject to such deactivation reactions which
depend to an extent upon the composition of the catalyst Athough the
relationship between active catalyst lifetime nd catalyst system
composition is not known at present for any given catalyst, deactivation
can be 55   reduced by using the shortest residence time and lowest
temperature in the reactor that will produce the desired monomer
conversions. Polymerizations in accordance with the present invention
should be conducted in such a manner and under conditions sufficient to
Inittate propagation of essentially all copolymer chains simultaneously.
This can be 12    EP 0 372 735 B1 accomplished by utilizing the process
steps and conditions described below. The catalyst components are
preferably promixed, that is, reacted to form active catalyst outside of
the reactor, to ensure rapid chain initiation. Aging of the promixed
catalyst system, that Is, the time spent by the catalyst components (e.g.,
vanadium compound and organo-aluminum) In each other's presence outside of
5   the reactor, should preferably be kept within limits. If not aged for a
sufficient period of time, the components will not have reacted with each
other sufficiently to yield an adequate quantity of active catalyst
species, with the result of nonsimultaneous chain initiation. Also, it Is
known that the activity of the catalyst species will decrease with time so
that the aging must be kept below a maximum limit It is believed that the
minimum aging period, depending on such factors as concentration of
catalyst components, temperature and mixing 10  equipment, could be as low
as about 0.1 second. The preferred minimum aging period Is about 0.5
second, while the most preferred minimum aging period Is about 1 second.
While the maximum aging period could be higher, for the preferred
vanadium/organo-aluminum catalyst system the preferred maximum is about 200
seconds. A more  preferred maximum is about 100 seconds. The most preferred
maximum aging period is about 50 seconds. The preomixing could be performed
at low temperature such as 40[err] or below, it Is preferred that 15  the
promixing be performed at 25[err] or below, with 20[err] or below being
most preferred. Preferrably, the catalyst components are premixed in the
presence of the selected polymerization dluent or solvent under rapid mixng
conditions, e.g., at impingement Reynolds Numbers (NRE) of at least 10,000
more preferably at least 50,000, and most preferably at least 100,000.
Impingement Reynolds number is defined as [err] 20
[err] 



where N is fluid flow velocity (cm/sec), D is inside tube diameter (cm), p
is fluid density (g/[err]) and u is fluid viscosity (poise). The
temperature of the reaction mixture should also be kept within certain
limits. The temperature at the reactor Inlets should be high enough to
provide complete, rapid chain initiation at the start of the polymerization
25  reaction. The length of time the reaction mixture spends at high
temperature must be short enough to minimize the amount of undesirable
chain transfer and catalyst deactivation reactions. Temperature control of
the reaction mixture Is complicated somewhat by the fect that the
polymerization reaction generates large quantities of heat. This problem
Is, preferably, taken car of by using prechiled feed to the reactor to
absorb the heat of polymerization. With this technique, the reactor Is
operated adlabatically 30  and the temperature Is allowed to increase
during the course of polymerization. As an alternative to feed prechIII,
heat can be removed from th reaction mixture, for example, by a heat
exchanger surrounding at least a portion of the reactor or by well-known
autorefrigeration techniques In the case  of batch reactors or multiple
stirred reactors in series. If adiabatic reactor operation Is used, the
Inlet temperature of the reactor feed could be about from -50[err]C 35  to
150[err]. It Is believed that the outlet temperature of the reaction
mixture could be as high as about 200[err]C. The preferred maximum outlet
temperature is about 70[err]C The most preferred maximum Is about 60[err].
In the absence of reactor cooling, such as by a cooling jacket, to remove
the heat of polymerization, it has been determined (for a mid-range
ethylene content EP copolymer and a solvent with heat capacity similar to
hexane) that the temperature of the reaction mixture will increase from
reactor Inlet to outlet by about 13[err] per weight 40  percent of
copolymer in the reaction mixture (weight of copolymer per weight of
solvent). Having the benefit of the above disclosure, it would be well
within the skill of the art to determine the operating temperature
conditions for making copolymer in accordance with the present invention.
For example, assums an adlabatic reactor and an outlet temperature of
35[err] are desired for a reaction mixure containing 5% copolymer. The
reaction mixture will Increase in temperature by about 13[err] for each
weight percent 45   copolymer or 5 wt% x 13[err]C/wt.% - 65[err]C. To
maintain an outlet temprture of 35[err]C, it wil thus require a feed that
has been prechled to 35[err]C-65[err]C =-30[err]C. In the Instance th
external cooling Is used to absorb the heat of polymerzaion, the feed inlet
temperature could be higher with the other temperature constraints
described above otherwise being applicable. Because of heat removal and
reactor temperature limitations, the preferred maximum copolymer 50
concentration at the reactor outlet Is 25 wt/100 wt. dlluent. The most
preferred maximum concentration is 15 wt/100 wt. There Is no lower limit to
concentration due to reactor operability, but for economic reasons it is
preferred to have a copolymer concentration of at least 2 wt/100 wt. Most
preferred Is a concentration of at least 3 wt/100 wt The rate of flow of
the reaction mixture through the reactors should be high enough to provide
good mixing 55   of the reactants In the radial direction and minimize
mixing in the axial direction. Good radial mixing Is beneficial notonly to
both th Intra- and inter-CD of the copolymerchains butalsoto minimize
radial temperature gradients due to the heat generated by the
polymerization reaction. Radial temperature gradients In the case  of
multiple segment polymers will tend to broaden the moleocular weight
distribution of the copolymer since the 13    EP 0 372 735 B1
polymerization rate is faster In the high temperature region resulting from
poor heat dissipation. The artisan will recognize that achievement of these
objectives is difficult in the case  of highly viscous solutions. This
problem can be overcome to some extent through the use of radial mixing
devices such as static mixers (e.g., those produced by the Kenics
Corporation). 5      It is believed that residence time of the reaction
mixture In the mix-free reactor can vary over a wide range. it is believed
that the minimum could be as low as about 02 second. A preferred minimum is
about 0.5 second. The most preferred minimum Is about 1 second. It is
believed that the maximum could be as high as about 3600 seconds. A
preferred maximum is about 40 seconds. The most preferred maximum is about
20 seconds. Prefe  bly, the fluid flow of the polymerization reaction mass
through the tubular reactor will be under o    turbuient conditions, .g.,
at a flow Reynolds Number (NR) of t least 10,000, more preferably at least
50,000, and most preferably at least 100,000(e.g.,150,000to250.000),to
provide th desired radlai mixing of the fiuld in the reactor. Flow Reynolds
Numbr is defined as 



NR = [err] 15   wherin N'is fluid flow veiocity(cn/sec), D' is inside tube
diameter of the reactor(cm),p is fluid density(g/[err]) and u is fluid
viscosity (poise). If desired, catalyst activators for the selected
vanadium catalysts can be used as long as they do not cause the criteria
for a mix-free reactor to be violated, typically in amounts up to 20 mol %,
generally up to 5 mol%, based on the vanadium catalyst, e.g., butyl
perchlorocrotonate and benzoyl chloride Other useful catalyst activators
include 20  esters of halogenated organic acids, particularly alkyl
trichloroacetates, esters of ethylene glycol monoalkyl (particularly
monoethyl) ethers with trchloroacetic acid and alkyl perchlorocrotonates,
and acyl halldes.   Specific examples of these  compounds include benmoyl
chloride, methyl trichloroacetate, ethyl trichloroacetate,methyl
tribromoacetate, ethyl tribromoacetate, ethylene glycol monoelhyl ether
trichloroacetate, ethylene glycol monoethyl ether tribromoacetate, butyl
perchlorocrotonate and methyl  perchlorocrotonate. 25      By practicing
processes In accordance with the present Invention, alpha-olefin copolymer
having very narrow MWD can be made by direct polymerization. Although
narrow MWD copolymers can be made using other known techniques, such as by
fractionation or mechanical degradation, the techniques are considered to
be impractical to the extent of being unsuitable for commercial-scale
operation. As regards EPM and EPDM made In accordance with the present
invention, the products have good shear stabiity and (with specific 30
intramolecular CD) excellent low temperature properties which make them
especially suitable for lube oil applications. It is preferred that the
Intra-CD of the copolymer Is such that at least two portions of an
individual intramolecularly heterogeneous chain, each portion comprising at
least 5 weight percent of said chain, differ in composition from one
another by at least 5 weight percent ethylene. The Intra-CD can be such
that at least 35   two portions of copolymer chain differ by at least 10
weight percent ethylene. Differences of at least 20 weight percent, as well
as, 40 weight percent ethylene are aso considered to be In accordance with
the present invention. It is also preferred that the Inter-CD of the
copolymer is such that 95 wL% of the copolymer chains have an ethylene
composition that differs from the copolymer average weight percent ethylene
composition by 15 40   wt.% or less. The preferred Inter-CD is about 13% or
less, with the most preferred being about 10% or less. OIL SOLUBLE
HYDROCARBYL SUBSTITUTED SUCCINIC ACID In accordance with the practice of
this Invention, the hazy oil concentrate compostions or oil compositions 45
are treated with the ol-soluble hydrocarbyl substituted succinic said. The
hydrocarbyl molety of the succinic acid may be alkenyl or alkyl. The
hydrocarbyl moiety contains at least a sufficiently long carbon chain to
render the hydrocarbyl substituted succinic acid oil soluble. Thus, the
hydrocarbyl moiety contains at least 10 carbon atoms, preferably at least
about 12 carbon atoms, and more preferably at least 12 carbon atoms.
Generaly, the hydrocarbyl molety contains less  than about 100 carbon
atoms, preferably less than about 30 carbon atoms, 50  and more prefersbly
less than about 20 carbon atorns. In a preferred embodiment, the
hydrocarbyl substituted succinki acid is a [err] to about [err], preferably
a [err] to about [err], more preferably a [err] to about [err], and most
prferably a [err] hydrocarbyl, preferably alkyl substituted succinic acid.
The preferred hydrocarbyl substituted succinic acis may be represented by
the general formula 55 14    EP 0 372 735 B1 [err] [err] [err] wherein R Is
a [err], preferably [err], more preferably a [err] and most preferably a
[err] hydrocarbyl, preferably alkyl radical. The alkyl radicals represented
by R may be branched or straight chain. 10  However, straight chain alkyl
radicals are preferred. Some  Mustrative non-lmiting examples of the
hydrocarbyl substituted succinic acids Include decyl succinic acid, dodecyl
succinic acid, tridecyl succinic acid, tetradecyl succinio acid, octadecyl
succinic acid, and polylsobutenyl succinic acid. The preferred hydrocarbyl
substituted succinic acid haze treating agents of the present Invention
contain is  two hydrogen dissociating molaties which have pKs above about
3, preferably above about 4, i.e., a [err] and 



[err]of at least 3, preferably at least 4. For the purposes of the instant
invention the pK can be defined as the negative logarithm to the base 10 of
the equllibrium constant for the dissociation of the acid. HAZE TREATING
CONDITIONS 20 The oil composition such as a lubricating oil concentrate
composition containing the ethylene-alpha-olefin copolymer viscosity Index
Improver normally contains at least a viscosity Index Improving amount,
e.g., from about 0.01 to about 50, preferably from about 1 to about 50, and
more preferably from about 2 to about 30, wt.%, based upon the total weight
of the oil compotion, of said copolymer. The oil compositions such as oil
25  concentrate compositions containing the othylene-alph-olefin copolymer
V.I. Improver additive which are hazy and can be treated according to the
Invention generally contain a hazing agent drived from a dissocable metal
containing material such as a metal salt of a weak organic acid. A weak
organic acid has an acid molety having a pK of more than about 3.8 usually
a pK of 4 to 8 The hazing agent typicaliy has a particle sizes of from
about 0.01 microns to about 15 microns and Is present In a concentration of
less than 1 wt. %, more usually less then 30    0.1 wt. % based on the
weight of the composition. The amount of the hazing materials present in
the oil composition Is generally dependent upon the amount of copolymer
viscosity index improver which these compositions contain. Generally,
however, this amount is less  than about 1 wt % based on the weight of the
composition. These metals which are found to contribute to haze Include the
alkaline earth metals, zinc, sodium, 35  potassium, aluminum, vanadium,
chromium, Iron, manganese, cobalt, nickel, cadmium, lead, bismuth and
antimony. Such metals which develop the haze can come from a variety of
sources during the manufacture of the ethylene-alpha-olefin copolymer
Including the catalyst, imputs developed during mechanical processing of
the ethyline-alpha-olefin copolymer and from dispersants used to maintain
the copolymer in dispersion or suspension while stored during subsequent
processing or awaiting shipping. It is generally possible to filter 40  out
those haze contributing particles which have a particle size greater than
about 15 microns. At lesser sizes, it has been found that the haze
producing impurity is difficult If not impossible to filter so that it is
optimally treated according to this Invention. It is useful to carry out
the proces of the Instant Invention by first treating the
ethylene-alpha-olefin copolymer containing oil composition, e.g., an oil
concentrate composition, with the hydrocarbyl substituted 45   succinic
acid In an amount effective to reduce or substantially eliminate the haze
of said oil compositions and thereafter filtering out the large process
debris or Insoluble particulate matter. The amount of hydrocarbyl
substituted sucinic acid which is efetiv to reduc or subsantally iminat the
he, ., a haz reducing or eliminating effective amount, Is any amount which
Is effective to reduce or preferably eliminate the haze of said oll
compositions. Generally, this amount is within the range of from about
0.001 to about 10 weight percent, 50  preferably from about 0.01 to about 1
weight percent, and more preferably from about 0.05 to about 0.3 weight
percent based upon the total weight of the oil composition solution. It Is
to be understood that oniy one hydrocarbyl substituted succinic acid may be
used or a mixture of two or more different hydrocarbyl substituted succinic
acids may be employed. The treatment of the haze containing
ethylenalpha-defin copolymer oil composition is carried out at a 55
temperature of from about room temperature to about 250[err]C, preferably
from about 50[err] to about 160[err]C, and for a time period of about 0.1
hour up to about 20 hours, preferably from 0.5 to about 2 hours. There Is
no need to carry out the treatment under pressure. This makes it possible
to conduct the process of the Invention In an open vessel In the presence
of air or Inert gas wherein the amount of haze treating agent, i.e., the
ol-soluble 15    EP 0 372 736 B1 strong acid is  added with stirring. It is
useful to blend ethylene,copolymer solutions containing tho anti-hazing
amount of oil-soluble hydrocarbyl substituted succinic acid with zinc
dialkyldlthiophosphate in the presence of a diluent oil for additive
concentrate applications. To stablize the zinc dialkyldithiophosphate
systems, e.g. 1 to 10 volume % of zinc dl([err] alknol)dithlophosphate In
diluent mineral oil, against hydrolysis, it is necessary 5   to add 0.01 to
0.1 wt. % amine phosphate, such a di[err]-Oxo hydrogen acid phosphate
neutralized with a diamine, e.g., n-propyiatearyl diamine (see U.S. Pat.
No. 3,826,745). The ethylnene-alpha-olefin copolymers treated with the
hydrocarbyl substituted succinic acid find their primary utility in
lubricating oil compositions, particularly lubricating oil concentrate
compositions, as viscosity 



index Improver additives. These lubricating oil compositions employ a base
oil In which these additives are 10  dissolved. Normally these additives
are added to the lubricating oil composition in th form of a lubricating
oil concntrate composition contaiining a lube oil and from about 0.01 to
about 50, preferably from about 1 to about 50, and more preferably from
about 2 to about 30 wL % of sa  ethylene-pha-olefin copolymer additive and
from about 0.001 to about 10, preferably from about 0.01 to about 1, and
more preferably frorn about 006 to about 0.3 wL% of hydrocarbyl substituted
succinic acid, and said oil concentrates are then added to an oil 15
composition to form the formulated oil composition, e.g., SAE 10W-40 lube
oil composition. These  lubricating oil concentrate may also optionally
contain other additives as hereinafter decribed. The fully formulated
lubricating oil compositions normally contain a viscosity Index improving
amount of the thylene-alpha-olefin copolymer viscosity Index improvers. By
viscosity index improving amount Is meant any amount which improves the
viscosity Indox of the oll, such as lubricating oil, composition.
Generally, this 20  amount is from about 0.01 to 20 wt. %, preferably from
0.1 to about 15 wt. %, based on the weight of said lubricating oil
composition, of th viscosity Index improvers of the present Invention. Such
bas oils may be natural or synthetic although the natural base oils will
derive a greater benefit. Thus, bass oils suitable for use in preparing
lubricating oil concentrate and compositions of th present invention
Include those conventionally employed as crankcase lubricating oils for
spark-Ignited and compres- 25   sion-ignited Internal combustion engines,
such as automobile and truck engines, marine and railroad diesel engines,
and the Ike. Advantageous results are also achieved by employing viscosity
Index modifier additives of the present invention In base oils
conventionally employed In and/or adapted for use as power transmitting
fluids such as automatic transmission fluids, tractor fluids, universal
tractor fluids and hydraulic fluids, heavy duty hydraulic fluids, power
steerng fluids and the like. Gear lubricants, industrial oils, pump oils
and other lubricating oil compositions can also benefit from the
incorporation therein of the additives of th present invention. Thus, the
additives of the present Invention may be suitably incorporated Into
synthetic base olb such as alkyl esters of dicarboxylic acids, polyglycols
and alcohols, polyaipha-olefins, alkyl benzenes, organic esters of
phosphoric aids, polyplicone ol, etc. 3       Natural bass ole Include
mineral lubricating oils which may vary widely as to their crude source,
e.g., whether paraffinlo, naphthnic, mbxd, paraffinic-naphthsnic, and the
Ice; as wll a to their formation, e.g., distillation range, stroht run or
cracked, hydrofined, solvent extracted and the Ike. More specifically, the
natural lubricating oil base stocks which can be used In the compositions
of this Invention may be straight mineral lubricating oil or distillates
derived from paraffinic, naphthenic, phatc, or 4o   mixed base crudes, or,
If desid, varlous blend oils may be employed s well as residuals,
particularly thoe from which aspheitic constituents have been removed. The
odb may be refined by conventional methods using acid, alkalI, and/or day
or other agents such as aluminum chloride, or they may be extracted oils
produced, for example, by olvent extraction with solvents of the typ of
phenol, sulfur dioxide, furfural, dichlorodbsthyl ether, nitrobenzane,
crotonaldehyde, molecular sieves, etc. 46      The lubricating di base
stock conveniently has a viscosity of typically about 2.5 to about 12, and
prefebly about 2.5 to about 9 104 m2 se (cSt) at 100C. Thus, the additives
of th present Invention can be employed In a lubricating oll concentrte
composition or fully formulated lubricating oil composition which comprises
lubricating di, typically in a major amount, and (i) the viscosity Index
Improver additive, typically In a minor mount, which Is effective to
inipart improved so  viscometric properties, relative to the absence of the
additive, and (II) an anti-haze effective amount of the hydrocarbyl
substituted succinic acid. Additional conventional additives selected to
meet the particular requirements of a selected type of lubricating oil
concentrate composition or filly formulated lubricating oil composition can
be included as desired. The additives of this Ivention, I.e.,
ethylnlphaoefln copolymer and hydrocarbyl substituted succinic u    acid re
osoluble, dissolvable In oll with the aid of a suitable solvent, or are
stably dispersible moterlals. Oil- soluble, dissolvable, or stably
dispersible as that terminology Is used herein doe not necessarily indicate
that the materials ar soluble, dissolvable, miscible, or capable of being
suspended In oil In all proportions. It does mean, however, that the
additives, for Instance, are soluble or stably dispersible In ol to an xent
sufficient    EP 0 372 735 B1 to exert their Intended effect In the
environment In which the oil is employed. 



Acordingly, while any effective mount of the multifunctional viscosity
Index improver additives can be incorporated into the lubricating oil
composition, it Is contemplated that such effective amount be sufficient to
provde said tube oil composition with an amount of the additive of
typically from about 0.01 to about 20 e.g., 5   0.1 to 10 and preferably
from about 0.1 to bout 1 wt.%, based on the weight of said compoition. The
lubricating  oil base stock r the additives of the prrsent invention
typically is adapted is to perfom a selected function by the incorporation
of additives therein to form lubricating oil compositions (i.e,
formulations). Representative additives typpically present in such
formulations Include other vicosity moifiers, corrosion Inhibitors,
oxidation inhibitors, friction modifiers, dispersants, anti-foaming agents,
anti-wear agents, pour point 10  depressants and the Ike. Viscosity
modifiers  impart high and low temperature operability to the lubricating
oil and also Impart thereto acceptable viscosity or fluidity at low
temperatures. Viscosity modifiers are generally high molecular weight
hydrocarbon polymer Including polyesters. The viscosity modifiers may also
be derivated to Include other properties or functions, such as the addition
of is  dispersancy properties. These oil soluble viscosity modifying
polymers will generally have number average molecular weights of from
10,0000 to 50,000, preferably 20,000 to 200,000, .g., 20,000to250,000,
determined by gel permeation chromatography or membrane odmometry.
Representative  examples of suitable viscosity modifiers are any of the
types known to the art Including 20  polylsobutylene, polymethacrylates,
methacrylate copolymers, copolymers of an unsateurated dicarboxylic acid
and vinyl compound and interpolymers of styrene and acrylic esters.
Corrosion inhibitors, also known as anti-corrosive agents, reduce the
degradation of the metallic parts contacted by the lubricating oil
composition. Illustrative of corrosion inhibitors are zinc
dialkydlthlophosphate, phoephosulfurized hydrocarbons and the products
obtained by reaction of a phosphosulfurized hydrocarbon 25  with an
alkaline earth metal oxide or hydroxide, preferably in the presence of an
alkylated phenol or of an alkylphenol thioester, and also preferably In the
presence of carbon dioxide. Phosphosulfurlzed hydrocarbons are prepared by
reacting a suitable hydrocarbon such as a terpene, a heavy petroleum
fractioon of a C2 to C olefin polyrn such as polyisobutylene, wlth from 5
to 30 wt.% of a sulfide of phosphorus for 1/2 to 15 hours, at a temperature
in the range of 66[err] to 306[err]C (150[err] to 600[err]F).
Neutralization of the phosphosulfurized 30  hydrocarbon may be effected In
the manner taught In U.S. Patent No. 1,969,324. Oxidation inhibitors reduce
the tendency of mineral oils to deteriorate In service which deterioration
is evidenced by the products of oxidation such as sludge and varnish-like
deposits on the metal surfaces. Such oxidation inhibitors include alkaline
earth metal salts of alkylphenolthiossters having preferably [err] alkyl
side chains, e.g., calcium nonylphenol sulfde, berium t-octylphenyl
sulfide, dioctylphenylamine, phenylaiphanaphthyl- 35  amine,
phosphosuifurized or sulfurizes hydrocarbons, etc. Friction modifiers serve
to impart the proper friction characteristics to lubricating oil
compositions such as automatic transmission fluids. Representative examples
of suitable friction modifiers are found In U.S. Patent No. 3,933,659 which
dicloses fatty acid esters and amldes; U.S. Patent No. 4,176,074 which
describes molybdenum complexes 40  of polyisobutyenyl succinic
anhydride-amino alkanols; U.S. Patent No. 4,105,571 which discloses
glycerol esters of dimerized fatty acids; U.S. Patent No. 3,779,928 which
discloses alkane phosphonic acid salts; U. S. Patent No. 3,778,375 which
discloses reaction products of a phosphonate with an oleamide; U.S. Patent
No. 3,852,205 which dicloses scarboxyalkylene hydro-carbyl suocinimide,
Scarboxyalkylene hydrocarbyl auocinamic acid and mixtures thereof, U. S.
Patent No. 3,879,306 which discloses N-(hydroxyalkyl)alkenyl-suo- 45
cinamic acids or succinimides; U. S. Patent No. 3,932,290 which discloses
reaction products of dI-(lower alkyl) phosphites and epoxides; and U. S.
Patent No. 4,028,258 which discloses the alkylene oxide adduct of
phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides. The most preferred
friction modifiers are succinate esters, or metal salts thereof, of
hydrocarbyl substituted succinic acids or anhydrides and thiobis alkenois
such as described In U. S. Patent No. 4,344,853. 50      Dispersants
maintain oil Insolubles, resulting from oxidation during use, In suspension
In the fluid thus preventing sludge flocculation and precipitation or
deposition on metal parts. Pour point depressants lower the temperature at
which the fluid will flow or can be poured. Such depressants are well
known. Typically of those additives which usefully optimize the low
temperature fluidity of the fluid are [err] dialkylfumarate vinyl acetate
copolymers, polymethacrylates, and wax naphthalene. 55   Foam control can
be provided by an antifoamant of the polysiloxane type, e.g., silicone oil
and polydimathyl siloxane. 



Anti-wear agents, as their name Implies, reduce wear of metal parts.
Representatives of conventional an- ti-wear agents are zinc
dialkyidlthlophosphate, zinc diaryldithlosphate and magnesium sulfonate. 17
EP 0372735 B1 Detergents and metal rust Inhibitors include the metal salts
of sulphonic acids, alkyl phenols, aulfurized alkyl phenols, alkyl
salicylates, naphthenate and other oil soluble mono- and dicarboxylic
acids. Highly basic (viz, overbased) metal salts, such as highly basic
alkaline earth metal sulfonates (especially Ca and Mg salts) are frequently
used as detergents Representative examples of such materials, and their
methods of a   preparation, are found in EP-A-0208580 . Some of these
numerous additives can provide a multiplicity of effects, e.g., a
dispersant-oxidation inhibitor. This approach is well known and need not be
further elaborated herein. Compositions when containing these conventional
additives are typically blended into the base ol In amounts which are
effective to provide their normal attendant function. Representative
effective amounts of 10  such additives  are Illustrated as follows: Broad
Preferred Wt.% 15    Additive
[err] Viscosity Modifier                               [err]
[err] Corrosion  Inhibitor                            0. 01-5
.01-1.5 Oxidation  Inhibitor                            0.01-1
.01-1.5 20      Dispersant                                      0.1 -20
0.1  -8 Pour Point Depressant                           0.01-5
.01-1.5 Anti-Foam Agents                                0.001-3
.001-0.15 25    Anti-Wear Agents                                   0.001-5
.001-1.5 Friction Modifiers                              0.01-5
.01-1.5 Detergents/Rust Inhibitors                       .01-20
.01-3 Mineral oil Base                                Balance
Balance 30 The following examples Illustrate more clearly the present
Invention. These examples are presented by way of illustration and are not
to be interpreted as specific limitations of the Invention. In the
examples, unless otherwise indicated, all parts and percentage are  on a
weight basis. 35      This examples illustrates the preparation of an
ethyene-propylene copolymer V.l. irnprover of the Instant invention.
EXAMPLE 1 40      An ethylene-propylene copolymer having an ethylene
content of about 56 wL %, an [err] of 180,000,[err] of 1.15, and a [err] of
1.34 Is prepared in a tubular reactor under the following conditions: 45
EP 0 372 735 B1 Reactor Inlet Temp. ([err]C)                         -1.3
Reactor Outlet Temp. ([err])                        41.2 5    Sidestream
Feed Temp. ([err])                         -18 catalyst  Premix Temp.
([err])                      2.5 Catalyst Premix  Time (See.)
7.8 Reactor Residence Time (Sec.) at sidestream 1/2/3/4/5
48/1.57/1.72/1.17/2.04 Inlet  Food  Rates                kg/hr
(lb. /hr) Hexane                        80,454              (177,000) 15
Ethylene                          491                 (1,080) Propylene
7,545                (16,600) 



V[err]                             15.9                (34.9) 20
[err]           40.6                (89.3) Sweep Hexane
2,500                (5,500) Sidestream  Food Rates   kg/hr
(lb./hr) Hexane                        33,636                (74,000)
Ethylene                       2,709                  (5,960) Propylene
3,136                  (6,goo) Total Hexane                    114,091
(251,000) 30      Sidestream  Food Splits  (wt.%) Sidestream 1/2/3/4/5
1O.3/23.8/l8.9/l5.9/26.l The following example fulls outside the scope of
the instant Invention in that the composition described 35  therein
contains no hydrocarbyl  substituted succinic acid. This example is
presented for comparative purposes only. EXAMPLE 2 40      A lubricating
oil concentrate is prepared containing about 6.2 wt. % of the
ethylene-propylene copolymer of Example 1 by dissolving said copolymer In
S-100 Neutral mineral oil. This oil concntate is subjected to visual
Inspection and is found to be hazy. The following example illustrates a
composition and process of the Instant Invention. 45   EXAMPLE 3 There we
added 0.5 gram of a S-100 Neutral oil solution of dodcyl succinic acid,
containing about 7 wt.% dodecyl succinic acid, to 100 gram  of the oil
concentrate  prepared In accordance with the procedure of Example 2. The
resulting mixture is heated to 60[err]C. with stirring  and then cooled to
room temperature. This 50  treated oil concentrate is subjected to visual
inspection and is found to have lss haze than the oil concentrate of
Example 2. In summary the proceding examples, which teach the product and
process of the Invention, have demonstrated that haze reduction of ethylene
copolymer viscosity Index improver containing oil compositions is readily
realized when such compositions are treated according to the process of
this Invention. Not only is 55  the haze reduced but these compositions
remain visually Improved in haze reduction for periods of time usually met
In the shelf life required for such ol compositions. As earlier noted the
oi additive concentrate or compositions are contemplated to be admixed with
other additives such as zinc dihydrocarbyl dithlophosphate, and other
conventional additives may also optionaily be 19    EP 0 372 735 31 present
Including dyes, pour point depressants, anti-wear agents such as tricresyl
phosphate as well as the above-mentioned zinc compound, antioxidants such
as N-phenyl, alpha- naphthyl mine, tertoctylphenol sulfide, 4,4'-methylene
bis(2,6-ditert-butylphenol), other viscosity Index Improvers such as
polymethacrylates, alkyl fumarate-vinyl acetate copolymers and the like as
well as ashless dispersants, detergents, etc. Claims 1. A process for
reducing haze In a lubricatng oil composition, wherein the lubricating oil
composition 10      comprises: (I) lubricating oil, (II) from 0.01 to 50%
by weight of the total composition of a copolymer of ethlene and at least
one other alpho-olefin monomer, said copolymer comprising intramolecularly
heterogeneous and intermolecularly homogeneous copolymer chains containing
at least one crystallizable segment of methylene units and 15        at
least one low crystaillnity ethylene-alpha-olefin copolymer segment,
wherein said at least one crystallizable segment comprises at least 10
weight percentof said copolymer chain and contains at least 57 weight
percent ethylene, wherein said low crystalilnity segment contains not
greater than 53 weight percent ethylene, and wherein said copolymer has a
molecular weight ration of [err], of less than 2 and a ratio of [err] of
less than 1.8, and wherein at least two portions of an Individual 20
Intramolecularly heterogeneous chain, each portion comprising at least 5
weight percent of said chain, differ In composition from one another by at
least 7 weight percent ethylene, (111) a haze forming amount of an oil
Insoluble haze forming material resulting from the manufacture or 



finishing processes of said ethylene-alpha-olefin copolymer, characterised
by treating said composition for from 0.1 to 20 hours at a temperature from
50 to 25        250[err]C with from from 0.001 to 10 weight pnt, based on
the total weight of the composition, of a hydrocarbyl succinic acid. 2  The
process of claim 1 wherein said temperature is from 50 to  160[err]C. 30
3.  The process according to claim 1 or claim 2 wherein said copolymer (II)
has an Intermolecular compositional dispersity such that 95 weight % of
said copolymer chains have a composition 15 weight % or less, preferably 10
weight % or less, different from said average ethylene composition. 4  The
process   according to any of claims  to 3 wherein said low crystallonity
segment comprises  from 20 35      to 53 wt % ethylene, preferably 30 to 50
weight % ethylene. 5.  The process according to any of claims  1 to 4
wherein said copolymer (II) is characterized by a weight- average molecular
weight of from 2,000, preferably 20,000 to 12,000,000. 6. The proces
acording to any of claims 1 to 5 whereln sald copolymer (I) has a MWD
characterized by 40      at least one and preferably both of a ratio of
[err] of less than 1.5, preferably le than 1.25, and a ratio of [err]  of
less than 1.5, preferably less than 1.2. 7. The process according to any of
claims 1 to 6, wherein said copolymer (II) has a minimum total ethylene
content of 10%, prefrably 20%, on a weight basis. 45 8. The process
according to claim 7 wherein said copolymer (II) has a total ethylene
content of greater than about 35% on a weight basis. 9. The process
according to any of claims I to 8, wherein said copolymer (II) has a chain
segment sequence 50      with at least one of the structures: [err] [err]
[err] wherein x and y are each Integers of 1 to 3, M comprises said
crystallizable segment, T comprises said 55      low crystallinity segment,
[err] and [err] are the same or different and each comprises an M segment,
and [err] and [err] are the same or different and each comprises a T
segment 10. The process according to claim 9 wherein x in structure II is
one. 20    EP 0 372 735 B1 present including dyes, pour point depressants,
anti-wear agents such as tricresyl phosphate as well as the above-mentioned
zinc compound, antioxidants such as N-phenyl, alpha- naphthyl amine,
tertoctylphenol sulfide, 4,4'-mthlene bis(2,6-ditert-butylphenol), other
viscosity Index improvers such as polymethacrylates, alkyl fumarate-vinyl
acetate copolymers and the like as well as ashless dispersants, detergent,
etc. Claims 1. A process for reducing haze in a lubricating oil
composition, wherein the lubricating oil composition 10      comprises: (I)
lubricating oil, (II) from 0.01 to 50% by weight of the total composition
of a copolymer d ethylene and at least one other alpha-olefin monomer, said
copolymer comprising Intramolecularly heterogeneous and intermolecularly
homogeneous copolymer chains containing at least one crystallizable segment
of methylene units and 15        at least one low crystaflinity
ethylene-alpha-olefin copolymer segment, wherein said at least one
crystallizable segment comprises at least 10 weight percentof said
copolymer chain and contains at least 57 weight percent ethylene, wherein
said low crystallinity segment contains not greater than 53 weight percent
ethylene, and wherein said copolymer has a molecular weight ration of [err]
of less than 2 and a ratio of [err] of less than 1.8, and wherein at least
two portions of an individual 20        intramolecularly heterogeneous
chain, each portion comprising at least 5 weight percent of said chain,
differ in composition from one another by at least 7 weight percent
ethylene, (111) a haze forming amount of an oil insoluble haze forming
material resulting from the manufacture or finishing processes of said
ethylene-alpha-olefin copolymer, characterised by treating said composition
for from 0.1 to 20 hours at a temperature from 50 to 



25         250[err]C with from from 0.001 to 10 weight percent, based on
the total weight of the composition, of a hydrocarbyl succinic acid. 2. The
process of claim 1 wherein said temperature is from 50 to 160[err]C. 3.
The process according to claim 1 or claim 2 wherein said copolymer (ii) has
an Intermolecular compositional dispersity such that 95 weight % of said
copolymer chains have a composition 15 weight % or less, preferably 10
weight % or less, different from  said average ethylene composition. 4.
The process according to any of claims 1 to 3 wherein said low
crystallinity segment comprises from 20 35      to 53 wt % ethylene,
preferably 30 to 50 weight % ethylene. 5. The process according to any of
claims 1 to 4 wherein said copolymer (II) Is characterized by a weight-
average molecular weight of from 2,000, preferably 20,000 to 12,000,000. 6.
The process according to any of claims 1 to 5 wherein said copolymer (II)
has a MWD characterized by 40      at least one and preferably both of a
ratio of [err] of less than 1.5, preferably less than 1.25, and a ratio of
[err] of less than 1.5, preferably less than 1.2. 7. The process according
to any of claims 1 to 6, wherein said copolymer (ii) has a minimum total
ethylene content of 10%, preferably 20%. on a weight basis. 45 8. The
process according to claim 7 wherein said copolymer (II) has a total
ethylene content of greater than about 35% on a weight basis. 9. The
process according to any of claims 1 to 8, wherein said copolymer (II) has
a chain segment sequence 50      with at least one of the structures: (I)
[err] (11)   [err] (111)    [err] wherein x and y are each integers of 1 to
3, M comprises said crystallizable segment, T comprises said 55      low
crystallinity segment, [err] and [err] are the same or different and each
comprises an M segment, and [err] and [err] are the same or different and
each comprises a T segment 10. The process according to claim 9 wherein x
in structure 11 is one. 20                   [err]    EP 0 372 735 B1 11.
The process according to claim 9 or 10 wherein said [err] and [err]
segments are of substantially the same weight-average molecular weight 12.
The process according to claim 11 wherein in said copolymer (II) the sum of
the weight average molecular weights of said T[err] and T[err] segments is
substantially equal to the weight-average molecular weight of said M
segment 13. The process according to any oflaims I to 12 wherein said
hydrocarbyl substituted succinic acid is a [err] to C[err] hydrocarbyl
substituted succinic acid, preferably [err]  hydrocarbyl substituted
succinc acid. 10  14. The process according to claim 13 wherein said
hydrocarbyl  substituted succinic acid is a C[err] to C[err] hydrocarbyl
substituted succinic acid, preferably C[err] to C[err] hydrocarbyl
substituted succinic add. 15. The process according to claim 14 wherein the
hydrocarbyl substtuent is an alkyl group. 15  16. The process according to
claim 15 wherein the alkyl substituted succinic acid Is dodecyl succinic
add. 17. Use of a hydrocarbyl succinic acid for the treatment of
lubricating oil compositions containing ethylene/alpha-olefin copolymer
viscosity index improving additive for the purpose of reducing haze due to
the Inclusion In sucyh composition of a haze forming material resulting
from the manufacture orfinishing 20      processes of said viscosity index
Improving additive, said composition being as defined In any preceding
claim. 18. Use according to claim 17 wherein said hydrocarbyl succinic acid
has a pk value of at least 3. 25  19. Use according to claim 17 or claim
18 wherein said hydrocarbyl succinic acid is as  defined In any one of
claims 13 to 16. 20. Use according to any one of claims 17 to 19 wherein
said lubricating oil composition is an oll concentrate. 30  Patentanspriche
1. Verfahren zurVerrlngrung derTrObung in eInar Schmrlzusamrnmensezung, bel
dmrn dI SchmhrWlzu- sammensetzung 



(1) Schmie1, (H) 0.01 blb 50 Gew.-% der Geramtzusamrreneezung einse
Copolymeren von Ethlen und mindeetens elnem anderen a-lef inmonomer, wobe[
da Copolymer Intramolekulr heteroene und Intermolekular homogene
Copolyierktben  umflet, die mindestens  In krlstalislarbaree  Segment au*
Methyleneinhelten und mindestene ei Ethylen-aOlefin-Copolymorsegmet mit
geringer Krlstaillnitift enthalten, wobel das mindesatns *Ine
krluelisalerbare Segment mhndeetens 10 Gew.-%  der Copolymerkette ausmacht
und mlndesens 57 Gew.-% Ethylen enthilt und das Segment mit gerInger
Krbisllniit nhcht mehr aie 53 Gew.-% Ethylen enthit und wobel das Copolymnr
in Moekulargewlchts- verhlltnls von M^IM, von weniger as 2 und eIn
VerhUtnbi von MIMw von weniger ale 1,8 aufwelbt und wobel mindseltna zwel
Tele elner Individuellen Inbamolekaulr heterogenen Kete, von denendr Tel
mindeeteno 5 Gew-% der Ket  ausmacht, sich In Ihrer Zusammenestung
voneinandor durch mindeetens 7 Gew.-% Ethylen unterecheidan, (IU) e*he
trObungebidende Meng sines Ulunloelichen trObungebidenden Materials umflt
des sue dem  Herstellunga- oder Verarbeltungeverfahren des
Ethylen-a-Olefin-Copolymern reeufflart dadurch gekennzelkhnet, dali die
Zusammensetzung 0,1 bis 20 Stunden bal *Iner Temperatur von 50 bin 2506C
bezogen auf das Gmantgewicht der Zusmmenseftzung mit 0,001 bls 10 Gew.-%
elner gO        KohleNwaseertoiflbernatlinslure behandelt wird. I
Verfhhren nach Anspruch 1, bel dam die Tamparatur 50 bbi 160C belrfgt. 3.
Varfahren nech Anspruch I oder 2. bhl dam des Copolymer (P) eInen solhen
Intemolelkuisren Zuarn- 55       mensetzungsdb~perslonegrad  hestbzt daB 95
Gew-% der Copolymarketlen elne Zueammeneetzung beitzen, die 15 Gew.-%
oderweniger, vorzugswelse 10 Gew-% oderwenigervon derdurchechnitiichen
Ethylebnzuammensetzung verechleden lt. 21 *   c   L      I s1*    EP 0 372
735 BI 4  Verfhron nach elnun der AnsprOche I bb 3, bol dun des Segment mit
gerlnger KruItalllnIt 20 bbe 53 Gew.-% Ethylpn, vorzugswslse 30 ble 50
Gew.-% Ethylpn Omfoht . Verfohren noah elnem der Ansprache I bbe 4, bel dun
des Copolymer (I) gelcennzklchnot lot durch s*i 8       mitlres
Molelwulrgswlaht (Gswlchtumlttel) von 2000, vorzugswslbe 20 000 bb 12 000
000. . Vwfehrsn nsch elnern der AnsprOche I be 5, bel dun des Copolymer
(II) sine Moleulaergewlchtevertal lung bee1  die dodurch gekennzelchnet
lst, doe mindedtene sine und vozgws belIde der Verhflltnlee von MJMIdelner
wle 1,5 und vorzugwelbe Welner ale 1,25 und von MJMw kWesier ale 1,5 und
varzunswele Idelner 1,2 sdnd. 7. Verfhhren nech inern der Anspriche I be 8,
bdl dun du Copolymer (1) auf Gewlchtbsaei *lnen minimlen Gmmtundylengehalt
von 10 % und vorzugwele 20 % bekzl S. Vrfhhrsn nech Anspruch 7, bdl dun dus
Copolymer PI) auf Gewlchtebobsb o*en Gneumtohylsngeholt von mehr aie etwa
35 % beltzt. 9. Verfhhrsn nach elnem der Anspr~che I be 8, bel dun des
Copolymer (N) sIne Kettensegmentsequenz mIt mindcestene 0r der fbigenden
Strukturen (I)    M-T 20                                      (10     T'
(M - T2 )x 2(II)   T1-(M1-T2)y-M2 besle, waln x und y Jewedt genme Zahlen
von I be 3 dind, M des kuletollbelerbore Segment umfakt, T du Segment mit
geringer Krlstollnftlt umfult, Ml und M2 glelch odor vechbahden 9lnd und
jewels ski M-Segmsnt umhoen und T1 und T2 gleich odor verechleden sind und
Jewelb sin T-Segment um en. 28 10. Verfhren noch Anspruch 9, bel dam x In
Struktur III 1 lt 11. Verfhren noch Anepruch 9 odor 10, bel dem die T1- und
T-Segmente Im wsntdichen des gislche mitfle Molskulrgewicht
(Gswichtrnittel) beelzen. 12. Vrbfhren nnach Anpruch 11, bel don In dum
Copolyn  (I) die Summe der mittleren Molekulmrgivachte (Gewlahlmbt tl) der
Tt- und T2Segments Im wmntilahen gielch dem mittleren Molekulargewicht
(Gewlahtomlt  des M-Segmsnts let. 



1& Vrfhhrn nnoa eln  derAnsprche bbe12,beld mdiekohenworstDff
ubetulerteBernetelndure Ine CirOCiuko mnoveeretoffubstulturts Bernsteln
lurs und vorzug _ew  sIne CrC=kohlenwae- soretoaffubstitulbrtb
Bernsteinelure lt. 14 Verfhhrsn nach Anepruch 13, bel dum die
kohienwoeeutoftubstitulerts Bernlt nslikurs sIne CIa-cir kohhnwo
hseretoffbubettuerts Bernstalnegure und vorzugwelse
Cr2-Crkohlenwaeserstoffeubstituier- 40      ts Bernetolnelurs lot. 1.
Verfohren nach Anepruch 14, bel dum der Kohlsnwasserstoffoubeiltuent ine
Alkylgrupps bt. 16 Verfhhren noch Anepruch 15, bel dun die olkyloubettuiert
Bernsetlnelure Dolocylbernstelnesure leL 46 17. Verwendung *lner Kohenw
otofrbernteiskilure zur Behandlung von Schmisralzusemonseezn- gen, die
vilskosibinldexvrbessrndes Ethylonfe-1fIn-Copolymer-Addiv enlt, fOr die
Verringerung von TrObungpn aufgrund des VorhandensoIns In derortigen
Zuwmmenoetzungen sInes trObungsbildenden Materils, des aus den Hsmtslungs-
odor Verabeltungverfahren des viekos n- 50      donxveubewriden Addtive
resultert, wobs die Zusammensetzung der Definition In *Inem der
vorongehenden AnsprOche sntspriht I& Verwendung noch Anepruch 17, bel der
die Kohlsnwasserstoffbernsbtlnegure *lnen pK-Wwrt von mindcatene 3 besHzt
ue   1. Vorwendung nach Anspruch 17 odor 18, bel der die
Kohbnwamserstoffbernetoinelure der Definition In *Iner derAnsprOche 13 bib
16 *ntepricht 2         , IHllll lIlN sIII    EP0 M735 B1 20 Verwendung n
ch *lnem der Ansprflche 17 blb 19, bel dir die Schmliralzusimmsnutzung sin
6lkonzmntrat lst. a   Rovendlcatlone 1. Procd pourr~dui Ibtroubledansun
compositond'hulolublflnnt, danaloquel bcompositiond'huib lubtifflntb
comprend: (I) une hul lubriflants, 10       (i) uns proportion de 0,01  50
% in polds de l composition totels, d'un copolymire d'lne it d'eu mosne un
eutre monomirs alpha-l~flnique, lIdit copolymbr. compronant des cheatss
copolym6rlquss htroghnes our Is plan Intremol6ciuri et homogines our le
plan Intsrmollculri contonant mu moln un sgmint crllleabli dei mo  m   ne t
u mons un segment copoymr6thylbnlpha-d6- fine de foibli cristalnitb, ldit
segment crlmtollsable constituent mu moins 10 % on polds de b chains 10
copolymir et contbnent mu molns 57 % in polds d'thylWns, ledit segmint de
fhlbls crlmtallnkti no continent pm plus de 53 % in polds d'6thyl~ne it
lditdcopolymbre eyant un rapport de polds mol6culari MMU, Infrlsur A 2 it
un rapport MIM. inflorur 1 1,8, it mu molns deux portions d'une chains
Individudlli h6t*rogbni our ls plan Intramollculairs, dont chacuns constue
mu molns 5 % in polds di ldib chalhs, dllbint 'uns d I'autri quant 1 lour
composition, d'nu moins 7 % in polds 20        d'tytlno, (li) une quantlt
forment un troubl d'uns matiri Insoluble dens rhule, crnant un trouble,
r6suitant de Is production ou dis opdrations finales de traeltment dudit
copolymire 6thylini it d'alph-o6f Ins, cnrctsr     per Is beitment de
lIdite composition pendent 0,1 * 20 heures 6 uni tbmp6rmturs di 50 1 2500C
evic 0,001 110 % on polds, sur s base du polds total de Ia composition,
d'un acids 2m        hydrocorbyl-eucinique. 2  Proo d6 sulvant Ia
revindicetion 1, dens lequdl edibt timpreturs vs de 50A 180C. a Proods
sulvent Is rivendlcatlon I ou Ia rivendlcation 2, dine lIqul Is copolymlre
(ii) a uni disprsit 30      de composition Intermotlculairs tills quo 95 %
in polds doditis chatnis de copodymbre ont une composition qui diff r de 15
% in polds ou moins, de priftence de 10 %  n poids ou mons, de edite
composition moysnns in thlne. 4. Procid6 sulvint rune quelconque des
revendlctions 1 a 3, dons boqudl le segment de fiblie cristllinnit comprind
20 A 53 % en polds d'ithyllne, de prifirence 30 A 50 % sn poids d'cthyline.
&  Proidi sukmnt runs quilconque ds revendlications 1  4, dins lIqudl le
oopolym  (II) est cwactius per uni moyinne pondrel du polds moliculhir di
2000, de prifirnce di 20 000 A 12 000 000. 



. Proodi sulvent l'uns quilconque des rivendlcetions I A 5, dens Iequde I
copolymbre (IQ) a une 40      dIstribution de polds moldculehi DPM
caractrlsis par mu moins 'un des rapportb sulvantb et de p i1irince lee
dix, 1 savoir un rapport MJM,, Inirieur * 1,5, de prifirence Infirlsur A
1,25, et un rapport MJMp Infrbsur b 1,5, de prifirinci Infirbiur  1.2. 7.
Procid6 sulvant luns quslconque dis revindlcetions 1 * S. dins lIqud le
copolymire (II) a une tbneur 46      minhnle totbe on thylno de 10 %, de
pri 6rnee de 20 % sur bass pondire. L  Procidi mulvent la rovindlcation 7,
dens Iaqual le copolymbre (II) a uns tonaur totals an 6thybns supirhurs b
snviron 35 % our base pondirael. 30   . Procid6 wulvant runs quelconqus des
ravandlcations I a 8, dins laqudl le copolymara (i) a una saquance das
sements de chains prisantent au mons l'uns dis structuras sulventbs. (I)
M-T (11)    TI  (M - T2). (111)    Tt  (Mlt Ts M2 u6      ob x et y sont
tous dux das nombrs antbrs de I a 3, M constitus ladit segmnt cristlliabl,
T consti Is ssgment b fhibl crlstallntit, M1 it M2 sont didntiquas ou
diffirnts it compronnent chocun un segmint M, it T' et T2 sont Idantiquas
ou diflrants it comprennant chaoun un segment T. 23          1 1111111
110l, 1|1  11,,, Hil II,1    EP 0 372 735 BI 10  Proc~d6 sulvant Is
rerendbcatlon 9, dann lequel x dens Ia structure II eat 6ga A un. 11.
Prood6 sulvant la revendlcaton 9 ou 10, dans lequel lee segments TI d T2
ant prlndpalement Is mhne moyenne pondrle de polds mol~culalr. 8 12.
ProcodA sulvant Ia revendlcation 11, dans lequel Is moniNg des moyennes
pond~rales de polds moloulal'r due sarents T' et T2 dans le copolyrnre (N)
set prlncipelevnent 6gale A la moyenne pond~rale de polds molculairs dudit
segment M. 1.& Proc~dd aulvhnt I'une queloonque des revendicatona I a 12,
dans lequel 'acide succinlque A aubstituant 10      hydrocafbb set un acids
succinique portent un subetituant hydrocarbyle en CIO A C10, de prnirenoe
un acids auccinlque portent un subatituant hydrocarbyle en C12 a C,2 14.
Proc6d sulvantla revendlcation 13, danse lquel Iocide succlnlque A
aubatuant hydrocarbye sestun adds succinique substl  par un groups
hydrocarbyle en C12 A CI, de prrence un adds auccinique substiu l8      par
un groupe hydrocabyle en C12 A C1.. 15 Proa d6 sulvant la revendhatlon 14,
dans lequsl le substituant hydrocarbyle *et un groups *kyle. 1L Procidi
suvant la revendlicston 15, dane lequel I'dde succinique & subeftfuant
alkyie est 'acide 20      doddcyloucolnique. 17. Utlisation d'un acids
hydrocnrbylauccinlque pour Is traltement de compositions d'hulles
lubriflantee contenant un addl#f amillorant i'lndlce de vbcodO constituA
d'un copolymire etlene/alpha-oleflIns en vue de r"duire Is trouble dO A
'Inclusdon dans ladite composltion d'une matlere creant un trouble
risultant 2SF     de I production au des op ratlons finales de traimnent
dudit additif amilorant i'lndlce de vscositA, cdtbe composition 6tant tole
quo difinle dans rune quelconque des revondlcatin pr~cidentes. I.
Utilostion sulvunt la revendbcation 17, dans laquelle 'acids
hydrocarbylsucinique a un pK do valeur au molns gsls A 3. 30  19. Utlation
sulvant Is revendlcation 17 ou la revendication 18, dana squalls I'acde
hydrocerbyuccinlque sat tal qus delni dens 'uns quelconque des
revendlcations 13 A 16. 2. Utllbatlon sulvant rune qualconque des
revendications 17 A 19, dans laqusle Is composition d'hulle lubriflante est
un concentre A bm d'hule. 40 48 24                I
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