
- 1 -  POLYMERIZATION INITIATING SYSTEM AND METHOD TO PRODUCE HIGHLY
REACTIVE OLEFIN FUNCTIONAL POLYMERS        The invention is directed
to a method for producing highly reactive olefin polymers wherein at
least 50 mol. % of the polymer chains have terminal double bonds, and
a novel polymerization initiating system for accomplishing same.
BACKGROUND OF THE INVENTION       The carbocationic polymerization of
isobutylene (IB) is the subject of great scientific and industrial
interest. The unique properties of polyisobutylene (PIB), a
chemically stable fully saturated polymer make it a desirable
material with applications ranging from medical devices to ashless
(metal-free) dispersants/detergents suitable for use as motor oil and
fuel additives. These ashless dispersants/detergents can be
characterized as oil soluble surfactants with oligoamine end-groups
derived from low molecular weight (number average molecular weight (
MO of from about 500 to about 5000) PIB or polybutenes (copolymers of
TB with C4 olefins) having olefinic end groups.       Two major
industrial methods have been developed to produce low molecular
weight TB homo or copolymers with olefinic end groups. The
"conventional" method uses a at mixture and an aluminum halide based
catalyst system and produces polybutenes with high tri-substituted
olefinic contents. Due to the low reactivity of the tri-substituted
olefinic end groups, polybutenes need to be chlorinated to react with
maleic anhydride to give polybutenylsuccinic anhydride, which is
subsequently reacted with oligoalkylenimines to yield
polybutenylsuccinimide-type ashless dispersant/detergent. The other
method employs a pure TB feed stream and a BF3 complex-based catalyst
with either alcohols, or ethers in a polymerization reaction run at
low temperature, which yields highly reactive PIB (HR PIB) with high
exo-olefinic end-group contents. In contrast to the tri-substituted
olefins of conventional polybutenes, PIB exo-olefins readily react
with maleic anhydride in a thermal "ene" reaction to produce PIB
succinic anhydride and subsequently polyisobutenylsuccinimide ashless
dispersants. Because the final product does not contain chlorine, HR
PIB is more desirable than conventional polybutenes. However, BF3 is
difficult to handle and the polymer may contain fluorine. Further, as
noted 1580012.v1  - 2 -  above, this method requires a pure TB feed
steam and low temperature (e.g., -30C) and therefore results in a
more expensive product.       The above-described commercial process
for producing HR PIB has been reported by US Pat. No. 5,408,018 (and
DE-A 2702604) to Rath. A range of process enhancements were
subsequently reported in. US Pat. Nos. 6,407,186, 6,753,389, and
7,217,773 to Rath et al. and US Pat. Nos. 6,846,903, 6,939,943 and
7,038,008 to Wettling et al. A modified process using a different
temperature regime and a low residence time was also previously
described (e.g., US Pat. Nos. 6,562,913 and 6,683,138 to Baxter et
al.). All of these disclosures describe polymerizations carried out
with BF3 catalyst and an alcohol or ether co-catalyst. Such catalytic
processes can leave residual fluorine in the polymer especially when
utilized with the commonly available mixed C4 Raffinate I stream. The
presence of even small amounts of fluorine cause problems in
downstream functionalization reactors due to the release of HF and
therefore require expensive fluorine removal post-treatment.
Many attempts have therefore been made to find other methods for
producing HR PIB. For instance PIB with nearly quantitative
exo-olefin end groups has been obtained by reacting



The polymerization reaction is conducted in the liquid phase to
induce linear or chain-type polymerization, as opposed to ring or
branch formation. Thus, if a feed is used that is gaseous under
ambient temperature, it is preferred to control the reaction pressure
and/or dissolve the feed in an inert solvent or liquid diluent, in
order to maintain the feed in the liquid phase. Typical C4 cuts
comprising the feed are liquid under pressure and do not require a
solvent or diluent. Typical diluents suitable for use with the
process include C3 to C6 alkanes, such as propane, butane, pentane,
isobutane and the like.       The Lewis acid-Lewis base complex is
typically introduced into the reactor as a liquid partially or
completely dissolved in a solvent, or as a solid. Polymerization is
preferably conducted at a pressure sufficient to maintain the C4 feed
in a liquid state at the reaction temperature, or at higher
pressures. The initiator may be introduced to the monomer feed or the
reaction mixture in liquid form together with the Lewis acid-Lewis
base complex or, preferably, is introduced to the monomer feed or the
reaction mixture in liquid form by a line separate from the Lewis
acid-Lewis base complex addition line.       The liquid phase
reaction mixture temperature is controlled by conventional means to
be typically from about -30C to about +50C, preferably from about
-10C to about +30C, more preferably from 0C to about +20C, such as
from 0C to about +10C.       The residence time of the butene to be
polymerized may be from about 5 seconds to several hours, but will
typically be from about 1 to about 300 minutes, such as 2 to about
120 minutes, preferably from about 5 to about 60 minutes.       In
order to insure even distribution of the catalyst within the reactor,
turbulent flow of the reactor contents can be generated by mixing, or
with suitable baffles, such as baffle plates or oscillating baffles,
or by dimensioning the reactor tube cross sections so that a suitable
flow velocity is established.       The process of the present
invention is typically conducted in a manner achieving an isobutylene
conversion in the range of from about 20% up to about 100%,
preferably from about 50% to about 100%, and more preferably from
about 70% to about 100%. The combined use of temperature control and
catalyst feed rate permits formation of polybutenes having a Mn of
from about 400 Daltons to about 1580012.v1  -8-  4000  Daltons,
preferably from about 700 Daltons to about 3000 Daltons, more
preferably from about 1000 Daltons to about 2500 Daltons; a molecular
weight distribution (MWD) of typically from about 1.1 to about 4.0,
preferably from about 1.5 to about 3.0, an exo-olefin content of
greater than 50 mol. %, preferably greater than 60 mol. %, more
preferably greater than 70 mol. %, such as from about 80 mol. % to
about 95 mol. %; a tetrasubstituted olefin content of less than about
20 mol. %, such as less than about 15 mol. %, preferably less than
about 10 mol. %, more preferably less than about 5 mol. %; and a
chlorine content of less than about 10 mol. %, such as less than
about 5 mol. %, preferably less than about 2 mol. %, more preferably
less than about 1 mol. %, based on the total moles of polymer.
Once the target molecular weight of the polymer is achieved, the
polymer product can be discharged from the reactor and passed into a
medium that deactivates the polymerization catalyst and terminates
the polymerization. Suitable deactivation media include water,
amines, alcohols and caustics. The polyisobutylene product can then
be separated by distilling off the remaining C4 hydrocarbons and low



Concentration" 1 1 1:1 100 0.0118M 2 2 1:1 100 0.0091 M 3 3 1:1 64
0.0063M 4 4 1:1 Not Determined 0.00044M  'Based on AIR FT-IR studies
in DCM. Based on solubility studies in hexanes 1580012.v1  - 12 - The
1:1 complexes of FeC13 with chlorinated ethers 2 and 3 showed
decreased solubility compared to ether 1. The lower concentration of
1:1 FeC13ether 3 complex can also be attributed to incomplete complex
formation due to the reduced electron density on the oxygen of this
particular ether. This phenomenon was more pronounced in the case of
the 1:1 FeC13. ether 4 complex, with which the concentration of the
complex in the reaction system was only 0.00044 M.       The above
solubility data were then correlated with the results from
polymerizations using the various complexes (Table 2). Table 2 -
Polymerization of TB in hexanes at 0C for 20 minutes initiated by
t-BuCI and coinitiated by FeC13. ether complexes (prepared in freshly
distilled DCM). (TB) = 1.0 M, (t-BuCl) = 0.02 M and (FeC13ether) =
0.02 M. uenched with Me0H Entry Complex FeC13: Conv." RI a PDI Exod
Endo Tetrad PIB- Coupled" [PIM" #  Ether (%) NMR g/mol GPC g/mol  (%)
+ Trid (V0) (%) Cl" (%) 



(%)   FeC131 1:1 81 900 1100 2.8 78 9 6 6 1 0.053 61 FeC132 1:1 87
400 600 3.0 68 9 8 0 15 0.139  FeC133 1:1 93 500 800 2.8 62 16 17 1 5
0.106 8 FeC134 1:1 85 400 700 2.3 54 22 23 0 2 0.118  Gravimetric
conversion. aoete,.ined by H NMR spectroscopy. "[PM] = [1B] x 56.11 x
cony./ Mn .N/AR). fAll values averaged from multiple runs.       When
the polymerization was coinitiated with FeC13 complexes prepared with
ether 2 or 3, which possess an electron withdrawing chlorine atom(s),
increased conversion (>60%), but slightly lower exo-olefin content (
-,60%) was obtained, as compared to those obtained with FeC13ether 1
(entries 6 and 7 vs. entry 5). The higher conversion was obtained
despite the lower soluble complex concentration when using ethers 2
and 2 in solution as compared to ether T. Similarly, the 1:1 complex
of FeC13ether 4 provided higher monomer conversion (but with lower
exoolefin content), even though the concentration of soluble complex
was extremely low (entry 8). These results contrast with the absence
of polymerization reported previously with diethyl ether (see Kumar,
R.; Dimitrov, P.; Bartelson, K. J.; Emert, J.; Faust, R.,
Macromolecules 2012, 45, 8598-8603).       The effect of the
stoichiometry of FeC13/ether stoichiometry and FeC13ether complex
concentration are shown in Tables 3 and 4, respectively. 1580012.v1  



- 13 - Table 3 - Effect of FeC13:ether ratio on polymerization of TB
in hexanes at 0C initiated by t-BuCl and coinitiated by FeC13ether
complexes (prepared in freshly distilled DCM). (TB) = 1.0 M, (t-BuCl)
= 0.02 M and (FeC13ether) = 0.02 M. uenched with Me0H Entry # Comple
x/Ratio Time (min) Cony." (%) Mn NMR g/mol win GPC g/mol PDI Exod (%)
Endo + Trid (W0) Tetrad (%) PIB- Cld ("A) Coupled" (%) [PIB]" 9
FeC131 1:0.95 20 99 900 1000 3.1 72 13 13 0 3 0.062 10' FeC131 1:1 20
81 900 1100 2.8 78 9 6 6 1 0.053 11 FeC13-1 



20 42 900 1300 3.2 67 11 13 9 1 0.026  1:1.05            12 FeC132 20
87 300 500 3.3 68 9 8 0 15 0.151  1:0.95            131 FeC132 20 87
400 600 3.0 68 9 8 0 



15 0.139  1:1            14 FeC132 20 85 300 600 2.9 65 9 9 0 17
0.149  1:1.05            15g FeC133 20 93 500 800 2.8 62 16 17 1 5
0.106  1:1      



16 FeC133 10 92 500 700 2.8 64 15 15 2 4 0.099  1:1.1            17
FeC133 20 93 400 800 2.7 60 17 18 0 5 0.123  1:1.1            18
FeC133 10 



95 400 500 2.2 71 13 12 0 4 0.146  1:1.2            19 FeC133 20 96
400 700 2.8 60 16 18 0 5 0.130  1:1.2            20' FeC133 20 92 400
700 2.9 58 17 18 1 7 



0.129  1:1.3            21 FeC133 20 91 400 600 3.0 62 15 17 0 6
0.132  1:1.4             "Gravimetric conversion. dDetermined by 'H
NMR spectroscopy "[PIM = [I13] x 56 11 x (cony./ Mn ,Nmft ). gAll
values averaged from multip e runs.       The polymerization
conversion was found to decrease in the presence of excess ether 1
(entry 11), but remain essentially unchanged in the presence of
excess FeC13 (entry 9). In contrast, with both FeC13ether 2 and
FeCI3. ether 3 complexes, there was no significant change in
conversion or exo-olefin content in the studied range of FeC13: ether
ratios. (entries 12 through 21). This can be attributed to the
presence of the electron withdrawing chlorine atoms on ethers 2 and
3. 1580012.v1  - 14 - Table 4 - Effect of complex concentration of TB
in hexanes at 0C initiated by tBuCl and coinitiated by FeCI3. ether
complexes (prepared in freshly distilled DCM). (IB) = 1.0 M, (t-BuCI)
= 0.02 M and (FeClether) = 0.02, 0.015 or 0.010 M. Ouenched with Me0H
Entry # Comple x/Ratio Complex (M)/ Time (min) Cony. (%) mn NMR g/mol
M" 



GPC g/mol PDI Exod (%) Endo + Trid (%) Tetrad (%) PIE- Cl" (Vo)
Couple& (%) [PIB]e 22 FeC132 0.02/ 85 400 400 2.9 72 8 8 0 12 0.118
1:1 10           23' FeC132 0.02/ 87 400 600 3.0 68 9 8 0 15 0.139
1:1 20    



24 FeC132 0.015/ 79 600 800 2.9 75 9 8 1 6 0.076  1:1 10           25
FeC132 0.015/ 80 400 800 3.0 73 9 8 0 10 0.105  1:1 20           26
FeC132 



0.01/ 75 500 800 2.9 71 9 10 1 8 0.080  1:1 10           27 FeC132
0.01/ 78 500 800 3.3 73 8 9 0 10 0.091  1:1 20           28 FeC133
0.02/ 92 600 700 2.8 64 15 16 2 



3 0.092  1:1 10           29' FeC133 0.02/ 93 500 800 2.8 62 16 17 1
5 0.106  1:1 20           30' FeC133 0.02/ 92 400 700 2.9 58 17 18 1
7 0.129  1:1.3 10     



31 FeC133 0.02/ 90 600 900 3.8 61 14 18 2 5 0.088  1:1.3 20
`Gravimetric conversion. dDetermined by NMR spectroscopy. e[PIBI =
[II3] x 56. x (cony./ M. ,NMR ). fAll values averaged from multiple
runs.       Decreasing the concentration of the complex did not have
a significant effect on the outcome of the polymerization, although a
slight decrease in conversion and slight increase in exo-olefin
content was observed (entries 22 to 27). These results attest to the
robustness of the catalyst/initiation system. A comparison of the
kinetics of TB polymerization initiated by t- BuCl/FeC13.ether in
hexanes at 0C is shown, in graphical form, in Fig. 1. Saturation
conversions were obtained after 20 minutes for all three FeC13ether
systems and the exo-olefin content remained fairly constant
throughout the polymerizations.       The impact of the proton trap
2, 6-ditert.-butylpyridine (DTBP) on the polymerization of TB
initiated by 2-chloro-2, 4, 4-trimethylpentane (TMPC1) or tBuCl and
coinitiated by FeC13ether complexes is shown in Table 5. 15800I1A  -
15 - Table 5 - Polymerization of IB in hexanes at 0C for 20 minutes
initiated by either TMPC1 or t-BuCl and coinitiated by FeC13ether
complexes (prepared in freshly distilled DCM). (TB) = 1.0 M,
Initiator = 0.02 M, DTBP = 0.005 M and (FeCI3. ether) = 0.02 M.
Ouenched with Me0H Entry # Comple x/Ratio Init. (M) DTBP (M) Cony.'
(%) [74" NMR g/mol XI, GPC g/mol PDI Exod 



(%) Endo + Trid (%) Tetra (%) PIB- Cld (%) Couple& (%) [PIB]e 32
FeC132 1:1 --- 0 56 500 600 3.2 72 10 6 0 11 0.069 33 FeC13.2 1:1 ---
0.005 5 300 600 2.5 70 9 4 0 17 0.022 34 FeC132 1:1  0.010 0 --- ---
---   --- ---   35 FeC132 1:1 t-BuCI 



0.02 0.005 43 300 400 2.3 65 8 7 0 20 0.100 36' FeC132 1:1 t-BuCI
0.02 0 87 400 600 3.0 68 9 8 0 15 0.139 37 FeC133 1:1.35 --- 0 86 400
500 3.1 69 15 13 0 3 0.114 38 FeC133 1:1.35 --- 0.005 36 500 600 3.4
70 12 12 0 6 0.039 39 FeC133 1:1.35 



--- 0.010 24 800 700 3.9 71 12 13 0 4 0.016 40 FeC133 1:1.35 t-BuCI
0.02 0.005 68 500 600 4.0 65 11 12 6 5 0.074 41 FeC133 1:1.35 t-BuCI
0.02 0 96 400 600 3.3 61 16 17 2 3 0.142 42 FeC132 1:1 TMPCI 0.02
0.005 47 300 700 1.7 72 8 7 0 14 0.113 43 



FeC132 1:1 TMPC1 0.02 0 83 300 600 2.8 68 9 8 0 15 0.134 44 FeC133
1:1.35 TMPCI 0.02 0.005 76 500 600 2.5 69 13 13 3 3 0.091 45 FeC133
1:1.35 TMPCI 0.02 0 95 400 400 2.6 62 13 16 2 3 0.138 `Gravimetric
conversion. Determined by ill NMR spectroscopy. c[13113] = [IB x
56.11 x (conv./M,,amR). fAll values averaged from multiple runs.
It was previously found that in the absence of initiator and DTBP,
the use of the FeC13ether 1 system resulted in .29% TB conversion
(see Kumar, R.; Dimitrov, P.; Bartelson, K. J.; Emert, J.; Faust, R.,
Macromolecules 2012, 45, 8598-8603). In contrast, in the absence of
initiator and DTBP, the use of the 1:1 FeCI3. ether 2 complex and the
1:1.35 FeC13ether 3 complex resulted in 56% and 86% conversion,
respectively (entries 32 and 37). The substantially higher rates of
polymerization for both ethers 2 and 3, compared to ether 1, and the
higher rate of polymerization for ether 3 compared to ether 2 can be
explained by the fact that the nucleophilicity of these ethers
increases in the order ether 3 < ether 2 < ether 1. Thus, the ether
is more easily displaced from the complex in the case of ether 3,
which allows for the faster ionization of t-BuCl. 1580012.v1  - 16 -
In the presence of DTBP at 0.005 M, 5% and 36% conversion was reached
at 20 minutes (entries 33 and 38). At 0.01M DTBP, polymerization was
absent in the case of ether 2, however 24% conversion was still
obtained with ether 3 (entries 34 and 39). It is noted that the ether
moiety was not observed in the NMR spectrum of the product, and thus,
ether 3 is not an initiator.       The molecular weights were
generally high with ether 3 as opposed to ether 2 due to the fact
that ether 3 is less basic than ether 2 and thus, there is a decrease
in proton abstraction from the growing chain end, which
consequentially leads to a polymer with a higher molecular weight.
The addition of t-BuCl increases conversion and, furthermore, PIB
with an exo-olefin content of .--60 to 70% was obtained (entries 35
and 40). Conversions, molecular weights and exo-olefin contents were
similar for both t-BuCI and TMPC1 (entry 35 vs. 42 and entry 40 vs.
44).       While certain representative embodiments and details have
been provided to illustrate the invention, it will be apparent to the
skilled artisan that various product and process changes from those
disclosed herein may be made without departing from the scope of the
present invention. The appended claims define the scope of the
invention       All cited patents, test procedures, priority
documents, and other cited documents are fully incorporated by
reference to the extent that such material is consistent with this
specification and for all jurisdictions in which such incorporation
by reference is permitted.       Certain features of the present
invention are described in terms of a set of numerical upper limits
and a set of numerical lower limits. This specification discloses all
ranges formed by any combination of these limits. It is to be
understood that the upper limits and lower limits, as well as range
and ratio limits set forth herein may be independently combined, and
that all combinations of these limits are within the scope of the
invention unless otherwise indicated.  1580012.v1 



- 17-  WHAT IS CLAIMED IS: 1. A process for the preparation of
polybutene having an exo-olefin content of at least 50 mol. %, which
process comprises contacting isobutene or an isobutene-containing
monomer mixture, with a Lewis acid catalyst complexed with an oxygen
and/or sulfur-containing Lewis base, in a substantially or completely
apolar solvent, and initiating polymerization of said isobutene or an
isobutene-containing monomer mixture with an initiator, wherein said
Lewis acid catalyst is a Lewis acid of the formula MR".YE, wherein M
is a metal selected from Al, Fe, Ga, Hf, Zr and W; R" is a
hydrocarbyl group; Y is halogen; m is 0 or an integer of 1 to 5; and
n is an integer of 1 to 6, with the proviso that m+n is equal to the
valency of metal M; said Lewis base is dihydrocarbyl ether, wherein
each ether hydrocarbyl group is independently selected from C1 to C8
hydrocarbyl, wherein one or each of said ether hydrocarbyl groups are
substituted with an electron-withdrawing group; the initiator is a
compound of the formula RX, wherein X is a halide; R is a hydrocarbyl
group capable of forming a stable carbocation, and wherein the carbon
linking group R to group X is tertiary, benzylic or allylic. 2. The
process of claim 1, wherein M is Ga or Fe, and R" is a Ci to C8 alkyl
group. 3. The process of claim 1, wherein m is 0 or 1. 4. The process
of claim 1, wherein Y is Cl or Br. 5. The process of claim 1, wherein
said ether hydrocarbyl groups are alkyl groups. 6. The process of
claim 5, wherein said ether hydrocarbyl groups are CI to C4 alkyl
groups. 7. The process of claim 1, wherein said electron-withdrawing
group is a halogen atom. 8. The process of claim 7, wherein said
electron-withdrawing group is a chlorine atom. 1580012.v1  - 18 - 9.
The process of claim 5, wherein said electron-withdrawing group is a
halogen atom. 10. The process of claim 9, wherein said
electron-withdrawing group is a chlorine atom. 11. The process of
claim 1, wherein said apolar medium is selected from saturated C4
hydrocarbons, unsaturated C4 hydrocarbons, and mixtures thereof. 12.
The process of claim 1, wherein said isobutene or an
isobutene-containing monomer mixture is selected from pure isobutene;
a C4 refinery cut containing between about 5% and about 50% butene-1,
between about 2% and about 40% butene-2, between about 2% and about
60% iso-butane, between about 2% and about 20% n-butane, and up to
about 0.5% butadiene, wherein all percentages are by mass, based on
the total mass of the C4 refinery cut; and mixtures of pure isobutene
and said C4 refinery cut. 13. The process of claim 1, wherein said
complex is contacted with said isobutene or an isobutene-containing
monomer at a concentration of millimoles of Lewis acid-Lewis base
complex per liter of medium of from about 1mM to about 200 mM. 14.
The process of claim 1, wherein said Lewis acid and said Lewis base
are complexed by dissolving the Lewis acid in solvent to form a
solution, and then adding said Lewis base to said solution. 15. The
process of claim 1, wherein the polymerization process is conducted
continuously. 16. The process of claim 1, wherein said polybutene
product has an exo-olefin content of at least 70 mol. %. 17. A
catalyst-initiator system for catalyzing the polymerization of
isobutene or an isobutene-containing monomer mixture in a
substantially or completely apolar solvent to provide a polybutene
product having an exo-olefin content of at least 50 mol. %, wherein
said catalyst comprising a Lewis acid catalyst complexed with a Lewis
base, wherein said Lewis acid catalyst is a Lewis acid 1580012.v I  -
19 -  of the formula MR"","Y", wherein M is a metal selected from Al,


