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PROCESS FOR PREPARING A BITUMINOUS desire to eliminate sulfur and sulfur containing crosstinking
BINDER COMPOSITION agents which gid in the curing of bituminous formulations.

This application is & division of U.S. patcnt application Ser.
No. 11/598,511, filed Nov. 13, 2006 and which is a non-
provisional application of U.S. Patent Application No.
60/736,466.

FIELD OF THE INVENTION

The present invention relates to a process for preparing a
polymer modified bituminous binder composition in the sub-
stantial absence of crosslinking agents, said polymer modi-
fied bituminous binder composilion being sutiable for hut
mix asphalt paving applications and broadly comprising mix-
ing a bimumen component and 2 block copolymer composition
containjng a high vinyl contem diblock copolymer and an
optional hugh vinyl conrent block copolymer selected from
linear triblock copolymers, multiarm coupled block copoly-
mers and mixtures thereof at a temperature from abow 185°
C. 1w abowm 221° C., wherein said diblock copolymer is
present alone or is present at a ratio of greater then :1 when
combined with (be other noted copolymers. The present
inveniion further relates to a specific class of bituminous
binder compositions comprising a bitumen compopent and a
block copolymer composition of a high vinyi content diblock
copolymer and a high vinyi content block copolymer that is
either 2 linear triblock copolymer, a multiarm coupled block
copolymer or a mixtre thereof, ax well as a bituminous
binder concentrate contnining the same. The present inven-
tion even further relates to a specific class of polymer com-
positions comprising a high viny! content diblock copolyrmer
and g high vinyl conteat block copolymer that is either a linear
wriblock block copolymer, a muliiarm coupled block copoly-
mer or 8 mixture thereof.

BACKGROUND OF THE INVENTION

Polymer modified asphalt for paving applicstions and
methods for prepering virious polymer modified asphalt
compositions are well known in the art. Various polymers,
including diene elastomers such as polybutadiene, EPDM,
EPR and styrenic block copolymers (SBCs) such a3 styrege-
butadiene-styrene (SBS) aod styrene-isoprene-styrene (SIS)
block copolymens, are commonly combined with bitumen to
improve the performance of the bitumen See, for example,
U.S. Pat. No. 5,190.998 and U.S. Pat. No. 6.150,439. Itis well
known in the art 1o utilize styrenjc block copolymers to
improve the performance of bitumen. The degree to which
property improvements ure realized depends upun the com-
patibility of the block copolymer and the bitumen. Highly
compaiible or compatibilized polymers are moss effective in
providing property improvements. Over the years, research-
ers have developed a range of chemical (echiniques to improve
the compatibility of these types of polymers with bitumens.
An extensive range of addilives have been vsed for the pur-
pose of “curing” or “crosslinking” Lhe polymers and bitumens
thereby rendering the mixture compatible. These addivions
include sulfur crosslinking agents and sulfur-containing
crosslinking agents. Subfur has long been known to be added
to polymer modified bitumens to strengthen and accelerste
the polymer-bitumen bonding and curing process. See, for
example, U.S. Pat. No. 4,145,322 and U.S. Pat. No. 4,242,
246. While sulfur itself is relatively safe, the reaction between
sulfur, the block copolymers and asphal( generates bydrogen
sulfide (H,S) which is extremely hazardous. Accordingly,
from an environmenta] and safety standpoint, there is a sirong,
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In addition, there are improvements associated with the use
of styrenic block copolymers which the bifumen paving
industry would like to see. These improvements include, but
are pot limited to, improved mixing, shorier cure Gmes, less
separaton with incompatible asphalts, and increased effi-
ciency.

Bituminous compositions containing block copolymer
corspositions having a high vinyl contant or block copolymer
compositions having a high vinyl content and 2 low diblock
content have been used in an attempt to provide bituminous
compositions with better properties. See, for example, U.S.
Pat. No. 4,530,652, U.S. Pat No. 5,798,401, U).S. Hat, No.
5,854,335, and U.S. Pat. No. 6,508,875, Compositions high
in diblock have zlso beep used to prepare bitumipous com-
positions in an effort to provide rapid and eagy mixing and o
improve dispersion. See, for example, U.S. Patent Publica-
tion No. 2005/0137295 and U.S. Patent Publication No.
2005/0004273.

While many formulstions have attempted to overcome one
or more of (hese issues, many fail or only address s small
number of the issues. There still exists a need for an improved
process for preparing polymer-modified bituminous binder
compositions using existing asphalt facilities while maximiz-
ing properties and minimizing many of the environmental and
safety concerns associated with such processes. Ideally, such
a process would provide ready mixing, produce a product that
is stable in siorage, and result in » quick cure of polymer and
bitumen.

SUMMARY OF THE INVENTION

Accordingly, the present inveation provides a way to pro-
duce polymer modified bituminous binder compositions for
roed/paving applications without the necessity of adding
crosslinking agents thereby grestly decreasing many of the
environmental and safety concerns nssociated with ibe use of
such crosslinking agents while at the same time maintaining
or improving the properties of the compositions. More spe-
cifically, the present invention provides 2 process for prepar-
ing a polymer modified bituminous binder composition in the
substantial absence of crosslinking ngents by:

1. heating a bitumen component in a stirred tank to a tempera-
ture from about 185° C. to about 221°C;

b adding a block copolymer composition to the bitumeo
componem while stirring the bimumen compopent to form a
homogentous mixture of the bitumen component and he
block copolymer composition; and

¢. contimying to stir the homogeneous mixture while main-
taining the temperature from about 185° C. to about 221° C.
fora period of time from about 4 hours to about 30 hours until
a cured polymer modified bituminous binder composition is
obtained;
wherein said block copolymer compositiop comprises

(i)a diblock copolymer comprising ope block of 8 monovi-
nylaromatic hydrocarbon and one block of a conjugated diene
having a peak molecular weigh from abow 30,000 to about
78,000 and a vinyl content from about 35 to about 80 mol
percent based on the number of repeal monomer units in the
conjugated diene block, and

(ii) optionally one or more block copolymers comprising at
least two blocks of monoviaylaromatic hydrocarboa and at
lesst one block of conjugated diene, the block copolymer
selected from linear (riblock copolymers, multiarm ocoupled
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block copolymers, and mixtures thereof, the linear triblock
copolymers having a peak molecular weight that is 1.5t0 3.0
times the peak molecular weight of the diblock copolymer
apd multiarm coupled block copolymers having a pesk
molecolar weight that is 1.5 to 9.0 times the peak molecular
weighi of (he diblock copolymer, aod each haviog a vinyl
conlent from about 35 to about 80 mmol percent based on the
number of repeat monomer units in the conjugated diens
blocl,

wherein when both (i) and (ii) are presem, the ratio of (i) to (ii)
is greater than 1:1. Optionally, this process further comprises
the step of diluting the homogeneous mixture 10 a lesser
conceptration either during or afier the curing of the polymer
modified bituminous binder composition.

The present invention further provides an alterpative pro-
cess which comprises (he steps off

a heating & bitumen comporent in a stirred tank ustil it
reaches a molien state;

b. adding a block copolymer composition to the bitumen
component;

¢. raising the temperature of the bitumen component and
blotk cupolymer composition (o irom sbout 185° (. 10 about
221° C. while stirring the bitumen component and block
copolymer composition thereby forming a homogeneous
mixture of the bitumen component and the block copolymer
composition;
d. contipuing to stir the homogeneous mixmire while maia-
1aining the temperamre from abowt 185° C. to about 221° C.
for 2 twtal period of time from ebout 4 hours (o aboat 30 hours
until a cured polymer modified bituminous binder corposi-
lion is obtained;

wherein said block copolymer composition is

(i) adiblock copolymer comprising oae block of a monovi-
aylaromatic hydrocarbon and one block of a conjugated diene
having a peak molecular weight from aboat 30,000 to about
78,000 and a vioyl content from about 35 t6 about 80 mol
percent based oo the aumber of repear monorer units in the
conjugated diene block, and

(i) optionally one or more block copolymers comprising at
least two blocks of monovinylaromatic hydrocarbon and at
least one block of conjugaied diene, the block copolymer
selected from lipeer wiblock copolymers, multiarm conpled
block copalymers, and mixtures thereof, the linear triblock
copolymens having a peak molecular weight that is 1.5 10 3.0
limes the peak moleculur weight of Lhe diblock copolymer
and multiarm coupled block copolymers having a peak
molecular weight that is 1.5 to 9 Q imes the peak molecular
weight of the diblock copolymer, and each baving a vinyl
content from about 35 to about 80 mol percent based on the
number of repeat mogomer units ip the conjugated diene
block,

wherein when both (i) and (i) are present, the ratio of (i) lo (i)
is greater than 1:]1. Optionally, this process further comprises
the step of diluting the homogeseous mixture 1o a lesser
concepuation either during or afier the curing of the polymer
modified biruminous binder composition.

‘The present invention eves further relates to a specific class
of bituminous binder compositions and bituminous binder
concentrates which comprise a bitumen component and a
block copolymer composition comprising a bigh vinyl
diblock copolymer and either a high vinyl linear triblock
copolymer, & high vinyl mulliarm block copolymer, or mix-
tures thereof, at a rativ of diblock copolymer jo linear triblock
copolymer, multiarm block capolymer or mixtures thereof, of
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greater than about 1:1, which copolymers comprise at least
one block of a conjugated diene and at least one block of a
monovinylappmatic hydrocarbon. The present invention still
further relates to the specific block copolymer compositions
utilized in the above noted biuminous binder compositions
and bituminous binder concentrates.

DETAILED DESCRIPTION

The process of the present invention is particularly useful
for preparing polymer modifled bituminous binder composi-
tions to be used for road/paving applications of sll sonts. By
using the process of the present invenlion, which does ool
require the use of crosslinking agents, it is passible to prepare
polymer modified bitumjzous binder compositions that pot
onty demonstrate propenies that are as good, if not better,
thon the prior an polymer modified bituminous binder com-
positions which use crosslinking agents, but which are also
safer and more environmentally frieadly due to the elimina-
tion ofthe crosslinking agents. In addition, the polymer mod:-
fied bicuminoys binder compositions of the present invention
exhibit improved processability, a decrensed cure time, and &
reduction o phase separation

In one embodiment of the present process, a bitumen com-
poneni is heated in a stirred lank (o a temperature from about
185° C. vo about 221° C. The bitumen componest utilized in
the process according to the present invention may be any
nanrally occwrring bitumen or it may be derived from petro-
leum. 1n addition, petroleum pitches obtained by 2 cracking
process and coal tar can be used as the bitumen componest as
well a5 blends of vnrious bitumen materials. Exameples of
svitable components include, but are pot limited to, distilla-
tion or “straight-run bitumens”, precipitation bitumens (e.g.
propane bitumens), blown biturnens (e.g. catalytically blowa
bitumen), multigrades, and mixtures thereof. Other suitable
bitwmen components include, but are nut limited to, mix(ures
of one or more of these bitumens with extenders (furxes) such
as pegoleum extracts, e.g. aromatic exmacts, distillates or
residues, or with oils. Suitable bimmen components (either
“straigm-rup bitumens” or “fluxed binumens”) are those hav-
ing a penetation of in the range of from about 25 (o about 400
units at 25° C; therefore quite hard bitumens of a penetration
of from about 60 1o about 70 units may be vsed, but geperally
a straight run or distilled bitumen having a penetration from
about 110 to abow 250 units will be the most convenjent to
use. Both compatible as well as incompatible bitumens may
be used.

The success of the process of the present invention is not
dependent upon the type of tank (or vessel) utilized to prepare
the polymer modilied bituminous binder composition of the
present invention. Accordingly, aoy known tank or vesscl
utilized in the preparation of bitumen compositions can be
used provided that such tank or vessel has stirring (agitation)
and heating capabililies. As used within the scope of the
present invention, the phrage “stirred tank™ refers to such
lanks and vessels that have sliming (agitstion) and heating
menns. Suitable stirring or agitation inclides, but is not Jim-
ited 10, vertical impellers, side-arm impeilers aod pump
around circulation. 1o terms of carrying out the process, the
bitumen component is typically placed in the stirred tank and
gradually healed to s temperature from about 185° C. to about
221° C., ahematively from about 196° C. (o about 218° C.,
and in still another alternative, from about 198° C. to about
216° C. The bitumen component is Yypically stirred or agi-
tated during this heating phase. While the presence of air is
not detrimental 1o the process of the presenl invention (i.z,,
the usc of an open air vessel which results in the surface of the
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mixture coming, io contact with air), the intentional introduc-
lion of air (s in the case of air curing or blown bitumnen) is not
necessary to the process of the present invention and is in fact
discouraged since such addition would mos! likely result in
the hardening of the bitumen component.

Io the present embodiment, once the bitumen component
has reached the desired temperature, the block copolymer
composition (described bereinbelow) is added while the bitu-
men component is being slirred in order to form a homoge-
neous mixture of the bitumen composent and the block
copolymer composition.

The manner and form in which the block copolymer com-
position is added to the bilumen component is also not critical
1o the invention. Therefore, block copolymer compositions in
the form of powders, porous pellets, and/or crumb may be
added al) at once or divided into small amoums or batches and
added at intervals over a brief period of time (e.g. over &
period of 5 to 60 minules although slightly shorusr or langer
times are azlso eavisioned). ln most instances, the block
copolymer composition is added in the form ofa porous pellet
all atonce, Addition of the block copolymer composition aver
an even looger period of time is also possible but not neces-
sarily desirable from an economic standpoint. During the
addition of the block copolymer composition, the mixture is
stirred 20d the temperanire ¥ which the bitumen compogent
was heated (from about 185° C. to about 22§° C.) ig main-
tained.

In many bitwnens, the block copolymer compuosition may
dissolve apd form a homogeneous blend with simple stirring
or other agitatiop meaos as noted above. In hot mix asphalts,
the bitumen forms a thip 6lm on the aggregate that is present.
It is generally accepted that the thickness of this film is on the
order of approximately ten microns. Bitumen additives are
generally considered to be homogeneous within a blend if
they completely disperse in the biturnen on an equal or finer
scale than the film of bitumen on aggregate. On the other
hand, it is well known that SBS polymers dispersed in bitu-
men 10 form a phase structure corprising 2 polymer rich
phase and a bilumean rich phase. 11 is generally accepted ihat
the scale of this phass structure is on the order of less than
approximately ten microns. Accordingly, as used herein with
regard 10 the preseat invention, the phrase “homogeneous
blend” refers 1o a mixtire that compnses the bitumen com-
poneni and block copolymer composition such that the block
copolymer composition is dispersed withjn the bitwmen com-
ponent on the approximale lea micron scale or less.

In certain instances it may be desirable 10 accelerate this
blending process by passing the mixture through a high shear
mill. While a high shear mill may be ualized for the entire
process, it is rypically utilized for a sufficient period of time
for the block copolymer to form a homogeneous blend with
the birumen component. Thereafter the stirring is rypiczally
accomplished otilizing low shear blending. Both of these
processes are well known in the art and are contemplated to be
within the scope of the present invention. Once the hlack
copolymer composition and bitumen are mixed, the stirring
countinues for a period of time from about 4 to about 30 hours
while 1he temperature of the mixture is maintained in order to
allow for complete curing of the mixture prior to vse. In
alternative embodiments of the present process, the stirring
occuny for periods of time from 4 to 26 hours, even more
preferably from 6 to 24 hours. Note that when the block
copolymer composition is added over a longer period of time
as poted above, the final time for stirriag may need to be
usdjusted accordingly o take into consideration lhe duration
of block copolymer sddition.
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The quantity of block copolymer composition to be added
in the process of the present invention cap vary based on
whether it is desirable lo have a cuncentzate which will be
subsequently diluted (“let down') before further ase or
whether the amount added provides the final dilution to be
used at that time (the final product). Accordingly, the ampount
to be added will be such that the amount of block copolymer
compositivn added (o the bitumen component will be [rom as
linle as obout 2% by weight to as high as about 36% by
weight, based on the weight of the polymer modified bitumi-
nous binder composition. As used within the scope of this
application. the term “let down", as known to thase skilled in
the art of bitumenp, is an indusiry term used to reference the
ditution or diluting of a concentrate bituminous binder com-
position to the final concentration thar will be used. For
example, the process of the present invention can be utlized
to produce a biuminous binder concentrate which will con-
tain from about 6% by weight to about 36% by weight,
preferably Trom about 9 10 3%, and more preferably frorn
about 12% by weight o about 22% by weighi. block copoly-
mer composition (based on the total weight of the polymer
modified biturnen binder composition). This bituminous
binder concentrate will at some point be diluted with more
bitumen (o achieve the degired final concentration for fingl
use (typically from abow 2% by wcight to about 6% by
weight based on the total weight of the polymer modified
bitumen binder composition). The process of diluting a poly-
mer modified bituminous binder concentrate to the desired
concentration for use is well known in he art as a cost effec-
tive method of utilizing blending equipment. The bituminous
binder concentrate of the present iovention may be diluted
(“let down™) to the fipa| concentration during or iramediately
following the curing process or, in the alterpative, it may be
stored and/or shipped to a different location where itwill later
be diluted (“let down") to the final concentration. Accord-
ingly, the process of the present invention may optionally
contain further steps in the production of polymer modified
bituminous binder compositions. One such embodiment
allows for the preparation of a copcentrate comprisiog 6 to
36% by weight ol the block copolymer composition followed
by the dilution of the concentrate with more birumen to
achieve the desired final concentration (preferably for a final
concentration of from about 2% by weight to about §% by
weight). This dilution may occur either during curing (step
(¢)) or subsequent (o curing afler step (c) provided that the
lemperaiure is mzintained for the required time to achieve the
cure. During or subsequent to curing, the composition may be
shipped to a different location provided that adequate tem-
perature and agitation are maiotaiped. Whea diluting during
the cure, the composition may be dilmted a3 soon as 1he
concenwratc blend becomes homogeaeous (at the beginmng
of step (c) or as the composition cures (during step (c¢)). This
embodiment is advantageous when expensive milling equip-
ment 15 used so that higher throughput may be achieved.
Alternatively, the coucenirate composition mzy be let down
afer Lhe cuning procesy is complete. (his embodiment is
advantageous for loog lerm storage as the diluting bitumen
may be introduced at a much lower temperature resulting in a
final blend at & temperature more svitable for long term stor-
age.

In embodiments where the asphalt composition is to be
used a( that time or where more dilute copcentretions are
desired, the block copolymer composition will preferably be
present in ap amount from about 2% by weight to about 6% by
weight, and most preferably from abowmn 2.5% by weight to
about 5% by weight, based vn the lolal weight of lhe polymer
modified bituminous binder composition.
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The present invention further provides for aa ahernative (o
the above process that differs from the above process in that
the bitumen is first healed 10 3 molten state, the block copoly-
mer composition is added, and then the temperature is raised
to the level for curing, from about 185° C. 10 about 221° C,
Accordingly, the present alternative only includes changes in
the process steps themselves, no! within the types of materials
ulilized (e.g., bitumen and block copolymer composition) or
menps of asccomplishing the steps (e.g., type of equipment
utilized). More specifically, in this alternative, the bitumen
component, as described bereinbefore, is beated in a stured
1ank unti) the bitumen compopent is in a molten state. As used
herein, the phrase “molien state™ refers to the point at which
the bitumen component becomes liquid. Those skilled in the
an will recognize that most bitwmens reach 3 “molten state™
within the temperature range of from about 87° C. to about
121° C,, more specifically from about 93° C. to about 105° C.
During this phase, the bitumen component is optionzlly
stimed. Once the bitumen component reaches a molten state,
the block copolymer composition is added in the manner
described hereinbefore, At this point, if the mixture is not
already being stirred, active stirring may begin although stir-
ring is oot pecessary. Afier the block copolymer composition
is added, the temperature is ruised (o from sbout 185° C. (o
about 22° C., ahernatively from about 196° C. (o about 21 8°
C..and in still another alternative, from about 198° C. to about
216°C. (as described hereinbefore ) while actively stirring the
binanen component and block copolymer composition in
order to form 2 homogeneous mixture of the twn components.
This mixture will continue fo be stirred at the noted (empera-
ure for 2 total of from about 4 houss to about 30 hours until &
cured polymeér modified bituminous binder composition is
obtained. In the alternative, the homogeseous mixture will be
furtber let down as described hereinbefore either during or
after the coring ol the polymear modified bituminous binder
COmMpOSition.

Through the use of compositions having high vinyl content
copolymers and a high quantity of diblock copolymer, it is
possible (o eliminate the use of crosslinking agents in the
preparation of polymer modified bitumen. Accordingly, with
the present imvention it is possible 10 produce a polymer
modified bituminous binder composition or a bituminous
binder concentrate ip the substantial absence of crosslinking
agents. As used herein, the phrase “in the substantial absence
of crosslinking sgents™ means that the addition of crosslink-
ing or curing sgents during the preparation process is nol
required. Furthermore, with regard to the bitumioous binder
composition and the birwminous binder concentrate the
phrase “substantially free of crosslinking agents” means that
no substantial amount of crosslinking agent is present in the
product. However, traces of such crosslinking or curing
sgents may be present due to the active addition of insubstan-
tial amounts of crosslinking or curing agent or residual
amounis from another source such as with the addition of
ground rubber apd/or what naturally occurs in the bitumen.
Such an amount would be considered 10 be in #n insubstantial
amoupt provided (hat it does oot significaptly alter the final
propenties of tbe biuminous binder composition, fypically
less than abowm 0.01% of the to1al weight of the polymer
modified bituminous binder composition or bituminous
binder concenirate. Withowt wishing t be bound by the fol-
lowing statements, it is believed that when block copolymers
baving a specific diblock content and a specific vinyl content
are wtilized in a process for preparing polymer modified
asphalts at 2 temperature from about 185°C. to about 221°C.,
it is pussible 10 uchieve self-controlling thermal crusslinking
(cure)ihat normally requires the use of crosslinking agenis to
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achieve this cure. The resulting blend is storage stable (it does
not separate), end the cure is faster than observed with con-
ventional systems. ‘The bituminous hinder composition
exhibits as good or better properiies as conventional birumi-
nous binder compesitions, including a reduction in phase
separation.

The block copolymer composition to be used in the above
noled processes of the present invention comprises:

(i) a diblock copolymer comprising one block of a monovi-
nylaromatic hydrocarbon and one block of a conjugated diene
having a peak molecular weight from about 30,000 to abowt
78.000 and a viny! content from about 35 to abotn 80 mol
percest based on the number of repeat monomer units io the
conjugated diene block, and

(i) optionally one or more block copolymers comprising al
least two blocks of monovisy! aromatic hydrocarbon and at
least one block of conjugated diene, said block copolymers
selecled from binear tiblock copolymers having b peak
molecular weight that is about 1.5 (o about 3.0 times the peak
molecular weight of the diblock copolymer (i) and a vinyl
content from about 35 to about 80 mo) percent based on the
niumber of repeat monomer units in the conjugated diene
block, mulliarm coupled block copolymers having a peak
molecular weight that is about 1.5 to 2bout 9.01imes the pesk
molecular weight of the diblock copolymer (i) and a vinyl
content from abowt 35 to about 80 mol percent based on the
number of repeat monomer units in the conjugated diene
block, and mixtures thereoll

Preferably, the block copolymer composition utilized in
the processes comprises & diblock copolymer and either a
linear triblock copolymer or a maltiarm coupled block
copolymer. While hydrogenation of block copolymers is well
known in the an, the block copolymers of the present inven-
tion are in substaoiially unhydrogenated form.

1p ope preferred embodiment of the present invenlios, the
diblock copolymer is of the formula A-B, the linear triblock
copolymer is of the formula A-B-A and the muliarm coupled
block copolymer is of the formula (A-B), X, where in zaid
formulas A i5 a manovinyl aromatic hydrocarbon block, B is
a conjugated diene block, n is an integer from 2 (0 6 and X is
the residue of 2 coupling sgent. Whes the maultiarm coupled
block copolymers of the formula (A-B), X are udlized, n will
preferably be an integer from 2 to 4, with 2 being the most
prelerred.

While the monoviny] aromatic hydrocarbon block may be
apy monovinyl aromatic hydrocarbon known for use in the
preparation of block copolymers such as styrene, o-methyl-
styrexe, p-methyl styrepe, p-tent-butyl styrene, 2,4-dimetbyl-
styrene, alpha-methylstyrene, vinylnaphthalene, vinyliohu-
cne 20d vinylxylepe or mixtures thereof, the most preferred
monoviny] aromatic hydrocarbon for use in the process of he
present invention ix styrene, which is used as a substantially
pure mogomer Of 25 a Oiajor COMpODnent in mixtures with
minor proporuons of other structurally related vinyl aromatic
monomer(s) such 8s o-methyistyrene, p-methylstyrene,
p-teri-butyistyrene, 2 4-dimethylstyrene, a-methylstyrene,
vinylnaphtalene, vinyltoluene and vinybxylene, i.e., in pro-
portions of at most 10% by weight. The use of substantially
pure styrepe is most preferred in (be present process.

Similarly, ithe conjugated diene block may be any conju-
gated diene known for use in the preparation of block copoly-
mers provided that the conjugated diene has from four to eight
carbon atoms. Preferably, the conjugaed diene used for the
preparation of the conjugated diene blocks is a butadiene
monomer or an isoprene monomer that is substaatially pure
monomer of containg minor propartions, up to 10% by
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weight, of structurally related conjugated dienes. such as
2 3-dimethyl-1,3-butadiene, },3-pentadiene and | .3-hexadi-
ene. Preferably, substaniially pure butadiene or subsiantially
pure isoprene is utilized for the preparation of the conjugated
diene blocks. with substentially pure butadiene being the
most preferred. Note that the conjugated diene block may also
comprise 8 mixture of butadiene and isoprene monormers.

As used herein with regard to the block copolymers of the
present invention, the term “molecular weights” refers to the
true molecular weight in g/mol of the polymer or block of the
copolymer. The molecular weights referred to in this specifi-
cation and ¢laims can be mieasured with gel permealion chro-
matography (GPC) using polystyrene calibration standards,
such as is done according to ASTM 3536, GPC iz a well-
known method wherein polymers are separated sccording to
molecular size, the largest orolecule eluting firsi. The chro-
matograph is calibrated using commercially available poly-
styrene molecular weight standards. The molecular weight of
polymers measured using GPC so calibrated are styrene
cquivaleat molecular weights. The sfyrene equivalent
molecular weight may be converted to true molecular weight
when the styrene contenl of the polymer and the viny} content
of the diene segments are known. The detector used is pref-
crably acombination ultruviolet and refractive index detector.
The molecular weights expressed herein are measured at the
peak of the GPC trace, converied 1 true molecular weights,
and are commonly referred to as “‘peak molecular weights”.

The peak molecular weight of each monovinyl aromatic
hydrocarbon block s from about 10,000 10 about 25,000,
preferebly from about 12,000 to about 20,000. la an alterna-
tive embodimem, the peak molecular weigit is from about
14,000 to about 18,000.

Bach diblock copolymer utilized in the process of the
presen( invention will have a peak molecular weight from
ubout 30,000 to shout 78,000, preferably from about 48,000
to sbout 78,000. The peak molecular weight of the lipear
triblock copolymers and muliarm coupled block copolymers
(i) is dependeat vpon the peak molecular weight of the
diblock copolymers (i) otilized. More specifically, the peak
molecular weight ol the triblock copolymers (ii) will range
from about 1.5 to about 3.0 times the peak molecular weight
ol the diblock copolymer (i). Preferably, in those embaodi-
ments where the block copolymer (ii) is a linear triblock
copolymer, the peak molecular weight of the linear triblock
copolymers will range from about 1.8 to aboul 2.5 times the
peak molecular weight of the diblock copolymer (i). The peak
molecular weight of the muttarm coupled block copolymers
(it) will range from about 1.5 to about 9.0 times the peak
molecular weight of the diblock copolymer (i). In those-
embodiments where he block copolymer (ib) is a muliarm
coupled black copolymer, the peak molecular weight will
preferably range from about 1.8 to about 5.0 times the peak
molecular weight of the diblock copolymer (i),

ltwill be appreciated that Lhe term “vinyl content™ has been
used io describe the polymer product that is made when
1,3-butediene is pulymerized via a 1,2-uddition mechanism.
The result is @ monosubstituted olefin group peadam to the
polymer backbone, a vigyl group. In (he case of anionic
polymerization of isoprene, insertion of the isoprene via a
3 4-addition mechanism affords a gemine) dialicyl C==C moi-
ety pendunt to the polymer backbone. The effects uf 3,4-
addition polymerization of isoprepe oo the final propenies of
the block copolymer will be similar to those from 1,2-addi-
lion of butadiepe. When referring to the use of butadiene as
the conjupated diene monomer, it is preferred that about 35 to
about 80 mol percent of the condensed butadiene units in the
polymer block have & 1,2-addition configuraion. Preferably,
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from about 46 to abowt 70 mol percemt of the condensed
butadiene units should have 1,2-addition configuration, even
more preferably from about SO to about 65 mol percent of the
butadiene units should have | 2-addition configuration and
still evep more preferably from about 52 to about 65 mo!
percent of the butadiene units should have 1,2-addition con-
figuration. When referring to the use of isoprene as the con-
jugaled diene, it is ulso preferred that about 35 1o 80 mol
percent of the condensed isoprene units in the block have
3,4-addition configuration. Preferably, from about 46 (o
about 70 mol percent of the condensed isoprene units in (he
block have 3.4-addition configuration, evep more preferably
from about 50 to about 65 mol percent of the isoprene vuits
should have 3,4-addition configuration, and still even more
preferably from abouwt $2 to about 65 mol percent of ithe
butediene units should bave ),2-addition configuration.

The monovinyl aromatic hydrocarbon content of the
copolymers (in the present case with regard to each individual
diblock copolymer, linear triblock copolymer or multiarm
coupled block copolymer) is suitably from about 10 (o about,
55% by weight, based on the toial block copolymer. Prefer-
ably, the content of monovinyl aromatic hydrocarbon of the
copolymers will be from about 15 to about 45% by weight,
mon: prefersbly from abowt 22 to about 37% by weight, and
most preferably from sbout 25 to about 35% by weight, based
on the total weight of the copolymer.

In particular embodiments of the present invention, the
block copolymer compositions of the present iavention will
have u melt index greater than 15 g/10 min. For purposes of
the block copolymers wtilized of these embodiments, the term
“meh index" is a measure of the mejt flow of the polymer
according to ASTM D 1238, under condition G at 200° C. at
5 kg load. It is expressed in units of grams of polymer meit
passiog through an orifice in 10 minwtes. Broadly, the block
copolymer compaositions of the present invention have a melt
index greater thag 15 grams/10 minutes. Preferably, the melt
index will renge from greater than 15 to about 50 grams/10
minutes, more preferably from about 16 to abour 35 grams/10
wmimites.

As noted above, the block copolymer composition utilized
in the processes of the present ipvestion may comprise 100%
diblock or it may comprise 2 mixture of diblock copolymer
and either a linear triblock copolymer, 3 multiarm coupled
block copolymer, or mixtures thereof. Preferably, the combi-
nation of diblock copolymer and mulliarm coupled block
copolymer is used When the block copolymer composition
comprises a mixture of diblock copolymer and either a linear
triblock copolymer, a multiarm coupled block copolymer, or
g mixture thereof, the ratio of the diblock copolymer to linear
triblock copolymer, multiarm coupled block copolymer or
mixture thereof will be grealer than about 1:1, preferably
cqual to or greater than about 3:2. In a particularly preferred
embodiment, the ratio of the diblock copolymer to linear
triblock copolymer, multiarm coupled block copolymer, or
mixture thereof will be from about 3:2 to about 10: | with the
most preferred ralio heing from about 4:1 to about 7:3. lo
other words, in (he broadest sense of the present invention,
when the block copolymer composition comprises a diblock
copolymer and either a linear triblock copolymer, a muliarm
coupled block copolymer, or a mixture thereof, the linear
riblock copolymer, multiarm coupled block copolymer, or
wmixture thereof will always be present in an amount less thap
thatof the diblock copolymer (e.g., the linear triblock copoly-
mer, multiarm coupled block copolymer, or mixture thereof
will be present in the block copolymer composition in an
amount of 81l most 49.9% by weight, preferably at mosi 40%
by weight).
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In a still further embodiment of the present process, the
objective of the process is to produce a polymer modified
bituminoas binder composition in which the ratio of the
diblock copolymer to linear triblock copolymer, multiarm
coupled block copolyrmez, or mixture thereof is equal (o or
greater than 3:2, the vioyl content of each copolymer is from
about 35 mol percent to about 80 mol percent based on the
number of repeat monomer unils in the conjugated diene
block ofihe copolymer, and the pesk molecular weights of the
diblock and linear wiblock copolymer. multiarm coupled
block copolymer, or mixtures thereof are such that the
weighted average molecular weights of the diblock copaly-
mer and other block copolymer are less than 100,000, Take
Tor example a composilion containing s diblock copolymer
(A-B) and a mohiarm coupled block copolymer ((A-B),X)
having a ratio of diblock copolymer to multiarm cougpled
block copolymer of 3:2. Whea the peak molecular weight of
the diblock is 55,000, the peak molecular weight of the mul-
tiarmo covpled block copolymer will be 110,(XX). Accordingly,
the block copolymer composition will comprise 60% diblack
copolymer and 40% multiarm coupled block copolymer.
Therefore, 55,000x0.60 is equal to 33,000 while 110,000%
0.40 is equal to 44,000. The sum of 33,000 and 44,000 gives
the weighted average molecular weight of the block copoly-
mer composition. In this particular example, the weighted
average molecular weight is 77,000, less than §00.000.

The present invention still even further relates to a specific
class of block copolymer compositions that comprise:

(1) a diblock copolymer as defined bereigbefore, and
(2) a block copolymer as defined hereinbefore,

wherein the melt index of the block copolymer comgpasition is
greater than 15 g/10 min as detemined by ASTM D 1238,
condition G (200° C., 5 kg) and wherein the ratic of diblock
to other block copolymer is greater than about 1:1. In one
alterpative of \his embodimen, the block copolymer compo-
sition comprises a diblock of the formula A-B wherein A is
styrene and B is butadiene and a linear triblock copolymer of
the formala A-B-A wherein A is styrene and B is butadiene. [n
this embodiment, the peak moleculnr weight of the diblock
copolymer is from about 48,000 to about 78,000, and the peak
molecular weight of the linear triblock copolymer is from 1.8
10 2.5 times the peak molecular weight of the diblock copoly-
mer. In this particular embodimenl, both the diblock cupoly-
mer znd the linear triblock copolymer have a viny] content
from gbout 50 to about 65 mol percent based on the number of
repeat mogomer units in the conjugated diene block of the
specific copolymer, aud a polystyrene content from about 0 to
about 35%. ‘The ratio of diblock copolymer to linear triblock
copolymer ig praferably equal (0 or greater than about 3:2,
prefernbly from about 3:2 to about 10:1, more preferably
from about 4:1 to about 7:3. The melt index will preferably
ragge from greater thap 15 g/10 mimntes 10 50 g/10 mimnes,
more preferably from about {6 g/10 minutes to about 35 g/10
minules.

I 2 still further embodiment, the block copolymer com-
position comgrises a diblock of the formula A-B wherein A is
styrepe and B is bultadiene and & multiarm coupled block
copolymer of the formula (A-B), X wherein A is styrene, B is
butadiene, n is an integer from 2 1o 4, preferably 2, and X is 2
coupling agent residue In this embodimeot, the peak molecu-
lar weight of the diblock copolymer will range from about
48,000 to about 78,000 and the peak molecular weight of the
multiarm coupled block copolymer is from about 1.8 to about
5.0 times the peak molecular weight of the dibluck copoly-
oer. In this particular embodiment, both the diblock copoly-
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mer and the multiarm coupled block copolymer have a vinyl
content from about 50 to about 65 mol percent based on the
number ol repeat monomer unjls in the conjugated diene
block of the specific copolymer, and a polystyrene cobtent
from about 20 1o about 35%. The ratio of diblock copalymer
1o multiarm coupled block copolymer is preferably equal o
or greater than about 3 2, more preferably from about 3:2 to
about 101, and even more preferzbly from about 4:1 1o abowt
7:3. The melt index will preferably range from grester then 15
£/10 minutes (o 50 g/10 minutes, more preferebly from about
16 g/} 0 minutes to about 35 g/1 0 minutes.

As used throughout the present specification, the term
“diblock copolymer”, references that proportion of free
diblock which is finally present in the applied block copoly-
mer composition. It will be appreciatcd that when the block
copolymer composition is prepared via a full sequential poly-
merization, po material detectable amounts of free diblock
copolymers will occur. In this situation, the finally desired
gmoont ol diblock can be adjusied to achieve the amouat of
diblock neccssary for the present invention. Accordingly, in
the process of (he present invention, when the block copoly-
mer composition comprises 3 diblock copolymer in combi-
nation with a linear triblock copolymer made by full sequen-
tiz] polymerization, the amount of monovinyl sromatic
hydrocarbon added in the final step of preparing the block
copolymer can be adjusted to limit the wtal amount of tri-
block copolymer or in the alternative, a sufficient amount of
the diblock copolymer can be added to the fully polymerizad
linear triblock copolymer to achieve the necessary ratio.

When the block copolymers are prepared via iqitial prepa-
ratiop of intermediate living diblock copolymers, which are
subsequently coupled by means of a multivalent coupling
agent, the initial diblock content will be determined by the
coupling efficiency. Normally io the preparation of most
block copolymers, a coupling efficiency in the range of from
80% to 97% is desirable. However, in the present process,
while it is possible to utilize polymers having a coupling
efficiency of up to 50%. Preferably, there is an even lower
degree of coupling (equal to or less than 40% coupling cffi-
ciency). For purpuses of the present invention, the phrase
“coupling efficiency” refers to the pumber of molecules of
coupled polymer divided by the number of molecules of
coupled polymer plus the oumber of molecules of uncoupled
polymer. For example, if a coupling efficiency is 80 percent,
then the polymer will contain 20 percent diblock. This is well
koown to those of ordinary skill in the art.

The block copolymer compasitions utilized in the process
of the presen( invention may be prepared by any method
kpown in the ant including the well known full sequential
pulymerization melhod, oplionally incombination with reini-
tistion, and the coupling method, as illustrated io e.g. US.
Pat. No. 3,231,635; U.S. Pat. No. 3,251,905; U.S. Pet. No.
3,390,207; U.S. Pal. No. 3,598,887, U.S, Pat. No. 4.219,627,
EP 0413294 A2, EP 0387671 Bi, EP 0636554 Al and WO
94/22931, each incorporsted herein by reference in their
entirety.

The block copolymers may therefore, for example, be pre-
pared by coupling at least two diblock copolymer molecules
together. The coupling agent may be any di- or polyfunctional
coupling agent known in (he an, for example, dibromoethane,
diethyl adipate, divinylbenzene, dimethyldichlorosilane,
metbyl dichlorosilane, silicon (etrachloride and alkoxy
silanes (U.S. Pat. No. 3,244,664, U.S. Pat. No. 3,692,874,
U.S. Pat. No. 4,076,915, U.S. Pet. No. 5,075,377, U.S. Pat.
No. 5,272,214 and U.S. Pat. No. 5,681,895), polyepoxides,
polyisocyanates, polyimines, polyaldehydes, polykesones,
polynnbydrides, polyesiers, polyhalides (U.S, Pat. No. 3,281,
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383); diesters (U.S. Pat. No. 3,594,452); methoxy silapes
(U.S. Pat. No. 3,880,954); divinyl benzene (U.S. Pat. No.
3,985,830); 1,3,5-benzenetricarboxylic acid irichloride (U).S.
Pai. No. 4,104,332); glycidoxytrimethoxy silanes (U.S. Pat.
No. 4,185,042); and oxydipropyIbis(trimethoxy silane) (U.S.
Pat. No. 4,379,891).

In general, the polymers useful in the process of the present
invenlion may be prepared by comtucting the monomer or
monomers with oo organcalkali meial compound in a suitable
solvent at a temperature within from about — S0° C. 10 about
300° C., preferably at a temperature within the range of from
about 0° C. to about §00° C. Particularly effective polymer-
ization initiators are organolitiiwm compounds having the
general formula RLi wherein R is an aliphatic, cycloaliphatic,
alkyl-substituted cycloaliphatic, aromatic or alkyl-substi-
tuted aromatic hydrocarbon radical having from 1 to 20 car-
bon atoms of which see butyl is preferred. Suitable solvents
include those useful jn the solution polymerization of the
polymer and include aliphatic. cycloaliphalic. alkyl-substi-
tuted cycloaliphatic, aromatic and alkyl-substituted aromatic
bydrocarbons, ethers and mixfures thereof. Accordingly, suit-
able solveots include aliphatic hydrocarbons such as butane,
pentane, hexane and heptape, cycloaliphatic bydrocarbons
such as cyclopeniane, cyclohexane and cyclohepinne, atkyl-
substituted cycloeliphatic bydrocarbons such as methylcy-
clohexane and methylcyeloheptane, aroratic hydrocerbons
such as benzene and the alkyl-substinited hydrocarbons such
as toluepe and xylene, and ethers such as (etrabydrofuran,
diethylether and di-n-butyl ether. Preferred solvents are
cyclopentane or cyclohexane.

Techaniques (o enhance the vinyl content of the conjugated
diene portion are well known and may involve the use of polar
compounds such as ethers, amines and other Lewis bases and
more in particular those selected from the group consisting of
dislkylethers of ulycols. Most preferred modifiers are
selected (rom dialicyl ether of ethylene glycol contsining the
saie or different ermins) alkoxy groups and optionably bear-
ing an alkyl substituent on the ethylene radical, such as
monoglyme, diglyme, diethoxyetbane, f,2-diethoxypropase,
I -ethoxy-2,2-lert-butoxyethane, of which 1,2-diethoxypro-
pane is most preferred,

In addition to the above ooted bitumen component and
block copolymer composition, otber optional ingredients
may be added during the process of the present invention,
including, but not limited (o, resins, oils, siabilizers, anti-
statics, fillers (such as wlc, calcium carbonate aad carbon
black), polyphosphoric acid, ground tire rubber or flame
retardants. The amount of such optional ingredients added
cap range from O (o about 20% by weight, based on the total
weight of the biaminous binder composition. Particularly
preferred additional ingredients are antioxidants which may
be added during or afier the mixing process to affect the rate
of reactios. Whea antioxidants are added, they are present in
an amouns from abow 0.1% by weight 1o about 5% by weight,
based on the total weight of the bituminous binder composi-
lion. In eddition, other block copolymers may also be
included in the final bituminous binder composition of the
present iovention. Preferably such block copolyrmers will be
block copolymers of the general formatas C-D-C or (C-D)nX
wherein C is 8 monoviny] aromatic hydrocarbon block 20d D
is a conjugated diene block, ais an integer [rom 2 1 6 and X
is the residue of a coupling agent, said block copolymer
having a peak molecular weight from about 30,000 10 about
400,000 and  viny content from about 8 mol percent to about
25 ol perceat based og the number of repeat monomer units
in lhe conjuguted diene block ol the block copolymer.
Examples of such block copolymers include, but are not
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limited to, Keaton D 1§01} polymer and Kraton D 1184 poly-
wer, esch commercially available from Kraton Polymers
LL.C. When such additional tlock copolymers are present,
they will preferably be present in an amount up to about 30%
by weight, based on the tota] weight of block copolymer
added. When these additional components are added to the
process, they are typically added at the same time as the block
copolymer composition. Alternatively, these addilional com-
ponents may be added just before the addition of the block
copolymer composition or just afier the addition of the block
copolymer composilion.

The presest igvention further relates to a specific polymer
modifled bituminous binder composition that is substantialty
free of any cross-linking agents, said bituminous binder com-
position comprising:

a. about 64 10 about 98% by weight of a bilumen compopeni
as defined hereinbefore; and

b. about 2 to about 36% by weight of a block copolymer
composition comprsing:

(i) a diblock copolymer corprising one block of a monovi-
nylaromatic hydrocarbop and one block of a conjugated diepe
having 2 peak molecular weight from about 30,000 to about
78,000 and 3 vinyl content from about 35 to about 80 mol
percent hased on the number of repeat monomer unils in the
conjugeated diene block, and

(ii) one or more block copolymers comprising at least two
blocks of monovinylaromatic hydrocarbon and at least one
block ol conjugated diene, the block copolymer selected rom
lincar triblock copolymers, multiarm coupled block copoly-
mers, aod mixnres thereof, the linear wiblock copolymers
having a peak molecular weight that is §.5 to 3.0 times the
peak molecular weight of the diblack copolymer and multi-
ann coupled block copolymers having a peak molecular
weight that is 1.5 to 9.0 times the peak molecular weight of
the diblock copolymer, sod each having a vinyl contest from
zbout 35 to about B0 mol percent based oo the number of
repeat rpoDOmer units in the conjugated diene block,

wherein the melt index of the block copolymer compogition is
greater than 15 g/10 min as determined by ASTM D )238,
condition G (200° C., 5 kg) and wherein the ratio of (i) 10 (ii)
is greater than about 1:1, preferably equal to or greater than
about 3:2.

In ope preferred embodiment, the block copolymer com-
position comprises a diblock of the formula A-B wherein A is
styrene and 8 is butadiene and a linear triblock copolymer of
the formula A-B-A wherein A is styrene and B is butadiene. In
this embodiment, the peak molecular weight of the diblock
copolymer is from about 48,000 (0 about 78,000, and the peak
molecular weight of the linear triblock capolymer is from
about }.8 to about 2.5 times the peak molecular weight of the
diblock copulymer. In Lhis panicular embodiment, hoth the
diblock copolymer snd the linear iriblock copolymer have a
vinyl content from about 50 to about 65 raol percent based on
the number of repeat monomer unjts in the conjugated diene
block of the specific copolymer, and & polystyrene content
from about 20 w about 35%. The ratio of diblock copolymer
to linear triblock copolymer is preferably from about 3:2 to
about 10:1, more preferably from abour 4:1 to about 7:3, The
meh index will preferably range from greater than 15 g/10
minutes to 50 g/10 minutes, more preferably from about 16
/10 minutes to about 35 g/10 minutes.

In a still further preferred embodiment, the block copoly-
mer compositon comprises a diblock of the formula A-B
wherein A is styrene and B is butadiene and a moltiarm
coupled block copolymer of the formula (A-B), X wherein A
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is styrepe, B is botadiene, n is an integer from 2 to 4, prefer-
ably 2, and X is a coupling ageunt residue. In this embodiment.
the peak molecular weight of the diblock copolymer will
range from abown 48,000 to about 78,000 and the peak
molecular weight of the multiarm coupled block copolymer s
from about ) .8 to about 5.0 times the peak molecular weight
of the diblock copolymer. In this particular embodiment, both
the diblock copolymer and the multiarmn coupled block
copolymer bave a vinyl content from about 50 to about 65 mol
percent based op the number of repeat monomer units in the
conjugated diene block of the specific copolymer, and a poly-
styrene content from about 20 to about 35%. The ratio of
diblock copolymer to multiarm coupled block copolymer is
preferably from aboul 3:2 o abowt 10:1, more preferably
from about 4:1 to about 7:3. The mclt index will preferably
range from greater than 15 g/10 minutes to 50 g/10 minutes,
more preferably from about 16 g/10 miputes to about 35 g/10
minues.

The preseat invention still further relates to a specific bitu-
minous binder coneeatrate that is substantially free of any
cross-linking agents, said bituminous binder concentrate
comprising:

a. about 64 10 about 93% by weight of a bitumen component
s delined hereinbefore; and

b. abowt 7 to about 36% by weight of a bleck copolymer
composition comprising:

(i) a diblock copolymer comprisiag one block of a monovi-
nylaromatic hydrocarbon and one block of s conjuggied diene
having s peak molecular weight from about 30,000 to about
78,000 and a viny] content from about 35 to about 80 mol
percent based on the number of repeat mopomer units in the
conjugated diepe block, and

(ii) one or more block copolymers comprising at least two
blocks of monovinylaromatic hydrocarbon and at least ope
block of conjuggted diene, the block copolymer selected from
linezr triblock copolymers, multisarm coupled block copoly-
mers, and mixtures thereof, the lincar wiblock copolymers
baving a peak molecular weight thar is 1.5 to 3.0 times the
peak molecular weight of the diblock copolymer and multi-
armm coupled block copolymers having a peak molecular
weight that is 1.5 v 9.0 times the peak molecular weight of
the diblock copolymer, snd each having a viny! content from
about 35 to about 80 mol percent based on the pumber of
repeal monomer units in the conjugsated diene block,

wherein the melt index of the block copolymer composition is
greater than 15 g/10 min as determined by ASTM D 1238,

s
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condition G (200° C., 5 kg) and wherein the ratio of (i) to (ii)
is greater than abowt 1:1. preferably greater thao or equal to
about 3:2,

While the present invention is particularly suited for hot
mix bitmmen concrete, the products of the present invention
will also be useful in other typical SBS polymer madified
bitumen paving applications such as hot chip seals, cut backs
and emulsions. It is also envisioned that the present invention
is suilable for nun-peving spplications such as modified bit-
men roll roofing, self-adkesion waterproofing membranes,
sound deadening apd vibration damping compounds. The
present invention is also useful for recycled asphalt pavement.

As noted the present biturninous binder composition can be
taken up in an emulsion. This emulsion can thep be sprayed
onto a surface to be coated and thereafier, the emulsion is
bmken and a coaling remuins.

‘The ranges and limitations provided in (he instant specili-
cation ond clgims are those which are believed to particularly
point out and distinctly claim the instant invention. It s,
however, understood that other ranges and limirtations that
perform substantially the same function in substantially the
same way {0 oblain the same or substantially the same result
are intended 1o be wirhin the scope of the insiant invention as
defined by the instant specification and claims.

The invention will be described by the following examples
which are provided for illustrative purposes only and are not
(o be construed as limiting the invention.

Examples
Bitamens | to 4

The following four bitumens were used in the examples
below. Those skilled in the art are aware thai mapy bitumens
can be modified to varying degrees with conventional SBS
polymers while others are moderately to extremely difficuit o
modify. A variety of bitumens which sre generally considered
to be “difficult” birumens have been utilized to demonsirate
the present invention. More specifically, the Canadian bitu-
men utilized can typically be modified with SBS polymers but
requires sulfur or other crosslinking technology for suitable
compatability. The Far East bitumen asphalt utilized ig
incompatible 1o the degree that it typically caanot be modified
with SBS polymers at all. The Curopean aspbalt utilized is
difficult o modify for different reasons—its poor agiog char-
acteristics leads to premature cracking, in pavements and geta-
tion when modafied.

TABLE |
°C PG High PG Low G
pen,  Sofening Tempersture Temperanire  Temperanue
Bitumen vnits  Point,°C.  Lunat,”C. Lumil,*C.  Range,° C.
1 modemely 173 42 518 333 84.8
incompatible
Capsdisp
brtumen
2 WAKy 141 49 653 =316 95.9
pacaffinic Far
Fast hitwnen
3 European 65 51 64.6 ~11.5 78.1
vacuum
Aashod
cracked
residite with
poar sging

characteristics
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TABLE | -coatinved
257 C. PG High PG Low PG
pen,  Soflening Temp Tetnp Temp 3
Bimmen vpang  Point,° C. Limi,>C.  1imh,°C.  Range,°C
4 Compsutic 200 — — —
PX gde
European
binupea

P0G = Petformance Onde as defined bereinbeiow,

Comparative Polymers C1 to C3

The following threc coramercizl polymers were used in the
formulations for comeparative purposes.

TABLE 2
Lommercial Comparive Exemples
Comparrtive Compsarstive Comparative
Polymes C1 Polymer C2 Polymer C3
Commercial Krarop Kralon Kroron
Rame Dir18 XX222 D101
polymer’ potymer? palymer’
Styrane 16,000 15,000 18,000
block
molecular
weight
Diblock 54,000 49,000 46,000
molecular
weight*
Triblock/ 108,000 167,000 112,000
redial
molocular
weight®
Styrene 13% 18% 31%
ocontent
Counlipg 22% 90% 85%
efficiency
Vipyl 2% S7T% 8%
conteny

*The moleculac weights referenced are pesk molecular weighte.

'Kraion D118 polymer ia 2 [ow viny), low coupled (high styrcac-tatadi
diblock content) block copolymes in porous pellet form, commarcually avail-
nbl: from Koo Polymerns L1.C.
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1.43 g of Ionol was added for stabilization. The product was
isolated by steam stripping to give white crumbs.

Inventive Polymer 2

The same procedure noted above for Inventive Polymer 1
was utilized in the preparation of Inventive Polymer 2 wilh the
following exceptions in material amounts: 339 g styrene, 20.9
mmotl of sec-butyl lithium, 4.0 mL },2-diethoxypropane, 725
g butndieoe, 0.2 mL 1,2-dibromoethane, 0.6 mL methavol,
1.60 g Ionol.

lnventive Polymer 2a

The same procedure noted above for laventive Polymer 2
was used in the preparsation of loventive Polymer 2a with the
only exceplion being that this polymer was finished in 1he
form of porous pellets.

Inventive Polymer 3

‘The same procedure noted gbove for Inventive Polymer 1
wes utilized ig the preparation of Iovenvive Polyroer 3 with the
following exceptions in material amounis: 274 g styrene, 6.9
muol of sec-bury! lithinm, 5.1 mL 1,2-diethoxypropane, 610
g butadiene, 0.22 mL },2-dibromoethane, 0.4 mL methanol,
1.33 g lonol.

Table 3 lists the molecular parameters obtained for loven-
tive Polymerz 1, 2, 29 nad 3.

?Kratop DKX222 pofymet is 2 bigh vinyl, high coupled styrene- buradi
styrene block copolymet in parous pellet fomm, commercially svalable from
Kratop Po, LLC
*Kmton DI 101 polymer i5 & low vimyL. high coup sty-
rene block copolymer ia parous pollet form, commcrcmljy available from
Kmton Polymers 1 LC.

led 5 trrad

Inoventive Polymers 1 o 3

Inventive polymers 1, 2, 2a and 3 of the present invention
were prepared by conventional polymerization methods
based on the general procedures noted below.

Inventive Polymer |

305 g styrene was added to 6 liters of cyclobexape at 50° C.,
afler which 18.8 mmol of sec-butyl lithiom was added. The
reaction was completed sfier 40 minutes. Thereafier, 1,34 mL
1 ,2-diethoxypropane was added, followed by the addition of
651 g of butadiene over a period of 10 minutes. The tempera-
ure of the reaction mixture rose to §0° C. The polymerizzation
was allowed to proceed at this temperature for 85 minutes. At
this point in the polymerization a sample was lnkeo from the
reaction and analyzed by GPC test method ASTM D3536.
0.19 mL of the coupling agent 1,2dibromoethane was then
added vo the reaction mixture. The reaction nixture was
allowed so stand for 15 rainutes at 60° C. then verminated with
0.6 mL of methrool A fter cooling down the reactioa mixture,

TABLE3
_Block Copolvmers of the Presept loveotion
45
Inventive lovem ive lventive loventive

Property Polymer 1 Polymer 2 Polymer 2a Polymer 3
Styrene 16.000 16.000 16,000 16,000
block
mofecular

30 gt
Diblock 56,000 55,000 60,000 58,000
molecular
weight*
Triblock/ 112,000 119,000 120000 116.000
radial

33 molccular
weighr®
Styrene 3% 31% 2% 31%
cantsal
Coupling 19.6% 20.9% 24.4% 2%
cfficicncy

60 Vinyl 38.9% 58.7% 58% §3.7%
contont
Mclr 235 20.5 2.6 —
].ndﬂ.'
*The molecular weight reft arv peak molesular weighits.

65

**The mait index was devermined using ASTM D 1218, condiucn G (200°
C., 5 kg loady,
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Examples | to 15 of the Prasemt Invention

For Examples 1 to 15 the following blend procedure was
vsed:

The bitumen utilized was heated to 190° C. and subse-
quently 12% by weight of the noted polymer was added.
Blends wiilizing Inventive Polymers 1 10 3 of the present
invention, as well as Comparative Polymers C1 10 C3, were
made by preduciog a concentrate comprising birumen and
each of the block copolymers wherein the final concentration
of block copolymer was 12%. Concentrate blends were made
by mixing the bitumen component and block copolymer com-
position with a Silverson L4R high shear mixer for }.5 hours
while maintaining the temperature. This concentrate was then
dilated to the finz] copcentration indicated in Table 4. Let
down blends were generally mixed using a on low shear
paddle mixer for 23 hours. See Example 4 for (be exception.

The mixwres were tested for classical properties, pepetra-
tion according 0 ASTM D 5, softening poim according (0
ASTMD 36, rotational viscagity according ta ASTM D 4402
and separation for storage stability according to ASTM D
5892. These tests are commonly used to evaluate Polymer
Modified Bifumens and are well known to those skilled ip the
an. The mixtures were also graded according to the Perfor-
mance Grade (PG) protoco] as set forth in ASTM D6373 and
AASHTO M320. While this protocol is somewhat complex, it
is commonly practiced ip the United States and elsewhere in
the world and is weil known to those skilled ia the ant. The PG
protocol grades bituminovs binders into classes of high and
low tcmperature with the classes being six degrees Celsius
apant. Thos, a binder may grade as PG 64-28 or PG 70-22 so
that the binder will be expected to perform within a pavement
temperature range of -28° C. 10 +64° C.or-22°C. 10 +70°C.
respectively, Note that both of these grades cover a tempera-
wre range of 92° C. For compartive purposes it is common
practice for researchers w interpolate the numerous param-
eters in the protocol 10 determine “exact” PG grades. Thus
two binders, A and B, may both grade as PG 64-28. Hawever,
if binder A has an exact grade of 68 3-31.1 and binder B has
an exact grade of 65.1-29.1, binder A would be deemed a
superior material as it covers a broader (emperature range
than binder B, 99.4° C. versus 94.1° C. For the purposes of
this iovention, the PG exact grade of the biruminous bigder
compositions will be reported, as well as the temperature
range. Classical propenies are shown in Table 5. PG exact
grades and temperature ranges are shown in Table 6.

TABLE 4
Summary Tabje of Biends
Exomm Mixing Temp.,
ple Binmnon Polymer  Conconumtion  Shear .
1 1 [ax} 43 Hipb 200
2 { 2 Conmcemrate  12% Iigh 220
Diluted 1o 4% Low 220
3 1 Ct 4% High® 180°
4 1 C1  Capcentrste  12% ligh 195
Dilared to 4% Low** 195°°
5 { C} Conccotrate (2% High 195
Dihred 10 4% Low 195
& 1 3 Copcennete 2% High 195
Ditited 1o % Low 195
7 1 C? Concentrate  12% High 195
Biluted o 4% Low 195
[ 2 I Concentrate  12% High 195
Diluted w ®4 Low 195
9 2 2  Concentrate  129% High 195
Miluted 10 44 Low 195
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TABLE 4-continued

Summary Tablo of Blepds
Exam- Mixing Temp.,
ple Ditumen Polymer  Concepiration  Shear ‘C.
10 2 3 Cobcentrare 12% High 195
Diluted to 4% Low 195
8] 2 C2 Conceatrate  12% [ligh 195
Difuted 1o 4% Low 195
12 hJ 2 Concentrate  12% High 195
Diluted to 4% Low 195
R} 3 1  Conconmete  12% High 195
Dituted to 4% Low 198
14 3 3 Conceotrate  12% High 195
Diluted 1o 4% Low 195
15 3 C) Coocentrere  12% Righ 195
Diluted to 4% Low 195

*Crozalinked with 0.05% w of & mixmro of sulfur, zine oxide, calcium srear
ate and methyl zimate.
**ow shear slrred ocly | hour (o thoronghly blend.

TABLE 5
S Tabie of ical crjcg for Blepds
Peneeration Storage subility, Roterional
ar25° C, Sofiening  softemung point viscosty
Example upits point,* C  differenee, * €. @) C e
1 89 &6 32 775
2 82 58 ~1 o
3 Good 57 2 Good
4 139 51 -2 535
5 105 56 ] 750
6 75 58 [] 640
7 7t &6 -1 1,620
8 54 58 22 1.620
9 49 [.2] 2 --
10 40 - - 2,360
1 —_ — — _—
12 i) — 1 —_
3 26 - -1 —
14 — — — —
15 — .
TABLE 6
PG Daia o a8
PG High PQ Low PG
Temperarure Limp, Temp Temp
Example °C. Limit, ¢ C. Range, ° C.
\ 65.9 219 938
2 63.5 =295 98.0
k) 65.0 -39 88.9
4 62.0 =321 94.1
5 663 -M0 1003
6 69.4 -1 1.2
17 762 =34 107.6
8 5.4 =M.1 109.5
9 7.6 -)19 110.5
10 843 Phase acp —
11 Phasc acp — _—
12 w57 Bhase acp —
13 87.6 Phase scp —
14 Phase sep —_ _
15 Phass sep -

With regard to the above exzmples, Bitumen | is a Cana-
dian bitumen that is considered chaltenging to modify with
SBS polymers, Example 1 is comparative example that is a
typical conventional blend of @ commercial linegr SBS poly-
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mer (Coraparative Polymer C3) at 4% concentration in Bitu-
men }. The properties of the blend are good but the separation
potential is high with a soflening poim difTerence of 32° C.
This is considered unacceptable by many specifying agen-
cies.

Example 2 is exemplary of the preseat iovention (using
Inventive Polymer 2). The prucess and polymer of the inven-
lion gave comparable classical properties, improved PG prop-
enies and a separetion softening point differeace of oaly 1° C.

Examples 3 1o § are comparative examples and are to
demouostrate the effects of bigh diblock without the benefit of
high vinyl contept. In Example 3, a commercial high diblock
SBS polymer (Comparative Polymer C1) was blended in a
conventional process, then crosslinked with a sulfur coptain-
ing ageat. The properties and separation were good, but sulfur
based crosslinking was required. In Examples 4 and 5 (com-
parative exnmples made using Comparative Polymer C1) no
sulfur crosslinking was used. With or without curing there
was adequate low separation but less than superior perfor-
mance propertics were found. Note that Examples 4 and 5
were run at g different time with comparable Capadian bitu-
men (a differeat batch)).

Example 6 demonstrated that a second polymer of the
invention (invemive Polymer 3) with higher coupling still
gives good properties snd adequately low separation in the
Canpadian bitumen.

Example 7 is a comparative example that demonstrated
that a comparative polymer with a very high coupling effi-
ciency (90%) and a high vinyl content (Comparative Polymer
C2) works in this bitumen though the viscosity is higher
thereby limiting the coacentration range for this comparative
polymer.

Examples 8 through 10 (examples of the present invention
utilizing Inveptive Polymers 1, 2 and 3, respeciively) and
Example 1] (a comparative example utilizing Comparative
Polymer C2) examined polymers of the present invention and
the prior an in the process of the present invention using a Far
East waxy pareffinic bitumen (Bitumen 2) that i considered
the most challenging bitumen to modify with SBS polymers.
loveptive Polymer 2 with high vinyl content (58.5 mol %) and
low coupling (20.9%), example 9, was the only polymer that
gave satisfactory results. loventive Polymer | with a lower
vinyl coptert (38.9 mo} %) and low coupling (19.6%),
exnmple B, could be processed but still gave a large degree of
separetion, 22° C. loventive Polymer 3 with high vinyi con-
tent (63.7 mol %) and a higher coupling (29%), example 10,
and Comparative Potymer C2, a high vinyl radial potymer (57
mol %) with high coupling (90°%), example 11, gelled duriag,
the PG aging protocol so that testing could not be completed.
These results demonstrated that sufficiently high viay) con-
tent and sufficiently low coupling are both required for opti-
mum resuhts ip difficult bitumens.

kxamgles 12 through )5 demonstrated (hal the present
iavention, as well as the prior an, capnot address all binumens
e are difficult 1o modify. Although Inventive Polymers )
angd 2 were befier than Iaventive Polymer 3 and Comparative
Polymer C2, all four gelled during the PG aging protocol so
1esting could not be completed. This was thought to be due to
the poor agiog characteristics of European bitumea.

Mixing Dissolution Rate/Concentration Effects

To demonstrate ease of mixing, mixing time studies were
performed on Comperative Polymers Cl, C2 and C3, and
loventive Polymer 2a of the present igveation. Note that
1nventive Polymer 2a is sirpilar to [aventive Polymer 2 used in
Examples 2, 3, 9 and 12. However, [oventive Polymer 2a was
produced as 2 porous pellet with similar morphology and
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density to the Comparative Polymers. Density and morphol-
ogy affect mixing time so this distinction is importast. In the
mixing time studies, lhe polymer pelleis of 1he Comparative
Polymers C1, C2 and C3 were blended inio bitumen and the
rotational viscosity was constanily measured. After the vis-
cosity plateaus the points at which the viscosity reached 90%,
95% and 99% of (he final value were noted. These times are
reported in Table 7 below. Because if its high vinyl content
polymer Comparative Polymer C2 dissolved faster than poly-
mer Comparative Polymer C3 despite its higber molecular
weight. Comparative Polymer C1 dissolved faster than either
Comparative Polymer C2 or Comparative Polymer C3
because of its low coupling efficiency (high diblock content).
Inventive Polymer 2a combines high vinyl content and low
coupling efficiency and gives comparable mixing times to the
previous best. Whep mixed at 180° C., aveative Polymer 2a
dissolved completely in less thao one bour.

TABLE 7
limes i 12% Po jtumen 4 > C.
Potymer M9D% M95% M99%
cl .47 414 531
o] .01 1 80 385
C2 2.61 338 4.80
2a 1.04 208 476

Polymer Concentration in Bitumen

A key benefit of 1he invention is that high polymer concen-
trations may be used in the process of producing & concen-
trate, The limiting factor in concentration is typically viscos-
ity. At PMB processing facilities the maximum desirable
viscosity is generally 3000 to 4000 cps. As shown in Table 8
moderately high concentrations of 12-18% are readily pro-
cessable at temperatures as low as 135° C. while very high
concentrations of 24-30% are still processable at 195° C. o
210° C,, the processing and curing temperatures of the
present iovention,

TABLE 8
Vi ity v jon ft Pal
Tsmpersture,” G,
Polymer 135 150 165 180 195 210
concentration Viscosity, cpa
30% 7190 4060 2580
24% 6,960 14610 2,220 1530
18% 3950 2,240 1500 ),000 no
12% 1460 1480 847 528 43 242

The iovention clairped is:

1. A black copolymer composition comprising

(i) a diblock copolymer comprising ope block of a monovi-
nylaromatic hydrocarbon and one block of a conjugated
diene haviog a peak molecular weight from 30,000 10
78,000 and a vinyl content from 35 to 80 mol percent
based oo the number of repeal mogomer units in (he
conjugated dieae block, and

(ii) 8 block copolymer comprising at lcast two blocks of
monovinylaromatic hydrocarbon and at least one block
of conjugated diene, the block copotymer selected from
the group consisting of linear wiblock copolymers bav-
ing, a peak molecular weight (hat is 1.5 to 3.0 times the
peak molecular weight of the diblock copolymer, mul-
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tiarmn coupled block copolymers having 2 peak molecu-
lar weight that is 1.5 to 9.0 times the peak molecular
weight of the diblock copolymer, and mixtures thereof,
wherein each block copolymer bas a vinyl content {rom
35 to B0 mol percent based op the number of repeat
moaomer unifs ip the conjugated diene block, wherein
the melt index for the block copolymer compasition is
from about 20 g/10 mip to about 35 g/10 min as deter-
mined by ASTM D-1238, condition G (200° C.. 5 kg)
and wherein the ratio of (i) to (ii) in the block copolymer

composition is greater than ]:1.
2. The block copolymer composition of cleim 1 wherein
the ratio of (i) to (ii) is greater thao or equal 10 3:2, the diblock

10

24

regard to the formulas A is a block of mopoviny! aromatic
hydrocarbon, B is a block of conjugated diene, n is an integer
from 2 0 6 and X is o coupling agent residue.

3. The block copolymer composition of claim 2 wherein
the block copolymer composition comprises A-B and A-B-A
wherein each A is styrene and each B ig butediege, the peak
molecular weight of A-B is from 48,000 to 78,000 and the
vinyl content is from 46 (0 70 mol percent based on the
sumber of repeat monomer units in the conjugated diene
block of A-B, and the peak molecular weight of A-B-A is 1.8
(0 2.5 times the peak molecular weight of A-B and the vinyl
content is from 46 10 70 mol percent based on the gumber of
repeat monomer umts in the conjugated diene block of A-B-
A, and the polystyrene conlent of A-B is from 25 (0 35% and

copatymer (i) is of the formula A-B and the optional block ¢ pa polystyrene content of A-B-A is from 25 to 35%.

copolymer (ii) is selected from the group consisting of block
copolymers of the formula A-B-A and (A-B)aX wherein with
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