ZQ30"1-~--4 c.-m 6Pe-’ . WD 02/083793 - 1 Pipe Coating PCITERGY 03938
This invention relates to a pipe coating, a process for coat ﬁﬁg\*ﬁi"bess,wahd-
the use of a bitunen conposition as a pipe coating Background of the

| nvention dieisses are efficient nmeans for the transpordmeroensos®f
gaseous, liquid and slurried materials over long or short distances with

m ni mum i npact on the environnent. -1ang and |arge dianeter pipelines are
usual ly made from carbon steel, an iron based material, which is subject

to 10 corrosion. The corrosion process is a naturally occurring one in
which the iron reverts to its oxide through the effects of water and

oxygen fromthe air. This process affects nearly all iron structures,"
above ground, below ground and in wateL. &Jghures which are 15
accessi bl e and above ground may be nma ' regul ar painting or by

some other formof coating, Pipelines are, however, rarely ac | bl e and
nust be protected fr @hi® HEIEREAGR BRIANTS F8rat1?f§e\/\ﬁ8?€néﬁ’ th %rgééée%vi ce
life by a suitabl gor @oreshd pipesi, Shadt tieoasengt Okd t20ex orampdsytiged neans
of corrosion prot ectioq Ls the use of a thi ck bitum nous enanel coating
reinforced with aa%Iaagsp f7Ore or pol yester wap and optionally coated with
a concrete coatiBrecKg e chia Heq P NHEREE | on. As further insurance

agai nst corrgsi on suchigelilh idtecgEEiyiatameangs Xorcahef tradmporbetsopport ed
by the use of cathodic rotectian. PRi [ f I an
advant ageous i ns@f aqaisﬁﬁgﬁff]glc?l Fﬁsgf%ﬁ%tqgéeﬁ&?%ﬁggsrrg?\%/p,relé’sr%:l%?s
naturally short distances with minimum impact on the environment.

Long and large diameter pipelines axe usually made from
carbon steel, an iron based material, which is subject to
10 corrosion. The corrosion process is a naturally
. occurring one in which the iron reverts to its oxide
through the effects of water and oxygen from the air.
This process affects nearly all iron structures, ' above
ground, below ground and in water. Structures which are
15 accessible and above ground may be maintained by regular
painting or by some other form of EOating. Pipelines
are, however, rarely accessible and must be protected
from their environment for the whole of their service
life by a suitable corrosion resistant coating. One
20 commonly used means of corrosion protection is the use of
a thick bituminous enamel coating reinforced with a glass
fibre or polyester wrap and optiomnally coated with a
concrete coating for mechanical protection. As further
insurance against corrosion such a high integrity coating
25 can further be supported by the use of cathodic
protection.
Pipe coatings can further have an advantageous
insulating effect.
Whilst bitumen is in many respects naturally

30 suitable for use in pipe coating, it is inherently
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30 suitable for use in pipe coating, it is inherently irwwmwnw- *166166*

| ~uam-ww~f | ~ *ACTI ON* WO 02/ 083793 - 2 PCT/ EP02/ 03938 deficient in sone
physical properties, which it would be highly desirable to inprove.

Bi tumen towagodsedsi n pi pe coatings nmust neet a particul eci/grisdssigent set
of requirenents such as good 5 inpact resistance and good flexibility.
Good inpact resistance is required as Ppipes, and their coatings, are
susceptible to accidental damage when in transit, when being laid or when
in use. Good flexibility is required as pipes are often subjected to a
degree of bendi ngiesheRedd ;’Qﬁisagelﬁiydlaad piodestiapponitdiah tthatulfebei pe
coating does not crqck %%&H I s._advantageous if a bitunen

conposition for higkLy pe coatl 50 a5 a good hi gh tenperature

per f ormance as sone pinehunmstcabe eyl gredire eeaipgRoruals MegEeRials. In

such conditions, O LUngR. cOPNASEhLORNS deteds ﬁéqu&a\eaeatémﬁabegdodo sag or

slip fromthe piplng. Thlsleadsto defor tLo cpating and to
a |oss of perforiRaacs. TEPiRiancenald Iposh t ﬁébnjoﬁ"r}bd?f’?g @ p'rgopertgl es of

20 bitunen by addiddimtaatbepbd Werisréd dsugiingsceatditheicorpaijaped diene
e ot I e R0 00 P A5 e Idgaagg &G pbeCelRLE

copol yners (EVA), eoﬁ’ren ous Ins. Styrenl c bl ock
copol ymers,  suchpeinspidner U(headilérieﬁest ?P@ﬁef %F@n’es TSGPLERS 25

sH;yr ene bl ?\Ck COPQ WiRJed HAY CofiRansithfaneduseda ageguseh of bbdrdgteg woeh fi ers.
wever, t e bl OCkelcnngq.laXHEand :Lte:sLBefnllpaolxlt%ntchgﬁgt It‘HieV\/gELEQ é&%iﬂbe@&_@' OCk

has been
not crack.

Further, it is advantageous if a bitumen composition
for use as a pipe coating has a good high temperature
performance as some pipelines are designed to carry hot

15 materials. In sich conditions, bitumen compositions used
as pipe coatings tend to sag or slip from the piping.
This leads to deformation of the pipe coating and to a
loas of performance.

Efforts have been made to modify the properties of

20 bitumen by addition of polymers including certain
conjugated diene rubbers, ethylene containing plastics
like ethylene vinyl acetate copolymers (EVA) , neoprene,
and amorphous polyolefins. Styrenic block copolymers,
such as styrene-butadiene-styrene and styrene-isoprene-

25 styrene block copolymers have been widely used as such
bitumen modifiers. However, the block copolymers,
especially those in which the diene block has been
hydrogenated, are sometimes incompatible with bitumen.
Incompatibility is most common with harder grades of

30 bitumen and this has limited the use of styrenic block
copolymers in pipe coatings, especially in pipe coatings
for high temperature applications.

One instance of a pipe coating comprising a styrenic
block copolymer is provided in WO 92/06141, which

35 describes a method of protecting materials such as pipes




hydr ogenat ed, are sonetines inconpatible with bitunmen | nconpati bili [
nost conmon with harder grades of 30 bitunen and this has Iig1pt edb!t lhlatﬁslas
of styrenic block copolyners in pipe coatings, especially in pipe coatings
for high tepeyiesmse applications. One instance of a pi pePCrERIZAOIPIS
conprising a styrenic block copolyner is provided in WO 92/06141, which 35
describes a nethod of protecting matersals such as pipes WO 02/ 0853793 3
PCT/ EP0O2/ 03938 using a polynmer nodified enanel. The bitunmen enanmels of WO
92/ 06141 are described as being nodified with one or nore polyners

sel ected among vi Qyksb ghcnes hook CaolmT ragTbARAIY chailincd W L1

polyolefins, it bein at page 7, lines 24 t 9 t t ' -

but adi ene bl ock cHBo¥RAL4Ls 3FE f21FH 9daa‘?ﬁb5?tlﬁgem%‘?if%ﬁ%ng§wg%n(f g’?a\rﬁlcﬂglj

;“on)l:/)la- but gd! entehblmegg m}qaley]?easlec'ﬂw atless Mipyil ebutfditdpe blodk copol yners
used in the e“g%fre S 9 2 08L40: L] Ahen SHJd1Rlenb) NOhell
%/rr?erng\%%h regar%jxs i L ST

hydr ogenat ed bl ocK°R | ] to the " optional polyolefin, it
i s stated at 5pagestatediatepazgetd, Hineshat ¥he%| bBRE ol RELS are usual ly

used combined Wi 4 a48&1d H1BekYBsRAYMEREis IgrdEedablea arikyube tafiren enanel
described in WO 15 92/06141 conpr}ises non- r | i ne-
but adi ene- st yr ene 3Pk %%F?ﬁﬁnﬁ?é é’lﬁng}ﬁ'ﬁlcﬁ%égﬁg?g%ﬁ& Ec%gﬁggﬁ%{s Strkene
styrene-but adi enedebytbpeidn oofkthe)p@lophppomﬂdfﬂ@ﬁsaﬁ@r%mdpépy@%fi n (see
page 17 lines 15 teﬁaégafs%E’wopaﬁ??éﬁn LiDgSesl dn@iZb1y HyvaRE, it has been

found that 20 suc unmen enanel s have the di,sadvantage that their
performance 8t hi drdreagrateduPaors JRRCLIMGES s W&&%qﬁﬁ?%’?‘g t\ROtS%/ 07846
describes an of f - sheten®l RRJlyReefinsultatedsvitdd atbpegern ¥oudivesrpbdicti on.

't is mentioned in YO 96/,07846 fnal, AUUIE 4.5 TRALILF SadB Y oRBLSEd L O
with atactic polypropylene.
Indeed, the only bitumen enamel described in WO

15 92/06141 comprises a non-hydrogenated linear styrene-
butadiene-styrene block copolymer, a non-hydrogenated
branched sty;ene—butadiene~styrene block copolymer and an
amorphous polyolefin (see page 17 lines 15 to 19, and
page 18, lines 1 to 7). However, it has been found that

20 guch bitumen enamels have the disadvantage that their
performance at high temperature is not always adequate.

WO 96/07846 describes an off-shore pipeline

insulated with a bituminous composition. It is mentioned
in WO 96/07846 that polymeric modifiers may be used to

25 extend the temperature range over which bitumen remains
dimensionally stable and that atactic polypropylene can
raise the softening point without raising the point of
embrittlement; the softening point increasing rapidly
through a transition range where the concentration of

30 atactic polypropylene is in the range of 18 to 30% of the
weight of the composition (page 17, lines 26 to 32). It
is stated that above this range further increases in
softening point can be achieved by adding a low molecular
weight isotactic polypropylene but that in the absence of

35 atactic polypropylene, isotactic polypropylene mainly



25 extend the tenperature range over which bitunmen remains dinensionally
stabl e and that atactic polypropylene can raise the softening point

wi thout raising the point of enbrittlenent; the softening point increasing
rapidly tivostmes®@stransition range where the concentratirCT/EH028838t actic
pol ypropylene is in the range of 18 to 30%of the weight of the

conposi tion (page 17, lines 26 to 32).-kt- is stated that above this range
further increases in softening point can be achieved by adding a | ow

nol ecul ar wei ght isotactic pol ypropyl ene but that in the absence of 35
atactic pol ypropyLess,ad %Obézlﬁﬁidhlla(tbyﬁuamﬁ} elaecmmfyfe\bﬁlﬁél 083793 - 4

PCT/ EPO2/ 03938 acts as articul ate fi f
bei ng descri bed ago‘%‘?ﬁ’g‘l ﬁf‘n@e%m%ﬁffﬁ £e£ 1@57%) anclt%lfg'[c%%I y%un%%wgﬁzl :[alngnS
% i sotactic pol ypwﬁyitawlc(pcalg@miylmﬁear% 5t & p%@@ci-sc PPREPHPPYISNGD 96

/07846 further h t e
composi tions to 6 #,agt 0S4, i‘&né W %l pREecks, qqaele/mrs may be added to the

any tt t
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sparingly (page 18opbipesallay dbe2ddediOtd hereefcompos iriomst he vEEast Agvof WO
56 107846 the  perogn, SKILef I [NGALL yitdabeol o L eaneh ude that - If

the softening p0| aimen enane I ncr €ased an anount of
atactic pol ypr opybbveens)dilogk epapoliymene PEast thanobhiF kEeghErBfPHre
conposi tion shoul dgbg don-added: (ﬁé@%t 1‘ehenueé@a|at tonzﬁ)l y large anounts of
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increased, an amount of atactic polypropylene equivalent
to at least 18 % by weight of the composiﬁion should be

15 added; that when exceptionally large amounts of atactic
polypropylene are employed a low molecular weight
isotactic polypropylene may be optionally included; and
that if the resulting compositions are too brittle a non-
hydrogenated styrene block copolymer may be optionally

20 added.

WO 00/55271 relates to a pipe coating comprising a

bitumen composition obtainable by mixing a bitumen and a
premixed additive comprising i) one or more block
copolymers of a vinyl aromatic hydrocarbon and a

25 conjugated diene, ii) carbon black, and iii) a mixing
aid. In one embodiment the premixed additive comprises a
hydrogenated block copolymer, carbon black and an
amorphous polyolefin (page 13, lines 10 to 15). Whilst
the pipe-coatings of WO 00/55271 display exceptional high

30 temperature performance, their use requires both a pre-
mixing step and the presence of carbon black.

EP-A-329836 describes a bituminous composition of

use as a roofing material which bituminous composition
may be adhered to a roof surface by means of a “hot

35 mopping procedure”. The composition comprises a blend



bi t umen conposition obtainable by mxing a bitunmen and a prem xed additive
conprising i) one or nore block copolyners of a vinyl aromatic hydrocarbon

and a 25 conjugated diene, ii) carbon black, and iii) a mxing aid. In one
enbodi ment wigwps7esn xed additive conprises a hydrogenat extTatroe/B3seopol yner,
carbon bl ack and an anorphous polyolefin (page 13, lines 10 to 15). Wil st

t he pi pe-coatings of WO 00/55271 di spl&ay exceptional high 30 tenperature
performance, their use requires both a pre- mxing step and the presence of
carbon bl ack. EP-A-329836 describes a bitum nous conposition of use as a

roofing material %?i ;Ig)bifwg;g@a& ﬁ%@pt?éialﬂogﬁ 9§§yb13ﬁ%re§9ﬂ€r&d b @uiled 00T

surface by neans hot moppi ng. procedure”. The canposition _conprises
a bl end WD 02/ 083193 £ray PEPREFDD t@38B830% Ry VeightaRsut RRIMY-64Bout 98%

bylvve: gpt of bijt l(JHEal];c () Brohr app@hast td %Bantabout bP0keibntwet ght of a

pol yolefin an o rom about 1%t o about % hy | pl astic

el ast oner cont ai nF%ﬁ?%\cEprgaggéf’ ?&%’tﬁgﬁn%?nt%%b{ﬁgéi%ﬁe%%(g{’?\apgtr:@ﬁ%?osai d

pol ymer bl ocks i sbzocks y shalrkineonpolfneridipedymhahIFkPniabbve 40C and one

of said polyner QL?%& ﬂiieaigo%_rp@%gkgpgﬁrﬁ%r Th! &sdhavPdgndaodg «f O0C or
e

| ower, and wherein 1 wel ght _ratio of crystalline ]3%{¥ngg qilcQSPk'to
amor phous pol ymer SBL@RCLYFEXobpeHs 48t AR FRTFLYP PRoMeToPot™t 6380"%0. In
the conpositionsaexgred idecesdt i lowel; Lard? Idmeit hehepolejghefiatiol ofei ther a

hi gh density pol yet hyl ene havi n f.4 L Ry REOPY! ene;
whi | st the ther rmﬁf:%%’f?%rcjlmgl gcs’?gmrr%r b:}(lgcg %?%rmgégﬁg?% l%?g%t l():opol yner .

EP- A- 329836105 dowsthin ttier range| ok Eranr 19 e ko B3t 2SucHcbiposi tions  may
be used in pipe coghbbdiSeidnls WRehSiFe eadyRiB@ecR83E, tther povpsigiiovi ded a
pipe coating Whlcqscgyéﬁkgna Bﬁgﬁaﬁéﬁli%&”Béi&eéﬁ?iEHQ ﬁ&U¥$g an MI of 40,
or an atactic polypropylene; whilgt the thermoplastic
elastomer is a hydrogenated block copolymer. EP-A-329836
15 does neither disclose nor teach that such compositions
may be used in pipe coatings.
It would be advantageous if there was provided a
pipe coating which'could be prepared simply, having good
impact resistance and flexibility, and which also
20 displays good high temperature performance.
Summary of the Invention
It has now surprisingly been found that a pipe

coating based on a bitumen composition comprising a
hydrogenated styrenic block copolymer and a stereoregular

25 polyolefin, has advantageous impact resistance,
flexibility and high temperature performance
characteristics when compared with known pipe coatings
based on combinations of non-hydrogenated styrenic block
copolymers and amorphous polyolefins.

30 Accordingly, the present invention provides a pipe
coating which comprises a bitumen composition comprising
in the range of from 20 to 98 % by weight of 2 bitumen,
in the range of from 0.5 to 30 % by weight of a block
copolymer of a vinyl aromatic hydrocarbon and a

35 conjugated diene wherein the diene block of the block




| mpact resistance and flexibility, and which also 20 displays good high
tenperature performance. Summary of the Invention It has now surprisingly
been found that a pipe coating based on a bitunen conposition conprising a
hydr ogenat @@ ¢jogs@i ¢ bl ock copol yner and a st ereor egul arp@3ERbh3908 ef i n,
has advant ageous i npact resistance, flexibility and high tenperature
performance characteristics when conparged with known pi pe coatings based
on conbi nati ons of non-hydrogenated styrenic block copolyners and

anor phous pol yol efins. 30 Accordingly, the present invention provides a

pi pe coating whi i | C 0$ht 198 LGRERN b8 fm bNst he
range of from 20 ?gb%&bégmﬁf%ﬁégﬁgd'b%%nzﬁ i t% ran of fromO0.5
to 30 % by wei ght tef3¢¥ Byowrighlo Rl PnBECTROLTEIYI 7Y | PAYSHEE IR Igfﬁ(}r ocar bon and
a 35 conjugated di;geientihersed éhedtaenpitineek cofipsdiedtinock WO 02/ 083793 6
PCT/ EPO2/ 03938 copo| r.i,s h drta%en%%e eaLQl(J'e. j&he range of fromO0.5 to
30% by wei ght of aS5%%e& ; —ei ght's based on total

bi t umen conpésition. [Eteablbdmelesmnippsibirngf opheliel &t BAPS CAFELBPE unen

conposi tions on WRE Cihd fﬁ]‘iefeéﬂe LRldcRgs aﬁél; bbb@dpd?]@.ﬁgﬁﬂse} muetnfe' @angee based
conprise in the range 0 rom 20, to 98, % by weiLght r r m30 to
90% nore prefer 86 I FH 50 £ ‘8%‘% W%%%Iht'nﬁfskglfael?le"fafgrloy rot)r% g "to 70 %
and nost pref er ablyré rprerazabby 60%nby owed s, 16veh wots pPrsEeratiysEHoBn

total weight of DLbuiBMo GOURASHAORxek b1y EUBRNSS td RODLY WG

conposi tions may Be 3 naturally occurrin |turren%€r a bitumen derived
froma mindfal obE.aAiamepet Pasad AndEPFaiedgl8t obt 4By a 15 cracking

process, pitch andog@sdididn.can be used as the

'The bitumen in the bitumen cowmpositions may be a
naturally occurring bitumen or a bitumen derived from a
mineral oil. Also, petroleum derivatives obtained by a

15 cracking process, pitch and coal tar can be used as the
bitumen as well as blends of various bitumen.

Examples of suitable bitumen include distillation or
ngtraight-run” bitumen, precipitation bitumen, e.g.
propane bitumen, blown bitumen and mixtures thereof.

20 Other suitable bitumen include mixtures of one or more of
rhese bitumen with extenders such as petroleum extracts,
e.g. aromatic extracts, distillates or residues, or with
oils. Preferred bitumen according to the present
invention ére distillation bitumen and propane bitumen,
25 propane bitumen being particularly preferred.

Preferred bitumen are bitumen having a penetration
in the range of from 5 to 100 dmm (measured according to
BS 2000: Part 49 at 25°C), more preferably bitumen having
a penetration from 10 dmm to 60 dmm, more preferably from

30 10 dmm to 30 dmm, and most preferably from 10 dmm to 20
drm .

The softening point of the bitumen (measured
according to BS 2000: Part 58) is preferably in the range
of from 50 to 120 °C, more preferably from 55 to 100 °C

35 and most preferably from 55 to 80 °c.




bitumen as well as blends of various bitunmen. Exanples of suitable bitunen
include distillation or "straight-run" bitunmen, precipitation bitunen,

e.g. propane bitunmen, blown bitunmen and m xtures thereof. 20 O her

sui t abl e binigusessncl ude m xtures of one or nore of thessciERVOAS W t h
extenders such as petrol eumextracts, e.g. aromatic extracts, distillates
or residues, or wwth oils. Preferred- tunmen according to the present
invention are distillation bitunen and propane bitunen, 25 propane bitunen
being particularly preferred. Preferred bitunmen are bitunmen-having a

penetration, in the T aGe,0LulefD:nhe: dAadBm (IRASUEE 60 Boi e 0 B

2000: Part 49 at 25C), nore pre era tunen havi ng penetratiqon from
10 dmm to 60 drmm ofiokke Weﬁ@m%mtﬂrver%m Fre1b2epmprst saawﬁmcomal%&f*

preferably from 1@pdmadqe g@ an 2The Bofst apl Weidhdi BE @fbjtdw bi t umen
(measured accor d| n 000:, Part 58 N b%r ef %]%%bol Lhe range of
from50 to 120 C, © ? ef’ r AbTIPHY SRPE Jt g° m)st preferably
from55 to 86 C. \WonPgdRd783eRCWHER@2A0S9881ieng bipek bilft Fhenbkstposi ti ons

on whi ch the pipe 1%95?5 5Ot d eglrgggnt dAW epLESraine FRaned gy ef erably
conprise in the rcgge flr Y% T i ght of yelock copol yner of

a vinyl aromatic H)?d?oceaﬁeﬁ‘oﬁoﬁﬂcp§f§réaﬁ¥u%%ﬁ“bé 8P b iBPePR®T he di ene

bl ock of the bl ocl@reegﬂﬁlyrmtohm hyal pageant adsighbs ebgpsef emabbta¥rom 4 to

10 % even nore preferabl d most preferably from7 to
9's, all weights BISER S PO%QTEE deh S%tglo% itunen conposition. 10 The

bl ock copol yiflers of th'@lq:)lbéSPéhtﬂPFﬂ/]émeFénOf prher BraBest daiFRFie® at | east two

term nal pol y(nmONQykB¥tan1qf eBRbELed )l 0easb o Bboaksanblatmbeasinydne

central  poly(con] jgatef Gy iarbborﬁkmoc i {10 3CPLLOURNS central
poly(conjugated diene) block, forming a continuous
network.

15 The block copolymers for use in the present
invention may be linear or radial and preferably have the
gtructure A-B-A or (A-B)nY, with n being an integer from
2 to 100, preferably 2 to 20, more preferably 2 to 6 and
Y being the residue of a coupling agent; wherein A is a

20 poly (monovinyl aromatic hydrocarbon) block and B is a
poly (conjugated diene) block, which has been
hydrogenated.

Linear block copolymers which may be utilized in the
present invention may be represented by the following

25 general formula:

Az- (B-A)y-Bx
wherein:
A is a block of vinyl aromatic hydrocarbons ;
B is a block of conjugated dienes which has been
30 hydrogenated;
x and z are, independently, 0 or 1; and

y is an integer ranging from 1 to about 15.



network. 15 The bl ock copolyners for use in the present invention may be
linear or radial and preferably have the structure A-B-A or (A-B)nY, with
n being an integer from 2 to 100, preferably 2 to 20, nore preferably 2 to
6 and Y beyggdshesresi due of a coupling agent; wherein ACHER28838

pol y(nonovi nyl aronatic hydrocarbon) block and B is a poly(conjugated

di ene) bl ock, which has been hydrogenased. Linear block copolymers which
may be utilized in the present invention may be represented by the
following 25 general fornula: Az - (B-A) y-Bx wherein: A is a block of

vinyl aromatic hydrocgrhons poBessdwhl @ fagf beORE Hgakadidigiies whi ch has
been 30 hydrogenated; X and z "are, independent Y or.1;: and s an
integer ranging f#BYRFACYE BBYURS f@?rﬂﬁ%doé‘\ﬁ@g Bf%é‘?fﬁnn-%ﬂ%ﬁéé Radi al
Pg:rners whi ch n?yofmulgilist in this invention may be represented by the
oW ng genera ormul a: [ BX- - B Az -G 5 (Bx- (A-B - Az
n, -G [BIl n* wherein A B, X, éﬁ%ngbﬁ)ﬁr%zgﬁggrgegousl§ def§ned? yn iL a
nunber from$ to 30; Cis the cof®g-ofa-Bh -Rzldi-aC-pdIlrer forned with a 10
pol yfuncti onal cougling agent; B is a block of conjugated dienes which B
may be the sane BP®8Ftterent fromB; and n' and n" are integers
representing the nunbex, &f, x, y and z are as previously defined;

n is a number from 3 to 30;
C is the core of the radial polymer formed with a
10 polyfunctional coupling agent;

B’ is a block of conjugated dienes which B’ may be
the same or different from B; and

n’ and n” are integers representing the number of
each type of arm and the sum of n’ and n” will be from 3

15 to 30.

The molecular weights of linear polymers ox
unassembled linear segments of polymers such as mono-, di-
triblock, etc., arms of radial polymers before coupling
are conveniently measured by Gel Permeation Chromatography

20 (GPC), where the GPC system has been appropriately
calibrated with polystyrene standards of known molecular
weight (ASTM 3536).

It is preferred that the A blocks have an apparent

weight average molecular weight between 3000 and 70,000

25 each while the block B preferably each have an apparent
weight average molecular weight between 10,000 and
300,000. It is more preferred that the A blocks each
have an apparent weight average molecular weight between
5,000 and 50,000, and each B block has an apparent weight

30 average molecular weight between 15,000 and 200,000. It
is most preferred that the A blocks each have an apparent
weight average molecular weight between 7,000 and 30,000,
and each B block has an apparent weight average molecular
weight between 45,000 and 120,000.



each type of armand the sumof n' and n" will be from3 15 to 30. The
nol ecul ar wei ghts of |inear polynmers or wunassenbled |inear segnents of
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pol ystyrene standards of known nol ecular- weight (ASTM 3536). It is
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wei ght between 3000 and 70,000 25 each while the block B preferably each

have an apparent wei gfitokehagia B hegUbdre WhleghhohGicigmer] Ordiibna oet
300,000. it is nore preferred that the A blocks eac an_ appar ent

h
wei ght average nobeeered GREPGKFEDHAIREER 2% WY ZRaSRT g’gBCkand each B bl ock
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by weight of the A blocks are vinyl aromatic monomer
units, and more than 75% by weight of the B blocks are
15 conjugated diene monomer units.
The blocks B may comprise homopolymers of conjugated
diene monomers, copolymers of two or more conjugated
dienes, and copolymers of one or more of the dienes with
a vinyl aromatic hydrocarbon as long as the blocks B are
20 predominantly conjugated diene units. The conjugated
dienes preferably contain in the range of from 4 to 8
carbon atoms. Examples of such suitable conjugated diene
monomere include: 1,3-butadiene (butadiene), 2-methyl-
1,3-butadiéne(isoprene), 2,3-dimethyl-1,3-butadiene, 1,3-
25 pentadiene (piperylene) and 1,3-hexadiene; preferred
conjugated diene monomers being butadiene and isoprene.
In a further embodiment, the blocks B may comprise a
copolymer of a diene and ethylene, for example a
copolymer of butadiene and ethylene or isoprene and
30 ethylene.
The vinyl aromatic hydrocarbon blocks, e.g.,
polystyrene blocks, preferably comprise in the range of
from 5 to 50% by weight of the total block copolymer,
more preferably comprise from 25 to 35% by weight of the



characterizing the block, it is neant that nore than 75% b [

A bl ocks are vinyl aromatic nononer wunits, and nore than 7%%\Aﬁyg\?\;i thtgf
the B bl ocks are 15 conjugated di ene nononer units. The bl ocks B may
conpri se hogppeeywers of conjugated di ene nononers, COpGHCAERI/039BS t wo oOr
nore conjugated dienes, and copolyners of one or nore of the dienes wth
a vinyl aromatic hydrocarbon as |ong asid he bl ocks B are 20 predom nantly
conjugated diene units. The conjugated dienes preferably contain in the
range of from4 to 8 carbon atoms. Exanples of such suitable conjugated
di ene nononers igwdd1delodk edidlafiee nend mobadpestdrab2ynettytise from

1, 3- but adi ene(i so:?)e;%ne%gﬁﬁb}% V%J]%tth E-lyd tlg%?dg,f&gc cbpalgme

pent adi ene( pi pery |ene con ug ated di ene
nmonomer s bei ng but ad| ahe Btk swpobywers Ffﬁrauﬁf%rltnhEFe eEﬁ?GGPFrent the bl ocks

B may conprise a lLYBE' 2 12 gk N ds o Inqaﬁi f;n-[
Ep&r t&& ®ra
copol ymer of butadi ene andcet hyl gne or |sg§)r%)r?e ° 30 aﬁﬁ 9 &'he vi nyl

aromati ¢ hydf ocar poyMsrderkion cgtalysfdi -y sp ‘Flér?éﬂB’f“SE’f( may ref% %D%Fy conpri se
in the range of f§1y bulk, Eél%dt)iomem:gmumémmetelcbtlaquém ock copol yrmer,

nmore preferably corrprl 25 359 i
PCT/ EP02/ 03938 t ot al 8E£%%Q10| g;&r%g? éd%RXoﬂeérgLanlgf té&ﬁn\ﬁ@egzéz%?ﬂgci 10

nost _pr ef bl
to 32% by wei ght w$ed, h@OPG%meJ{ﬂ &K BNy AR rd 1eﬂ?eg’[r3$o'€%yg gg? eFfsr:‘)(Tr 3§e
:o gl ; PrgrP; Sfientn Ca{;%(?fgdtaggoﬁarhﬂepaepmcnd;yuemtgacaﬁngntlme monbwmer @;rs or 5
i 1 rc?eg%hﬁ?éﬂ% ?%Qyﬁerlée%¥m%aﬂ{eggg Ohr Webehdhky

sol ution or ‘enul st ener a en so t|on ani oni c
':1 eg hni ques are uskch agcopoiomEs Qﬁmeb#ﬂaigaﬂewleﬁléﬁ@raw]”v|aﬁy$r°&190frrﬁt ic
ydrocarbons are prepar ednbyr ConbAast i figideRe STNOMBIGLES, napthalides,

biphenyls or anthracenyl derivatives. It is preferred to
use an organoalkali metal (such as sodium or potassium)

15 compound in a suitable solvent at a temperature in the
range of from -150°C to 300°C, preferably at a temperature
in the range of from 0°C to 100°C. Particularly effective
anionic polymerization initiators are organolithium
compounds having the general formula:

20 RLip
wherein R is an aliphatic, cycloaliphatic, aromatic or
alkyl-substituted aromatic hydrocarbon radical having in
the range of from 1 to 20 carbon atoms and n is an integer
of 1 to 4.

25 The block copolymers may be produced by any well
known block polymerization or copolymerization procedure
including the well-known sequential addition of monomer
techniques, incremental addition of monomer technique or
coupling technique. As is well known in the block

30 copolymer art, tapered copolymer blocks can be
incorporated in the multiblock copolymer by copolymerizing
a mixture of conjugated diene and vinyl aromatic
hydrocarbon monomers utilizing the difference in their

copolymerization reactivity rates.
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metal s such as pl g DaeRt apdrpeddadi dilwet such as cyclohexane and
hydrogenated by reaction with hydrogen in the presence of
a soluble hydrogenation catalyst. Such processes are e.g.
disclosed in U.S. Patent Nos. 3,113,986, 4,226,952 and
15 Reissue 27,145. The polymers are typically hydrogenated
in such a manner as to produce hydrogenated block
copolymers having a residual unsaturation content in the
polydiene block of less than 20%, preferably less than
10%, more preferably less than 5% and most preferably as
20 close to zero percent as possible, of their original
ethylenic unsaturation content prior to hydrogenation.
Preferred block copolymers to be employed in the
present invention are linear block copolymers having an
apparent molecular weight value in the range of from
25 60,000 to 250,000, more preferably of from 80,000 to
200,000, even more preferably of from 90,000 to 150,000
and most preferably of from 100,000 to 125,000.
Block copolymers which may very conveniently be
employed in the present invention are styrene-butadiene-
30 gstyrene block copolymers and styrene-isoprene-styrene
block copolymers, wherein the diene block of the block
copolymer has been hydrogenated, with styrene-butadiene-
styrene block copolymers being particularly preferred.
A further type of block copolymer that may be
35 preferably employed in the bitumen compositions of the



soluble transition netal catalysts. Titanium biacycl opentadienyl catalysts
may al so be used. Suitable hydrogenation processes which can be used are
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recogni sed Examples of preferred block copolymers are available

from Kraton B.V. under the designation “Kraton G” (Kraton
15 ig a trademark), for example Kraton G-1650 and Kraton G-
1654.

The bitumen compositions on which the pipe coatings
of the present invention are based preferably comprise in
the range of from 1 to 10% by weight, more preferably

20 from 2 to 8 % by weight, even more preferably from 3 to 7
% by weight and most preferably from 4 to 6 % by weight
of a stereoregular polyolefin, based on total bitumen
composaition.

Stereoregular polyolefins are substituted

25 polyolefins wherein the monomer units are joined together
such that asymmetric carbon atoms along the main carbon
chain are orientated in a regular fashion. Generally,
stereoregular polyolefins are either described as being
igotactic polyolefins i.e. linear-substituted polyolefins

30 in which the substituent groups all lie on one side of
the carbon chain; or they are described as being
syndiotactic polyolefins i.e. polyolefins exhibiting
regular alternation of differences in stereochemical

stxucture.
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IS0 test method 1183/A) in the range of from 0.25 to 2,

more preferably of from 0.5 to 1 g/cm3; or those having a
melt flow index (230 °C; 2.16 Kg :measured according to

15 1SO test method 1133) in the range of from 5 to 12
g/10min, more preferably 5 to 10, and most preferably 7
to S.

preferred pipe coatings according to the present
invention are those wherein the bitumen composition

20 comprises a stereoreéular polyolefin which is an iso- or
a syndiotactic polypropylene, polybutylene or
polyisoprene; or an iso- or a gyndiotactic copolymer of
ethylene and propylene, ethylene and butylene, oxr
ethylene and isoprene.

25 Stereoregular polyolefins which may very
conveniently be used in the present invention are
igotactic polypropylene and isotactic polypropylene-
ethylene copolymer.

An example of a preferred stereoregular polyolefin

30 according to the present invention is available from
Montell Polyolefins, UK, under the designation Adflex X
101 B (Adflex is a trade name).

Polyethylene may be of an isotactic configuration,

and the stereoregular polyolefin of the present invention
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i nvention WO 02/ 08393 whddein the diene block of the block copolymer is
hydrogenated, present in the bitumen composition is
conveniently in the range of from 8 to 16% by weight,
based on total bitumen composition, more convenlently in

15 the range of from-10 to 14%, and most conveniently in the
range of from 12 to 14%. When greater than 16% by weight
of block copolymer and stereoregular polyolefin is
employed in the bitumen composition, the viscosity of the
bitumen composition is high, and the composition muat be

20 heated to inconvenient levels when applied as a pipe
coating; when the amount is below 8%, the indentation
resistance, shear resistance and gsoil stress resistance of
the pipe coating is reduced.

The pipe coatings of the present invention display a

25 good level of performance without the need for any
amorphous or atactic polyolefin to be incorporated, in the
bitumen composition. Accordingly, a preferred bitumen
composition for use in the present invention comprises
less than 1 $ by weight of an amorphous or atactic

30 polyolefin, more preferably less than 0.1 %, even more
preferably less than 0.01 %, based on total weight of
composition. Most preferably, the bitumen cowpositions
contain no amorphous or atactic polyolefin.

The block copolymers and stefeoregular polyolefins

35 may be mixed with the bitumen by any conventional method
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that the bitunmen conpositions conprise |less than 1% by weight of

pol yet hyl ene, nore preferably less than 0.1% of pol yethyl ene and even nore
pr ef er abl ywegmsidan 0. 01% of 5 pol yet hyl ene, based on t Gi/ERe2DIpBE Of
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Cont o o poEeCon euert Copbeabr o, ey £ BRI oot
st ereor egul ar pol yab&fdrmdally non-hydroscopic materials. Fillers which
may be used are for example, glass fibre, slate powder,
15 talc, and rock flour. Other components including resins,
stabilisers or flame retardants may be incorporated.
Other polymer modifiers way also be included in the
bitumen composition of the invention.
pPreferably, filler is added to the bitumen
20 composition after the block copolymer and stereoregular
polyolefin have been have been mixed into the
composgition.
The pipe coatings of the present invention display
good impact resistance and flexibility and good high
25 temperature performance without the need for carbon black
to be incorporated. This is beneficial as the composition
may be readily prepared without the need of a pre-mixing
step as for example required to prepare a pipe coating as
described in WO 00/55271. Accordingly, a preferred
30 bitumen composition for use in the pipe coatings of the
present invention comprises less than 1% by weight of
carbon black, more preferably less than 0.1%, even more
preferably less than 0.01%, based on total weight of
composition. Most preferably, the bitumen compositions

35 contain no carbon black.



35 may be m xed with the bitumen by any conventional nmethod WO 02/ 083793 -
15 PCT/ EP02/ 03938 known to those skilled in the art. Conveniently, the

bl ock copol yners and stereoregul ar polyolefins are mxed at a tenperature
in the rangg @fosimom 150C to 200C, preferably from 160C reI/EE0/G3938 Oor a
time of froml1l to 4 5 hours, preferably 1 to 2 hours. The bitunen

conposi tions used in the pipe coatings ;9f. the present invention may
additionally contain up to 50% preferably in the range of from1l to 50%
nore preferably from15 to 40% nost preferably 25 to 35% by 10 wei ght of
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preferred 30 bit ugen, smsLiion 0 sUss,4) Lhs Bhosieaatings of the
present invention Corrp'rrtllesgsresent :anentlcn g{lrtheg prov:.des a process for

coating pipes with a pipe coating according to the
present invention. According to this process the pipe

15 coating may be applied directly to the pipe or optiomnally
to a pipe precoated with a primer.

A conventional method of coating pipes starts with

priming with a primer followed by application of a
bitumen enamel (composition) or a tar enamel, while

20 optionally one or more layers of wrapping material are
applied simultaneocusly to the liquid enamel. The method
can be terminated by application of an additional layer
of wrapping material. For pipes to be used offshore, a
final concrete coating is generally applied for

25 protection of the pipe and for counter-acting buoyancy,
especially when said pipe is empty. The present
invention further provides a pipe coated with a pipe
coating according to the present invention.

The present invention still further provides for

30 the use of a bitumen composition comprising in the range
of from 20 to 98% by welght of a bitumen, in the range of
from 0.5 to 30% by weight of a block copolymer of a vinyl
aromatic hydrocarbon and a conjugated diene wherein the
diene block of the block copolymer is hydrogenated, and



carbon bl ack, nore preferably less than 0.1% even nore preferably |ess
than 0.01% based on total weight of conposition. Mst preferably, the
bi t umen conpositions 35 contain nocarbon black. WO 02/083793 - 16
PCT/ EP02/ 0@@38/083783 pi pe coatings of the present inventi orrcaERrmi/gp9ssl hi gh
tenperature performance, preferably having a softening point of at |east
100C (neasured according to 1P/ 58), mfe preferably at |east 125C. 5 The
pi pe coatings according to the present invention may be used for coating
pi pe of any type of material, such as for instance, iron, steel, and other
netals and all oy tae mﬁée as cpoer®i®e toEsakpbesiedbhbad®ra al s where the
pi pe coatings 10 ccor ti | pipes to
be used as pipeli fies 1 or le%zoptotﬂgoig%ﬁp % Q%%r gggﬁ%%ﬁ&?ﬁ??on further
provi des a processitumen e@mqmlsnpe%s\m PHPS ﬁ??)%‘n@oaﬂﬂg‘“%{bcor ding to the
preisené thent:O%on@ZﬁQE%ﬂﬂ dedckibéd Fl‘féﬁé&&&ef&ﬁe RispBelng quadifiergedny be
applie irectly to.the e or tipna e a
primer. oivent‘fldﬂ‘alreﬁgfa’i)cf:oofggo%{‘?%g oéltﬁ a‘;m PP&%%P@B?‘?%%%&W th a
primer foI | oned qureamltnuéarlxorprefearect)lvmlt!‘-ﬂﬁeﬁeem%‘%lto( gahpIHR P6n}P or a tar
enanmel , while 20 19&%1 %aEL&f%&m%leﬁ Qpra?al%)éer:éa@ing/w appl ng material are
eo

appl i ed 'simul taneously to t enanel . The me%ﬁaﬁ éag rm nat ed
by application of an ad#ft 1W1P’&y‘@rll be HrEis a5PP r%rthﬁl pes to
be used of fshore, ta1dwing! iXipeEet Bve @Rbnples S I@enheaebdaylpéppltﬂ@j for 25

protection t he |pe and for o t ¥\ - especially when
sai d pipe |g enpt e B? Q#jgnvcgentgg %rﬁgr provi des a);)lepe coat ed
with a pipe coating a‘é@'@tmrﬁ)lﬁéo’f hes Br BY¥ERPIgAFERAL FiofFene-ethylen

butadiene-styrene linear block copolymer having an
apparent molecular weight of 109,000, and a polystyrene
content of 30 % wt. Kraton G 1650 was obtained from Kraton

e-

15 B.V. (Kraton is a trade mark).

“Kraton D 1101” is a non-hydrogenated styrene-
butadiene-styrene linear block copolymer having an
apparent molecular weight of 100,000, and a polystyrene
content of 30 % wt. Kraton D 1101 was obtained from Kraton

20 B.V..

“Kraton D 1186” is a non-hydrogenated styrene-
butadiene-styrene radial block copolymer having an
apparent molecular weight of 380,000 and a polystyrene
content of 30 % wt. Kraton D 1186 was obtained from Kraton

25 B.V. (Kraton is a trade mark).

“APP” is an atactic polypropylene obtained from
Degussa-Huls A.G. under the designation “Vestoplast”
(Vestoplaét is a trade name).

*Ipo” is a high molecular weight isotactic

30 polyolefin ethylene/propylene copolymer having a specific

gravity of 0.89 g/cm3, (ISO 1183/A); a flexural modulus of
80 MPa (ISO 178), a Vitcat softening point of 55 °C
(9.81N; ISO 306/AS0); and a melt flow rate of 8 g/10min
(230 °C, 2.16 KG; ISO 1133); obtained from Montell



The present invention still further provides for 30 the use of a bitunen
conposition conprising in the range of from20 to 981s by weight of a
bitumen, in the range of from0.5 to 30% by wei ght of a bl ock copol yner of
a vinyl awembszehydrocarbon and a conjugated di ene whermiTER@3938li ene

bl ock of the bl ock copol yner is hydrogenated, and WO 02/083793 - 17

PCT/ EP0O2/ 03938 in the range of fromO0.5 to 30% by wei ght of a

stereoregul ar polyolefin, all weights bas®ed on total bitunen conposi tion,
as a pipe coating. Bitunen conpositions described herei nbefore as being
preferred 5 with pebparifihe, tUixg phder ahat dagigfattibe hifdseanX 10vé@ntion are

simlarly preferr ith,re t id use of a bitunen conposition as a
pi pe coati ng. The?lg#\llﬂeergft |'1“(E)'né\jn\i(?rl(él eblgar?eﬁlr't her understood fromthe follow ng

illustrative exanBkamplesn t he exanples the 10 various polyners are

desi gnated as fol | ows:pitiheh Odbnfgod 60fbnd Scachdthipgenthe drebynene- et hyl ene-
but adi ene-styrene, |l i negr bl Or(g:i cogola}/rrer pavi ng an aﬁp.\%tarent rg)rleecul ar

wei ght of 109, 000 P Y197 0P 3 COPRFEACVENPERT™BY “SBP98 WC"Rr &IB1T G 1650 was
obt ai ned from Kr appepatedBbY. mixdngt tie ireqaitreddmlymeky withr atoitumenidn” is a
non- hydr ogenat ed gt t adi.ene-si\r j ; |4 havi ng
an apparent nol e%u%{%%?p\%e}ﬁegﬁtﬁgefeg100%%0?’%%%%%& %ﬁ/ﬂrﬁgﬁgﬂgc%i%ﬁt of 30
% w. Kraton D 1182 aweveBrarHedof rb KF atAfingothe \PLoCkFRYY™B1186" is a
non- hydr ogenat ed gix{efesubséqpmnene-sddihgnehe atblablef b lpotgpet e havi ng
an apparent,nol ecul ar _wei ght._.of 0Q0 I SR f 30 %
wt. Kraton 1186‘:%?%%1{13?%%’8%% %219 ra (})%Qg%é%&% ﬁ?{l:%“qae?g%o%s a ﬁl tggg
mark). "APP' is anaatckitioego|Ther bpyPenaEugBt GRFiGY PMLBIRY was not

allowed to exceed 185°C.
After high shear mixing, the compositions were
heated to 180 °C in a low shear mixer and a slate dust
15 filler added and mixed with the bitumen/polymer blend for
approximately half an hour.
The bitumen used were:-
Bitumen 1: a hard propane bitumen having a
penetration of 13 dmm at 25 °C (BS 2000: Part 49) and a
20 gsoftening point of 60 °C (BS 2000: Part 58).
Bitumen 2: a softer propane bitumen having a
pehetration of between 60 and 70 dmm at 25 °C (BS 2000:
Part 49).
The contents of the bitumen composition of Example 1
25 and Comparative Examples A and B, and their properties are

ghown in Table 1.




Degussa-Hul s A . G under the designation "Vestoplast”
is a high nol ecul ar wei ght
et hyl ene/ propyl ene copol yner
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2.16 KG
Pol yol ef i ns,
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Exanpl es
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awid @oe37@3 nodul us of
| SO 1133);

havi ng a speci
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80 MPa (I1SO 17B),
and a nelt flowrate of 8 g/10mn
obt ai ned from Mot é°l ~WD 02/ 083793 PCT/ EP02/ 03938 -

fic
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gravity of 0.89 g/cn8B, (1SO
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under the designation Adflex X 101 H (Adflex is a trade
Bi t umen conpositions according to the present 5 invention,
and conparative bitumen conpositions, wereabieepared by m xing the required

LA E R an eVl

polynmers w th a bHuorer—ta—a—htgh—shear—mpcer—This—was—done by —teat | ng
the bitunmen to |Zompopktidure of 165 C, adgE#gmeire bIQR‘SP-coporFltyﬁEr,
m xi ng, subsequdnt!y addi ng the pol yol efi n|pol ymer | FHE™Pdech :‘Eﬁ?ﬁg m xi ng
until a honogenqus bitunen/polyner hlend ined® The te“%eratJre
during mxi ng wdSifsrenal | onwed to exd&8W 185C7 At ¢r Rfgh shear “mixi hg, the
conposi tions werleitheshezl to 180 C irsat) oy shear i xer0 and| a 62t e fust 15
filler added and g xed t he bitunenlypollymgrybl ¢nd foor  apprexi majely
hal f an hour. TH ﬁtfﬁnénnf%soed wer e: Qg?t)gman 1: a lhard proppne bitungn
having a penet rldtiasenoP Pldnm at 28%€tY BS 2000: Part5-49) and ®a® 20
sof t eni ng poi nt {Qf-a88nG (B8362000: ParkweB) .| Bi bunen 2:3.& softers.groppne
bi t unen havi ng arﬁJ)enetrati on of bet eg 60 and 70]|d t 2b C« ?S 2P00:
Part 49). The cq@fnts of the bitumen *¥ohpdsition of Exanpl f 125 ahd
Conpar ative Exanpes A and B, and thdkwtpr gpebtPes|are© 0

Filler (%wt) 30.0 25.0 25.0

Properties

Softening point (°c) 141.8 130.0 122.7

Penetration @ 25°C {Gmm) 7 13 24

Penetration @ 50°C (dmm) 36 70 86

Viscogity 170° cP NT 10200 9200

200°C P 10900 NS NS

10

15

NT: not tested
NS: not atable

penetration at 25°C

penetration at 50°C

softening point

(BS 2000:49)

(BS 2000:49)
(BS 2000:58)

viscosity measured using a Brookfield Viscometer

From Table 1 it can be seen that the bitumen

composition of Example 1, which comprises a linearxr
hydrogenated block copolymer and an igotactic polyolefin,
has both a higher softening point and a lower penetration

than that of Comparative Examples A and B, which comprise

a mixture of linear and radial non-hydrogenated block

copolymer and an atactic polypropylene as disclosed in WO



shown in Table 1. WO 02/083793 - 19 Table 1 PCT/ EP02/03938 Exanple Conp.
Conp. ConpositionlExanpl e Exanple AB Bitunmen 1 (%w)57.062.40 Bitunmen 2
(%t ) 0062.4 Kraton G 1650 (%wt)8.000 Kraton D 1101 (% )05.05.0 Kraton D
1186 (%t ) &b &2Assr9A\PP (%t ) 04.04.0 | PO (%m)5. 000 Fill er ¥eHmEBo30399&25. 025. 0
Properties Softening point (C)141.8130.0122.7 Penetration @25C (dmn) 71324
Penetration (c) 50C (dnm 367086 Vi scasizhy-170 cPNT102009200 190C
cPNT49004200 200C cP10900NSNS 5- NT: not tested - NS: not stable -

penetration at 25C(BS 2000:49) - penetration at 50C(BS 2000: 49) - softening
poi nt (BS 2000: 58) 92/ 061210QS iyt HERAStH € bittahag conppebkidelod Wiamgometer 10

o Tab e o SAfl 02 1ERD, oLl NabEle CHBARLLIAY RhmfRARL T
viscosity of Example 1 at 200 °C being similar to that of
Comparative Example A at 170 °C) and 1s stable at

5 temperatures in excess of 200 °C. This is advantageous as
the bitumen composition will be less susceptible to sag at
high temperature but may be heated to a temperature at
which it can be applied conveniently as a pipe coating.

The bitumen compositions of Example 1 and

10 comparative Example A where further subjected to
performance testing. Impact, bend and sag teasts were
performed according to British Standard BS 4147, published
in 1980, as the “Specification for bitumen based hot
applied coating materials for protecting iron and steel,

15 including suitable primers where required”. Indentation
testing was performed according to DIN 30672. In this test
a probe is inserted into a sample of bitumen composition
up to a specified depth and a force applied to the probe
for 72 hours. The probe is then removed from the bitumen

20 composition and the depth of the indentation remaining

recorded. The results are shown in Table 2.



hydr ogenat ed bl ock copol yner and an isotactic polyolefin, has both a

hi gher softening point and a | ower penetration than that of Conparative
Exanpl es A and B, which conprise 15 a m xture of linear and radi al

non- hydr ogepd2mgsds ock copol yner and an atactic pol ypr opyrcImEPoas39ds scl osed
in WO WD 02/083793 - 20 PCT/EP02/03938 92/06141. Further, the bitunen
conposition of Exanple 1 has a higher2lviscosity than the conparative
exanples (the viscosity of Exanple 1 at 200 C being simlar to that of
Conparative Exanple A at 170 C) and is stable at 5 tenperatures in excess
of 200 C. This is advantageous as the Jablige® conposition will be Iess
suscepti bl e to sgg—at—htgh—tenperature—but u%y be—freated—to a tem ature
at  which it can|B8tapplied conveniently as|aBjppeledat | tRIP -THSHY %Ten
conpositions of Exanple 1 and 10 conparatiye Exanpl e A whereafurthe

subj ected to DEM%“WW%
perforned accord Impatqt} BEi t3%F &mdhdard ES 4147,5390bl i shed $#°%980, |as the

"Speci fication fo Lynen, g%;elp hot applied coagisng npterighs for
protecting iron steel I'ncl udi ng suitiable primers where requifed".

| ndent ati on testsa[gg awasomar(fmr med according to BN 30672. I#-Phis test a
probe is inserted into a sanple of bitumen ¢onpogifion | up togg specified
depth and a forcpSapAti 8% TRk probe for [72 houfs. The probe is then
removed fromthe| bitumen 20 conposition and|the depth of the indentafion
remaining recorfded, The results are shown iln Taglg 2. WD 02/,083793 { 21
Tabl e 2 PCT/ EPO2| RS fEstFELAnt? #X1E8/b. Bxanpl e
(probe depth/force) (mm/N/mm?) (3. 2/0 25) (2.5/0.1)

indent at 50°C; 72 hr (mm) ' 1.3 1.3

(probe depth/force) (mm/N/mm2) (2.5 /0.25) (2.7/0.1)

Impact: BS 4147; appendix G; (industry min 6500 mm2 at 0°C)

Bend: BS 4147; appendix F; (industry min 15 mm at 0°C)
Sag: BS 4147; appendix E; (industry max 1.5 mm at 70°C)
Indent: DIN 30672

From Table 2 it can be seen that the bitumen
composition of Example 1 has excellent impact and bend
properties and is lese susceptible to sag and indentation

than that of comparative Example A.



| npact at -10C (mmR) 61006400 Bend at -10 (mm) >15>15 Sag at 90C (mm) NT1l. 0
Sag at 100C (nm 0. 5NT Indent at 23C, 72 hr (mmO0.61.6 (probe depth/force)
(m NV i) (3.2/0.25)(2.5/0.1) Indent at 50C, 72 hr (mm1l.31.3 (probe

dept h/ f or ceo @ms3IdB mR) (2.5 /0.25)(2.7/0.1) Inpact: BS 41PCI/ERRHPINEI X G
(industry mn 6500 mR2 at 0C) Bend: BS 4147; appendix F; (industry mn 15

mmat 0C) Sag: BS 4147,
DIN 30672 From Table 2 i
Exanpl e 1 has excel |l ent
to sag and indentation

appendi x E; (industry max 1.5 mmat 70C) | ndent:
t can be seen that the bitumen conposition of

i npact and bend -ptdperties and is | ess susceptible
than that of conparative Exanple A. WO 02/083793 -

22 CL AI MS PCTIEPO2/ 03938 1. A pipe coating which conprises a bitunen
conposition conprising in the range of if Rom gOgto 98 % by wei ght of a
30 %% by WET

bitunmen, in the range of fromO0.5 to

ght of a bl ock copol yner

of a vinyl aromatic hydrocarbon and, a 5 conjugated .di ene wherei,n.the diene
E}b‘r'qb PJéﬂ,gsa g”ﬁ:

bl ock of the bl ock A &IBPyRATING K

h

JETE R T RT§e 07 from 0. 5

to 30% by wei ght efmpristiegein egiel aangmlgfolfebmn20 aid 98w&i ghtweilghtedt oh t ot al
bi turen composi tign. .2, A pi g GAALL NG 33.cHl 858 19 6l 8 Mckgrehesean the

10 bitunen conposition conprises Ih the range of from40 to 80 % by wei ght
of a bitumen, in BIRek gRGRLBRET OEnR 2vinyY L 2T OPR LS Y FREAEFOH 3otk

copol yrmer ofs a vi¢bHjuaaeeat dlendwHepehn e andna wonjkugét et dilerk wher ei n
the diene Dblock of the block copolyner.i ydro j he 15
range of from 2 tEPUMEY ?I\i':\ils&ﬁfzgg?x%tes‘%' 2ol ih %ﬁgr]%%ge 8 kich blS

ereore

ul a
to 30% by weight of a stereoregu%ar polyolefin, all

weights based on total bitumen composition.

2. A pipe coating as claimed in claim 1, wherein the

10 bitumen
80 % by

composition comprises in the range of from 40 to
weight of a bitumen, in the range of from 2 to 12

% by weight of a block copolymer of a vinyl aromatic

hydrocarbon and a conjugated diene wherein the diene
block of the block copolymer is hydrogenated, and in the
15 range of from 2 to 10% by weight of a stereoregular

polyolefin.

3. A pipe coating as claimed in claim 1 or claim 2,

wherein

the bitumen composition further comprises in the

range of from 1 to 50% by weight of a filler, based on

20 total bitumen composition

4. A pipe coating as claimed in any one of claims 1 to 3,

wherein

the block copolymer is a linear block copolymer

having an apparent average molecular weight value in the

range of from 60,000 to 250,000.
25 5. A pipe coating as claimed in any ome of claims 1 to 4,

wherein
styrene

styrene

the block copolymer is a styrene-butadiene-
block copolymer or a styrene-ethylene-butadiene-

block copelymer.

6. A pipe coating as claimed in any one of claims 1 to 5,

30 wherein

the stereoregular polyolefin is an isotactic

polyolefin.



pol yolefin. 3. A pipe coating as claimed in claim1 or claim2, wherein
the bitunen conposition further conprises in the range of from1l to 50% by
wei ght of a filler, based on 20 total bitumen conposition 4. A pipe
coating aswe@ojosdos in any one of clains 1 to 3, wherei n RATAEM2/G58
copolynmer is a linear block copolyner having an apparent average nol ecul ar
wei ght value in the range of from 60,900 to 250,000. 25 5. A pipe coating
as claimed in any one of clains 1 to 4, wherein the block copolyner is a
styrene-but adi ene- styrene bl ock copol ynmer or a styrene-ethyl ene-but adi ene-
styrene bl ock copolangipe @oalipy e elaimed) ias adyaomedi elaimys dnecok, cl ai s

1to b5, 30 wheregjin:the re uIa f Iy if
pol yol efin. WO 05#6’53%?% ﬁ i@gééﬁ%}fgelf?n aa{}lpeﬁg%)%ﬁ ng as cl ai ned
in any one of clpbhepdonyiede owan dentadlls polyprepiiene-goPYHT in is an

i sotactic pol YPEEP a{ifd{@: or an isot actl c pol ypropyl ene-et hyl ene copol yner.
5 8. A pipe_coated w a%ageco ngasclalrredin r% geof clains 1
to 7. 9. A proce8s JF‘o?lR:eo §9 pYirds 3 B R° ﬁ%&lgga?? nca 8 RitRd in any
one of clains 1 bae7of 1<ﬂl.a1kﬂse10t£037 bi t unen conposition corrprl sing in the

range of from 2g g SAYu YelallautboRpbiddING bipd Neatangeagl | from 0.5

to 30% by wei ght ~of a vin aromati ¢ hydrocarbon and
a conj ugat ed di efrdaiped it anfe°n%I|@n€1B+‘&ﬁ:k1 c'PF’ e bl ock copol yner is

hydrogenated, ando.i nyddief angec@fed compésition 30fpbisine ghithd mange
;ge;eg{ggugg;t POLKCEELL o A oBE! V21 BAE %k ¥ cliBhitkn, Bl VHEM- SRR LT ON,
from 0.5 to 30% by weight of a block copolymer of a vinyl
aromatic hydrocarbon and a conjugated diene wherein the
diene block of the block copolymer is hydrogenated, and
in the range of from 0.5 to 30% by weight of a
stereoregular polyolefin, all weights based on total

bitumen composition, as a pipe coating.



