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[ 0001] The present invention relates to polyneric conpositions for

i nsul at i ngof2bwiodeossad/ or gas transport conduits, transpoPTTAN2000S53

insulated with these conpositions, and nethods for the production and

application thereof. Mre particulatly, the polyneric conpositions

according to the invention conprise high tenperature resistant

t her nopl astics having | ow thermal conductivity, high thermal softening

poi nt and hi gh conpressive creep resistance for use in the thernal

insulation of fluid and/or gas transport conduits h as oil and gas

pi pel i nes. BHEethAEMPERATURE QE ANTINSULATION FOR PIPE; si ng demand in

the oil and gas industry for higher performance thernmal coatings to

insul ate and protect off-shore transport conduits operating at tenperatures

of 1360E.D&F RHENSNENTIOMt er dept hs above 1,000 netres. | n order to

mai ntain the conduit at the required operating tenperatures at these

dept hs, the coatings nust have | ow thermal conductivity to prevent the

f or maff000M]of hydihat pesantinvexeidnt fefitewao|pdpoepe @snssogtions g ef fici ency of

t he fI_uic’ i.n the cog uit. The thermal conductivity can be further decreased

t hr oudPSY'BEAY Y19 RBAEY9FNENSPTRONAMS: FedsRegr e duitsdnadiated Wit used in

this appsd eakipeRitiBnst aAbSAeidtsbiol the Pho8aédeNbRE pPlibhtioRit88rddper mal

stability, and high conpressive creep resistance in order to withstand the

oper atMerg mmémg’uﬂbg PRRAMRYIArcesIRAS O R eecniding tckheanipventione coating in

deep ol i 1 ONS.: .+ VY i Gl - r i strength, the
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conductivity, high thermal softening point and high compressive creep

resistance for use in the thermal insulation of fluid and/or gas transport

conduits such as oil and gas pipelines.

BACKGROUND OF THE INVENTION

[0002] There is increasing demand in the oil and gas industry for higher
performance thermal coatings to insulate and protect off-shore transport
conduits operating at temperatures of 130°C, or higher, in water depths above
1,000 metres. In order to maintain the conduit at the required operating
temperatures at these depths, the coatings must have low thermal conductivity
to prevent the formation of hydrates and waxes that would compromise
pumping efficiency of the fluid in the conduit. The thermal conductivity can be
further decreased through foaming the coating to some required degree. The
materials used in this application must also exhibit high softening point, high
thermal stability, and high compressive creep resistance in order to withstand
the operating temperatures and hydrostatic pressures acting on the coating in
deep water pipe installations. Without sufficient compressive strength, the
insulation will be compressed in thickness, thereby increasing thermal
conductivity and altering the dimensions and the thermal and hydrodynamic
performance of the system. Also, it is important that the coating remain

sufficiently ductile after application to the conduit to prevent cracking during



conductivity and altering the dinensions and the thermal and hydrodynam c
performance of the system Also, it is inportant that the coating remain
suf fi ci enwbyotivobisbe after application to the conduit tecpreazemsooansacki ng
duringpi pe handling and installation, for exanple during reeling onto a |ay
barge and subsequent depl oynent thekefrom [0003] Miulti-phase fluid flowis
common in subsea fluid transport conduits, such as flowines and risers.
Two main concerns in such systens are the fornmation of gas-water hydrates

and t hep&lapagiitg @RdahstadstioBotdr @tarhprSEuhe ReaeRoRtEansy dhege hAadt he
tenperature of the fluid, and in extreme cases the conduit can becone

sever SUPseavRAt derlaymsnt EheiefiAMcked. This in turn can lead to reduced or
| ost production. | n particularly serious cases this nay lead to the need t
o replace sections of pipeline or entire systens with correspondi ng | oss of

asset [080%e. TheurHrPhareufleid; fipw iis COREROR &1 SHBHEUKLHBPEPP'Ed energy | oss
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and un-pl anned stoppage and thereby provide a reliable basis for operation.
[ 0004]thederoatigh of gagsewatesviydratesaand the aepositionne Waxd&Edthxafdhase

nsul gt oy, dheo reehan fal Wloadaoasaml be 8 Hf LS SFOhs dlaged on the

mechani cal” an per T or mancté o ermal "I fisulation systens normal |y
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techngl o used ipn shall ow waters_and th ssoci ated desjign _and test
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where the service tenperature is above approxi mately 1500C, there exist
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un-planned stoppage and thereby provide a reliable basis for operation.

[0004] For single-pipe flowlines and risers, using bonded external
insulation, the mechanical loads as well as the requirements placed on the
mechanical and thermal performance of thermal insulation systems normally
increase with water depth. Hence, the traditional thermal insulation foam
technology used in shallow waters and the associated design and test
methodologies may not be applicable to deep-water projects. In cases of long
pipe tiebacks, for example subsea-to-beach tiebacks, and in cases where the
service temperature is above approximately 150°C, there exist limitations with
current technology that may hinder the successful development of offshore,

deep water oil or gas fields.

[0005] Current technologies include single pipe solutions, typically with
insulation requirements in the heat transfer coefficient range of 3 - 5 W/m?K,
using polypropylene foam or polyurethane foam as the insulant, and so-called
pipe-in-pipe systems wherein a second pipe surrounds the primary conduit, the

annulus between the two pipes being filled with an insulating material.

[0006] Limitations and deficiencies of these technologies include:



[ 0005] Current technol ogies include single pipe solutions, typically with
insul ation requirenents in the heat transfer coefficient range of 3 - 5 Wm
2 K, usi ngopoiwgesspyl ene foam or pol yuret hane foam as t reTiaawznios3and
so-cal | ed pi pe-in-pipe systens wherein a second pipe surrounds the primry
condui t, the annulus between the twB-pipes being filled with an insulating
material. [0006] Limtations and deficiencies of these technol ogies

i nclude: Relatively high thermal conductivity of known insulating systens,
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performance, leading to potential difficulties in foam processi

potential iNESEESTRLHNG PESEIRIMBIY stthiks, CRptTIScUi? i 8SDIgYRI G epi 158
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systens di SabRH8EohS at MigH MafteoaaptH3ubl i cation No. WO 2009/ 079784 Al by
Jackson et al. (incorporated herein by reference in_ its entirety)
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tenperat ur 65 httpaﬁ%y&atmpg,qd deReSAneRt ¥sdeyr ene- based systems generally

have insufficiént resistance to tenperatures above 1300C.

e Deployment and operation disadvantages with Pipe-In-Pipe systems due

to weight factors leading to buckling and weld failure if not properly

addressed, and the need for high gripping loads during pipe laying.

[0007] Although the polystyrene-based insulation systems disclosed in

International Publication No. WO 2009/079784 A1l by Jackson et al.

(incorporated herein by reference in its entirety) provide improved thermal

performance over known insulation systems at operating temperatures up to

about 100°C, these polystyrene-based systems generally have insufficient

resistance to temperatures above 130°C.

[0008] Therefore, there remains a need for improved coatings for thermal

insulation and protection of fluid and/or gas transport conduits such as oil and

gas pipelines, particularly those operating at high temperatures in excess of

130°C in water depths above 1,000 metres.

SUMMARY OF THE INVENTION

[0009] This invention overcomes the above-mentioned deficiencies

through the use of a thermoplastic solid or foam insulation having superior

thermal and mechanical properties relative to existing thermoplastic insulating

materials to provide the required thermal insulation at the elevated



[ 0008] Therefore, there remains a need for inproved coatings for thernal

i nsul ation and protection of fluid and/or gas transport conduits such as
oi | and gae 2piopebismes, particularly those operating at RrCcgcAzerypoIEBUres in
excess of 1300C in water depths above 1,000 netres. SUMVARY OF THE

| NVENTI ON [ 0009] This invention ovedeones the above-nenti oned deficiencies
t hrough the use of a thernoplastic solid or foaminsul ati on havi ng superi or
t hermal and nechani cal properties relative to existing thernoplastic

i nsul aéinperami-es aadshige Hydeystdeictpresseayiaxgériehesedmh flunsdhatérogasat the
el evat edten*{gt(rer atures and Bi_gh hydrostatic pressures experienced in fluid
and/ otrgjse0 b Sit¢Rtedi P desr Wat%¥d i n deep water. [0010] In one aspect,
the present invention provides insulating and protective coatings

| east one thermal insulation |ayer of a hi t enperature

conpri si at h
resi st[‘i?l{](ﬂt her mBp It ?%EecﬁomeaPFﬁsﬁ@Fgé‘éerB_lﬂﬁbP ,‘d%H‘SHéRFﬁ}‘Qg?‘E“FIe desi red
pr opertb&ti9b doRWngB&IOMRriGRGEGEadt drve tHH 8k RS IBBbN FAFH bf 5}‘16%{“1 hi gh
conpressive strength at el evated tenperatures and pressures. [0011] In
anot héempepelstre refistatddenmoptassis: Containiogi erssbubklgs an@daying Praot ecti ve
coat i : LS} i psul.at ke 0. [1gh
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conductivity, high thermal stability and high conpressive strength at
el evated tenperatures and pressures. [0012] In yet another aspect, the
pr eserf001tivent i dn praibedespeats thea pireserdndv@ntidre ptovides oeulaiiysg eodpri si ng at
| east one thermal.insulatiaon | ayer of sglid, _unfoaped high te rature
st PR BRI SBG e ET AG T et Fasymal IRSGIBEBA iy & of SHRGH
temperature resistant thermoplastic, containing hollow polymer, glass or
ceramic micro-spheres, and having the desired properties of low thermal
conductivity, high thermal stability and high compressive strength at elevated

temperatures and pressures.

[0012] In yet another aspect, the present invention provides insulating
and protective coatings comprising at least one thermal insulation layer of
solid, unfoamed high temperature resistant thermoplastic having the desired
properties of low thermal conductivity, high thermal stability and high

compressive strength at elevated temperatures and pressures.

[0013] In yet another aspect, the present invention provides insulating
and protective coatings comprising at least one layer of foamed or unfoamed
high temperature resistant thermoplastic, and at least one other layer of a
dissimilar polymeric material, foamed or unfoamed, having the desired
properties of low thermal conductivity, high thermal stability and high

compressive strength at elevated temperatures and pressures.

[0014] In yet another aspect, the present invention provides insulating
and protective coatings comprising at least one layer of foamed or unfoamed

high temperature resistant thermoplastic, and at least one other {ayer of



properties of low thermal conductivity, high thermal stability and high
conpressive strength at el evated tenperatures and pressures. [0013] In yet
anot her aspeoto/oobsse present invention provides insul ati mgTaado@rooiessti ve
coatings conprising at |east one |layer of foaned or unfoaned high
tenperature resistant thernoplastie5-and at | east one other |ayer of a
dissimlar polyneric material, foamed or unfoanmed, having the desired
properties of |low thermal conductivity, high thermal stability and high

conpr gedyrver of tienghfeddr Gisevailadcdrappsitidhbem et Heessreas . diffefd] | n yet
anot her aspect, the present invention provides insulating and protective
coat i r?%‘&r %n‘ﬂfr‘ij%'i‘ﬂ‘@"ﬁnq Ra¥nadne desied RoPepaseal W thereddked hi gh

t enperdhBLEtVies! SihAtheRar SRRt rfd h@mc@{qpksﬁwe ORENGLNSE el UL of pol yner
of the same or diSsimlar conposition foanmed to the sane or gl er ent

degr edempergiernss eyd RIGISWRS ng t he desired properties of |ow thermal
conductivity, high thermal stability and hi gh conpressive strength at

el evated tenperatures and pressures. [0015] In yet another aspect, the
presed@01%lvent i dn YRtAfcdber aspeaththe efesemtunwention pro\ages appeshiatgokai d

i nsul af i : ' g . t I i gh
terrpe?g ﬂl?fg@ﬂgél ? éﬁ% tdtpmﬁpgm%%lg%s I (I:é,{mfiggétp?é#ecgﬁl%ocp%%@@ﬁgﬁ%;@é'}egé(rr‘%ld, and
appl i éebsgore tayer whlhidmserhptranre agsistanirthkayepastit pist dvareddédsri or of a

t I i . 016] |l t th , the, t o ti i d
heul SRS RIT PRk Gt G R eh P e MBS st Bt Bl BHeRs N F G D e r at ur e
oi | angteasr of ekédimiper use in subsea environnents, the pipeline

conprising: (a) a continuous steel pipe nmade up of one or nore pipe
sections, wherein the steel pipe has an outer surface and an inner surface;

(b) a[got6psi on [prytesidther aspect, the present invention provides an insulated
fluid and/or gas transport conduit, such as a high-temperature oil and gas
pipeline for use in subsea environments, the pipeline comprising: (a) a
continuous steel pipe made up of one or more pipe sections, wherein the steel
pipe has an outer surface and an inner surface; (b) a corrosion protection
system comprising a high temperature corrosion protection coating bonded
directly to the surface of the steel pipe and additional adhesive and topcoat as
required; and (c) at least one layer of thermal insulation applied over the
corrosion protection system, wherein at least one layer of said thermal
insulation is comprised of a high temperature resistant thermoplastic, having
low thermal conductivity, high softening point, high thermal stability, high
compressive strength and high compressive creep resistance, and which is

optionally foamed.

[0017] In a further aspect, the present invention provides a thermoplastic
pipe joint protection and insulation system, comprised of a high temperature
resistant thermoplastic, compatible with, and bondable to, the above
mentioned insulating and protective coatings comprising at least one layer of

high temperature resistant thermoplastic.



system conprising a high tenperature corrosion protection coating bonded
directly to the surface of the steel pipe and additional adhesive and

t opcoat awonrenuiopssd; and (c) at | east one |ayer of ther mali/dazsesioatisen
applied over the corrosion protection system wherein at |east one | ayer of
said thermal insulation is conprised of a high tenperature resistant

t hernopl astic, having | ow thermal conductivity, high softening point, high
thermal stability, high conpressive strength and hi gh conpressive creep

resi spopAgy, andiyhifehihes L@petOnak!preboaBdentiBRbfbvides iAsdidtddBighaspect ,
t he present invention provides a thernoplastic pipe joint protection and
i nsul EBMBAraiyse Bianseerpranskit O usenngffsharpedaenmeteeensraRend®r nopl asti c,

conpaty » -haon et b v, L on i i d
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provi des ,Lnsul ated hi enperature.transport conduit for_use in.qffshore,
Geep A80<PT IR St anerhe Bitidiion BERRRFA cRT HhapulSlalitfed LB cel

pi pe Qﬁéﬂaﬂifpﬁma,wf/h@r@(md eiie Iﬁiﬁjtelapé?ef mtm’adins%ulmepei; Rotipgristidest a pigre has an
outer surface and an inper surface; an a first Jayer of. thernal

i nsul Eﬁmaﬁrfﬁ%@/r%%ata@&éﬁe'ffﬁep@a%%aytnﬁ @&é)“b?r”??}'ec%\dé'éﬁvﬁb’pé',g erein the
First ih&yed) Qrtdried pBint RgH 8émRedstve ofRNLBLENATHigh Rbetbrbedmercpéay e
resistant ther m)rl)l agt%inc' h?\ﬂ ng Pow t her mal bconguctllé‘b/i t)g/fbrtﬁi gh tcheéﬂrral

sof t eneésigtapeent , hi gh conpressive strength and high conpressive creep
resistance. [0019] | n a further aspect of the present invention, the first

thermal insulation |ayer nmay be solid, or may be a bl own foamor a
synt af@0191f oam Bai fgther disgeeseobthe peefiend inyenlipn chadost twowpalThe degree of

foam ﬂ%u?gtiérbf‘ayer may be solid, or may be a blown foam or a syntactic foam
having a degree of foaming of up to about 50%. The degree of foaming of the

first thermal insulation layer may be from 5-30% or from 10-25%.

[0020] In a further aspect of the present invention, the first thermal
insulation layer has one or more of the following properties: high compressive
creep resistance at higher temperatures (<7 % triaxial); high compressive
modulus (>1000 MPa); high compressive strength (>25 MPa, uniaxial); low
thermal conductivity (<0.200 W/mK); high, long term temperature withstand
capability (>130°C). The first thermal insulation layer may have all of said

properties.

[0021] In a further aspect of the present invention, the high temperature
resistant thermoplastic is selected from one or more members of the group
comprising: polycarbonate; polyphenylene oxide; polyphenylene oxide blended
with polypropylene, polystyrene or polyamide; polycarbonate blended with
polybutylene terephthalate, polyethylene terephthalate, acrylonitrile butadiene
styrene, acrylonitrile styrene acrylate, or polyetherimide; polyamides, including
polyamide 12 and 612 and elastomers thereof; polymethylpentene and blends

thereof; cyclic olefin copolymers and blends thereof; and, partially crosslinked



first thermal insulation |ayer may be from5-30%or from 10-25% [0020] I n
a further aspect of the present invention, the first thermal insulation

| ayer haswoneioomesmre of the follow ng properties: hi ghpcorgae®miows3creep
resi stance at higher tenperatures (<7 %triaxial); high conpressive nodul us
(> 1000 MPa); high conpressive strehgth (>25 MPa, uniaxial); |ow thernal
conductivity (<0.200 WnK); high, long termtenperature wthstand
capability (>130C). The first thermal insulation |ayer may have all of said

pr opefHdrafopld i2dlastdmard, WisdRhoApRECthePmdIgstRy @sieahizhteest i on, the high
tenperature resistant thernoplastic is selected fromone or nore nenbers of

t he gfvtpMicyryWeanjzed gRasfemesdnat e; pol yphenyl ene oxi de; pol yphenyl ene
oxi de bl ended with pol ypropyl ene, polystyrene or polyam de; polycarbonate
bl ended with pol ybutyl ene terephthal ate, polyethyl ene terephthal ate,

acryl B9221i | e bin adueimer aspeehel theeprasent iny§ntiogt ipeddgl deyiPgraturgy

pol ye L0t de. ) I i ! 2: | ast oner s
theref) ;§€8§‘F 3ﬁ%ﬁrﬁ§+%§{r& ﬁgelgﬁ bﬁghﬂ%e?ﬁ*e(%{gglf.%g%‘@H%I?éﬁfﬁﬂgggoI yners and
bl endexidiecarebbplyaheny [eaet dxit e plemdest withkeoly peopyvdphiaspdlgstyrens oner s, al so
known af thar nopl asti c vul cani zates or dynam cally vul cani zed el ast oners.
[0022]JO YARMESt ur t her aspect of the present invention, the high tenperature
resi stant thernoplastic is selected fromthe group conprising pol yphenyl ene

oxi de pol yphenyl ene oxi de, blended with pol.ypr ene tyrene or
pol yam] [0023] @ 'JHrQ‘eﬂﬁ%pﬁ&F Otl@bee@fesﬁqttt'%‘ée”ﬁ‘g%gﬁ%ll‘i%’éenrﬁ%%,%“{%e hi gh
t enperadistaft tRSiAbpIaktt he Eseptasfrom tise §edgetethpristry bleedgrafup conpri sing

g;?ggﬁﬁ&@% prégg%ljg%tk?)go?y%t\\//\f'etng, %%hygglgéﬁgﬁylegg%xpé)el-\plg y%rr]gglaﬁgge.

[0024] In a further aspect of the present invention, the high temperature
resistant thermoplastic is selected from the group comprising polycarbonate
and polycarbonate blended with polybutylene terephthalate, polyethylene
terephthalate, acrylonitrile butadiene styrene, acrylonitrile styrene acrylate, or

polyetherimide.

[0025] In a further aspect of the present invention,the high temperature
resistant thermoplastic has a Vicat softening point in the range from 130-200°C
and a thermal conductivity of from 0.15-0.20 W/mK.

[0026] In a further aspect of the present invention, the insulated high-
temperature transport conduit further comprises a corrosion protection coating
directly applied to the outer surface of the steel pipe and bonded thereto, and

underlying the first thermal insulation layer.

[0027] In a further aspect of the present invention, the corrosion
protection coating comprises a layer of cured epoxy or modified epoxy. The
corrosion protection coating may comprise an epoxy phenolic, polyphenylene
sulphide, polyphenylene oxide or polyimide, including modified versions and

blends thereof.



[0024] | n a further aspect of the present invention, the high tenperature
resistant thernoplastic is selected fromthe group conprising polycarbonate
and pol yosokomeatwessbl ended wi t h pol ybut yl ene t er epht hal arer/qaabosainss ene
terephthal ate, acrylonitrile butadiene styrene, acrylonitrile styrene
acrylate, or polyetherimde. [0025]81n a further aspect of the present

i nvention, the high tenperature resistant thernoplastic has a Vicat
softening point in the range from 130-200 0OC and a thermal conductivity of
from D02B3- 0. 20IGITrtHe® 2pkct oftrae pradeheinasnret, the firbetiuresgnt i nvention,
t he insul at ed hi ?ht,e erature transport conduit further conprises a

cor r o8ISR ORYET iDh EBaES FRTArY ¥ I'i%ea%ﬁ’%ﬂntp(SO’Eer?é'OBLFtO@lt'”QLﬁ’?%ce of the

st eel apLagy aRAeRANERdtIOMR Qorrédien WRERIBh D akIng ﬁém@ Hebfrt@tegnsul ati on
| ayer. [0027] In a further aspect of the present i nvention, the corrosion

pr ot ebv ipd@sroa i gegord Eigdhasge aricayerappiicatior @f &pe fiystotheraal insdatépoxy. The
corroEai Qn prot ection coating may conprise an epoxy phenolic, polyphenyl ene
sul phide, " pol yphenyl ene oxi de or polyinmde, including nodified versions and
bl ends thereof.[0028] | n a further aspect of the present invention, the

first mal i | At ES ] rec | ; corrosion
pr ot e[:qq’gl coat pﬁé @#g%gigrsgéﬁ 39% g“d%]@? e&nﬁﬁé¥%ﬁ§£ﬁhgwggﬁsg$§on protection
coat i pgoteationgobtrg doneatisst dynyltialsyar corrosioonarodectdrasgstepr appligd

application of the first tt}teqr | insulatiagn. | er.% 2(95*1 In a further
aspect® € OH erp?‘ﬁg%qﬁoimfeﬁ egﬁ;pet i (‘:’89?3&”@?‘&@{ gg?r abiOsH|3 Y conpri ses
a nul {dyeray@ler&iarthesiani-piyaira@ricdiors psdertiapRlysash tconifresezut(a) asur f ace of
the steel pipe and underlying the first thermal insulation

layer of said cured epoxy or modified epoxy directly applied to the outer

surface of the steel pipe and bonded thereto; and (b) a first adhesive layer

applied directly to the corrosion protection layer and underlying the first

thermal insulation layer. The adhesive layer may be comprised of a polymer

provided with functional groups and having a mutual affinity for the corrosion

protection layer and the first thermal insulation layer. The first thermal

insulation layer is in direct contact with the first adhesive layer and is bonded

thereto.
[0030] In a further aspect of the present invention, the multi-layer
corrosion protection system further comprises: (c) a first protective topcoat

comprised of an unfoamed polymeric material in direct contact with the first
adhesive layer and bonded thereto, wherein the first thermal insulation layer is

in direct contact with the first protective topcoat and bonded thereto.

[0031] In a further aspect of the present invention, the corrosion
protection coating comprises a single-layer composite corrosion protection
coating directly applied to the outer surface of the steel pipe and bonded
thereto and in direct contact with the first thermal insulation layer, wherein the
single-layer composite corrosion protection coating comprises a cured epoxy

resin, an adhesive and an unfoamed polymeric material.



| ayer, wherein the multi-layer corrosion protection systemconprises: (a) a
| ayer of said cured epoxy or nodified epoxy directly applied to the outer
surface olothm/mbsel pipe and bonded thereto; and (b) aprCirrcsRo@dioessve

| ayer applied directly to the corrosion protection |ayer and underlying the
first thermal insulation |ayer. The adhesive |ayer may be conprised of a
pol ymer provided with functional groups and having a nutual affinity for
the corrosion protection layer and the first thermal insulation |layer. The

firstigos2ymel insulfakinep dspyer of thd prebieneGivefiintheWhillatdie first adhesive
llayer and is bonded thereto. [0030] In a further aspect of the present

i nventrﬁﬁﬁpoﬁtr@nﬁu!ttfUﬂ'”@jéP”&l@fﬁ?Qﬁs@@@Ub?roP'ééﬁﬁb\fﬁ §gpaoamapplieh Vet onpri ses:
(c) anfd fir AEANEE st farl PPROBE HATRFrEes! aRlotEr YOFARTRA RONATRSE Bt or i al
adnesi

in direct contact wt I'Tst e layer an ed thereto, wherein
t he ftnasspofrtezormiluntl nehdratn Ure baleerprotedtivediopeott socaraptised ohanhe fir st
protect ve t at _and honded thereto. [0031] In a further aspect of the
preseHP qam%tﬁ B/r'ine'i'(f‘lén%gf' Fbsi on protection coating conprises a
single-layer conposite corrosion protection coating directly applied to the

out er ace o teel ipe. and bond d th ret d dir ct cont act
wth [‘ﬁ%& rst E%S:}EHEH %rﬁéags'{)i’f 9 B%Sre CW 3H§r}gf{f1&eén?aayer conposite
Cor r ofisemativrolaget iom aratt aghtaenpnthsits: @ut@ur;ﬁdteﬁjﬁﬁ)é}topeéaman@n adhesi ve and

an unfoanmed polyneric material .[0032] In a further aspect of the present
i nvenglirggtly @ﬁser%me&@& tthreafﬁ§b%'??"ﬁ%ln'@ﬁmat‘9ur'?M%‘F hé\ﬁ'r'?ﬁrt?%eé‘strgﬁ %ﬁt er

pr ot 969'df@sr%QRﬁ%)troﬁQQﬁéd?\@ré’é/%"no? ke afddh%étlérh‘%"f'?ﬁé oubsUprdtkeivd ayer and

form ng an outer surface of "the insulated transport conduit, wherein the
out er tgpasagct i ve topcoat is conprised of an unfoaned polyrrerl c material.

In a further aspect of the present invention, the insulated transport conduit
further comprises a second thermal insulation layer in the form of a solid, a
blown foam or a syntactic foam. The second thermal insulation layer may be
comprised of a polymeric material which is dissimilar to the high temperature
resistant thermoplastic comprising the first thermal insulation layer. The
dissimilar polymeric material may be selected from one or more members of
the group comprising: solid or foamed polypropylene homopolymer or
copolymer, polybutylene, polyethylene; polystyrene, high impact polystyrene,
modified polystyrene, and crosslinked or partially crosslinked polypropylene
and polyethylenes, including copolymers, blends and elastomers thereof; and
the first thermal insulation layer underlies the second thermal insulation layer.
The first and second thermal insulation layers may be foamed to different
degrees, for example the second thermal insulation layer may be foamed to a

greater degree than the first thermal insulation layer.

[0034] In a further aspect of the present invention, the first thermal
insulation layer underlies the second thermal insulation layer, and is in direct
contact with the second thermal insulation layer and directly adhered thereto,
the first thermal insulation layer having been treated by plasma or corona

discharge prior to application of the second thermal insulation layer.



[0033] In a further aspect of the present invention, the first thernmnal
insulation layer is in direct contact with the outer protective topcoat and
di rect | y woheroaoisberet o, the first thermal insul ation lpaysrA2b@viong3been
treated by plasma or corona discharge prior to application of the outer
protective topcoat. In a further adpect of the present invention, the

i nsul ated transport conduit further conprises a second thermal insulation

| ayer in the formof a solid, a blown foamor a syntactic foam The second

t her nEdo3s)sul at ipa fupgreir d%@)écb@f Bprédseed ivfertidm |ty BETrEE af@isetomd Which is
dissimlar to the high tenperature resistant thernoplastic conprising the

first tth@?QiﬂPSW'HE'GPA@YQTﬁ Jrgyaapargtes by sdaven afru%aay'm PelViReHEE i al may be

sel ectefefi f pmone or nore nenbers of the group conprising : solid or foaned
pol ypropyl ene honopol ymer or copol ynmer, pol ybutyl ene, polyet hyl ene;
polystyrene hi gh i npact pol ystyrene, nodified polystyrene, and crosslinked

or E/ddﬁ'y Crﬂ?%‘ﬂuﬂﬁgﬁaﬁ’ RLYPEPRYY EF&&@%M&Y&LWM#&%% diebiddi B9

copol bl ends a torrers t her eof I rst t ermal 1 nsul ation
| ayer pumdeed |beswehe tbectamasr efherframeadigelly meranmaigrial, arithéhé firsttarehd second

the seteit trarianns REEpE Feirsts, bBoHRY b8 HthEIRH ASgRBEi tovdegree ©han
the fivitst plabatanat comml dictoargeayreor. to aﬂﬁﬁatubnmfahbuat/éeof asfoechedf the
present inventiagn, ésefélys t hermal i nsgt's ion I underlies the second

t her mRPYIMEUF RIEH2 M2 o FOFP P SFﬂeae awe[rﬁg second t her mal

i nsul %r%bawyrﬂeﬂc%é*&ﬁah :5r@dfa6ra%nt:§@dsr%ethé Recdnd sthernhgr mal i nsul ation
| ayer having been treated by plasma or corona discharge prior to

appl i oUldirviaveie second thermal insulation |ayer.[0035] In a further
aspect of the present invention, the first and second

[0037] In a further aspect of the present invention, an adhesive layer is
provided between the layer of unfoamed polymeric material and one or both of
the first and second thermal insulation layers. The unfoamed polymeric

material may comprise an adhesive.

[0038] In a further aspect of the present invention, the insulated
transport conduit further comprises a moulded pipe joint insulation system
directly bonded to both the corrosion protection coating system and first
thermal insulation layer at a joint connecting two pipe sections. The moulded
pipe joint insulation system may be comprised of a high temperature resistant

thermoplastic as defined herein.

[0039] In a further aspect, the present invention provides an insulated
high-temperature transport conduit for use in offshore, deep water
environments, the conduit comprising: (@) a continuous steel pipe made up of
one or more pipe sections, wherein the steel pipe has an outer surface and an
inner surface; and (b) a first layer of thermal insulation provided over the outer
surface of the steel pipe, wherein the first layer of thermal insulation is a solid,
a blown foam or a syntactic foam and is comprised of polypropylene; and (c) a

second layer of thermal insulation provided over the first layer of thermal



thermal insulation |ayers are separated by a | ayer of unfoaned pol yneric
material. [0036] | n a further aspect of the present invention, interlayer
adhesi on we 2prioepsded bet ween the | ayer of unfoaned pol ymemica2omioerisal and
the first and second thermal insulation |ayers by treating the first
thermal insulation |ayer with plasth-or corona discharge prior to
application of the layer of unfoaned polyneric material, and by plasnma or
corona di scharge of the layer of unfoaned polyneric material prior to

appl i igatiiz@ionoivHereinsefosskdritelayat of Bsetnddliinsulbayans al $id7]a biewa furt her
aspect of t he present invention, an adhesive |layer is provided between the

| ayerfogm @rPowfEaCtLlqatR AN ﬁeﬁoé?P%iﬁﬁedaﬁij@‘rY@UBY'eB%t Bah thediret pBE and
seconéiectofﬁgrl rsJ We?%ag&éuﬁé{ I3 m%_yhﬁe% igamed pol yneric material may

conprise an hesi v I'n a further aspect of the present invention,
the insulated transport conduit further conprises a noul ded pipe joint

L nsul oaBf oYS! M ALRACH kpBANGIEthd BB ARLRA! FREIBRORIH ection coal | ng

syste an first thernma ation layer at a joint connecting two pipe
sectiplrmectTdrecmnuhgiedrrmr[SQSja)smglﬂ ey Zormsiay praectiay chatiogdiractlyd of a
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hi gh- ilﬁg‘ré@raéweurc@nipfﬁt%p@ﬂr?oﬂon(ﬂmbtectmh aeeinign's abhairiyes, ofl@spyreater

envi ronnents, the conduit co risin a nt,i. uous teel pipe nmade up
of onBARICAHNYIFABEORIMTBhs | ﬁ/rﬁEY'@ Me'gtaé‘ vdp ﬁecoﬂ?g "aﬂrafﬁ\P €surface

and aﬁle‘nﬂaﬁrwn?h‘raf:%ﬂﬁm|tﬁ@b&@dléﬂéJsf%nbe(3&®S)0f thermal insulation provided
over the outer

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The invention will now be described, by way of example only, with

reference to the accompanying drawings in which:

[0042] Figure 1 is a transverse cross-section of an insulated pipeline

according to a first embodiment of the invention;

[0043] Figure 2 is a transverse cross-section of an insulated pipeline

according to a second embodiment of the invention;

[0044] Figure 3 is a transverse cross-section of an insulated pipeline

according to a third embodiment of the invention;

[0045] Figure 4 is a transverse cross-section of an insulated pipeline

according to a fourth embodiment of the invention;

[0046] Figure 5 is a transverse cross-section of an insulated pipeline

according to a fifth embodiment of the invention;

[0047] Figure 6 is a transverse cross-section of an insulated pipeline

according to a sixth embodiment of the invention;



surface of the steel pipe, wherein the first |ayer of thermal insulation is
a solid, a blown foamor a syntactic foamand is conprised of

pol ypr opyweneio/mpsto(c) a second | ayer of thermal insul atcorcaiowodsd over
the first layer of thermalinsulation, wherein the second | ayer of therma
insulation is a solid, a blow foam2or a syntactic foamand is conprised of
pol ybutyl ene. Both the first and second | ayers of thermal insulation may be
solid. [0040] | n a further aspect of the present invention, the corrosion

pr ot e¢0048] coat iIFgLreTNY & $RfMsepddBtdRs| BEBNCH 4P fHseTbtREPiS&HLN coating
di rectlg?ra lied to the outer surface of the steel pipe and bonded thereto,

wher eiffy PG LLVieRYis eeRRfiant ©f tBepenfiohr éct i on coating is
conprised of a styrenemal ei ¢ anhydri de copol yner. The styrene-nal eic
anhydr[b%]copol mer nmay be blended with acrylonitril e-butadi ene-styrene

(ABS). EF DESERIPT OGN &2 NEMEr IRARERICES CFigD A |arTins Uiated mipelineni | | now be
descr iabeshdify tiaYeight PEABIEmEAL ¥r 1l L drlof ence to the acconpanying
drawi ngs in which: [ 0042] Figure 1 is a transverse cross-section of an

i nsul ated pipeline according to a first enbodi ment of the invention; [0043]

F U odS0FS 2 ¢ ERURKY B, SERSSEREPLRE. eyl driatlal el Bifgl e acoor i ng

to a second enbodi nent of the iInvention; ure 37’5 a transverse
cr oss aseeiding te Bnaightis emdodimpinpef time irventiodi. ng to a third embodi nent of
the invention; [0045] Figure 4 is a transverse cross-section of an

i nsul ated pi peline according to a fourth enbodi nent of the invention;

[ 0046]0¢%ur e 5Figura & isnas lengitudinalssoseseioon of the pipesjdiat eckapohe! i ne

ACCOr ik FpkhfddwETRRHIJTERLe ST e | nvention

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0052] The present invention relates to insulating and protective coatings
and thermally insulated fluid and/or gas transport conduits incorporating said
coatings for use in subsea environments. The present invention also relates to
methods of manufacturing said insulating and protective coatings and for
manufacturing thermally insulated high-temperature fluid and/or gas transport

conduits incorporating said coatings.

[0053] The term “high temperature” as used herein refers to operating
temperatures or service temperatures which are greater than 130°C, for

example in the range from 130-200°C, or in the range from 150-200°C.

[0054] The term “solid” as used herein with reference to one or more of
the layers of an insulated transport conduit means that the layers are
unfoamed, i.e. solid layers as defined herein have a degree of foaming of 0%,

and do not incorporate microspheres as would be present in syntactic foams.

[0055] The term “foam” as used herein includes both blown foams and

syntactic foams, as defined in the following description.



[0047] Figure 6 is a transverse cross-section of an insul ated pipeline
according to a sixth enbodi nent of the invention;[0048] Figure 7 is a
transver swoenogmesect i on of an insul ated pipel i ne accor #cmgA2009200888 ent h
enbodi ment of the invention; and [0049] Figure 8 is a transverse
cross-section of an insul ated pipel3ne according t o a eighth enbodi nent of
the invention. [0050] Figure 9 is a transverse cross-section of an

i nsul ated pi peline according to an ei ghth enbodi ment of the invention.

[ 0051jp0BePur € 1Phé Sludd hRAMrtdul frahssé@TongeRt idescAbed IbeldW Ree jodlidHd area of
2 insul ated pipelines welded together. DETAILED DESCRI PTI ON OF PREFERRED

EMBODSMERPSiNes 3] iciTaee by Risat MadeHP ioh PnecPramese steeli B Isselias-and

pr ot i oat | I ;i e r ransport
condﬁﬁ%@'ﬁrﬁoﬁ%g{]gﬁ?%ﬁéﬁé@%ééaifr?lgga ,5? '%ea %legaurgs@g@gean%?%eo&nnent s. The
pr esenerdimyvame inbenddd to irelledesutto oiteindogias pipetinasifeadtnetdted sai d i nsul ati ng

and protective coatings,and for. manuf i e . i | at ed

hi gh-f%'HB8PSE‘E?r é“‘ﬁ?ﬂ'n”% fé\%\?ﬁl)j%ers’grésrsé% ’r%ﬁi ort e%%él'guﬁ%!'zldn%gorgﬁgr ating said
coat i 89611afy0843bridie. t erm "hi gh tenperature" as used herein refers to
operating tenperatures or service tenperatures which are greater than
1300C, for exanple in the range from 130-200 OC, or in the range from

150- 2fpsrf. [ 00A4hajorecdrelideragon iid'thasisasddtelrgipa isvprdtecebardiibe to one or

nore of the layers of an insulated transpgrt conduit neans that the |ayers
are URMSARE IoNgaterey FPORRPdP N WBIdRAY i‘éﬁ“'ﬁ%‘?"&eﬁatﬂi@éeé"‘ﬂ%gr ee of foa)r/n' ng

of 0% oRdoflS. TRLrdreOfHROMMALRLIFGCA RS BREYeREvaTowaHbE akeorigg enthén syntactic
foams. [0055] The term "foant as used herein includes both bl own foans and

invention may comprise one or more corrosion-protection layers or a multi-

layer corrosion protection system which is applied over the blasted and cleaned

steel pipe prior to the application of any subsequent layers, including the at

least one layer of high temperature resistant thermoplastic according to the

invention. For example, the corrosion protection layer may comprise a cured

epoxy layer directly applied to the outer surface of the steel pipe and bonded

thereto.

[0058] It will be appreciated that layers making up the insulating and
protective coatings described below are not shown to scale in the drawings. In
particular, the thicknesses of some of the layers making up the coatings are
exaggerated in relation to the thicknesses of the other layers and also relative

to the thickness and diameter of the steel pipe.

[0059] Figure 1 illustrates a transverse cross-section of an insulated oil
and gas pipeline 10 according to a first embodiment of the invention. The
insulated pipeline 10 includes one or more sections of steel pipe 1 in which the
insulating and protective coating includes a three-layer corrosion protection
system. According to this system, the steel pipe 1 is coated with a corrosion
protection layer 2 comprised of cured epoxy or other high temperature
corrosion protection material as described below, an intermediate first adhesive

layer 3 applied over the corrosion protection layer 2, and a first protective



syntactic foams, as defined in the follow ng description.[0056] The fluid
and/or gas transport conduits described below are oil and gas pipelines
whi ch ar ewoypicmbisy made up of one or nore steel pipe secriaas09/00hB3t er m
"fluid and/or gas transport conduits”, and simlar terns as used herein,
are intended to include such oil ard-gas pipelines and rel ated conponents,
including flowines, risers, junpers, spools, nenifolds and ancillary

equi pnent. [0057] A mmjor consideration in the use of steel pipe is

pr ot ecoparatot appiedoper thi® Ardtoathdseranager BoSTRE first M&lxﬁé‘fb coat 4
hi gh-tenper ature service COHdItIOI’]S Therefore the insulati ng and

pr ot e PY/9e: GHARASOT RN ANAJ e I MHea RiPEpEtihanafhe @edperive lavier 3r nore

COr 1 0proRdRs Ghesd v BYRH hetfvelnHbliobcd VP hnBAHEGRdN eﬁﬁé’%% U Bystem
which is aBol i ed over_the blasted and c eane steel pip

appl i PaPtesHOBla¥Ry2 s Thsckrsaet Bdy shown incFigdiang ashe raJlatuNeb;sithuoﬂn;ayérayeL of
d ng,to the invention or
hi gh tb%méﬁﬁrtHé%d%%ﬁv%tlg érgrﬁ(ﬂ d Wé“'\ﬁnﬁ;?ﬁ%%ﬁg?gé%y%{

exanpl e e corrosion p otec ayer SHPERoxy | ayer
dir ectbleipvapﬂ'lhiegwmpositiencantdetrhlcskne‘saaﬁ tht tbheost £ elill pi peastighroigngded t her et o.

0058 ' appreci at e hat | ayers ki.ng up the insulating and

Lrot eb@})%géﬁ\”@gaiiqen%orgﬁgggllopgé) b Ué\f{)eé%%gﬁ%% \fed' 3@Rfdhen t he drawi ngs.
I n pabt/edsain@rmstllaelohhlavlﬁm:ﬁﬁeﬁc@lfarliimhQES;S&Q tbaHeSidHRKd Athdd the coatings
are eq}/gag d in relation to the thicknesses of the other layers and al so

rel ati ctoPrPakAdBay aikp eprareisetheffirshinsstasian |syse. I tose ofi gure 1
I 1 ustpmimRsitidr, rtﬂasc‘éBE§§c ﬁ%??e?@f%%h{?@?rﬂ ridd r&&?ﬁ#g%h%rr‘?\%ﬁ q%?lg pi peline

10 according to a first embodi nent I nven e I'nsufated pipeline
10 i néeside¥nishenady capsissde fiﬂmecmﬁa@tr@dalasm'rpeverlylng\m'anhat imsulation
layer, or a material compatible with or bondable to the thermal insulation layer,

including a blend of two or more materials.

[0060] Figure 2 illustrates a transverse cross-section of an insulated oil
and gas pipeline 12 according to a second embodiment of the invention. The
insulated pipeline 12 includes one or more sections of steel pipe 1 provided
with a two-layer corrosion protection system, wherein the steel pipe 1 is
provided with a corrosion protection layer 2 comprised of cured epoxy or other
high temperature corrosion protection material as described below and a first
adhesive layer 3 applied over layer 2, as in Figure 1. In the corrosion
protection system shown in Figure 2 the first adhesive layer 3 doubles as both
adhesive and topcoat, thereby eliminating the need for the separate application
of a first protective topcoat 4. A similar two-layer corrosion protection system
is shown in Figure 4 which illustrates a transverse cross-section of an insulated

oil and gas pipeline 16 according to a fourth embodiment of the invention.

[0061] As an alternative to the multi-layer corrosion protection systems
illustrated in Figures 1, 2 and 4, the steel pipe 1 may instead be provided with
a single-layer composite corrosion protection layer wherein the epoxy or other
high temperature corrosion protection material described below, adhesive and

polymer topcoat components are pre-mixed and applied onto the pipe 1 as a



i nsul ating and protective coating includes a three-|layer corrosion
protection system According to this system the steel pipe 1 is coated

wi th a cowoasicmegpot ecti on | ayer 2 conprised of cured epmca20v/00id3er hi gh
tenperature corrosion protection material as described bel ow, an
intermediate first adhesive | ayer-35applied over the corrosion protection
| ayer 2, and a first protectivetopcoat 4 applied over the first adhesive

| ayer 3 . The first protective topcoat 4 provi des added corrosion and

nechaphgathly Rfratieg ticoatingnFighhe: adingsiaeslatehsveBetbdeseatiormdhasi ve bond
bet ween the topcoat 4 and the under|ying corrosion protection |layer 2 . The

t opco@sulated %'I‘Rﬂ/%gﬁfh PiRglineel 4 ageording e @ fhddyemipdimanepf Bt ween t he
adhesjventighertrd fisd|deBg Y §rrleym9nénnaeé %bQﬂ %%V@géc@&%csf bed| pgleow. The

conmposition an th| ckness t opcoat w | least partially depend
on t hé prowidesli witbssichfa slnela:ray@rlcyom@sa@h@yrwom a:yetecsloar@attm derlying

I nsul ation |ayers, particularly wth respect to adhesion to those | ayers.
The topcoat 4 may al so conprise the first insulation layer. | n terns of
conmpofd062)n, t hb thpsadatedyoibard @raamiyelmﬁpa¢cs>@diag toxtheuigsBneon,

t her | ast i G. resi rjse I overlyin
thor mae (RS 3hE PO VB ROsE RGBS OB E S T (iR BB 8haabi e To the
t her madsuiatid &tyiees) wiaigarinciudelardi ougrrmrblfeame(mflas/m a)md/mrrr@emart ardaral s.

[ 0060 | lustrates a transy r,os on.of an insulated oil
and gLEFO@%b ‘i?'l ?fé‘d1|?yﬁ'éscoﬁ_ﬁ?r'?¢p‘?|ﬁ"e§ %(gcfaﬁa Qr’r‘o%ﬁﬁjﬁ&ﬁlte%fn IIrERde R i on. The
i nsul gtigdlupkeReSingR: drbidtlinslastiongaydr GDRRefREt thensipefinétieeds My 1

provi ded with a fwo-|ayer corrosion protection system wherein the steel

pi pe 4 i Proyiged nuEh W%%('@n%rdra%ﬁwrm QLEET) m@rﬁa}é'ﬂﬂéa%rﬁrm%*é& of cured
epoxyagzra] épt fieginiigh c?tee%!e@falﬂég R frf%%'lzﬂ:@d RfuPéﬁ&be@rﬁ@}Fr@s flcoAgingescri bed

bel ow afirst a sive layer 3 applied over , as in Figure 1. In
t he ctw thwimwention may comprise more than two layers of thermal insulation, each

of which may be foamed or unfoamed.

[0063] Where the insulated pipeline includes a single corrosion protection
layer or a multi-layer corrosion protection system, the thermal insulation layer
6 must firmly adhere to said corrosion protection layer or system. This is a
particularly important consideration if the thermal insulation layer 6 and the
underlying corrosion protection layer, or system, are comprised of dissimilar
polymeric materials. Adhesion between the layers, also known as interlayer
adhesion, is also dependant upon the coating temperature and the mode of
application of the layers. For example, it may be necessary to pre-heat the
corrosion protection layer or system prior to the application of the overlying
thermal insulation layer 6 to better fuse the two layers together and maximize
interlayer adhesion. It may also be necessary to apply an adhesive layer
between the corrosion protection layer, or system, and the thermal insulation
layer 6. This is illustrated, for example, in Figure 1, in which a second adhesive
layer 5 is applied between the thermal insulation layer 6 and the underlying
protective topcoat 4 of the three-layer corrosion protection system, and serves
to bond the thermal insulation layer 6 to the topcoat 4. In the embodiments of

Figures 2 and 4, the first adhesive layer 3 serves as both an adhesive and a



protection systemshown in Figure 2 the first adhesive |ayer 3 doubles as
bot h adhesi ve and topcoat, thereby elimnating the need for the separate
appl i cat iwo 20fo/m@9§sbr st protective topcoat 4. A simlar PEOAAA2Y@®I000058r 0Si On
protection systemis shown in Figure 4 which illustrates a transverse
cross-section of an insulated oil - afd gas pipeline 16 according to a fourth
enbodi nent of the invention. [0061] As an alternative to the multi-I|ayer
corrosion protection systens illustrated in Figures 1, 2 and 4, the steel

pi pe droraptivdsdmadt Redpsenvddet tdrma issngtien layere eOmOSbE@sRRN I 0Si on
protection | ayer wherein the epoxy or other_hi gh tenperature corrosion

pr ot eRAtERHiomiBIa A Hodbe iCHeRP HEes Of Sdgies: %,etfksnweﬁma;lmu'%%&xer
CONPOREAHFef§ HnBeH tSaH B rSHith 'p‘?@te‘%ﬂ‘%x@ 150 PiRhoutapea@draty v graded
coati ng. Figure 3 illustrates a transverse cross-section of an insul ated
oi | addhegige fAyssl i ne 14 according to a third enbodi nent of the invention.
The insul ated pipeline 14 includes one or nore sections of steel pipe 1
provided with such a single-layer conposite corrosion protection coating
22. [96A] | n t heerliayar adeesion Imana@lspake prpemptished tieudhndet o t he

i nvent j 1 j | af ] r Y I | s ' e or nore
ter naf i 5 bBE Hr 3haREoPR: BiTES Ltfe SReLV SRS S RRES] eRe” i or
one odisnbamgeutrbeanedt. Inadihisichsy ersepaifdte gupslivenkzyet@youl@ bend 14 il | ustrated
in Fi gures 1t o3 include a single thermal insulation | ayer 6, whereas the
pi pel PRR®9HSBFY Figure 4 is provided with first (inner) and second (outer)
thermal insulation layers 6 and 8. It will al so be appreciated that

i nsul gt oil a as .pi pelines according.to the inpvention_nay, conprise
or e [ Cvo | e el s REEREEl Msulch R P B e oA et bared or
unf oageditioh8PeshsidbeitR r iBehie sl R tof dntRirR§et REheBiohUste Som Shte@riy cor r osi on

protection layer or a nulti-layer corrosion protection system the thermal
i nsul 8iNc8RNYayllapse of the foam structure at the interface due to applied heat

and pressure to effect adhesion will compromise the overall thermal insulation

performance of the system.

[0066] As shown in Figures 1 to 5, an outer protective topcoat 7 may be

applied over the outer layer of insulation to provide further resistance to static
pressure at great depths, particularly if said outer layer of insulation is foamed.
The outer protective topcoat 7 may, for example, comprise the same polymeric
material as one or more of the thermal insulation layers, or a modified or

reinforced version thereof, but is preferably in a solid, unfoamed state.

[0067] It will be appreciated that the outer protective topcoat and the
thermal insulation layers may instead be comprised of different polymeric
materials, in which case it may be preferred to provide an additional layer of
adhesive (not shown) between the outer layer of thermal insulation and the
outer protective layer. It will also be appreciated that the protective topcoat 7
is not necessary in all embodiments of the invention, and Figures 6 to 9
ilustrate insulated pipelines 18, 20, 24 and 26 which are identical to pipelines
10, 12, 14 and 16, respectively, with the exception that they do not include a

protective topcoat 7. It will be appreciated that the outer protective topcoat



6 must firmy adhere to said corrosion protection layer or system This is
a particularly inportant consideration if the thermal insulation |ayer 6
and t he uwdeniogiopgFocorrosi on protection |ayer, or systemcTaAR@mopsdsed of
dissimlar polyneric materials. Adhesion between the |ayers, also known as
i nterlayer adhesion, is also dependant upon the coating tenperature and the
node of application of the |ayers. For exanple, it nay be necessary to
pre-heat the corrosion protection |layer or systemprior to the application

of t heagviss Lihageddaey M- dxasnibial mréauero&eﬁrﬁoaeﬁﬂeemaﬂ ussuldtien two | ayers
toget her and maxi m ze inter] ayer adhesi on. t may al so be necessary to
appl y'3XRT IRSSIde Qra§épaﬁﬁ%ﬁ%”%%a@bf‘?r@§$ érﬁoﬂifjo‘ftké%t ion layer, or system
and the thermal insulation layer 6. This is illustrated, for exanple, in
Figure 1, in which a second adhesive I?j%/er 5 i,s applied between the thernal

i nsul EHG68H | ayefs hawd iNHEIurRIAr FY8 MipURtHL e REORSEVER0akINGF Mae

threecérﬂb?%e@ﬁéfé’@%é?ﬂoﬁéQﬁ@%épﬂs§bé%%%”hyéﬁgf8%¥§§1et§o|991%¢ the thernal
insulation layer 6 to the topcoat 4 . In the enbodi nents of Figures 2 and

4, theomppsitioadieesiaete diftarest degress, 85 d@@tsm&&m oadh@sayv@randsammeect ive
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adhered using plasma or corona discharge treatnent. In this case a separate
ere either of the thernmal
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ef f ectnsofation %ryleaxseén@dhaajt@ﬁtl@érrﬁ@iauﬁsumh@gnawn 8 which may be of the
same or different composition and/or density. The thermal insulation layers 6
and 8 are separated by a layer 9 of unfoamed polymeric material which may be
of the same or different composition as either one or both of the layers 6 and 8
and may function as an adhesive between layers 6 and 8. It will be
appreciated that an adhesive layer may be provided between the layers 6 and
8, or between one or more of layers 6, 8 and the adjacent unfoamed layer 9, or
between any additional thermal insulation layers, particularly if said layers are
of dissimilar compaosition. It will also be appreciated that the unfoamed layer 9
may not be necessary in ali situations, for example where individual thermal
insulation layers can be bonded directly to one another, or where plasma or
corona treatment is used to effect adhesion. This is illustrated in Figure 5
which shows an insulated pipeline 17 identical to the pipeline 16 of Figure 4

except for the omission of unfoamed layer 9 between layers 6 and 8.

[0070] Although the embodiments of the invention shown in the drawings
include either one or two thermal insulation layers, it will be appreciated that
insulated pipelines according to the invention may include more than two layers
of foamed or unfoamed thermal insulation, with or without layers of unfoamed

polymer and/or adhesive being provided between the foam layers.



since any col |l apse of the foamstructure at the interface due to applied
heat and pressure to effect adhesion will conprom se the overall thernal

i nsul at i onoperdmessance of the system [0066] As shown i rCFi@uo@®oiosso 5, an
outer protective topcoat 7 may be applied over the outer |ayer of
insulation to provide further resi88 ance to static pressure at great
depths, particularly if said outer |layer of insulation is foanmed. The outer
protective topcoat 7 may, for exanple, conprise the sane polyneric material
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out ertHarebect i ve topcoat may be unnecessary, for exarrpl e, where the
outernost thermal insulation layer is a solid, or is foanmed but naturally
forns a solid skin. [0068] As shown in Figure 4, the insulating and
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corrosion protection layer 22, a thermal msulatlon layer 6 and an outer
protective topcoat 7. It will, however, be appreciated that the pipes 1 could be
provided with any of the insulating and protective coatings shown in the
drawings or described herein. The pipe joint weld area 11 is provided with pipe
joint insulation, 13 which, for example, is bonded to a corrosion protection
system 15 comprising an epoxy inner layer and an adhesive top layer, and to
the insulation layer 6 and topcoat 7. The corrosion protection system 15 may
have the same composition and thickness as any of the corrosion protection
layers or systems described therein, and the pipe joint insulation layer 13 may
have the same composition as any of the thermal insulation layers described

herein. The pipe joint insulation system is further described below.

Composition of Layers
Corrosion Protection Coating(s)

[0073] As mentioned above, it may be advantageous to apply one or
more corrosion protection layers or a multi-layer corrosion protection system to
the steel pipe prior to any subsequent layers. The initial corrosion protection

layer, namely that coating bonded directly to the steel pipe, may be preferably



performance related to the systemrequirenents of the installed
application. [0069] The enbodinent illustrated in Figure 4 includes an

i nner thewoabioaosisbati on | ayer 6 and an outer thernal i mrsulcaiomwolEyer 8
whi ch may be of the sane or different conposition and/or density. The
thermal insulation layers 6 and 8-&%e separated by a | ayer 9 of unfoaned
polynmeric material which nmay be of the sanme or different conposition as
either one or both of the layers 6 and 8 and nay function as an adhesive
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corona o effec esioh. " Thrs s illTustrated in Figure
5 whi tte bbopipean i nsul ated pipeline 17 identical to the pipeli ne 16 of
Figure 4 except for the om ssion of unfoaned |ayer 9 between |ayers 6 and
8. [0070] Al though the enbodi nents of the invention shown in the draw ngs
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| ayers. [00711 It is also necessary_ in the aF%I ication to provide thernmal
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bondabl e to both the corrosion protection |ayer, g/st em applied
di r ectmechenial phetegiibded hs finction of the adhesive is to bon the topcoat or

the first thermal insulation layer to the epoxy corrosion protection layer. The
adhesive and polymer topcoat may be applied by extrusion side-wrap or by

powder spray methods.

[0075] The adhesive layer may also comprise a coextruded structure of
two or more layers, the outer layers of which will bond to the respective
corrosion protection layer and subsequent topcoat or thermal insulation layer

with which they are compatible.

[0076] As alternatives to the cured epoxies mentioned above, the
corrosion protection layer may instead comprise modified epoxies, epoxy
phenolics, modified styrene-maleic anhydride copolymers such as styrene-
maleic anhydride-ABS (acrylonitrile-butadiene-styrene) blends, polyphenylene
sulphides, polyphenylene oxides, or polyimides, including modified versions and
blends thereof. In some cases, it has been found that an adhesive layer is not
needed to bond these corrosion protection coatings to the pipe or to the
topcoat or first insulation layer. Some of these materials can also be used at
higher service temperatures than the epoxy-based corrosion protection

systems described above.



joint and the existing thermal insulation |layer, or layers, including any
protective topcoats and any other layers of the insulated pipe exposed as a
resul t ofwountwmgsshack the insulation fromthe pipe endecraazbdommosel di ng
thereof. [0072] Figure 10 illustrates a |ongitudinal cross-section of a
circular pipe joint weld area 11 at20shich two steel pipes 1 are joined. The
steel pipes 1 each have an insulating and protective coating as shown in
Figure 3 conprising a corrosion protection layer 22, a thermal insulation

| ayer [B0Ef]d an @dmee ofithé etdheretehdperaddre/redistant kbrroBRWEN®tectitSh appr eci at ed
t hat the_pipes 1.couASd be provided with any of the insulating and _
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conposjtion as.any.of the thermal insulation |ayers described herein. The
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Layer sofosiorspteti®n ectting aGaahefgas Ind MR TH 1erment i oned above, it may be
advant ageous to apply one or nore corrosion protection |layers or a

mul ti-layer corrosion protection systemto the steel pipe prior to any
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Additional Adhesive Layer(s)

[0079] In cases where it is necessary to apply an adhesive layer between
adjacent thermal insulation layers or between a thermal insulation layer and
one or more of the other layers, including any solid protective layers and
topcoats, particularly layers of dissimilar composition, the adhesive material
used should ideally bond equally well to said layers. The adhesives used are
typically polymers with functionalities having mutual affinity to the layers
requiring bonding, the functionalities being specific to the chemical composition
of the layers requiring bonding. Preferably the bond strength should be high

enough to promote cohesive failure between the individual layers.

[0080] The adhesive layer may also comprise a coextruded structure of
two or more layers, the outer layers of which will bond to the respective

insulation layers or topcoats with which they are compatible.

[0081] The adhesive layer between adjacent thermal insulation layers and
between a thermal insulation layer and one or more of the other layers may,

for example, comprise a grafted polymer or copolymer, or polymer blend with



and pre-heated pipe surface either, a) as a fusion bonded powder by
spraying the pipe wth powder-spray guns, passing the pipe through a

" curt ai n"wofofealobssng powder, or using a fluidized bed ceoctraiaegoiise
powder, or, b) as a liquid coating using liquid-spray guns. Curing of the
epoxy results fromcontact with theihot pipe. [0074] It may al so be
preferred to apply additional layers over the partially cured epoxy. In the
3-layer corrosion protection systemillustrated in Figure 1, an

ol ef i Pnleasedhoad mesieties coptatiRe witPeaeXaFBhE ifdiVRILE! faydphysbede
functionalised polyolefin, may be applied directly to the partially cured
epoxy,b01n Powed by the application of a polymer topcoat over the adhesive
for mechanical protection. The function of the adhesive is to bond the

t opco the first thermal insulation |ayer to the epoxy corrosion
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| ayers of which will bond to the respective corrosion protection |ayer and
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conpatible. [0076] As alternatives to the cured epoxies nentroned above,
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[0084] The thermal insulations used in the present invention are designed
to withstand operating temperatures in excess of the maximum operating
temperatures (130°C) of systems currently used for the thermal insulation of
subsea pipelines, such as polypropylene. These operating temperatures may be
as high as 200°C. The thermal insulations are also designed to exhibit
adequate compressive creep resistance and modulus at these temperatures to
prevent collapse of the foam structure in deep water installations, and hence
maintain the required thermal insulation over the lifetime of the oil and gas
recovery project. In addition, the compositions should be sufficiently ductile to
withstand the bending strains experienced by the insulated pipe during reeling

and installation operations.

[0085] The insulating and protective coatings according to the present
invention are prepared from high temperature resistant thermoplastics selected
to provide solid or foam insulation layers with one or more of the following

properties:

» high compressive creep resistance at higher temperatures (<7 % triaxial
creep),
e high compressive modulus (>1000 MPa),

» high compressive strength (>25 MPa, uniaxial),



needed to bond these corrosion protection coatings to the pipe or to the
topcoat or first insulation |ayer. Sonme of these materials can al so be used
at hi gherweanwiwesshenper at ures than the epoxy-based cor PQTiCN207001056t | On
systens descri bed above.[0077] Sone of the higher tenperature-resistant
corrosion protection coatings nenti2zied above may al so have properties

whi ch make them suitable for use as thermal insulation |layers in any of the
enbodi ments of the invention. Wiile the corrosion protection coating wll
typi cal | pvbeheromdrdoseldictifity (etiof 2@0 ewtmgry) ymer grade having di f f erent
properti it ciriﬁcc‘goncei vable that the sane type and grade of polynmer may
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coating and thermal insulation layer. [O hesi ayer woul d not be
necessar Yrwié0PfCis possible to achi eve bonding of adjacent |ayers using
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where it 1s necessary to app adhesive Tayer between adjacent thernal
insul ation | ayers or between a thermal insulation |ayer and one or nore of

t he other. | rs,,..including a olid protective |ayers and topcoats,
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StruCHly Yariable, due to the fact that each pipeline system is designed for use

under specific conditions of depth, temperature etc.

[0086] Preferably, the insulating and protective coatings according to the

invention have all the above properties.

[0087] The high temperature resistant thermoplastics are preferably

selected from one or more members of the group comprising:

¢ polyphenylene oxide,

» polyphenylene oxide blended with homopolymers or copolymers of
polypropylene, polystyrene and/or polyamide,

e polycarbonate,

» polycarbonate blended with polybutylene terephthalate, polyethylene
terephthalate, acrylonitrile butadiene styrene, acrylonitrile styrene acrylate,
and/or polyetherimide,

e polyamides, such as polyamide 12 and 612, and elastomers thereof

e polymethylpentene, and blends thereof.

e cyclic olefin copolymers, and blends thereof,

» partially crosslinked thermoplastic elastomers, also known as thermoplastic

vulcanizates or dynamically vulcanized elastomers.



two or nore |layers, the outer |ayers of which will bond to the respective
insul ation |layers or topcoats with which they are conpatible. [0081] The
adhesi ve wayero/detsseen adj acent thermal insul ation | ayersTadodanywsen a
thermal insulation |ayer and one or nore of the other |ayers may, for
exanpl e, conprise a grafted pol yne23er copol yner, or polymer blend w thone
or nore noieties conpatible with each of the individual |ayers to be
bonded. [0082] The adhesive |layer is preferably applied by powder spray
application, or side-wap, crosshead extrusion or co-extrusion nethods.

[ 0083] An_additional adhesive |ayer would not be necessar,é/ where the two
adj act88l ayer s IMARNS caMypleiial PropPerties 9 I 2o threeplaghics,ps Boted | s

possi B{el%vsﬁﬁw?‘&@lieeﬂe bondi ng of the layers using plasma or corona treatnent.
Thermal I nsulation Layer(s) and Protective Topcoat [0084] The thermal

insul ations used in the present invention are designed to w thstand
opera?—jaglg jenperatures in excess of the maxi mum operating tenperatures (130
0C) of systens currently used for the thermal insulation of subsea

pi pel i nes, such as pol ypropyl ene. These operating tenperatures my be as

hi gh§fadiF9Cl The thermal T nsulati ong.4 @rtgrso designed to exhibit
adequat e CONPregRliEe] PIRFP] FiEiral (2 FierddlU [TORIS abickiTESe topperatyres to
prevent col | apggerdtn | BerahOpMb&iUsUclorativiey deagatWalt surtehingl al balettvas, | and
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i nsul aPRO-PR pe dBBi ng 12@l| | 1g6@md i G248l | at i @0 oper d43Bons. [ QSH] The
insulatipg and pedtective ceasddgs awaordi ngi1t® the 1p7esent 138

PC-ASA 53 50 2,300 0.17 1.3 136 125

PA 612 60 35 2,000 0.22 2.7 180 150

PMP 20 30 1,600 0.17 2.0 170 S0

COC 60 2.5- 1] 3,000 0.15 180 170
10

TPV 25 600 | 1,200 0.17 NA NA

PPO-PS = polyphenylene oxide blended with polystyrene

PPO-PP = polyphenylene oxide blended with polypropylene

PC = polycarbonate

PC-ASA = polycarbonate blended with acrylonitrile styrene acrylate
PA 612 = polyamide 612

PMP = polymethyipentene

COC = cyclic olefin copolymer

TPV = thermoplastic vulcanizate

[0089] The high temperature resistant thermoplastics for use in the
present invention may have a Vicat softening point in the range from 130-
200°C, for example in the range from 135-180°C; thermal conductivity of no

greater than 0.22, for example from 0.15-0.20.

[0090] Where the high temperature resistant thermoplastic is
polyphenylene oxide blended with homopolymers or copolymers of
polypropylene, polystyrene and/or polyamide, it will be understood that the
blend is predominantly comprised of polyphenylene oxide, i.e. polyphenylene

oxide is present in the blend in an amount of at least 50 weight percent.



I nvention are prepared from high tenperature resistant thernoplastics
selected to provide solid or foaminsulation |ayers with one or nore of the
f ol | owi ngwpropemobises: hi gh conpressive creep resi stancecatCA2eer0s3
tenperatures (<7 %triaxial creep), high conpressive nodulus (>1000 MPa),
hi gh conpressive strength (>25 MPap4uni axial), |ow thermal conductivity
(<0.200 WnK), high specific heat capacity (>1300 J/kgK), high, long term
tenperature withstand capability (>130C, eg. 130-200 OC or 150-200 0C),

adequgkgm%s%# bélyﬁﬁé “ngl o Fdo%raby%%aéﬁéndéfpgemwk@é bRgdryers

according to the ihvention, having one or nore of the above properties, are
appl i evveatiosufrei asinemiercinlly levedalle wileaghedradonade Noeyl"hsul at ed transport
conduit with an acceptable heat transfer coefficient (U for the conditions
under which it is to be used, with Utypically being in the range from
about [0 abouSinidany n@KereTtee hldhctemeserasusf rasistannthdraropastiaised s are

hi ghl y, vari abl e ue t.o the fact that each,pi.peline temis,. L gned for
use uiRR oy b BN ohlhn e RBtedRlre e B P e S hoRep R O e abl v,
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t he above propertjes. [0087] The high tenperature resjstant thernoplastics
are pF@r@?%ﬁp%@\aéE‘f’Bgr)hr"b{'ﬁ”bﬁé eﬁﬂPeré'ﬁBé?%%@nfﬁér§F8wnéB rising :

gg' gpbﬁ@ﬂ;@gg dPEaftP higHPRIN PBRINHE RGsisbshe endireasiastiv itd JIRMDRE XABT S OF
P )r/ﬂgh temperature resistant thermoplastic is present in the blend in an amount

of at least 50 weight percent.

[0092] As mentioned above, one or more of the thermal insulation layers
may also be provided with an additional protective layer, or topcoat, such as
layers 7 and 9 described above, comprised of unfoamed polymeric material.
Typically, but not necessarily, the protective layers are prepared from the same
material as the underlying thermal insulation layer, or a modified or reinforced

version thereof.

[0093] It may be required, for example, to impart a higher degree of
physical or chemical performance, such as impact, abrasion, crush or moisture
resistance, to the outer surface of the insulated pipe, in which case it may be
advantageous to prepare the outer protective topcoat from a polymeric
material having superior impact, abrasion, crush or chemical resistance to that
from which the thermal insulation layer, or layers, is made. Such a material
may comprise the thermal insulation material blended with suitable polymeric
modifiers, compatibilisers, or reinforcing fillers or fibres, or it may comprise a
dissimilar, preferably compatible, polymeric material. In the latter case, it may
be necessary to apply an additional adhesive layer between the final thermal

insulation layer and topcoat to effect adequate bonding of the two layers.

[0094] Also, as mentioned above, the insulation layers may comprise

dissimilar materials, or materials foamed to different degrees. In a preferred



pol ypr opyl ene, pol ystyrene and/or pol yam de, polycarbonate, polycarbonate
bl ended wi th pol ybutyl ene terephthal ate, pol yethyl ene terephthal ate,

acryl oni twol2e10ebsdi ene styrene, acrylonitrile styrene acmydAa2v@/ooensd/ or

pol yet heri m de, polyam des, such as pol yam de 12 and 612, and el astoners

t hereof pol ynet hyl pentene, and bl-egds thereof. cyclic olefin copolyners,
and bl ends thereof, partially crosslinked thernoplastic elastoners, also
known as thernoplastic vul cani zates or dynam cally vul cani zed
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are noted below in Table 1. Table 1 PPO PS = pol yphenyl ene oxi de bl ended

polyp
wi t h pel medifiedneol ppiaempere pxidpmayybe needyasdkn nafdsfoamed gofopsrespyl ene PC

= pol PC- = r itrile styrene
acryl éﬁ g’r’gg'n@%g'aé'ﬁaé‘o?%?nc@’g%ﬁ@ gﬁ%ﬁéte%%@ §/ pl}er{n%tt ig?fe?}gcgfrtqetgrtcycI ic olefin
copol yaeried RVithk a loeveriphgsiretureulessharad el w8 dErmiaé condictivétyper at ur e
resi st ant thﬁr rmfol ast'csI for use in the present inrg.ntiorll1 nﬁgﬁ]lhave a Vicat
sof t eMfHGRPEAA" IPRMGEPPYAYE 3% Bﬂ]%%r- S?‘%U' Y, PoFEREYIE R t he range
; rom éﬁ»%lag@g 8§¢ert. SRIcABIute P NEE invay ¥YoRipride pblpal/eénd BAA rRed@fiedf or exanpl e
rom 0. 15- 0. 20.
polystyrene , including high impact polystyrene and styrene copolymers;
polybutylene; polypropylene homopolymer and copolymers; polyethylene; and
crosslinked or partially crosslinked polypropylene and polyethylene, including
copolymers, blends and elastomers thereof. It may also be necessary to apply
an additional adhesive layer between the layers of dissimilar insulation

materials to effect adequate bonding of the insulation layers.

[0095] The thermal insulation layers may also be foamed to different
degrees the further they are away from the pipe wall; for example, outer layers
of insulation may be foamed to progressively higher degrees than inner layers

to provide tailored thermal performance of the system.

[0096] Thermal insulation compositions prepared from these materials
may also contain additives selected from one or more members of the group
comprising inorganic fillers, reinforcing fillers or fibres, nano-fillers, conductive
fillers, flame-retardant fillers, antioxidants, heat-stabilisers, process aids,

compatibilisers, and pigments.



[ 0090] Where the high tenperature resistant thernoplastic is pol yphenyl ene
oxi de bl ended wi th honopol yners or copol yners of pol ypropyl ene, pol ystyrene
and/ or povganmodeyssbt wi I | be understood that the bl end iPpsTErARM®MONSEt | Y
conpri sed of pol yphenyl ene oxide, i.e. polyphenyl ene oxide is present in
the blend in an anount of at |east-Z0- wei ght percent. Exanpl es of

pol yphenyl ene oxi de- pol ypropyl ene bl ends useful in the present invention
are comrercially avail able under the trade nane Noryl (tm. [0091]

Sim | grdayminthedéntshe high tenperature resistant thernoplastic is a blend of
any of the Other high tenperature resistant thernoplastics nentioned above
(i.e. polycarbonate, polyamde, or partially crosslinked thernoplastic

el ast it vl . ISy ] .y, conprised
ot sardOR b 1 ermserard AR n b iy s HeliBe L ARIRARREe FOTRT o

t enperaiatingsrazsostingttottherinogriticet can ibe prepsesd fiom the abbrendentioresd anount  of

at | east 20 vveight per.(:fntt. OOQﬂJaAs rantioned bove onelgr nore of the
t her mal'9P A TIPS £ UiTe| "5 SF T TROBRHES pPYIR FEROEHTE She il {PYRAI9

pr ot eciders /| By €fe phlysicaPBRéttiorsUE Badidr vayane liquad) bribydersidikg digpove,
conprised of unfoanmed polyneric material. Typically, but not necessarily,
the primliost Polymely &lasspeCyrayamresiarehem etne JeReER e tharughENinder | yi ng

t her ”Béctiorﬁfr%'fly driital ay%hé?se@ f%amq%‘g%ﬁkt%ré %HE%IRﬁ%fMﬁﬁéitgnaé her eof .

[0093] It e require or exa to 1npart a higher degree of
physi cdlown” &dems cBdarpercbotainingeholiye migeospieses areabefesiegnto @3 ush or

noi stuwr.e resis , to the outer surface of the insulated pipe, in which
case itsyﬂé@cﬂgetfg%&ght ageous to prepare the outer protective topcoat froma

pol ynmeric material having superior inpact, abrasion, crush or chem cal

resi St[ﬁBﬁg] tot IA‘.‘:a\;ntactic foams provide superior compressive creep and crush
resistance than blown foams, but are generally less efficient thermal insulators
and are considerably more expensive. A cost and performance optimized design
may, for example, comprise one or more layers of syntactic foam surrounded

by one or more layers of blown foam insulation.

[0099] Chemical foaming agents may function via either an endothermic
(heat absorbing) or exothermic (heat generating) reaction mechanism. They
are selected from one or more members of the group comprising sodium
bicarbonate, citric acid, tartaric acid, azodicarbonamide, 4,4-oxybis (benzene
sulphonyl) hydrazide, 5-phenyl tetrazole, dinitrosopentamethylene tetramine,
p-toluene sulphonyl semicarbazide, or blends thereof. Preferably the chemical
foaming agent is an endothermic foaming agent, such as sodium bicarbonate

blended with citric or tartaric acid.

[00100] Chemical foaming occurs when the foaming agent generates a
gas, usually CO; or N, through decomposition when heated to a specific
decomposition temperature. The initial decomposition temperature along with
gas volume, release rate and solubility are important parameters when
choosing a chekmical foaming agent and they need to be carefully matched to

the melt processing temperature of the particular thermoplastic being foamed.



fromwhich the thermal insulation |ayer, or layers, is made. Such a
material may conprise the thermal insulation naterial blended with suitable
pol yner i cwoundiodoesss, conpati bilisers, or reinforcing fi lPCercn2009/001d38es, or
it my conprise a dissimlar, preferably conpatible, polynmeric material. In
the latter case, it may be necessard’/ to apply an additional adhesive |ayer
between the final thermal insulation |ayer and topcoat to effect adequate
bondi ng of the two |layers. [0094] Al so, as nentioned above, the insulation

| ayer J00ag1F onpricreplisisil lﬁbémfng‘r&h@?a’ﬁ 6 velatimaliguidalsed eajepsttba@ di fferent
degrees. In a preferredexa mer _with higher tenperature
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used agigMaticTHiRIrobsYHRAREdL &K agcmsﬁeé hssBhed, “ﬁé&ﬂ%e's d R¥anclosest to the

hot steel pipe to function as a heat barrier, ower' tenperature
r esi st@merinateddwdrocaerans, sc;@fm@&csiltfwlprqmathmmd gricifloeorattylenley@ed as an

outer Beﬁl%Féfﬂué:fJ’ocgleJc}r{ 'S chta e HF?I rétjﬁl'ﬂl 6ét?1%n|ea¥|$':ch Puper layers
eqp ¥ aarRg

rise pol ystyrene AR yrene ; i nc hi gh i npact
poI ystwlaztnle Ianddstfy)aamagamnofyvmea thpdie;dnedyllqerdayapmiiw iopy lggee honopol yner
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thereof. It may al so be necessary to apply an additi onal adhesivedlayer
bet we | a f dissjml |nsulat terials to effect adequate
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perfort?]@,@gﬁrcg,fe égg zbf’riff@éBhe[rQQ%] Thermal insul ation conpositions prepared
es Ia

fromt e mate

Thermal Insulation Application Process

[00103] The foamed or unfoamed thermal insulation layer, or layers, and
any unfoamed protective layers, are applied to the steel pipe or a pipeline,
preferably over the corrosion protection coating, or coatings, by sidewrap or

crosshead extrusion, or co-extrusion, processes.

[00104] Extrusion may be accomplished using single screw extrusion,
either in single or tandem configuration, or by twin-screw extrusion methods.
In the case of single screw extrusion, the extruder screw may be either single

stage or 2-stage design.

[00105] A single stage compression screw would be adequate for chemical
foam extrusion whereby the foaming agent is added as a pelleted concentrate
or masterbatch which is pre-mixed with the polymer to be foamed using a
multi-component blender, for example, mounted over the main feed port of the
extruder. The design of the screw is important and it may incorporate barrier
flights and mixing elements to ensure effective melting, mixing, and conveying

of the polymer and foaming agent.



may al so contain additives selected fromone or nore nenbers of the group
conprising inorganic fillers, reinforcing fillers or fibres, nano-fillers,
conduct i weof2oloepssy fl ame-retardant fillers, antioxi danPgT/CA2009/001053

heat -stabil i sers, process aids, conpatibilisers, and pignents. Foam ng
Agents [0097] Foaned thermal insulak8en |layers in the insulating and
protective coatings according to the invention can be prepared fromthe

af orenmenti oned high tenperature resistant thernoplastics, by incorporating

cheni C[@Iome M ngwagensstay dchewpiys flﬁs’t'aﬂdTB@@ddcpﬁa@fes%é s@pakstkeatil e
l'i quid, y blending with hollow poly gl ass or ceram c m crospheres.
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m crospheres are referred to as "syntactic” foans ntactic foans
provi dextsuger baﬁfebamrfwtlsmazae@pmamltcam hon”esgemwtl’ez polgmes, own f oans,

but ar r II S pent .t sulators consi derably
mor o cRpEER e decoBiedus bt R BEE s R B telefghofPER exampl o
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| ayers_of blown foam insulatiop. [0Q99 em cal foamn ents may
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of the group conprising sodium bicarbonate, citric acid, tartaric acid,
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decompression zone through which the volatiles or moisture can be safely

extracted.

[00107] Twin screw extrusion is preferred where the polymer to be foamed
is shear sensitive or if it is required that fillers or other additives be
incorporated into the insulation composition. It is particularly recommended for
the extrusion of syntactic foams or blown foams prepared by the physical
injection of a gas or liquid foaming agent. Since the twin screw design is
typically modular, comprising several separate and interchangeable screw
elements, such as mixing and conveying elements, it offers great versatility
with respect to tailoring the screw profile for optimum mixing and melt

processing.

[00108] In the case of syntactic foams, for example, the hollow
microspheres are fed directly into the polymer melt using a secondary twin-
screw feeder downstream of the main polymer feed hopper. An additional
consideration with syntactic foams is potential breakage of the hollow
microspheres during extrusion of the foam. Shear and compressive forces
inside the extruder need to be minimized during processing of the foam to
prevent this through judicious design of the extruder screw(s), barrels,

manifolds and dies.



bl ended with citric or tartaric acid. [00100] Chem cal foam ng occurs when
the foam ng agent generates a gas, usually CO2 or N2, through deconposition
when heatwd 20m/m9speci fi c deconposition tenperature. ThecTriad@ 001053
deconposition tenperature along with gas volune, rel ease rate and
solubility are inportant parameters2®Wen choosing a chem cal foam ng agent
and they need to be carefully matched to the nelt processing tenperature of
the particular thernoplastic being foamed.[00101] For physical foam ng, the

gas or[ooqbs}il e Alsqam@lrruﬁm@ atsagahest 6€ gbaPPLRIEnHyOL ifiFdd sing CO2,
supercrltlcal hel i um argon, aliphatic hydrocarbons, such as

but aneket Wp?@ﬁ‘tté}?e%”d Héi’é@]é@r%é”ﬁébﬁéﬂ\% o TuHheF Nemreaeniaithe madons, such as
di chl &{@%F@%I@B%stshké?hiar%%Ehﬁiz@ﬂ%elt%tﬁlﬁgfl.%‘%we%mf'Uorocarbons such

as dichlorotrifluoroethane e case of volatl [i quids, foam ng occurs
when the heated liquid vaporizes into gas. Preferably the physical foam ng

agent 0R13BpeT o kd Galmieefy of ORI TA0NAIbAMSTLAE GRBREY 8P @iRRekect

fromone or nore ers o roup conprising grass, yIer |
cer ami depansEntidipey el ieswiredcbalboes néthennaalasqnﬁd@mmtylar@fmrabre}sstm hoI | ow

m cr os il gl ass..m grospheres.  Ther nsul ation
hopl | ot rther s8R RE SR SRS Fulacl ™Rt Breefel S iaerar el on
| ayer , parforiragmeces, mavncbeammrlmmémtam tie ebegirevsive ayeihgth ahd @pppi ed to the
st eel or a i erabl y over the corrosion protection coating,
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extrusjon, either in single or tandem confii ﬁuratl on, or by tw n-screw
extr us].Q)r(p et hYs The degrée of foaming is defined herein as the degree of
rarefaction, i.e. the decrease in density, and is defined as [(Dmatrix —
Droam)/Dmatrix] X 100. Expressed in this way, the degree of foaming reflects the
volume percentage of gas under the assumption that the molecular weight of
gas is negligible compared to that of the matrix, which is generally true.
Alternatively, the degree of foaming can be measured visually by microscopic

determination of cell density.

[00111] With respect to the particular foam insulations described herein, it
is important that conditions of mixing, temperature and pressure are adjusted
to provide a uniform foam structure comprising very small or microcellular
bubbles with a narrow size distribution evenly distributed within the polymer
matrix, in order to ensure maximum compressive strength, thermal
performance and compressive creep resistance of the insulation when
subjected to high external pressures and pressures. Also, when extruding
blown foam insulation it is important that foaming be prevented until the

polymer exits the extrusion die.

[00112] Actual coating of the pipe may be accomplished using an annular
crosshead die attached to the thermal insulation extruder through which the
pre-heated pipe, with a prior-applied corrosion protection layer or multi-layer

corrosion protection system, is conveyed, the thermal insulation thereby



In the case of single screw extrusion, the extruder screw may be either
single stage or 2-stage design. [00105] A single stage conpression screw
woul d be wodequemessbor chemi cal foam extrusion whereby treTi@2nongi@gent is
added as a pelleted concentrate or masterbatch which is pre-m xed with the
polymer to be foamed using a nulti-gdrponent bl ender, for exanple, nounted
over the main feed port of the extruder. The design of the screwis
inportant and it may incorporate barrier flights and m xing elenents to

ensur ecafel gt thecemtirlet $nflacaTokigpipRnsly 0RAYEYT Bige ahnlilRe de FyFRingadild f oani ng
agent .‘{hOOlOﬂ Wth a, 2-stalg?e;U screw, the first and second stage$S are

separ af'&6ME NS URKMIHeS FiRHI3bRECTIgArQHNE Khe sPAYeYe g aiper | | qui d physi cal
foam ng agent can be introduced into the polynmer nelt via an injection or

f eed L the extruder barrel. The first stage acts to nelt and
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ext r usqroteakitie eimer thermad iRudaéen i extetifled in vee Joimaifa sheet i traqplele screw

t ; i I i -t he A 2-stage screw i s al so
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vol at inwsbahehwreps ¢d acbieverthemeguoredapieemat rsugtidrutieickieds #hd t hen bei ng
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ext r usiicmel of theahelteadtatecstHdmapetiyingsing @xkRidRRMedhd\s amBas sensitive or
if it is reqruired that fillers or other additives be incorporated into the

i nsul ASETSRINPoRIENESH the outer parfece af Hie prededsiavenrde ensure proper

adhesion of any subsequent layer.

[00114] The application of thermal insulation by the side-wrap technique
may involve wrapping the pipe as it is simultaneously rotated and conveyed
forwardly along its longitudinal axis, as described above. It may also involve
the application of a pre-extruded tape using rotating heads while the pipe is
conveyed longitudinally but not rotated. In this particular case, the winding
angle of the thermal insulation layers can be adjusted by varying the speed of
pipe movement in the longitudinal direction and/or by varying the rotational
speed of the pipe or the rotating heads. The tape may be wound in successive
layers at opposite winding angles to maintain neutrality of the pipe, until the
required thickness has been built up. Furthermore, it may be desired that the
applied layers of thermal insulation do not become joined and that they are
able to slide over each other with little resistance in order to avoid increasing

bend stiffness or bend dynamics.

[00115] If it is necessary to apply an adhesive layer between the corrosion
protection layer, or system, and the thermal insulation layer, or between
individual thermal insulation layers, this can be accomplished using either a
single layer sheet or annular die, or a co-extrusion die whereby a multi-layer

adhesive or the adhesive and thermal insulation layers are applied



t he extrusion of syntactic foans or bl own foans prepared by the physical
injection of a gas or liquid foam ng agent. Since the twin screw design is
t ypi cal | ywondwmpssoconpri si ng several separate and i nt ercliange@moesscr ew
el enents, such as m xing and conveying elements, it offers great
versatility with respect to tailoriddg the screw profile for opti num m xi ng
and nelt processing. [00108] In the case of syntactic foans, for exanple,
the holl ow m crospheres are fed directly into the polyner nmelt using a
secondanyithMeasdly EThé eaeaT prirvanid espoat, ifecadddrypmaynbe sfrﬁﬁféirl'impper . An
addi tional consideration with syntactic foans is potential breakage of the
hol | oRPRIIed ospher es during extrusion of the foam Shear and conpressive
forces inside the extruder need to be mnimzed during processing of the
foamto prevent this through judicious design of the extruder screw(s),
bar r elP®€ JR(AE fB3HI3tIGRPYSFYE. [00109] A static nixing attachment or gear punp
may be inserted between the end of the screw and the die to further
honogeni ze the nelt, generate nelt pressure, and mnimze nelt flow

fluct $891Hls. [6@@1@Pe%‘ﬁtd%ﬂ?€‘ﬁﬂ" Isys’éﬁmﬁﬁfﬁé'f%my‘ blasia HoehfBPriede degr ee
of TOoaNkiBl tefn G RRIARS KR HM IpTastid m@ubﬁlo@%gepﬁze iRl gpnduct ivity
and conpressive strength. Too high a degree of foam ng, whilst beneficial
for tiséniar in exyopasition teeineomenmead inswgtitre lakserr omiavess, and midcltipr essi ve
strengg [ L: t T h lasti G f of the
or eaonPnoabl i GRS B Sh ISR lork 3Feh O P e BB BH, fore

pr ef enahliztiddddyer30vdaymrs 16%dra ddtopdoat degree of foam ng is defined

herein as the degree of rarefaction, i.e. the decrease in density, and is
defined as [(D mat x -
[00117] The pipe joint insulation system also comprises a corrosion

protection layer 15, which may have a single or multi-layer structure.
Preferably, the corrosion protection layer is similar or identical to the corrosion
protection layers and systems described above in connection with Figures 1 to
4. For example, the corrosion protection layer 15 may comprise the epoxy and
adhesive layers previously described, applied directly to the welded joint area

of the steel pipe prior to the application of thermal insulation layer, or layers.

[00118] The pipe joint insulation is typically applied by direct extrusion
injection into a mould designed to conform to the outer dimensions of the
insulated pipe. The processing conditions used will be similar to those used to

apply the thermal insulation layer, or layers, of similar or identical composition.

[00119] The pipe joint insulation composition may be applied either

foamed or as an unfoamed solid.

Examples

[00120] The present invention is illustrated by way of the following

examples and with references to Figures 1-10.



Dfoam) /D mat pc] X 100. Expressed in this way, the degree of foam ng
reflects the vol une percentage of gas under the assunption that the

nol ecul arweenghiossd gas i s negligible conpared to that eCTidaeomwbriss, which
is generally true. Alternatively, the degree of foam ng can be neasured
visual ly by m croscopic determ nati3@n of cell density. [001 11] Wth
respect to the particular foaminsul ati ons described herein, it is

i nportant that conditions of m xing, tenperature and pressure are adjusted
to prexaspl@iuni formfoam structure conprising very small or mcrocellular
bubbles wth a narrow size distribution evenly distributed within the
polymer matrix, in order to ensure maxi num conpressive strength, thernal

per f onanRee &b leCaTBt&RS Piye 1Cik erpPvIdesi WItARCEhret |aer Earsosiahi on when

subj ected to high external pressures and pressures. Al so, when extruding

bl own PFRGFIPRSOPENOARS fesarPedRAvealit cCaMACtioBati iy ept eSURPEFNGA i | t he
pol ymepr@¥idnSpidtectfort 134Rr ) 4H 8dnéf0d 1dydr Aehdd t69dt FheldiBePi pe may be
acconpl i shed using an annul'ar crosshead die attached to the thermnal

i nsul gine#, stichutes suifasegblagifdand iskeanes,, thagt ani optgidse didmAtes qfri or - appl i ed
corrosi r QR r ti o] ion system is
conve?gg%@h%fﬁ}gr“%@fékﬁ%géIogtllociwnllnf hyj?%%@{:eo?/ce{&lé ng%)ﬁ&%é%‘ﬁ ?(?tg surface of the
pi pe hympierstuee af 200€Caammilibpraydteatedrwithg <aBao t#ertmbD0imsutlitkon into a

tubul ar profile around the conveyed pipe. [001 13 ternafively, the
ther mi VA 6F £616R BRAyeH aBAF TR 8 78 A HHS I GYeL LDy 1 ho
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thermal insulation is extruded in the formof a sheet or tape which is then
wr apper -d-80RAM YT Feof pihighjenpertEs sarqified sApiane-Baltifber of waps to
achi evpt BRdECBEoNiHet BERER e i(BEHLR) hWBG BYGhPERE ABR flow rate 0.6

g/10 min) and a 6.0 +/- 1.0 mm topcoat 4 of solid polyphenylene oxide-

polystyrene blend (density 1.060 g/cm?® and melt flow rate 8 g/10 min.) at melt

temperatures of 220°C and 260°C, respectively. Extrusion of adhesive layer 3

and topcoat 4 was accomplished in sequential fashion by extruding the material

through individual sheet dies and wrapping said layers circumferentially around

the rotating pipe. The 3-layer corrosion-protection coated pipe thus produced

was cooled to room temperature and tested for the properties noted in Table 2.

Example 2

[00121] The corrosion-protected pipe produced in Example 1 was further
coated with a 20.0 +/- 1.0mm layer 6 of the same solid polyphenylene oxide-
polystyrene blend (degree of foaming = 0%) of topcoat 4 using an extruder
equipped with a sheet die by preheating the outer surface of said corrosion-
protected pipe to a temperature of around 220°C, and wrapping the
polyphenylene oxide-polystyrene blend at a melt temperature of 260°C on top
of the preheated outer surface. The insulated pipe thus produced was tested for

the properties noted in Table 3.



hence, performance. The individually wapped |ayers are fused together by
virtue of the nolten state of the material being extruded. It nay al so be
necessar ywoaomvmbssat the outer surface of the previous PaysrA20@/0NBET €
proper adhesion of any subsequent |ayer. [00114] The application of thernmal
insulation by the side-wap technidBe may involve wapping the pipe as it
is simultaneously rotated and conveyed forwardly along its |ongitudi nal
axis, as described above. It may al so involve the application of a

pre- epksmpedst ape using rotating heads while the pipe is conveyed

| ongi tudinally but not rotated. In this particular case, the w nding angle
of the thermal insulation layers can be adjusted by varying the speed of

pi pe gpezgnt | Oer@etHeO&thngbﬂfHeddké QebieMIEQEMBYe 2atlyé BErrbbRdN
rotati onal speed o r the rotating heads. The tape nay be wound
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resi st ance order to avo ncreasi fn m cs.
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corr oy mmuﬁ%ﬁﬁtlhwadtépwxyﬂénesyﬁideﬁ’ﬁd andh pdigetheemal démsyy atdaen | ayer, or
bet ween IEdIVI ual_thermal i1nsuylatio yers, this. can be acconplished
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wher elyy<eBtld for! AKGsroBdhsel Mstéamtmoneoywea ve and therrral i nsul ation
| ayers are appliedsinultaneously. The outer protective topcoat, if

necessary, nmay be simlarly applied. Pipe Joint Insulation System
Example 4

[00123] Using the coating procedure of Example 2, the insulated pipe of
Example 2 was further coated with a 30.0 +/- 1.0 mm layer 8 of solid high
impact polystyrene (density 1.050 g/cm?, degree of foaming 0%, and melt flow
index 5.0 g/10 min) and an outer 5.0 +/- 1.0 mm. layer 7 of the solid high
impact polystyrene modified with polyethylene of Example 3. The coated pipe

thus produced was tested for the properties noted in Table 3.
Example 5

[00124] Using the coating procedure of Example 2, the insulated pipe of
Example 2 was further coated with a 30.0 +/- 1.0 mm layer 8 of the high
impact polystyrene of Example 4 foamed to a density of 0.900 g/cm?® (degree
of foaming = 15%) using 0.75% by weight of an endothermic chemical foaming
agent, this foamed layer being further coated with an outer 5.0 +/- 1.0 mm.
layer 7 of solid high impact polystyrene of Example 4 modified with styrene-
ethylene/butylene-styrene rubber. The coated pipe thus produced was tested

for the properties noted in Table 3.

Example 6



[001 16] The pipe joint insulation systemreferred to in Figure 10
conprises a high tenperature resistant thernoplastic insulation |ayer 13,

i denti calworosvaebisar in composition to the thermal i nsulpatricaodsapers3 or

| ayers, and which is bondable to the corrosion protection |ayer or system
15, the existing thermal insul atieB4l-ayer, or |ayers, 6, and the topcoat 7.
[001 17] The pipe joint insulation systemalso conprises a corrosion
protection |ayer 15, which nmay have a single or multi-layer structure.

Pref e[goa26] t heTREIHADsIh-PF&teeedd Pipel goRILCES isiEXah#ie ar bidaithbaal to the
corrosion protection |layers and systens descri bed above in connection with

Fi gur e madified styrgneaRalgit anhydidde sppekinesr adhste PBA RodyRitenyienfy

conpr ol ch;lﬁ'_%ﬂ i SE Hinke i ed

di rec??y t%&ﬁ@@ ??%fm nt a\g?veéa o(gtéﬂg\rl@){ge §gpp’gpp§|2|g? '?'(gn ??ﬁ;egr

appl i oﬁmgdmtanf\peﬂwummalenswrﬁuyndomiel rasbérf;edopolb/ageémsadr[m&e (B3nsTiye pi pe j oi nt

i nsul at | Vi Y, plied.b ect | tg a nDuId
dosi ghetrd 8/ Tonepin el pRR P oL f b PO ThEs PR odVst Bt T

pr ocesslidgobphenyicprsoxiged mllybr@;wlémmcbablymrt hlesae (deasity 0. sz)l y t he

t her mal |nsulat|on %ayer or | ayers, ﬁgﬂls im]ar _or identical gsition.

[ 00119]C"MRe 9BRIRE P W‘Pﬁsflfl%("if@ﬁ‘dc'@ qwirgte AR Bél%ﬁﬁméadéfl & foaned

Oor as.an 1U@fn%n%9eﬁ 8l dﬂbolﬁiﬁ‘fﬂ%@% EQ&&amerT(fa@new@e@@z gY@ N rri et
illustrated way o I'ow ng exanples and with references to Figures

1- 10. Esawmpld@xp 9m/tlﬂ|r§'réxf@ﬁm@ ko graasIsity qfeO ZSpg/ﬁﬁ&/(%eﬂnq h a three
ey o SEAhTRPLODA R AU 198 SRLIGY R B IERAIHRAN QORI FERAREEL L op e L

Fi gure risrn corr SIO rotec ive |layer 3
and aageptdais fbamél'mmysiré:@ng further coated with an outer 5.0 +/- 1.0 mm
layer 7 of the solid polypropylene copolymer. The insulated pipe thus produced

was tested for the properties noted in Table 3.

Example 7

[00126] The corrosion-protected pipe produced in Example 1 but without
the modified styrene-maleic anhydride copolymer adhesive and polyphenylene
oxide-polystyrene blend topcoat was coated with a 0.300 +/- 0.200 mm layer
of high temperature maleic anhydride modified polyolefin adhesive (density
0.950 g/cm3, degree of foaming of 0%, and melt flow index 1.0 g/10 min.), a
30.0 +/- 1.0mm. layer 6 of the solid polypropylene of Example 6 and a 30.0
+/- 1.0 mm layer 8 of solid polybutylene (density 0.930 g/cm3, degree of
foaming of 0% and melt flow index 0.4 g/10 min). The insulated pipe thus
produced was tested for the properties noted in Table 3.



pipe I 1 which was surface-blasted and cl eaned, had an outside di aneter of
140mm and wal | thickness of 10nm The pipe 1 was pre-heated to a

t enrper at we 20f0/@030C and spray-coated with a 0.300 +/- @cI@X2oowmhnissk | ayer
2 of fusion bonded high tenperature epoxy powder (density 1400 +/- 100
g/l), followed imediately by the-&%trusion on top of the epoxy of a 0.300
+/- 0.200 nm | ayer 3 of a high tenperature nodified styrene-naleic
anhydri de copol yner adhesive (density 1.060 g/cm 3 and nelt flowrate 0.6
g/ 10 gkgppas a 6.0 +/- 1.0 nmtopcoat 4 of solid pol yphenyl ene

oxi depol ystyrene blend (density 1.060 g/cm 3 and nelt flow rate 8 g/10
mn.) at nelt tenperatures of 2200C and 2600C, respectively. Extrusion of

adhesyo@12@gyer IFhandbriapsopirotkctds pascpratlicebiad Bxanssiaueshit litHoashi on by
extruding the material through individual sheet dies and w apping said

| ayer $heipolffeaytans axidg-pelysivaene blanst tancegt W pdurthpe cgateghwith a

COr I 0SihoM-pr. gt o) ' i b

oo ot - 2L OBy EPR SFs P Bol BURAACHEBHSMAY. £APRIEY" 2igRE ¢

[ 0012 fadmeingpof 0%%,canprutietowdnpeps.praddQovih)i andca a0 et /& W@smfrur t her

coated w t 20.0 +/- 1. Omm | 6 of th |4 I I

oyt oIy of she sBmin oy fPbat Baafing Ceddiof s SR CEeE S

extr U@_elfomuitgop:teﬂ%jW)_t\ksi@% QhE‘E{ byiweight pf eh;éaidionigertghﬁe mgtémtalsﬂgeﬁang of saih d

corrosionprotecte I pe to . a tenperature of aroun \ Wr appi ng t

pol ypﬁéﬁ?ﬁeﬁﬁ‘és raggb%e}ysq@pgﬁg%p@ﬁaatﬁd Witheart O Baﬂfr g'rbo'f“”%gglc gn tgp

of theyRirepeatefd QHéﬁﬁoél‘d_&fi@%@lye@'@& él@§tﬂrﬂé@@dé¥\s@§ U] Lg/&ﬁmsﬁ@ was tested
d in Table 3 . Exa 3 [001

il
for the properties note _ . mpl e 22] ing the coating
pr oceduele figas ndened 5i o 10xamp) 8 ', insHatedPirss tyss produced was tested for

the properties noted in Table 3.
Example 9

[00128] The corrosion-protected pipe produced in Example 1 but without
the polyphenylene oxide-polystyrene blend topcoat was further coated with a
30.0 +/- 1.0mm layer 6 of the solid polycarbonate of Example 8, a 5 mm layer
9 of the modified styrene-maleic anhydride copolymer of Example 1, a 30.0 +/-
1.0 mm layer 8 of the foamed polypropylene copolymer of Example 6 and an
outer 5.0 +/- 1.0 mm. layer 7 of the solid polypropylene copolymer of Example
6.

Example 10

[00129] Using the coating procedure of Example 2, the insulated pipe of
Example 3 without the outer layer was further coated with a 30.0 +/- 1.0 mm
layer 8 of the polyphenylene oxide-polystyrene blend of Example 1 foamed to a
density of 0.850 g/cm?’ (degree of foaming = 20%) using 0.75% by weight of
an endothermic chemical foaming agent, this foamed layer being further coated
with an outer 5.0 +/- 1.0 mm. layer 7 of the solid high impact polystyrene
modified with polyethylene of Example 3. The coated pipe thus produced was
tested for the properties noted in Table 3.



protected pipe produced ip Exanple 1 was further coated with a 30.0 +/- 1.0
mm | ayer 6 of the pol yphenyl ene ox' de-pol ystyrene bl end of Exanple 1 foaned
t o a derwDt2g1009539945 g/ cm 3 (degree of foam ng = 10% POTIOAQ0®/06UsBY

wei ght of an endot herm c chem cal foam ng agent, and an outer 5.0 +/- 1.0
nrrh-4ayer 7 of solid high inpact -p6él-ystyrene nodified with pol yet hyl ene
(density 1.020 g/cm 3 and nelt flow index 4.0 g/10 mn.). The insul ated

pi pe thus produced was tested for the properties noted in Table 3. Exanple
4 [O00EX3npusitng the coating procedure of Exanple 2, the insulated pipe of
Example 2 was further coated with a 30.0 +/- 1.0 nmlayer 8 of solid high

i npact polystyrene (density 1.050 g/cm 3, degree of foam ng 0% and nelt

fl ow [@GH30]5. 0 g1 Pimnienatits 8Npipiét @bripsntprotéctddnand ireytdted &3f the solid
hi gh I mpact (g styrene nodified with polyethylene of Exanple 3. The coated
Hu

p| pe €BESbR MRS 3y drePuthvelgrd 6?‘6&&?”%sthﬁdf‘éﬁlapﬁ‘g'l%t@% Exanpl e
[00%%<Hngq§éé¥9 p%\ﬁoegaf;td&%v%p%Mree gieeﬁé%rmé gn% oft &eH a@elt@t ed pipe of

Exanpl e further Coated with a : 1.0 mm | ayer of the high
|rrpactfaq1kﬂlajiett§nsem@ce$s Exanpl e 4 foarred to a density of 0.900 g/cm 3 (degree
of foam ng = 15% using 0.75% by wei ght of an endotherm c chem cal foam ng
agent, this foaned | ayer being further coated with an outer 5.0 +/- 1.0 mm
| ayer [00t31]sol i d\ftsrgheldingadhepuirggngtad oé the waldmpee waserhtededitivat h

;LRSS ) 5o Sh KBRS er Tl Y Rl fr ctuced v
Cor r 09I, 06 pr/ettesdednpi. pheptaddtic betweae rEtappexyl coattedwveltojeint and the

outside diameter of the insulated pipe was then filled by injecting the

polyphenylene oxide-polystyrene blend of the previous examples at a

temperature of about 250°C into a circular mould conforming to the outside

diameter of the insulated pipe. After cooling and removing the mould casing,

the moulded field joint insulation 13 thus produced was tested for the

properties noted in Table 4.



the nodified styrene-nal ei c anhydri de copol ynmer adhesive and pol yphenyl ene
oxi de- pol ystyrene bl end topcoat was coated with a 0.300 +/- 0.200 mm | ayer
of hi gh twopercesse mal ei ¢ anhydri de nodi fi ed pol yol ef i rCadhesine105densi ty
0.950 g/cnmB and nelt flowindex 1.0 g/10 mn.), a 30.0 +/- 1.0mm |ayer 6
of solid polyphenyl ene oxide - poly3# opyl ene copol ynmer blend (density 0.970
g/ cnB, degree of foamng of 0% and nelt flowrate 10.6 g/10 mn) and a
30.0 +/- 1.0 mm | ayer 8 of polypropyl ene copol yner (density 0.902 g/cnB and
melt flow index 0.9 g/10 mn) foaned to a density of 0.750 g/cnB (degree of
foam ng = 23% using 1% by wei ght of an endotherm c chem cal foam ng agent,
this foaned | ayer being further coated with an outer 5.0 +/- 1.0 nm | ayer 7
of the solid polypropyl ene copol yyaBLETRe i nsul ated pi pe thus produced was
tested for the properties noted in Table 3 . Exanple 7 [00126] The

cor r gst-on—protect-ge—pi-pe_produced—i-n-Exapple 1 but_—wit-hout i ed
styrdne-nal ei ¢ an 1i%‘%’opol yner adhlesTH2Y MWyphen%éN@LE 1
oxi de- pol ystyrene bl end topcoat was coated with a 0.300 +/- 0.200 mm | ayer
of hi|@EHEARNPERENGIHe(EpakeiLeyarthydr | de npdintéred methyol ¢f i n adhesi ve (density
0. 950 AgiheniBe LdegrBeMik foanmi ng of 0% jand nmelt flow index 1.0 g/10 nin.), a
30.0 {+/- 1.0mm Iayer 6 of the solid polypropylene off Exanple 6 and ja 30.0

+/ - I ' tyter ; 930—¢gfcn;—degree of
f oaming, Q£ﬁngﬁﬁg ng?"%?r%3ffaﬁigyo 4 qugﬁéPMé#ﬁﬁi |nsula?§ﬁ pi pe |t hus
pr oduce g tested for the properties noted in Tabl e 3. Exanple 8 [00127]
The rrosion-protected pipe produced in Exanmple 1_but wi thout the

aysr / 3@
pol yg @(Eﬁgﬁt@;?ﬁfﬁé’%%@?%hé ¥Wren@ to zﬁ%%ﬂo%zfgur t Wefaggb@@t;‘ggcw thh a

< 20 mm after 90
days @ 150°C




20.0 +/ -

1. 0mm

degree of foam ng of
1.0 mm | ayeroBy/mdssthe same pol yca rbonate foanmed to a densidazo@fooins®50 g/ cm

3 (degree of f
f oam ng agent,
1.0 mm | ayer

oam ng

0%

| ayer 6 of solid polycarbonate (density 1.190 g/cm 3,
and nelt flowindex 3.5 g/10 mn) and a 30.0 +/-

12% wusing 0.5% by wei ght of an endotherm c chem cal

this foaned | ayer beBng further coated with an outer 5.0 +/-

7 of solid thernoplastic polyester el astoner
g/cm3 and nelt flow index 0.5 g/10 mn.).

was t NBIE Bor the properties noted in Table 3. Exanple 9 [00128] The
corrosi on-protected pi pe produced in Exanple 1 but w thout the

(density 1.160
The insul ated pi pe thus produced

pol y pherspeRive [0XFe0E~ PRkidty] GNGa o EasRPE Ao VSt Pelavb B Btwmbeln 2
30.0 +/- 1.0nmteayexr |6 of the solild poI ycar bonat e Exanple B, a 5 nm
| ayer 9 of the nodif egns§,gt¥ggqggna hy¢ r;de copol ynmer of applel 1, a
) | L 6 ]
30.0|+/- 1.0 nmlayef S of the foa dwa cinyﬁr opy| ene=eopalsyser gésy“ ¢Anpl e 6
and an outer 5.0 +/-{1.0 mm |ayer| 7 of t he sol i depoPypriewpyd ene copol yner
of Exanple 6. [Exanple 10 [00129] Usi ng the coating pro:edure of Exanpl e 2,
the I ng‘a*yﬁl@'d pl pe 01 SOBS% len Ide\M @Egoﬁyﬁ{t!gey@qt Prsfrlrlig el hlmpact EoprFrFeeng‘Ienecoat ed
withfa 30.0 +/{- 1.0 pm | ayer S of |the pol yphenyl eneyrax &@ el yStyeene| bl end
of Exanple 1 floamed to a densi ty of 0.850 g/cm 3 (degree of fo&iﬁmj”e 20%
usi ng 0. 75% by| wei ght of an endothernic chem cal foani png agent, Y#is foaned
| ayer_bei n%f rther coated with an outer 5.0 +/1 1.0 nm layer 7 of the
sol i d hTgHLT npat? *Pol yst yrée nodilfied vi*th pol yet'fifl ene B¢ Exanpie 3 . The
coat ed pipe thus produced was
THERMAL IS0 8301 0.180 +/- 5% 0.165 +/- 5% 0.160 +/- 0.140 +/- 0.200 +/-
CONDUCTIVITY, 5% 5% 5%
W/mk
UNIAXIAL ISO 50 +/- 10 40 +/- 10 30 +/- 10 20 +/- 10 50 +/- 10
COMPRESSIVE 604.2
STRENGTH,
MPa
TRIAXIAL InSpec 1- > 2,000 > 1,600 > 1,500 > 1000 > 1,500
COMPRESSIVE 1-4-
MODULUS at 140/SP01
90°C, MPa
TRIAXIAL InSpec 1- < 1.5 <4 < 1.5 < 2.5 < 1.5
COMPRESSIVE 1-4-
CREEP 140/SP01
RESISTANCE,
% after 20
years at 90°C
and 5Mpa.
FLEXURAL 1SO 178 2,500 +/- 200 2,100 +/- 200 1600 +/- 1300 +/- 1600 +/-
MODULUS at 200 200 200
2% deflection,
MPa




tested for the properties noted in Table 3. Exanple 11 [00130] Two 12m

| engt hs of pipe,
3, were bwotowelogssd end-to-end,
previously cut away fromthe steel

this

conformng to the outside dianeter of the insulated pipe.
removi ng the nmoul d casi ng,

process.

[00131] After welding?-the bare netal
coated with a fusion bonded epoxy corrosion protection |ayer
approxi mate thickness 0.500 +/- 0.300 nm The cavity between the epoxy
coated weld joint and the outside diameter of the insulated pipe was then
filled by injecting the polyphenyl ene oxide-pol ystyrene bl end of the
previ FABLEK 3Nt EstiAued)t enperature of about 2500C into a circular nould

t he nmoul ded field joint

corrosion protected and insul ated as descri bed in Exanple
the insul ating coating raTiaago@@eNs3
at the end of each pipe to facilitate

of the weld area was

15 of

After cooling and
i nsul ation 13 thus

produced was tested for the properties noted in Table 4. TABLE 2TABLE 3TABLE

3 (G nriggﬂﬁ)TABLE 4What is clained is: 1. An insul ated hi gh-tenperature
transp8FYTCOnduiverdosr |USEnTd1 DFFESOT e, BHRERK wabep: ﬁn /i effivent $AMPHe | condui t
conprising : (ja) a continuous|steel pipe nade up ‘of Jne or nDre plpe
! ) _
sect ons, Wher ernt he (&n?u?a |onp Waﬁ%suptlon a'ansaalagi%n (?nsulat'on Insulatlo (Insul ur f ace,
and (b) a first |ayer |olayd-ider ralayet BSUl akyje0sy pPr QMb-ded r8) L%feér} surface
of the steel pi pe, wherein the first Iayer of, therna |nsulat|on is
conpri seda@in a hi gh tenpemhat ur e st stantict hermepiasteahaving:Lew+t her mal
conducti Vfty, |high theﬁﬁﬁﬁﬂ$bfﬁ§mﬁﬁg pEYHYe hirghresnpressrie —rrergth and
hi gh| conpressijve creep resistance. The i nsul at ed transporbwggmdU|t
. . . blen
according to c¢laim1, \wherein|the flrst
DENSITY, 1SO 845 750 9500 930 1200 1050 850
kg/m?
THERMAL ISO 8301 0.180 +/- 0.220 +/- 0.190 +/- 0.190 +/- 0.170 +/- 0.150 +/-
CONDUCTIVITY, 5% 5% 5% 5% 5% 5%
W/mk
UNIAXIAL 1SO 604.2 15 +/-5 30 +/- 10 30 +/- 10 80 +/- 10 60 +/- 10 30 +/- 10
COMPRESSIVE
STRENGTH,
MPa
TRIAXIAL InSpec 1-1- > 500 > 700 > 400 > 2,000 > 1,200 >1,200
COMPRESSIVE 4-140/5P01
MODULUS at
90°C, MPa
TRIAXIAL InSpec 1-1- < 10 <2 <2 < 1.5 <5 <7
COMPRESSIVE 4-140/SP01
CREEP
RESISTANCE,
% after 20
years at 90°C
and 5Mpa.
FLEXURAL 1SO 178 800 +/- 100 1100 +/- 650 +/- 100 2,300 +/- 1,900 +/- 1,700 +/-
MODULUS at 100 200 200 200
2% deflection,
MPa




thermal insulation layer is solid. 3. The insulated transport conduit
according to claiml1l, wherein the first thermal insulation |ayer is a bl own
f oam or aweywntozobise f oam having a degree of foam ng of ®epTiCA20dM010550% 4 .
The insul ated hi gh-tenperature transport conduit according to claim 3,
wherein the degree of foamng of tH@8-first thermal insulation layer is from
5- 30% 5. The insulated high-tenperature transport conduit according to
claim4, wherein the degree of foaming of the first thermal insulation

| ayer is from10- 25% 6 . The insul ated hi gh-tenperature transport conduit
according to one or nore of the preceding clains, wherein the first thernmal
insulation layer has one or nore g{gipg foll owi ng properties: high
conpressive creep resistance at hi g%er tenperatures (<7 %triaxial); high
conpressive -nmodulus (>1000 MPa); high conpressive strength (>25 MPa,

uni axial): | ow t RROBERTSnductivity (<IESGMETHAP; | hEXAMRIES tler m

{ enper aHERMANCORSLNH AFRaRidiY, 133, 130CKS0%s0TNe THSBhaath /- .
hi gh{tenperature transport conduit according to clalm®6, erein the first
thermal insul ati on WAY&r has all of spid properties. 8. Sthe insul ated

hi gh;t eneEAR STRENGIAS D Wlat@@dNtlitd accor Bago3o ong of gore of |t he

precedi ng cl ai . Wher ei e high tenperature resjstant thernoplastic is
sel ect ed frofirﬂsgf?goatj‘a r@’#@ﬁbers of the group conprising : polycarbonate;

pol yphengHeAR SORENETHHOhsdt@myl 2lee Oxl Oieehlaemda@dawi th > 5

Corrosion Protection Layer 15), MPa

CATHODIC DISBONDMENT (Corrosion CAN/CSA- < 8 mm after
30 days @ 95°C

Protection Layer 15 to Steel Pipe 1), mm Z245.20-06

12.8 < 20 mm after

90 days @
150°C




pol ypr opyl ene, polystyrene or pol yam de; pol ycarbonate bl ended with

pol ybutyl ene terephthal ate, polyethylene terephthalate, acrylonitrile

but adi enewetgroamessoacryl onitrile styrene acryl ate, or pecCystarervionie;

pol yam des, including polyam de 12 and 612 and el astoners thereof;

pol ynet hyl pentene and bl ends therébf; cyclic ol efin copolyners and bl ends
thereof; and, partially crosslinked thernoplastic elastoners, also known as
t her nopl astic vul cani zates or dynami cally vul cani zed el astoners. 9. The

i Nsuh@&faeGs Riz@etiggper ature transport conduit according to claim$8, wherein
the high tenperature resistant thernoplastic is selected fromthe group
conpri sing pol yphenyl ene oxi de and pol yphenyl ene oxi de bl ended with

pol ypropyhgn VA ' i b gh- t enper at ur e
D o2 A B B K R e i

r esi degmwvatae envipdaents,itheswingleitecbrhpgsinghe group conpri si ng bl ends of

pol yphenyl ene oxi de with pol ystyrene, and pol yphenyl ene

oxi de- pol ypropyl ene. 11. The insul ated hi gh-tenperature transport conduit
acco(#l ngatcontihabos SteaMpipe inmadeep hif ginet @npriratpipe seesorss, avtierelrer mopl asti ¢
is selected fromthe %réoug conpri si ng,r&ol ycarbonat e and pol ycar bonate

bl enEREIStRe! RIRSONGH AP AWRE SYERED RIAATRINEEr 5HMASPHPNEne t er epht hal at e,
acrylonitrile butadi ene styrene, acrylonitrile styrene acrylate, or

pol yetherim de. 12. The insul ated high-tenperature transport conduit
accofhll ngatfisslayepof fbewnakinsHationa@yidry evel Me owiesseirecer thegh

tenp resi eI ' i5at; ReR%GMRPHIMR I N the

angoL B YT Bte SR AP B B induhiG s SO REBLPIbR 50 Wik

13. Wrepergutatedstangibherenpeieatiahe vinmglesp trernea) apmidu ctieityyr bighg t o one or
thermal softening point, high compressive strength and high compressive creep

resistance.

2. The insulated transport conduit according to claim 1, wherein the first

thermal insulation layer is solid.

3. The insulated transport conduit according to claim 1, wherein the first
thermal insulation layer is a blown foam or a syntactic foam having a degree of

foaming of up to about 50%.

4, The insulated high-temperature transport conduit according to claim 3,
wherein the degree of foaming of the first thermal insulation layer is from 5-
30%.

5. The insulated high-temperature transport conduit according to claim 4,
wherein the degree of foaming of the first thermal insulation layer is from 10-
25%.

6. The insulated high-temperature transport conduit according to one or
more of the preceding claims, wherein the first thermal insulation layer has one

or more of the following properties:



nore of the preceding clains, further conprising a corrosion protection
coating directly applied to the outer surface of the steel pipe and bonded
t her et 0o, woaoLwdessbyi ng the first thermal insulation | apemr/CcARd09/00INS3

i nsul ated high-tenperature transport conduit according to claim 13, wherein
the corrosion protection coating-édnaprises a |layer of cured epoxy or

nodi fi ed epoxy. 15. The insul ated hi gh-tenperature transport conduit
according to claim 13, wherein the corrosion protection coating conprises

an epoxy Riyen@rnpresdived yreepareliitehce anhigher dempepatWee <ueh as a
styrene-nmal ei ¢ anhydri de copol ynmer bl ended with
acr yfrémiiehi | e- but adi ene-styrene (ABS), pol yphenyl ene sul phi de,

pol yphenyhgﬂ,ec(g%bpéswe R gglob@q\hmgi;ng modi fi ed versions and bl ends
thereof. 16. The Insulated high-tenperat'ure transport conduit according to
one or nohighotorppeessivelsireagthne?eiMPa Henigxiglt thermal insul ation |ayer is

in direct H)é/\?QIInc?r%?IV}@&n%utcB@it?gUO%er\‘/Vﬂ'ER ection coating and directly

adhered thereto, the corrosion protection’ coating having been treated by
pl asma or highr, doag derso hangerpturerwitlostappl dapabiliop (ofl 30RE)f i r st t her mal
insulation layer.17. The insul ated hi gh-tenperature transport conduit
according to one or nore of the preceding clains, wherein the corrosion

prot gct i omhe Q@ iBe:CRIGPL tesBBetUtd tankpy @I cHRILItOSERNd PG hingB, SYysSt em
applied to the outer surface of the steel pipe and underlying the first

t her WerereiRstitiedfinss sheaypel insylzéios; 1Ay ehbasgi!tqf 924 8FORYITIESsi on prot ect i on
system conprises: (a) a layer of said cured epoxy or nodified epoxy
directly applied to the outer surface of the steel pipe and bonded thereto;
and Bb) aTherigsulatidtebighetarperataphiiandpditreanduit accordimgctor e ioon prot ecti on

more of the preceding claims, wherein the high temperature resistant
thermoplastic is selected from one or more members of the group comprising:
polycarbonate; polyphenylene oxide; polyphenylene oxide biended with
polypropylene, polystyrene or polyamide; polycarbonate blended with
polybutylene terephthalate, polyethylene terephthalate, acrylonitrile butadiene
styrene, acrylonitrile styrene acrylate, or polyetherimide; polyamides, including
polyamide 12 and 612 and elastomers thereof; polymethylpentene and blends
thereof; cyclic olefin copolymers and blends thereof; and, partially crosslinked
thermoplastic elastomers, also known as thermoplastic vulcanizates or

dynamically vulcanized elastomers.

9. The insulated high-temperature transport conduit according to claim 8,
wherein the high temperature resistant thermoplastic is selected from the
group comprising polyphenylene oxide and polyphenylene oxide blended with

polypropylene, polystyrene or polyamide.

10. The insulated high-temperature transport conduit according to claim 9,
wherein the high temperature resistant thermoplastic is selected from the
group comprising blends of polyphenylene oxide with polystyrene, and

polyphenylene oxide-polypropylene.



| ayer and underlying the first thermal insulation |layer. 18. The insul ated
transport conduit according to claim 17, wherein the adhesive |ayer is
conpr i sedwofo0m/qessyner provided with functional groups a@od/da2ve9wgiess3mut ual
affinity for the corrosion protection |ayer and the first thermnal

insul ation layer. 19. The insul atéd-hi gh-tenperature transport conduit
according to claim17 or 18, wherein the first thermal insulation |ayer is
in direct contact with the first adhesive |ayer and is bonded thereto. 20.
The ildsul ahednsulgted bighetearhpemturanspspbricaordiuit acweaind tagclbiin@)e or nore

f clains. to 19, wh inth | ti-| i on protection system
19 ur'? M | rrrg'é‘#éﬁ @'Qg:te(‘weﬁiﬁa}‘ﬁ%ﬁsﬁs&ﬁgﬁ? H'Ilﬁr \%ﬁ%%ﬁ){?gﬁ%@ﬁﬂ&f%@cﬁé an ﬁnf oanmed
pol yges s cORiRIsird] pbfycdibidte &Rt 361y c¥fidmatd B Idrdest wRehssH @ yiawer and

bonded thereto, erein the first thermal insulation layer is in direct
cont &efePRth#Hath qly ety Ignetesephtha latep @shrlontitebulsienaetysene, 21. The

| nsubghAgh EARASHRIde SONMEL AGEAAhBENge ONe or more of claims 1-16,

wherein the corrfosion protéction coating conprises a single-layer conposite
corrosion protection coating directly applied to the outer surface of the

steel, ,pi p n ded. thereto and in direct contact with the first thernal
i nsul'&t i oﬁpgye?@ggﬁfgﬂ@h%rﬁgers%%? t[a'ngyg %o&;ﬁlg%?f@r\g’)‘ r9sP'3% %br ot ect i on
coat infgrecafmpiei m@seair@wadn@mhyrermhg,h@m t@sihesdtvee gegsmtunf ganed
polyneric material. 22. The insulated transport conduit according to one or
Tor ¢ (B MR e DagimG Rt AP MELPRIREAN Hofp?28 HEMar 300¢@P° prBeeet i ve
t opcepérmRtdrRilicBVRy dfffforhi 3.95-0 @r Wemit .nsul ation layer and form ng an
outer surface of the insul ated

13.  The insulated high-temperature transport conduit according to one or

more of the preceding claims, further comprising a corrosion protection coating

directly applied to the outer surface of the steel pipe and bonded thereto, and

underlying the first thermal insulation layer.

14. The insulated high-temperature transport conduit according to claim 13,
wherein the corrosion protection coating comprises a layer of cured epoxy or

modified epoxy.

15. The insulated high-temperature transport conduit according to claim 13,
wherein the corrosion protection coating comprises an epoxy phenolic, a
styrene-maleic anhydride copolymer such as a styrene-maleic anhydride
copolymer blended with acrylonitrile-butadiene-styrene (ABS), polyphenylene
sulphide, polyphenylene oxide or polyimide, including modified versions and

blends thereof.

16. The insulated high-temperature transport conduit according to one or
more of claims 13-15, wherein the first thermal insulation layer is in direct
contact with the corrosion protection coating and directly adhered thereto, the
corrosion protection coating having been treated by plasma or corona discharge

prior to application of the first thermal insulation layer.



transport conduit, wherein the outer protective topcoat is conprised of an
unf oaned polymeric material. 23. The insulated high-tenperature transport
condui t awoantagssbo cl aim 22, wherein the first thermlpcirsueb@tdoass| ayer
is in direct contact with the outer protective topcoat and directly adhered
thereto, the first thermal insul at44on | ayer having been treated by plasma
or corona discharge prior to application of the outer protective topcoat.
24. The insulated transport conduit according to one or nmore of clains 1 to
22, further conprising a second thermal insulation |ayer conprised of a
thermoplastic in th f%rmof a solid, a blown foamor a syntactic foam 25.
The iq%sul @d”?‘t"&ﬁ‘%‘gaﬁ “EYRBETAUER EGNSPREL €N PREZEINANkEPBE ®Tt he second

Lher imbrel orstlcabideadiiy@birhs, WABRIA RE B3I RPLYCTRELGN TBLERGA! which i

dissimlar to the high tenperature resistant ermopl astic”conprising the

fi r sccomsiseala Matitlayeoeonragien. pregectmmesysten amdldect t(atl'sqaoutercpnflu! t

accor.gdi I rei LSS . ri.c material is

sel egtggég??og%ﬁ%%é%fpﬁﬁ%%%n@%erwﬁ%gh%ﬁ,ergag#%gpagdﬁ%ﬁf@?ﬂé?y?ol id or foaned

Dol Yoty ane, g L TRAEE POLYS bt oner ol £ 0 bor vaLyr onb. and”6ross! i iced
ol ystyrene, hi | ct. po rene, nodifie g - (

gr %ar%/i al??l/ cPg%?{rﬁﬁé‘adpﬁ"éar%&flye‘?{emé’%g'e&oﬁﬁ h !rggtég,apph%qi & ng

copolthewiuser Hlreacts oftitk eleas bieessd beadealthepstdWagigei n the first thernal

i nsul ation | ayer_underlies the second thermal insulation |layer. 27. The

i nsul at ed (Pt andptet adBRBEYFHIa%RCBRPRIIGTYdIrBCONEC She rpFr@SHM pIoiRAEoR4 to 26,
wher edyertdift lihdetlyiRBdneaianthdiiesIMRbulaB8H 18l eon 1 ayers are foamed to

di fferent degrees.
18. The insulated transport conduit according to claim 17, wherein the
adhesive layer is comprised of a polymer provided with functional groups and

having a mutual affinity for the corrosion protection layer and the first thermal

insulation layer.

19.  The insulated high-temperature transport conduit according to claim 17
or 18, wherein the first thermal insulation layer is in direct contact with the first

adhesive layer and is bonded thereto.

20.  The insulated high-temperature transport conduit according to one or
more of claims 17 to 19, wherein the multi-layer corrosion protection system
further comprises:

(c) a first protective topcoat comprised of an unfoamed polymeric
material in direct contact with the first adhesive layer and bonded thereto,
wherein the first thermal insulation layer is in direct contact with the first

protective topcoat and bonded thereto.

21.  The insulated transport conduit according to one or more of claims 1-16,
wherein the corrosion protection coating comprises a single-layer composite
corrosion protection coating directly applied to the outer surface of the steel

pipe and bonded thereto and in direct contact with the first thermal insulation



28. The insulated transport conduit according to claim27, wherein the
first thermal insulation |ayer underlies the second thermal insulation

| ayer, amslowhavmp3sot he second thernal insulation | ayer ipsTiaaanehoiissa
greater degree than the first thermal insulation [ayer. 29. The insul ated
hi gh-tenperature transport condui-t45according to one or nore of clains 24 to
28, wherein the first thermal insulation |layer underlies the second thernal
insulation layer, and is in direct contact with the second thermal

i nsullagerpwHeargier trensindla-tgjier oathwitedcdrhesieh protdigiohi ¢asttingher mal i nsul ati on
| ayer__havi ng been freated b% gl asma or corona discharge prior to

appl €A 0t CHHRE ERPONEEY hef ARdPNea G 211d B8R Yrdgamed3gplymesici nsul at ed

t ranspatdris¢onduit according to one or nore of clains 24 to 28, wherein the
first and second thermal insulation |ayers are separated by a |ayer of

unf oaned polynmeric material. 31. The insul ated high-tenperature transport

condyit aggRridtng ' quate I 4 r es] i's provided

bet ween t he Ilayer t%(?tﬁan ngm%npolyﬁéﬁg'%ﬁbﬁé%rarﬁg% ﬁ#eﬂﬁ rst and second

t her PaECediBaIciaimsn fldher sotmprisirepan gitehprdtiective topcowml applied| @tdron | ayer

W th 0 r. i scharge ior. to applicatjion of the |ayer of

unf Ogﬁ%gﬁ%hﬁ;@%ﬁﬁ%@?ﬂ?ﬁi?)ferga%? "HP&%&&W&M%&& i%‘@HQ%@&?ﬁ the |ayer

of unfaaped: pehduTgrivhersih ené dutdr patettiva@pipdoaditié epnpfristhersgrond t her mal

i nsul ati on lg%&m\%z The insul ated transport conduit according to claim 30,
[

wher &MOHRE gCgt1als provi ded between the |ayer of unfoaned
polyneric material and one or both of the first and second thernal
insulation layers. 33. The insulated transport conduit according to claim
30, wHer eilRetiReulgiedhisdtteopgrttre transeprtatonduinacenties) weclaim 22,

wherein the first thermal insulation layer is in direct contact with the outer
protective topcoat and directly adhered thereto, the first thermal insulation

layer having been treated by plasma or corona discharge prior to application of

the outer protective topcoat.

24.  The insulated transport conduit according to one or more of claims 1 to
22, further comprising a second thermal insulation layer comprised of a

thermoplastic in the form of a solid, a blown foam or a syntactic foam.

25.  The insulated transport conduit according to claim 24, wherein the
second thermal insulation layer is comprised of a polymeric material which is

dissimilar to the high temperature resistant thermoplastic comprising the first

thermal insulation layer.

26.  The insulated transport conduit according to claim 25, wherein the
dissimilar polymeric material is selected from one or more members of the
group comprising: solid or foamed polypropylene homopolymer or copolymer
polybutylene, polyethylene; polystyrene, high impact polystyrene, modified

polystyrene, and crosslinked or partially crosslinked polypropylene and

14

polyethylenes, including copolymers, blends and elastomers thereof; and



34. The insulated transport conduit according to one or nore of clains
1-21, further conprising a noul ded pipe joint insulation systemdirectly
bonded t owbabtv/dobssocor r osi on protection coating system aod/dA2o®to0idser mal
insulation layer at a joint connecting two pipe sections. 35. The insul ated
transport conduit according to ctdbm 34, wherein the noul ded pi pe joint

i nsul ation systemis conprised of said high tenperature resistant
thernoplastic. 36. An insulated high-tenperature transport conduit for use
i n ovhehaihehed@eptineinesl iaByliationnanésundédiee ahdwetosotpeiraang @ (a) a
contj nupus steel pipe made up of one or nore pipe sections, wherein the

st eel"SHIZSO™MB2YeEn outer surface and an inner surface; and (b) a first |ayer
of thermal insulation provided over the outer surface of the steel pipe,
wherein the first layer of thermal insulation is a solid, a blown foamor a
synt 8¢t i cTheansWaked Gapeppiticoaduragserdipedgyenner maig qfaimseddad | ayer of
t her pal i 1L.OF) < PLOWI - l~i nsul ati on,
wher g?hv%hﬁzéﬁbgbgﬁﬂ#gﬁér&ggnta\@%ﬂig ?:r{?g[ﬁ?éq[r! %&%fssgge E‘gﬁ‘g& tg bl own foam or
a sydifferentdégarasand i s conpri sed of pol ybutylene. 37. The insul ated

hi gh-tenperature transport conduit according to claim 36, wherein both the
first and second | ayers of thermal insulation are solid.

28. The insulated transport conduit according to claim 27, wherein the first
thermal insulation fayer underlies the second thermal insulation layer, and
wherein the second thermal insulation layer is foamed to a greater degree than

the first thermal insulation layer.

29. The insulated high-temperature transport conduit according to one or
more of claims 24 to 28, wherein the first thermal insulation layer underlies the
second thermal insulation layer, and is in direct contact with the second
thermal insulation layer and directly adhered thereto, the first thermal
insulation layer having been treated by plasma or corona discharge prior to

application of the second thermal insulation layer.

30. The insulated transport conduit according to one or more of claims 24 to
28, wherein the first and second thermal insulation layers are separated by a

layer of unfoamed polymeric material.

31. The insulated high-temperature transport conduit according to claim 30,
wherein interlayer adhesion is provided between the layer of unfoamed
polymeric material and the first and second thermal insulation layers by
treating the first thermal insulation layer with plasma or corona discharge prior
to application of the layer of unfoamed polymeric material, and by plasma or
corona discharge of the layer of unfoamed polymeric material prior to

application of the second thermal insulation layer.
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32. The insulated transport conduit according to claim 30, wherein an
adhesive layer is provided between the layer of unfoamed polymeric material

and one or both of the first and second thermal insulation layers.

33. The insulated transport conduit according to claim 30, wherein the

unfoamed polymeric material is an adhesive.

34. The insulated transport conduit according to one or more of claims 1-21,
further comprising a moulded pipe joint insulation system directly bonded to
both the corrosion protection coating system and first thermal insulation layer

at a joint connecting two pipe sections.

35. The insulated transport conduit according to claim 34, wherein the
moulded pipe joint insulation system is comprised of said high temperature

resistant thermoplastic.

36. Aninsulated high-temperature transport conduit for use in offshore,

deep water environments, the conduit comprising:

(a) a continuous steel pipe made up of one or more pipe sections, wherein

the steel pipe has an outer surface and an inner surface; and

(b) a first layer of thermal insulation provided over the outer surface of the
steel pipe, wherein the first layer of thermal insulation is a solid, a blown foam

or a syntactic foam and is comprised of polypropylene; and

(c) a second layer of thermal insulation provided over the first layer of
thermal insulation, wherein the second layer of thermal insulation is a solid, a

blown foam or a syntactic foam and is comprised of polybutylene.

37. The insulated high-temperature transport conduit according to claim 36,

wherein both the first and second layers of thermal insulation are solid.



