- 1 - H GH TEMPERATURE RESI STANT | NSULATI ON FOR PI PE FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates to polyneric conpositions for

i nsul at i nﬁ’ﬂom/‘ﬁ”é‘ﬁd/ or gas transport conduits, transporRCHEAQP/PYLOSS
insulated with these conpositions, and nethods for the production and
application thereof. Mre particul arlly, t he pol yneric 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

i nsul ation om 1 SePbl and gas
pi pelines. B NVENT b?g%éi ng demand in

the oil and gas industry for higher performance thernmal coatings to
insulate and protect off-shore transport conduits operating at tenperatures
of 13%LBrO%ﬁMV$MTMer dept hs above 1,000 netres. In order to

mai ntain the conduit at the required operating tenperatures at these
depths, the coatings nust have | ow thermal conductivity to prevent the

f or matlPOA1bf hyditee present inksrdion relatasoidl poly srasicoes meopitipisifgr ef fi ci ency of

the flLuid_ ip.t J [ VI n. ..decreased
t hr oudhéggdﬁ?nfgﬁ ? %@ﬁzgﬁb?ﬁgﬁ%ﬁ?g{n@%‘%@&g%géd’éé# é%ﬁéwﬁ%?nrrsfa#éetﬁe?g\&'stﬂused in
t hi s appée catripositiorns, andsmethkbdddfdr theghrosiokctioniargl poplidatiom dieréder mal
stability, and high conpressive creep. resistange in order to withstand the
oper atiorg: pefulari B8 B Ryfr D BSPoRS Lbaits ke efhd erdan coating i n
deep wWahedrigd RRH feshBélRbFHORSsistdht RRem 8plakties PRYIMOIRY Bf&hya strength, the
insulation wi || be conpressed in thickness, thereby increasing thermnal
conducongueljviinahight idermp! satteaingRging mndaiight gMPrRSSivE C'88@ hydr odynami ¢
per f OrBREM @ rdrAReSHSHEn et inddiation IR 3Rl NGs HARSEAL | ng remain
sufficiently ductile after application to the condurt to prevent cracking
duri ngonduits-sushs dihnddigas pipelinest al | ati on, for exanple during reeling
onto a |l ay barge and subsequent depl oynent therefrom [0003]Milti-phase
fluid flowis common in subsea fluid transport conduits, such as flowines
and r iBRECKGROWHNDRIMTHBAMNMENITON such systens are the formation of

gas-wat er hydrates and the deposition of wax. Both of these phenonena are
related to the tenperature of the fluid, and in extrene cases the conduit
can bg0002] severmiaredonsdrebsingdd@mnanuaen the atkatd gabiisdustry fsmhigaer| ead to

reduced or lost production. In particularly seriqus cases this may lead to
the n@é’apqrmw tesmal cppBRgs 8¢ el Aed mmiq@?%@% ERESAPTh _

cor r espARAitabJePa8n§lat 28 Afferkflres - of YR loriMgHAlihAlatle? dépels hBoPE OVi de
controlled energy I10ss fromthe systemeither in steady state condition or

i n t hd,888angtrep] dnrnedeand manseianthedcandippagthaneauired epgradingdi de a

B e

xternal " T nsulat'i on, ani ca as e
r equi rtemeevenptiar &utnuatidrhef mpdhehes cald wades hlieatwbujtecérmpnamisee of t her nal

i nsul ation systens norimal ly .increase wth ter dept h. C t he
Lt adi AN SISO aie Y g Barrerattnol ugreide SincbREv S gRE% s and
t he agamdlepidedraeiddihranghtresiningthedohoahes sonrye ROGuibed dpglécatie to
deep-wat er _projects. In cases of |ong pipe tiebacks, for exanple
subsedPetsrisdnsiet ieshisaprlkagonmugs alsovher it figh seftening peeh@hure | s
above ABANSKLIIRYY ahalfigh!dehs-R¥e! crlbpirkaistafie M éfief ubivabhstbRannol ogy
that nmay hinder the succéssful devel opnent of offshore, deep water oil or
gas fitBedwperp0093pmpeareatires extthby digiseati¢ pudssdees PAGN Opi the ewiting ions,
typ! C‘%,ele% \Xy‘afé} 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



insulation requirenents in the heat transfer coefficient range of 3 - 5
WnR K, using polypropylene foam or polyurethane foamas the insulant, and
so- cal | eWOIBYLOFOpi pe syst ems wherein a second pi pe sHGEAMEL MU pri mary
condui t, the annulus between the two pipes being filled with an insulating
material. - 3 - Relatively high 2hermal conductivity of known insulating
systens, necessitating excessively thick coatings to achieve the required

i nsul ation performance, leading to potential difficulties in foam

pr ocegsipe pndiiog emd iistalkgioes for ekamedd dudhgseeting ondd ff lay Hargesrdur i ng pi pe

depl o nt sea-bed . ility. Insufficient resistance to
j[errpe%ltgfsﬁﬂggﬁga&}@em%thggé'ﬁ&ﬂ'ng i n conpression and creep resistance
issues in high tenperature installations at high water depths. Excessive
costs to pogr . material.caost ver er.for : LLjties or high
Rt SO o A8 W G e D M

di saduaiurge suvh B fRVerdsnarkil piee sy sTasmMdirecoocards ghisuthclstesns eaeli ng t o
buckl ing and wel d failur

( e |f not properly addressed, an he_ need for high
o' PR/ B Rr 645g it e Y AGFtS BN 0G0 oA ST AT P papyos TERe- based

i nsul & & QImaNS aPEFeRtEE kOTRE thmpePhRIrBdfitABFLiFUShY dRkkaRMO caddld
2009/079784 Al by Jackson et al. (incorporated herein by reference inits

ent i réteygorphal Fare berpmevary erabr erilstpeler?merrit bFKRdk dih I R4 &% on

Syst ejig 43l r%'%f:?& 'oﬁgogteﬁ%‘aﬁ?#iﬂﬁ?%n%rﬁ:ﬁu?&?&“ﬁe%a%%% RRlYiREYr ene- based
systens generalTy have Tnsufficient resistance to tenperatures above 130C

[ 0008oTtier eéed &o replace sectimns of @ipating droentingpsysiemscwidh icagesbpendinger mal

i nsul ation _an rotection of fluid and/ n ' ch as
o ot SAESBr L e hos M e aFPY T Heed B R RIIFER et U o i n
excesgoff tHSE¢stem vrher irdepialy sthty eoddifion oreihribe. caSeihianiGEd EHE | NVENTI ON
[ 0009] Thlls i nyenti on ovrg‘{)cr(‘)rreg t he apove- n%rlti oned_deficiencies through the
use ofNPIRMRFHBHIALSEEAOHIYeBY RTGY & ALEI2R ' RS IRPELEPePi or thermal and
mechani cal properties relative to existing thernoplastic insulating
materjal s _to provide the regui i i - -

[0004] P or sing}e-pipe (l)J\IN[ir?gs %Rgrrrsﬁgrs,l S&Hb%}dn%daetxttepﬁald evated 4

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:



tenperatures and hi gh hydrostatic pressures experienced in fluid and/or gas
transport conduits situated in deep water. [0010] I n one aspect, the present
i nvent i onWPr20W/ess%i nsul ati ng and protective coatings cotgi/C420690¢053 east
one thermal insulation |ayer of a high tenperature resistant thernoplastic,
cont ai ni ng gas bubbl es, and havi ng-Bhe desired properties of |ow thernal
conductivity, high thermal stability and hi gh conpressive strength at

el evat ed tenperatures and pressures. [0011]In another aspect, the present
invention [Relyticely itghl ahemgalantbripfuationyi W dodWwmgmsatitprg ssyxgemts, | east
one t her nal |nsul ation Iager of a high te erature reasta_pt t her.nopl asti c,

cont ai ni ng WSESSHRTR v REFessjyelys t'(l)'yc eFIRIRI%i &P o3 SRR DG t he

desired prGRrenhtiBa OperfOMhARES, MRleadfflUES | \Hdténtibl ghnmagt.aal ift el ty and
hi gh conpressive strength at el evate t enperat ures and Er essures. [0012]1In
[

yet anot herprasgesing, pntermeégemes wiehregdupl stieges diffisultigsi iging Pire

protective i one thermal insulation |ayer of
solid, unf chﬁ 'ﬂl g n%géa r@tsréelgl tant thernoplastic having the desired

properti es losuffaverithemmsEtacondtet ktermpygratuireh abevenll39C&bi Fesultiagd imi gh
corrpresswe stren th at g evat ed ten‘geratures and ﬁ ﬁ ﬁreg L_)g %tykl n yet
anot her asFOPPr&SKPHr 858nt CiaRPenf FHRAGIEYi BEYSY nd g PRI BES i ve
coati ngs cqmgngt.egs@& Higaséaterglepatyer of foamed or unf oaned hi gh
tenperature_ resistant thermoplastic, and at |east one other g/er of a

di ssi ni | ar fpeiey ﬁ'é’lelf@sﬁ%fjéﬁltﬂlpoqrd'ﬁﬁ’g%f‘%rco&ﬁIV§§1$'-i‘§eEerfﬂ'éW?Hﬁe Fﬁ% HUYFT ed
properties d}fhlbﬂ‘%réll?s%d@é l&r?EﬂHgﬁéd{b\t/rY'uenP'cggtst hermal stability and high

conpressi ve strength at evat e eratures and pressures. [0014]In yet
anot her as @mlpvmtmwﬁteperatmredtaa@lwaptagﬂ%whu RipgtEr-Ping syrieprsodiéet i ve

coatings cqup é@g ?ét{‘_)hsquédl Aa&{_&rknﬁ& %r‘?ﬁ”’(ﬁg dorfaMPrfeO rgﬁ?ye elly

t enper ature r er m)p eas one ot

pol ynmer of atdlﬂ'eseéﬂ: and thlesseedlfar higimprdp pinigolvatle atwethg pipehleysare or
different degree, or density, and having the desired properties of |ow

t hermal conductivity, high thermal stability and high conpressive strength

at el qopbep terrp&lfcﬁéwresh@%lﬁtw Based HLMtdn ¥pétepnpliRelosagpect, the
present i nvention Brow des a net hod of manufacturing and applying said

i nsul dnterasiemap Popbcatian Noo Y Prif0UREPEBY At byelasksemet hyer * of hi gh
t e”per@'ﬁéﬂrﬁol:ft%'dslji@r@ n Bg‘?ﬁ?@@h@é% fos ér&n@fﬂ' e%ﬁde% 'rﬁ\?@de{WerB%rrEd and

applied as a er mal ation layer ers, to't xterior of a
st eel pErpermance 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



[0016] I n yet another aspect, the present invention provides an insul ated
fluid and/or gas transport conduit, such as a high-tenperature oil and gas
pi pel i newbapiumwessPn subsea environnents, the pipeline E6EHMEA284%§1058a) a
continuous steel pipe made up of one or nore pipe sections, wherein the
steel pipe has an outer surface anfi-an inner surface; (b) a corrosion
protection systemconprising a high tenperature corrosion protection
coating bonded directly to the surface of the steel pipe and additi onal
adheséneeradire o padatigasydegstatiedireasutes @xparieneadtin dinéd bagéer ods t her nal

i nsul ati on ag&%% ed over the corrosjon protection system wherein at |east

one [tERISPORY Yt FEYHEA NHEAPMPET i s conprised of a high tenperature

resi stant thernoplastic, having |low thermal conductivity, high softening
poi nt igh thermal stabilijt hi gh.compr essi ve strength and_ hi gh

corrpr[gggélve cré@p?%ﬁ%qcéng'@,/bﬁﬁﬁfg\iﬂ?\émf@ B ARl tgﬁgﬂ?‘ [0017]In a
furt heptRR@oatinde RINSSEEhgdtvesit et pidvhslaasaatibarnapet asairdgipi pe j oi nt

protection and insulation system conprised of a {;l gh tg‘r)arg/erature resi st ant
t her repiResaiure resiskRnt tesneni3sticak@nIRMaL92s PHbbiese aRBRAYINEARE oned

i nsul pi| - Y r SRR g | Bighdtrtrn asdbigReahayagh of hi gh
tenpecfetgir%rgﬁgglpgé aﬁfrdtv%g? nop Iastl (L:]%g(m 2T1 1 0/ 009559|P iCAgg%w 001053

[ 001 &bimmpraestivetdieengtbpctievated feresenastuiasant PoRESHFreVi des i nsul at ed hi gh. -
tenperature transport conduit for use in offshore, deep water environnents,
the conduit conprising: (a) a continuous steel pipe nmade up of one or nore
pi pe [66¢1] ons, Inharaher elpest dbe pregrNthayeaion MreyidesinsdaliBgdsh i nner
surface; and (b).a first . e i DS j i .gMer the

out erpr%?c%ﬁ'c?eéoo tlr}%ec%rﬁélg{sﬂéi %telgg%gﬁée?ﬁértrhgﬁﬁ %rﬁfsétt%{ﬁa@grewgf %ﬁqﬁg}r‘rral

i nsultaigaraterec@Iptasetheamaplastyh) doanpieire bobowgxilgmant glekeomopl ast i ¢

havi ng | ow t her mal _ conduct,i vi t. i t hermal softeni i , high
conpré&§gmie NYEQsSBPRESn @A) %"'ﬁ%ﬁ?g’gﬂr&g pJPEEgt'PTSeg@L?%E@eg{H%IOO191I n a

furt hefndRepORY, AfgH HerAiRseabilityndeathign corligebsiveatstidnethalt dlesatedt i on | ayer
may be solid, or may be a blown foamor a syntactic foam having a degree of

f oani e RATaGY SR HbBIASSYO8S- The degree of foaning of the first thernal
insulation | ayer may be from 5-30% or from 10-25% 10020]1n a further
aspect of the present invention, the first thermal insulation |ayer has one

or nol0818]1 t he FoVebaneigepraspert ithe PrRpgit WYRPHEEArO¥desdBEUIPERYst ance at
hi gheg§ n%m%&:ﬂwc%étiﬁgg tc%riﬁé%ﬁ%/%g)léaﬁ!cﬁfé GRIFRIASSEVELITR) tSof( >1000 MPa) ;

hi gh conpressive stre uni axial); low thermal conductivity

( <0. 29fidvunfoainedhiigh, temprayatwenmesisipel draimonpstshavaddasairsiiad, (>1300).

The first therpal i j y € I irsahd mE[perties.
(0021ﬁ"ior?e££'?%PFﬁoeV¥ tﬁé%gt &&(;?dl{(%pg?%f @nﬁﬁ%n%tﬁgﬂl,&t he h?gh t enperat ure
resi stenprédsevanopkagth et ekvasddtemdefatomeoasd@ressuresnenbers of the group
conpri sing: polycarbonate; polyphenyl ene oxi de; pol yphenyl ene oxi de bl ended

wi th pol ypropyl ene, pol ystyrene or polyarnide; polycarbonate blended with
pol yb[aoiagne t efrepbt babtter, agpecy,aieypresent ervephiohapravidesagsylasimiari | e

but adi ene styrene, acrylonitrile styrene acryl p imcle;
pol yar ARso S EFdA Gy a RS 75 T8l S1o ks iraafsebR Hkaied”
pol ymyw&&ﬁﬁéﬁm@r@%iﬂlaﬂﬂ‘ﬂﬁeﬁdﬁ@pl@@fic, ay¢ bt teadtefrienott@poayereotaand bl ends
t hereof; and, partially crosslinked . i
dissimilar polymeric miaterial, 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 layer of



t her mopl astic el astoners, also known as thernopl astic vul cani zates or
dynam cal |y vul cani zed el astoners. [0022]In a further aspect of the present
i nvent i onWQt29&0/6(I98¥? t enper at ure resi stant thernopl asti c PET/CARWEOGEST r om

t he group conprising pol yphenyl ene oxi de and pol yphenyl ene oxi de bl ended

wi th pol ypropyl ene, pol ystyrene or -pol yani de. [0023]1n a further aspect of
the present invention,the high tenperature resistant thernoplastic is

sel ected fromthe group conprising blends of pol yphenyl ene oxide with

pol ystpolgmer ofirite palnys be riyd stmé a o x o deraattiorp fapyke e .thpGR24d bn différent her
aspect,of the present_inyentio t,he high tenperature resistant

t her noff%4ER; € B@?Be@@% awr}ﬂ,rﬂ'{q]ge F%‘i‘;%”&%% s afﬂawp%\e)'/' bonat e and
pol ycaidweinati@ith) Ripetharhidl shab by bt angh tehaekbiakaltfandtal JtatiByiteae
terephthal ate, acrylonitrile butadiene styrene, acrylonitrile styrene
acryl deaPesptyes\atchBressUERS: [ 0025] I n a further aspect of the present

i nvention/the high tenperature resistant thernoplastic has a Vicat

sof teni ng oint in the range from 130-200C and a thermal conductivity of
from d09%85D. 20 imyet UPET Iaspack therwesasbisvengpntprevislesse methadedt i on,

t he i L gh- it a r 8 GAYRLY a
corrogﬁghéﬁaﬁg%ﬂ}égggﬁ %ﬁr@éé’%?&% ?éﬂgp%qchﬂﬁ#gﬁ}/%g[néﬂﬁé? sur%gigfof t he
st eel Ipagteoraan (bylmordddgh hengtaratuned-esistiant therghndfiastid, ristextthededal i nsul ati on
| ayer, [0027]1n_a further ct of the present invention, th orrosion

pr ot ec‘ﬁtbor?azlga(?’faﬂbe cﬁﬂﬁf ?B@i&gaF ﬁy@erg}a'éﬁ?@ﬁagﬂ&‘ﬂ/ermprﬂ%ﬁrﬁ E%I%é%oxy. The
cor r osd@bripr of aadteenpipeat i ng may conprise an epoxy phenolic, polyphenyl ene
sul phi de, pol yphenyl ene oxi de or polyimnm de, including nodified versions and
bl ends thereof. s [0028]In a further aspect of the present invention, the

first [obe6]al In yet another 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.



insulation layer is in direct contact with the corrosion protection coating
and directly adhered thereto, the corrosion protection coating having been
treat ed WO 2ploa9P9or corona di scharge prior to appli caPCEEASPOHRESB| r st
thermal insulation |ayer. [0029]1n a further aspect of the present

i nvention, the corrosion protecti-dn-coating conprises a nulti-Ilayer
corrosion protection systemapplied to the outer surface of the steel pipe
and underlying the first thermal insulation |ayer, wherein the nulti-I|ayer

CO”PI(H‘B‘]' pr ot B¢ hifoRthy Hspet; aproressnt indkntiohayrevides insdldtextihaggh-epoxy or
nodi plied to the outer surface of the stteel pi pe and

di tly
bondéﬁjﬂpﬂ@tﬁf%tralé‘rﬁggmoréfjuﬂq Mt“%dﬁe%‘%f@"?a?@?p AFPE E8VEPPEENS, to t he
corr gl gﬁnm@ks&fdr&md AY§H aaéuatwu%elexeﬂgplbh&naawp dherdral maeul ation

| ayer. e adhesive layer P/ conpri sed a polymer provided with

f uncpipensectipnou pdhesgie tﬂmﬁtﬁg RiPgURARAN @Nﬁﬁhﬁ@@faﬁ%ﬁntﬂrﬁ? EBEr $87'@8Cpr ot ect i on
| ayer t.h f sul ation
I aye?naggi) 5 ﬁqs&&f& fr}[ SCt a\‘/vlI %ﬁéﬁ ? F?Vsl VggltE 6% Oiug%te?&rgﬁéérlsgtﬂt‘)@on ded

t her etel pji)30heérreia thefirstelayas pécmermfhaltuheullatleseatconmmﬁd ofha higle

mul ti-layer corrosjon rotec ste t her co a first

pr ot é%'PP@éanB%E%%{Ft%ﬁB?frEBB aé?'c geﬁ'ﬁg eiBe| uctr&ﬁ ei" %*I in direct
cont g&drrhit dbrtdHind ipb®it, Wiﬁ]ﬁébh‘@)ré@é(@é sefgbendecthighebetmresvivereeapt he first
thermal insulation |ayer 1n direct contact with the first protective

t opcoesistangebonded thereto. [0031]1n a further aspect of the present
i nvention, the corrosion protection coating conprises a si ngl e-l ayer
conposite corrosion rPr otection _coating di rectl&raaﬁ%l Eo th out er
sur f ¥ Hf t he IBtacbIrthRrRSPREH Ob 6MRISAC T 1BY BNY Std f’”’GB tact with the

fir Stlnél.ngtrlmllay}é?srﬂlagtﬂeoé’bllda36‘?'rmaWEFer £k Ao singt Q'slyﬁi{aiftlc%ﬁ”ﬁﬁ)SI te

COorrosi on rotecti o coat | ng conprises a cur ed epoxy resin, an adhesi ve and
an umfaamgaal degrgeref feamingof &p.to AROWEFEIS00H55IPETRECRDEIN00195BE 0032] I n a

furt é§t @Sﬁe q'g@%uléﬂgg fesrer% I%Vﬁ_BH gn305/h 'be?H'ﬁ)t ?cg%r ansport conduit

furt dtec |vetopcoa applied over the first
thermal insulation |ayer and formng an outer surface of the insulated

tnt oRBE ol ymrics YHRTr pehect s SHE T 4 i bhen, BREARC herRaTDl L Sen ™
i nvenhs@atioh hl@yén tisd ohd@rmabre 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



insulation layer is in direct contact with the outer protective topcoat and
directly adhered thereto, the first thermal insulation |ayer having been
treat ed bwoploaBemasxdr corona di scharge prior to applicatiPCI/OA2000@01088 er
protective topcoat. In a further aspect of the present invention, the

insul ated transport conduit further7econprises a second thermal insulation

| ayer in the formof a solid, a blowm foamor a syntactic foam The second
thermal insulation |ayer may be conprised of a polynmeric material which is
di ssi fAdrafiopi9sti®@ldt8mer&nMes arldineh bSthetrAbplashievigrasdtes oronpri sing the
first thermal insulation layer. The dissimlar polyneric material may be
sel ecte@amieatlyoyidcenizagradasimsts of the group conprising: solid or foaned
pol ypr opyl ene honopol yner or copol ynmer, pol ybutyl ene, polyethyl ene;

pol ysta/rene, hi gh i npact pol ystyrene, nodified pol st%_rene, and crosslinked
or paf@22]iy crd=4l fuikher Qﬁﬂe,ﬁproé;wem@smfdnp@w@ﬂhév% e tempeiadigy

I ; - [
noul EESTERny ShERASpRRACTs SRIEEAF i (R ERbup ot ing MBI e 11 v s
and sexiaedand eoiheanysereabkide bhlapdesd witty pbkypropyiedet potlistyrenendr degr ees,
for exag%l e the second thermal insulation |ayer nmay be foanmed to a greater

degr eBOYRANAehe first thermal insulation layer. [0034]1n a further aspect
of the present invention, the first thernmal insulation |ayer underlies the

secon rmal insulation |layer, and is in direct contact with the second
*hor mOFEIS LT ac 18,5 T asrpchior 4BF e Semondanfinb BB SE e e et PEner o

i nsul pédiomank aMeFmBpldshig iDeeecté @ aterfl th grbap Manfsrising Méndk schar ge prior to
application of the second thermal insulation Ia?&/ag{e'@ﬁ_ 10 - [0035]In a

f ur t heplvpkeaytenss oxide wita Rokysty rRshtashpolyreeny deRAUPIPRY |
insulation |ayers are separated by a |layer of unfoaned polyneric material.
[0036]in a further aspect of the Bresent invention, interlayer adhesion is

pr ovi Het wee AN ehBINthEASRICt S tBamEESHH WYsPHieNnEi@ Mg te{ARefatE s i r st and
secongd_dt:her i i t ' Ctotpﬁp dingt isul ation

I ayerﬂﬁ'%ﬁnﬁggﬁsglﬁgg?gﬁg%ééﬁ%éhgﬁrgpgto aprg%lf‘éa%(%lg‘ﬁérg?h?ﬁr?; | ayer of
unf oamnddolycarbpenste breatded with poivbbiylenatenepbthalate eolvétdyienge of the

ner it SPHEP AER et Py e {30 B Y Rl s MoBRBA SBirefR Ryl o™

i nvenbbbethanmadéesi ve | ayer is provided between the |ayer of unfoaned
polyneric material and one or both of the first and second thernal
insulation | ayers. The unfoarned polyneric material may conprise an

adhes{oeR5][ 0038Thm furthert Sspecdspadt meséheinveasienithiervightteapertherei nsul at ed
transport conduit further conprises a noul ded. p\!ﬁ\ped%{)i ng i nigéran.}déﬁg: system
di recf?%}?%ﬁ&@@f?@p%ﬁﬁ H3red (S‘f"?tp%quﬁP'BQd)coé'@tt'i”o CEAITNGO8Y ster first

t her n%hd'm%ﬂﬁan%dmm@tofafrw Ol SCOMEN i, tWo pi pe sections. The

nmoul ded pipe joint 1 nsulation systemmay be conprised of a high tenperature

resi stant thernoplastic as defined herein.
[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.



[0039]In a further aspect, the present invention provides an insulated
hi gh-tenperature transport conduit for use in offshore, deep water
envi r onreoeL/004589 condui t conprising: (a) a continuousPETEAZ04ESkade up
of one or nore pipe sections, wherein the steel pipe has an outer surface
and an inner surface; and (b) a fi&st layer of thermal insulation provided
over the outer surface of the steel pipe, wherein the first [ayer of
thermal insulation is a solid, a blown foamor a syntactic foamand is
g?gel[oo?zgyoeg r p{ﬂhw}ggmeltr@Fpecta@fdtfr(e:br)]raseaeMtlcmyéhecﬁrstt thearmad! i nsul ati on

| ( e firs ayer of . rmal  i.nsul ati I ei
| ayeinspiationelaiar i Wsdiraes entpst ‘éi"'i‘o ed‘foréc’%?%\ﬁﬁ%e&g'ﬁpo% 'rngi/%? 2;3 i ie? gg(rjn
and Hﬁ*F&‘i\{]”BHréPéE Bereed et ddredgon %%ﬂed:ibﬂ ddat®ig wndng eeendreateer s of
thernal ihsulation nmay be solid. [0040]1n a further aspect of the present
i nvehyipiasmaloe aoopnasiisshapgePeer itomPeHaetioR of S i sedieamal igtdatiager
corr aSyI on protection coating directly applied to the outer surface of the
st ee ﬁ pe and bonded thereto, wherein the single-layer conposite corrosion
protection coating is conprised of a styrenenal ei c anhydride copol yner. The

on o . ; . .
Zgy;f@fﬁ [ F;?E)’Et%%%‘neg?as#’%?ghg gﬁﬁ@”@?{?%@%&ﬁk@&? 'TF THE DRAW NGS

[ 004 p}-dteetibn\eatingreanhpisemw rbeltid Eyer icoesidsy preigctodn exsiep @Pehey, wit h

reference to the _accoppanyi hg draw ngs in I gh: o i i
tr an§9éP§@U§?ro§%tf§%ecPFB?F géfeegﬁ"?ehEU{}%né%rlﬁ';{wp%ﬁ?engpggg‘élr—@agg{ 5?'(‘)&56 i ?st
gpbgﬂéﬁZMrgrgig%é ﬁh‘(l‘?dl CURIER 251 cdr@@éd_ 8h Frgtactiod dystemt ccanprisese(a)rass- sect i on
_ pi peline according to a, second enbodi pent of the invention;

[ 00443)FirgRfredic cuse ePPéY\@\VéT‘%@“'@F‘d’é‘é’-’@e@f?Cgﬁ/ O E%Q%ﬁ QUi pi pel i ne o
according .t tﬁets@ééldpiﬁgw hEMePthdiaeo BNG'Qb? arfirst 8RB IFedaye 4 is a
transverse cross-sectlion of an insul ated pipeline

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.



according to a fourth enbodi ment of the invention; [0046]Figure 5 is a
transverse cross-section of an insul ated pipeline according to a fifth
enbodi nenwoofo1e/msinvent i on; [0047]Figure 6 is a transvePGECAR@MIHOW®ETL | ON
of an insul ated pipeline according to a sixth enbodi nent of the invention;
WO 2010/ 009559Peri ( 2009/ 001053 - 412-- [0048]Figure 7 is a transverse
cross-section of an insulated pipeline according to a seventh enbodi nent of
the invention; and [0049]Figure 8 is a transverse cross-section of an

i nsul ge@zb)pi pel TAQ ARBSThdHECE Of dheiBBEdntembedtiBBNthOfnsultelnvent i on.
[00O50]Figure 9 is a transverse cross-section of an insul ated pipeline

accor giangpett eandigfirtheneeapnisas af outies AratesiviedePcpanaRpiRGAYe 10 is a
| ongi EJH'?'ﬁP&' W;é?ﬂ%hﬁ&ﬁéﬁ&ﬁ' e Eh PG A1 obt&A s race b RIsERLR4 PE! 1 nes

wel de oget
transport conduit, wherein the outer protective topcoat is comprised of an

unfoamed polymeric material.

[0033] In a further aspect of the present invention, 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.

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.



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0052] The present invention
relates to insulating and protective coatings and thermally insulated fluid
and/ or gme 2bremnssert conduits incorporating said coati RGEF/GAPINMESENn subsea
environments. The present invention also relates to nethods of

manuf acturi ng said insulating andlprotective coatings and for manufacturing
thermally insulated high-tenperature fluid and/or gas transport conduits

i ncorporating said coatings. [0053] The term "high tenperature" as used

herepmg fers 19 aonenlidigeteoPeiabiesit oiiveartion, thetfegpandtsecesdwhi ch are

greater fthan 130C, for exanple in the range from 130-200C, qr in the range
f r onth@malgosylationdayaiscarecranaralsid by adavieleal HRIOAMEQPON PEFEr ence to one

or npt the layers of an insulated transport conduit mnmeans that the

| ayers are ‘unfoaned, i.e. solid layers as defined herein have a degree of

foam ng of 0% and do not incorporate mcrospheres as would be present in

synt ainé(j foang, Jf) rT%eE?BgEI'?'% ﬁ?ég'erﬁﬁn%%rpﬁﬁ?éﬂh)jé?cd%ﬁ”b&t h bl own

f oa syntactic foanms, as ed inthe fo ‘ovmlgg description. - 13 -
[ 005@}dVideti Ineteeandheragarsoft umfieaprad petymekric snatesat aneédhedirsaade oi | and

i peli i.ch are typi | . y i
dect Bebnd ey e R BREN ERRG bt Y TENE ARt RG R MRLPRIOBV P PP er s
as usfeh pRisehdlor abforiaticabet el pribntd Bpplicatiom of thealddegas upfpahedes and

I d , di flowi g e , : [
ndl PN P MBI OV (UBSPE AR Bs STas A RIS 9E, se of Steel

Pi pe rgoAeHeSSH PR ritf mbi&id RRritbaipdiRa8oh &ftheglecord ahermahum d and
hi gh-tenperature service conditions. Therefore the insulating and

pr ot écsulgdordatérngs according to the invention nay conprise one or nore
corrosion-protection layers or a nulti-layer corrosion protection system

which is applied over the blasted and cl eaned st eel azjlbpebf)rli or to the

appl i[@@37n of lary fwitibereasraft af dperseseMciNYaNHENt AR A CFRES'EYEhE | ayer of
high t r He§ies IyFmeRe ok stich@l bAdtdiee bAvetH bon. For
exan‘pﬂrgp%%ﬁlzé%g\%reggﬁgnﬁgr%?zgﬁ%ggﬂ g?’té’?ﬁ“ngg conprise a cured epoxy |ayer

di r eahkyfirapphilestcond ttherroat imsukationaeyers. The ufeamegi payaedichonded t her et o.

[0058111g%er\|/g||nlwaytl)ecoﬁp r{s%cér?%%gegiog.[ layers muking up the insul ating and

[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) 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



protective coatings described below are not shown to scale in the draw ngs.
In particular, the thicknesses of sone of the |layers naking up the coatings
are exaggwioa20@ei00955% el ati on to the thicknesses of the ot PEFCAZIPBOEI0GNd al so
relative to the thickness and di anmeter of the steel pipe. [0059]Figure 1

illustrates a transverse cross-sectlilon of an insulated oil and gas pipeline
10 according to a first enbodi nent of the invention. The insul ated pipeline
10 includes one or nore sections of steel pipe 1 in which the insulating

and pieLRRIdNY Gvieein Bige isBEbnEI &Syt dfitheemliadieiul&esr 3Sa @blig) atdewhon system
According to this system the steel pipe 1 is cgqated with a_corrosion

pr ot etAEMB PN §EItastie S aad IDFORRFiead PRIV RV YRMer BAIYRNE ERfe? ™t ur e
cor 1 05 G PlagLrREbE Bk RYGhLdlaridh Mayald bag bel ow an intermediate first
adhesive | ayer 3 applied over the corrosion protection layer 2, and a first
protective WD 20101009559PC T/ CA2009/ 001053 - 14 topcoat 4 applied over

the Tiddojadnesiye AaRlr abpellr th SreBiRlRGLANGH ORCRodoRT OVI des added
ical p

corroSion“and nechan otection and the adhesive layer 3 provides an
adhes pratebdonl chating exon prisesop suoxgledapercertiesiondeotedtiog eeating Hisactdy ot ecti on

| ayer _2..T co 4 i.s_sh in Fi rel ativel ' ayer

bet wegﬂplﬂ%é;?%g'ﬁggygér f‘é@?@?e ngﬂed sf%eé p%éespéibﬁo;ol%rqst&egﬁoo?v ear{‘/ett-:-Hr ghédescri bed
bel owsinghs |HB@meshposite aottobivncimesstiat codigng tpcoapridedidfia styrémeast
partially depend on the conpasitions of the underlyin dhesi ve |l ayer 3 and
bhe ol figiavihisln SRUMMERy e SHAFR NP8 JPMN4TA¢ SpRMETdNTUIE | on t o
t hosep|eaiRbSwith R ry RRRPM-phtaMénal tQr&PABSE the first insulation |ayer.
In terns of conposition, the topcoat nmay preferably conprise an extrudabl e
t hernopl astic resin which may conprise the sane material as an overlying

t her mgRIERSHAER PTIORYSE THE DRAVRINEEal conpatible with or bondable to the
thermal 1 nsulation [ayer, including a blend of two or nore nmaterials.
[0060] Figure 2 illustrates a transverse cross-section of an insulated oil

and ggﬁ)éﬁi]pel i n?hé%@&ﬁ@&?‘{\j\gﬁ’ oy Be%%QHHeEFBgQ\}%};gF %?;SQHEPW}I/%E“ on. The

i nsul pi pel i ne i hcl udes one or nore sect ee ipe 1

provi defdramdchtatievact@ypangiogrdravwingpimwddthon system wherein the steel
pipe 1 is provided with a corrosion protection |layer 2 conprised of cured
epoxy or other high tenperature corrosion protection material as descri bed
bel owj@o4dL]a fir Figuadhess erdrayversa caqystsetioovef an ayriat2d piselime Fi gure 1. In
the corrosjon protectiaon stem_shown in Figure 2 the first adhesive |ayer
3 douBFerdg B‘gla 'réaﬁ&?@x%‘@ otfg‘ggdﬂi’?ntt'%%'r eby elininating the need for

the separate application of a first protective topcoat 4. A simlar

two- 1| ayer_.corrosion protection systemis shown in.Figure 4 which

il usi%i{:ﬂs a t?éﬂ*rﬁ'\?é §%° EF%L%’%%%HW‘%‘?&% ‘?fng'i‘Jl”?ﬁL‘g%kegi ?'p\éﬁ'aegas pi pel i ne
16 acegeslidieg t® adsdcemut dmeahrdenest tHf ifveatioAyenti on. [0061] As an _
alternative To the nmulti--layer corrosion protection systens illustrated in
Figures 1, 2 and 4, the steel pipe 1 may instead be provided with a

si ngl gpdger compARel B iLONFANVRAsPCRIRCEEQDA @YENR indigsRIdpibaRnepoxy or

ot her "high tenperature corrosion protection material described bel ow,
adhesiaveorsing polaytird eahosiinesbrpone m\erdiod pre- mi xed and applied onto the
pipe 1 as a - 15 - variably graded coating. Figure 3 illustrates a
transverse cross-section of an insulated oil and gas pipeline 14 according
to a {0048 enbodigrsetd iF atthansueren CraFs-saRen alan Awdatsideireige 14 i ncl udes

one O%c?&éﬁaﬁr&@?&%@ f%r&?trpgp‘gc%o%%ﬂeﬂit%‘? tl]regﬁ\g%ri}tqﬁgow th such a single-layer

conposi rosion pro tiron coatin 62]In the insulated oil and
gas pipelines according to 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;



the insulating and protective coatings al so conprise one or nore thermnal

i nsul ation |ayers, which include one or nore foaned | ayers and/ or one or
mor e unfwanrew/00ssbi d | ayers. The pipelines 10, 12 and PATIAA2MEHOHSEd i n
Figures 1. to 3 include a single thermal insulation |ayer 6, whereas the
pi peline 16 of Figure 4 is providdd-with first (inner) and second (outer)
thermal insulation layers 6 and 8. It will al so be appreciated that

insul ated oil and gas pipelines according to the invention may conprise
nor e [0048] t wo IFiyaes7 of a thevsvetsd oigkaddcoion efanhirgliavedglipam)e be foanmed or
unf oanmed. [ 0063] Where t he | sul at ed el ine includes a single corrosion
pr ot CEPGHNG ?/@rsed/renéhﬁu"Pt?(? F%roféalgr'g‘é‘i"btﬂp'br%@%ctl on system the thermal
insulation |ayer 6 must firnly adhere to said corrosion protection |ayer or
systw@ %hls is particularly inportant consideration if the thernal

i nsull®®4Yn |ay£+9%ea§1eﬁ@ﬁ@n§r¥aéﬁ Gi0sg <eSFPASAf G fistatediripeing er, or

syst %m:o,zy”eg Q@@pé|gﬁﬁdeﬁ{bdalr§%hmolf@ﬁe PRloHIRIH.c materials. Adhesi on between
the l'ayers, also known as interlayer adhesion, is al so dependant upon the
coati ng tenperature and the node of application of the layers. For exanple,
it nece%@r}égea&%ﬁs@epsé Bﬁos%ogéc@l%hoarmms%%eearp.bew or system
prlor to the a ication of the overlying thermal insulation layer 6 to
bet t @ccongieg ttqm@ntmehtfaymtpdnr@get péthemventidmi ze i nterl ayer adhesion. It
may al so be necessary to apply an adhesive | ayer between the corrosion
protection |ayer, or system and the thermal insulation |layer 6. This is

i 11 ud003tled, T dAidwrakbiea [ongiRignakcrossiseciianal theupejeina@nesof@ | ayer 5

is a nsul ation layer 6 and the underlying

pr ot E@dﬁ%c{)&%coag %??é‘ijﬁ‘éﬁh?*ee | ayer corrosion protection system and
serves to bond the thermal insulation |layer 6 to the topcoat 4. In the
enbodi nents of Figures 2 and 4, the first adhesive |layer 3 serves as both
an adhesive and a WD 20101009559PCTI C42009/ 001053 - protective topcoat and
bondPETAELERED FRCRIMBEIMNOIFREFBRREDB EMB@BEMENTH0Si on protection | ayer 2.
In the enbodi nent of Figure 3, the thermal insulation layer 6 is directly
bonded to the corrosion protective layer 2 without the aid of an adhesive

| ayer0052064] | mirer praent adleesiopnramesabsashiatingcortpistbedvd bostighs t he

activatjon of one or npre of the surfaces to be adhered us gl asma or
cor or?é‘dd‘ifbeéﬂ’@r“genﬁﬁ”é&%‘i‘rﬂth angyqrigas ‘Eagép%ftscéﬁg%ﬁé”%ﬁéé?t\feggﬁ er woul d be

;JﬂﬂGQ%%ﬁﬁbg fok 096 ¥Es& @h@/l%ﬁm‘éﬁwté hf?hfe*’t?r‘é@@r'w InYeHtiBh Mo F@¥EIStP, 8 are

oarmed, an additional consideration is the effect of interlayer adhesion on
i oammﬁtfe@izsu afymagpfassudng saisl ifﬁp@é”‘(g anH@retsshivetoasingsenat forhe interf ace

due tﬁ?@hetﬁnﬁ&%"ﬁ& RisBRREH S grrgtSHpgef%E @Wﬁﬁb% %5852%5%%6 the

overa I'nsul at’i on per nce e syste wn in

Fi gurcesdits on&qrpanating Galdpﬂ.'C[HtE’(gSI ve topcoat 7 may be applied over the outer
| ayer of insulation to provide further resistance to static pressure at
great depths, particularly if said outer |layer of insulation is foaned. The
out erf0p53} ect i vidhet tmcro&rniglﬂ t&ayperbbnreémmpﬁe&i hewipretes thepsaaingol ymeri c
mat eri al as ifi

| at | dified
o ety RS s Mk el ar RS VIR Er e & et el e i aarad Stat o
[ 006 dxatmpvelih the rappe gedrat E3D-DharCl be ivuh€FafjO et i16®-2opeoat and t he

[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.



thermal insulation |ayers may instead be conprised of different polyneric
materials, in which case it may be preferred to provide an additional |ayer
of adhesi w® fm@bosssrown) between the outer |ayer of thernptTicasedoaviosn and
the outer protective layer. It will also be appreciated that the protective
topcoat 7 is not necessary in all -eigbodi nents of the invention, and Fi gures
6 to 9 illustrate insulated pipelines 18, 20, 24 and 26 which are identical
to pipelines 10, 12, 14 and 16, respectively, with the exception that they
do nojodgyyl ude @h@rﬁﬂflacatddfﬁr ?QEQ%spz}rt Ebnddikd dBScrARR BEIoH 8Fk bhaindt he
outer "protective topcoat may be unnecessary, for exanple, where the
out er gasmnpﬁmemwhnqhsaneatwmllwav@daLsp af 9Beial, Mere Fteel Gipr:EeBiANat ur al | y
forms U 4 |_at and

prote | afﬁhﬁgnrgkgpgg%rppfal%gwng?%ﬁ#{g% oﬁg lIP?t'ellrgr?nat Hﬁ%saglg%gjon | ayer of

t he S&@Belppbyémﬁendafnam ihtladefuahed| dod djasfEpelnesiegd eektedr densities, or

it may corrprlsem) ne thernal, |nsulat|o | ayer solid or foam
mde. FPETANEESs e A O PHECimt SF 1o MPRF cSRA v o TR, &b t o be

tai | oadikey eagq;g-hgﬁtther mal insulation performance related to the system
requirenents of the installed application. [0069] The enmbodinent illustrated
in Figure 4 includes an inner thermal insulation |ayer 6 and an outer

ther mpyos7ysul at i0mdigy ebnddbhitidh MRdhPEs@bf Eheel Fipe iDpratettien @fthe
conposition and/ or den3| ty. The thermal insulation |layers 6 and 8 are

separ @l@l@%lfl‘@}"1 é\OmW%I?mQZO(ﬁfOW uahvmné@%ﬁ&ghctefape'fatare RANHE nay be of the
sarre % ltldr&r %Wer&%'?@?ﬁ%%ﬂnaﬁﬁ %'ntdhﬁr"otg&?vé)f:omﬁ szc&rﬁ?nd &Vﬂ{ée6 and 8

unc ion as an hesi ve etvveen ayers 6 and 8. It wll
appr e¢m\mr&d:brt haty eomadisesinesort e Gw!;ostm-mrotﬂcal@o lbrexgeenatnelti-ayers 6 and

bet ween ane or re of . layers.6, 8 | ayer 9,
or beljﬁ\)éeé' QJﬁ?/S'chﬂrf’F%ﬁﬁn ?Wé?'ﬁﬁwhl%s'ﬁl%ﬁqq’%ﬁ é\ge?et?’?agg d%ﬁ{] gidf sai d
| ayer st@d|epipé piHo¥ SoNihleadp HIRADIORI dfi Ay sdjtbsemddntabwsbmca@qhngdhataid t hat the
unfoarned |ayer 9 may not be necessarémn all situations, for exanple where

i ndi vﬂ%ﬁﬁélo"t%@%’ﬁﬁloﬂmgh taFPERATUES SESISERNT e BRI R OLEING otTne anot her
or WG G mth ml*oPrexSH{ﬁ?@atHer @&Irﬁﬁﬁ'h p&r%tét?cﬂfh a9 e frh@¢ copPire ®aurethi s is

|IIustrate in Figure'b shows an i nsul at ed peline 17 identical to
t he p.q@exxlyneymsdmecuiv @@péed t@)ib@rﬁ'-'tﬁbﬁu'ffﬁée @mtbgusg¢ﬁld3rlp9@mé BRAehyer 9
bet vve«%FI qekﬁers 6 and 8. [0070] Al t hough the enbodi nents of the invention
shown TR ¢ Re dr awi ngs include either one or two thermal insulation |ayers,
it will be appreciated that insulated pipelines according to the invention

may i nor ch%qrg : nsul ati on,
W th ﬁb%hout eIItEa\tA@Fe};Bse %ﬁplleaagé?retggt ne?“%%ﬂ%é)g’ﬁg‘sﬁt”\%‘ﬁ?ng provi ded
bet wegjrotdwivicoedatiraysedsscribéd mam&%&gﬂwmmammm&dr[mmw tlni s al so
necessary in the Ilcatlo therma). insulationp.a t he joi nt
ar ea ﬁ%{éugﬁo&%ﬂgglﬁ%‘fﬁﬁs % gy‘%‘j SIS nlgoléﬁeltrﬂ%lgogtmégggérjrpoa tion
of t hie%(d?.fglé?a'de@' iRt relAt$en 86 itea tﬁmﬁh@ﬁdﬂ@ﬂtrﬁeomﬂdmre drad Bebhretdtevecor r osi on
protection |ayer, or system applied directly over the wel ded pi pe joint

and tHI@t@)@lt§\ﬂ¢|ﬁg35§f?é}dr@'lam%ﬁloétth%ﬁt?%{yﬁépe or layers, including any
protective topcoats and any other |ayers of the insulated pipe exposed as a

result of cutting back the insulation fromthe pipe ends to all v_\iwel di ng
t her edP05pb072] Figure L1bUstratastd HaesvVarsor@iseIRECHAN s nsetedd! of a

cir Cu'aq{d ng%ipellne 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



joint weld area 11 at which two steel pipes 1 are joined. The steel pipes 1
each have an insulating and protective coating as shown in Figure 3

conpri siwg 26100009350si on protection | ayer 22, a thermal PA%1AZ0098¥145ayer 6
and an outer protective topcoat 7. it will, however, be appreciated that
the pipes 1 could be provided w t-H4any of the insulating and protective
coatings shown in the drawi ngs or described herein. The pipe joint weld
area 11 is provided with pipe joint insulation, 13 which, for exanple, is

bondecpdcatat appliasooar E@tinttddHessNS 8T B> TREBFtSHiBe il & ataner |ayer
and an adhesive top layer, and to the insulation |ayer 6 and topcoat 7. The

. Yy . j ,
corr 8§?Wﬁe§)@6‘fj§€tq067‘9%%laéﬁ1 MEChRYycHA/OteHOsaRe themsbsrivedavand t hi ckness
as apyo@tied B QAR eanar&w%hqne'taé@@ DLngtPLIRI ARG BRdsidIEr € n.  and
the pipe joint insulation layer 13 may have the same conposition as any of
t he Phetestipnilagen at ilhe tapgept 4desboreih Figuet . asTheelatively iintlayersul at i on

syst I L i A i.flan,.of Layers Carrqgsion

o ot SebiEen HhE B cERRELEES N (Y o TR b4 0REh TS BrscBbRnt ageous to

appl yetove. (Tlhemmpositinﬁseimu”pclat@stdfahelt@peoat Qrwif aguééét-daamleltlycor r Osihon
rotection systemto the st i rior to any subsequent |ayers. The

Pr ot fpeBl At nPat LB an e PinePgherae Tebat 3 sactbitded. di tect 1y to

the siealing Peuldtiyn Beeks, efftiablayly withFespE@nRrdGadisd teWhesk epoxy, or

nodi fied epo his plied onto the cl eaned and pre-heated pipe

Xy, whic a
sur f RHET8 tTm@)r/ topgpakd @avﬁ%ﬁomlﬁédhs&mmn%&a@% wyiefigln kermps g€ wi t h

po"‘d%brrﬁﬂs?c}’org%.%’toﬁ@éﬂ ngag; ,%}Ef&@awy Eﬁ'@’*’ﬁ%&u@ é&gpasggé"th%frmf 1adttg powder,

or using a fluidize ed c ning t as a ltquid coating
usi ngesinguiidhgppayrogprise e sargeahatdrial @soxy ovedyingsthieroal dumtatien wi t h t he
hot pi.pe. 0 . L preferr t i.tional |ayers over
the DURTT o Pyt Bl e MR ST AR EREN B PRGNS b 2P BEs e

il ustadadied a bldridyof evd oranor@ efateriblased adhesi ve copol yner, for exanple a
mal ei ¢ anhydri de functionalised polyolefin, may be applied directly to the
partially cured epoxy, followed by the application of a pol yner topcoat
over [@0R0]adhesiFiurkea? ilhsttaes adiraps\adree icrass-sddtof ohab iimgulefed bi¢ adhesi ve
is to hond the .topcoat or.the first therma| insulation |ayer t he epoxy
corr &8 OQF’SpP'BFEB?ﬁéna?%VQWg e S&B?l’é‘ile{}’éboﬁdﬁ‘eﬁgl%; £ p : %E? be appli ed
by exidulsicanpiprige W2aip cRideRYo fRO¥E BioreMedyioRB i Qesel Hip® 15prthedashesi ve | ayer
may al so conprise a coextruded structure of two or nore |layers, the outer

| ayeMdthoP T B SRiSPITaEHUPEBCEHeN FysisEet MierdiBrthesitedl HiP6tletti on | ayer and
SUbs%‘H(s'ﬁﬂbdtvﬂ@l@%aéor%sién%rrgﬁaéc_ti'oﬂslﬂ}/@rt Q;t%&y@écg BF LirothésdLf BEY RS

conpatible. [0076] As alternatives to the cured epoxies nertioned above, the
cor r édiorerppetati¢ earoaitey praagclion mzigriebapdeseriped bkl aepoxfies, epoxy

phenali.¢s: L L wr - hC i C rs_such as

G yr aanESivelTaf pAr sy SRS R o1 h FiH s Bur BaPA EBEBoRERe) 51 ends.

pol yphetertioneystémphétdes; irpbBigyphenyHeefist adhdes/e layepdldoubleess botsl udi ng
nmodi f.i Ed versi gs ang Iengs ijher eof. In sone cgﬁes, it has been found that
an adfBSPVE EI'E@ GPGogty,ieTRRE SUA P BU BB AR FESOL 67T SEPBTRERrAPLCRTBA coat i ngs
to tloe apiinge pestelctiveheptomcoata gimifdrsto-ldiaw @biddion pyeectiSAE sedmt hese
materials can al so be used at higher service tenperatures than the

epoxy? BA2YA IR ET9US DN HFbtIBELTIRS Sy EPRAETaR SEPFhEBCbORAN insyigted

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 compaosite 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



[ 0077] Some of the higher tenperature-resistant corrosion protection
coatings nentioned above nay al so have properties which make them suitable
for use aWOL20&0/ePeF39% nsul ation |layers in any of the enbodfCEGAZ000PO10FHe
invention. Wile the corrosion protection coating will typically be
conprised of a different polynmer grlade having different properties, it Is
concei vabl e that the sane type and grade of polynmer nmay be used for both
corrosion protection and thermal insulation. In this case, a single |ayer

of tPbariablly?@faﬁemasmrgvef:@slr@Gt|mustrate§iamrarw\/@m@t'rm -seaioinngf @nd t her mal
i nsul ati ayer 0078] An adhesi ve | ayer be ne sary where it
fated 2 g Gt ad

is po¥su t%' %1%%9@%?' RING A arcosdingden ¢ fra or corona
treat [RAhtioAddThé mlaé@hﬁﬁbwﬁé%e%ﬁ)de[swe%r m&@s&%twﬂgr& dtéeli fipBecessary

to apply an adhesive | ayer between adjacent thermal insulation |ayers or
bet weérpravidesk with susbud atrigder 12 ¥8regoranasish €owosiasy eradectior cogtied J2ayer s,
including any solid protective layers and topcoats, particularly |ayers of
dissim |l ar conposition, the adhesive material used should ideally bond
equal [806&1 | t olsahe insuetes ofthedgRfeRiPEEBes S660TRg tysheanvsntigsl.yners with

funot FERa1s41 8 AR 8Lt o Rind o8 iind 5 bRYSETnbRAMERA, [0S '
r equi rnsmgaﬂgﬁmtbms wrm‘hennahjd)e omleobmndrestdaengd ﬂa\eﬁmtdmﬂ/beohégin renctigh to
ayer UREGAMPdcSalsete TMedREiteaCsdARTdlS By Sistn HaPes yers. the

out er 3liayRide HEingn eenthall mbera«ﬂ.that/éeer AfReehs Viee iphisalinzt 1®0f IFmes or
topcoats with which theil are conpatible. [0081] The adhesive Ia?_/ 3 bet ween
| i

adj acéris Arpeided with Siipatinogr) ﬁ?@rsﬁcﬁ'i‘ﬁj doy r\)\éBﬁrrﬁak wertasion layg on | ayer
and 0R{f FOHA Qfsotﬁbeagb#a{.aﬂe@yﬁraﬁ ﬁ@gﬂatéooasu%araasep.peﬁﬁ@g he€ordiry af t ed

pol ynmer or copo ymer ymer
2010/ wgﬁémrrtwm/mpsse -meore thamiwolayriseftbeemnabisetatinut, igsce wit h

g?gpegg th’ébg‘—?d)} \é'aqﬁgmggm%eﬁh@?"&? bonded. [0082] The adhesive | ayer is

[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



application, or side-wap, crosshead extrusion or co-extrusion nethods,

[ 0083] An addi tional adhesive |ayer woul d not be necessary where the two

adj acentwbaywv®oisave a nutual affinity for each ot her, PEA/CHIEPI0NYS3| s

possi bl e to achi eve bondi ng of the | ayers using plasma or corona treatnent.
Thermal Insul ation Layer(s) and Plbtective Topcoat [0084] The ther nal

i nsul ations used in the present invention are designed to wthstand
operating tenperatures in excess of the maxi mum operating tenperatures

( 130@)otettivy sémitmt Gindr eadsy/theseteriadl ibhdatibelapdr 6 hs thatdoomsafn subsea

Ri GhPE U SRRt RBEHRICTTBRAMRN e v o €t NS EHIdes A6t BRAPETY adequat e

CONDE §8 $irketIG THRPRIHER thleddtiPoAdl praictive 1ayerl Dewend @nipRr éiisrem to prevent
col | apse of the foamstructure in deep water installations, and hence

mai nedhesivedayesqui red thermal insulation over the lifetinme of the oil and
gas recovery project. In addition, the conpositions should be sufficiently
ductile to withstand the bending strains experienced by the insul ated pipe

duri [P&4del i nglntedayasedhpsiondneypésabe aesompisBsy theoydistieat i ng and
ﬁlr ot g?&ibé’t‘?or?fﬁﬁ%h@% rﬂSf@BFH&%s&H‘aE tcpbg%ﬁteréﬁ'\(@gﬁ BRsA£oPEERAL from
gh tenp ant t

erature resis ernopl astics sel ecte 0 provide solid or foam
i nsudiaichargd treatment.t In Ui cese Aovepachte hedhdsive tavengvpuidgea ti es:  hi gh
conpressive creep resistance at higher tenperatures (<7 W triaxial creep),
hi ghYEBRPTEEEY ve nodul us (>1000 MPa), high conpressive strength (>25 MPa,
uni axial), WD 2010/ 009559PCT/ CA2009/ 001053 - 22 - |ow thernal

condyddef 1Y (0h&LLetld dfthe endh@ FREFLESS IBRAL 6°2PEA Fohrk&d 30 I/ kai),
additional consideration is the effect of interlayer adhesion on foam integrity,
since any collapse 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
illustrate 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



high, long termtenperature withstand capability (>130')C, eg. 130-200C or
150- 200C), a adequate ductility (>109/0 elongation at break). The

i nsul ati Ny 2y&eSx¥ccording to the invention, having onePGF/CA2I08/00f053 he
above properties, are applied at sufficient thicknesses so as to provide
the insulated transport conduit wi-t¥ an acceptable heat transfer
coefficient (U for the conditions under which it is to be used, with U
typically being in the range fromabout 2 to about 10 Wrn2K. The

t hi ckressbs menethesanyslﬂd)raékmplawmereame dugithostaheahbeinsdiggidro t he fact

that each pipeline s desi for use u specific conditions of
dept hFayteé arsfigy eo%'i/%} %‘i F@?‘ér 1 f)?rmtsrﬁesf"r‘gﬁkﬁ‘tl ng and protective
coatings according to the i nventl on have all the above properties.

[0087%‘3}h| gh tenperatu resi stant thernoplastics are preferabl selected
from r nor &S §’ faurR e gneUpSHarpei BVO@CBB?§BHBH9IFBN§ oxi de,

pol yp@@ﬁbﬂr%@%@?‘é @ﬁar@'o‘ﬁ@%‘érﬁ#a‘i Fhé“L@éﬂP&?'lW@ro? P SRRO|BIRHEr Of
pol ypr opyl ene, FO ystyrene and/or polyam de, polycarbonate, a

pol ycﬁ@mtt@rb ed twaﬁemtmm?E%n@‘ d@m%pﬁs,h@m treay genyriisey mane

ter ePE’iéﬁ‘bﬂE %Y'r%”dtlier 1 & rﬁ‘u‘tcﬁ‘cyo‘ﬁﬁeorsfto%g‘?’ﬁ?adéﬁ‘ﬁfoﬂ s} rfﬁlcljﬁpgh%i%ne

acryl ate, such as
612, maieetlahstTdmsaaHoWlaethecsfystmlty)rtm h@anJedtfenerecasmi tlb)érenallsmshkaitmf cycl iC

o B et Tl e S Ao SEeR sy P e

vul cani zed el astoners.
{0069] The embodiment illustrated in Figure 4 includes an inner thermal
insulation layer 6 and an outer thermal insulation layer 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 composition. It will also be appreciated that the unfoamed layer 9
may not be necessary in all 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.



- 23 - [0088]Intrinsic naterial properties of the above thernoplastics are
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[0071] It is also necessary in the application to provide thermal insulation
around the joint area where two lengths of steel pipe are welded together. The
composition of this pipe joint insulation system must be bondable to both the
corrosion protection layer, or system, applied directly over the welded pipe
joint and the existing thermal insulation layer, or layers, including any
protective topcoats and any other layers of the insulated pipe exposed as a
result of cutting back the insulation from the pipe ends to allow welding
thereof.

[0072] Figure 10 illustrates a longitudinal cross-section of a circular pipe
joint weld area 11 at which two steel pipes 1 are joined. The steel pipes 1 each
have an insulating and protective coating as shown in Figure 3 comprising a
corrosion protection layer 22, a thermal insulation 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



Heat Capacity Vicat Softening Point Heat Deflection Tenperature,
0. 45MPa (C.) PPO-PS
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comprised of cured epoxy, or modified epoxy, which is applied onto the cleaned
and pre-heated pipe surface either, a) as a fusion bonded powder by spraying

the pipe with powder-spray guns, passing the pipe through a “curtain” of falling

powder, or using a fluidized bed containing the powder, or, b) as a liquid

coating using liquid-spray guns. Curing of the epoxy results from contact with

the hot pipe.

[0074] It may also be preferred to apply additional layers over the

partially cured epoxy. In the 3-layer corrosion protection system illustrated in
Figure 1, an olefin-based adhesive copolymer, for example a maleic anhydride

functionalised polyolefin, may be applied directly to the partially cured epoxy,

followed by the application of a polymer topcoat over the adhesive for

mechanical protection. The function of the adhesive is to bond 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.

10)
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[0077] Some of the higher temperature-resistant corrosion protection
coatings mentioned above may also have properties which make them suitable
for use as thermal insulation layers in any of the embodiments of the invention.
While the corrosion protection coating will typically be comprised of a different
polymer grade having different properties, it is conceivable that the same type
and grade of polymer may be used for both corrosion protection and thermal
insulation. In this case, a single layer of this polymer may serve as both

corrosion protection coating and thermal insulation layer.

[0078] An adhesive layer would not be necessary where it is possible to

achieve bonding of adjacent layers using plasma or corona treatment.

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 compaosition, 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
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one or more moieties compatible with each of the individual layers to be
bonded.

[0082] The adhesive layer is preferably applied by powder spray

application, or side-wrap, crosshead extrusion or co-extrusion methods.

[0083] An additional adhesive layer would not be necessary where the
two adjacent layers have a mutual affinity for each other, or where it is

possible to achieve bonding of the layers using plasma or corona treatment.

Thermal Insulation Layer(s) and Protective Topcoat

[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),

* high compressive modulus (>1000 MPa),

» high compressive strength (>25 MPa, uniaxial),
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low thermal conductivity (<0.200 W/mK),

high specific heat capacity (>1300 J/kgK),

high, long term temperature withstand capability (>130°C, eg. 130-200°C
or 150-200°C),

adequate ductility (>10% elongation at break).

The insulating layers according to the invention, having one or more of the
above properties, are applied at sufficient thicknesses so as to provide the
insulated transport conduit with an acceptable heat transfer coefficient (U) for
the conditions under which it is to be used, with U typically being in the range
from about 2 to about 10 W/m?K. The thicknesses of the insulation layers are
highly variable, 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,

o 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

¢ polymethylpentene, and blends thereof.

e cyclic olefin copolymers, and blends thereof,

o partially crosslinked thermoplastic elastomers, also known as thermoplastic

vuicanizates or dynamically vulcanized elastomers.



TPV25 600 1 2000.17 NA NA PPO PS = pol yphenyl ene oxi de bl ended with

pol ystyrene PPO PP = pol yphenyl ene oxi de bl ended with pol ypropyl ene PC =
pol ycar bowQ ¥1P@IABA = pol ycar bonat e bl ended wi th acryl oRCT/CARI®DINSENe
acrylate PA 612 = polyam de 612 PMP = pol ynet hyl pentene COC = cyclic olefin
copol ymer TPV = thernopl astic vul ca?d zate [0089] The hi gh tenperature
resistant thernoplastics for use in the present invention nay have a Vi cat
softening point in the range from 130- 200C, for exanple in the range from
135-180C, thermal conductivity of no greater than 0.22, for exanple from

0. 15- [ 0090Q] Where t he h| re resi tant ther | astic is
pol yp&gﬁ&]ene oﬁ}‘Hé”‘ﬂF Enersd'ahi ﬂp%n%ﬁp%l FeFROVS L e noted
pol ypriRryl 8R&abpohyst yrene and/or polyamde, it wil I be under stood that the

blend is predom nantly conprised of pol yphenyl ene oxide, i.e. polyphenyl ene
oxide is present in the blend in an anount of at |east 50 weight percent.
Table 1
Material Property
Tensile | Tensile | Flexural Thermal Specific Vicat Heat
Strength | Strain | Modulus | Conductivity Heat Softening Deflection
(MPa) (%) (MPa) (W/mK) Capacity Point Temperature,
(3/9K) (°C) 0.45MPa (°C) |
PPO-PS 50 30 2,500 0.18 2.0 140 137
PPO-PP 33 190 | 1,600 0.20 | 2.0 138 113
PC 65 110 | 2,300 0.19 1.3 | 157 138 |
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 90
CoC 60 2.5- | 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.



- 24 - Exanpl es of pol yphenyi ene oxi de-pol ypropyl ene bl ends useful in the
present invention are commercially available under the trade nane Noryl TM
[ 0091] Siwd2enologyssaher e the high tenperature resistant PAEIGSMOAEIISE is a
bl end of any of the other high tenperature resistant thernoplastics

menti oned above (i.e. polyc.arbonaae, polyarnide, or partially crosslinked
t hernopl astic elastoner), it wll be understood that the blend is

predom nantly conprised of said high tenperature resistant thernoplastic,
i.e. | FXREL obfiehetpahdd DesfMM asd beedemtpr esent in
t he Ef%ﬁglésgﬁa%élgﬁ%ﬁf@g? at I_ggg{&Sgﬁv\ei ght percent. {MOOBZ] As nenti oned
abovimyveotien@re moremefcialie avadabiglundes dhattrade Pags NoRdy -al so be provi ded
with an additional protective |ayer, or topcoat, such as layers 7 and 9
descri bed above, conprised of unfoarned polyneric material. Typically, but
not [09Sdsari | Gimilardy pvbeecthe bighaipsmperaterepresidaet therameRIAtiS e materi al

as t under | yi t her - I | i £ Lekaf or ced
vor sPBRA Rt PPt BB okt p Bt el B¥ftan i Bttt cStnehubRed! OT FEE
degr ggowé (PBYpbdIgBArbonathepdlgamiger f or mance, suclorgsartiaprerossdipkadi on, crush
or noisture resistance, to t out er surfac f the,insul Lbe, in
whi cH“@@%@'?%t'QTEPSHE“SHX/%WQBES&@ %SWPthZ'PE tﬁﬁé}le&ﬂ &p%@ﬁ'@%ﬁyg t opcoat
fr O”k&rﬁ)?’sléﬂ?dfis%id*ﬁtg?{ terhpBAtlLRg rédipint @hetriPgiabtic Abe asianthatrtheh or

m cal resistance to

che o that fromwhich the thermal insulation |ayer, or
| ayehigh tempadsuresiegistaniabermaplagdy i Brifansén the Iendt ifafN i3 3k i on

mat er \‘%t -'@EIS%WWS@@Q}&FEWM e polyneric nodifiers, conpatibilisers, or

rei nPOFCi ng Ibres, or it may conprise a dissimlar, preferably
conpatible, polyneric material. In the latter case, it nmay be necessary to

app! Yogdhyadd t xabnAGRET KB yLAYAE PEHBREDY EEIdRRI hiABABh 1bfedl al i on

| aye topcoat to effect adequate bonding of the two |ayers. -
exanmpha&y alsopmd previded Wit agestditiengeratesty erleyest amie@cont, safche?fi ng poi nt

such as i fi,ed,pol yphenyl ene_oxi de y ypf oanmed or

f oane §'A rﬂ%ﬁj%i%%ﬁré’t%go qvaeyecpnlﬁ)rbsseéjg?ygg'%ta#geecﬂgﬁﬁlgﬁé;g} H{F}aﬁ%gﬂ{?o function
as aTheatallhabut abt netédsarily OWRY pitzepivalayees aes ps¢@areddromotuer sarher mal
conductivity unfoaned or foaned . oIIyrr,er as an outer .ﬁe ondar aor, tertiary,
t her Madteriad gp dhe gmdeslydng t@f@ﬁaldﬁﬁ‘état'%)}@)’%r'r?éf niPs 8r|58'lr§%'icﬁpene and

nodi f\)e«?gonqhgﬁ%dﬁrene , including high inpact polystyrene and styrene
copol yners; pol ybutyl ene; pol ypropyl ene honopol yner and copol yners;

pol yet hyl ene; and crosslinked or partially crosslinked pol ypropyl ene and

pol ngbyfﬁene, iEh A bBG R ARRLY FR ScarhpRNES ipdreh asgiesredsgrebasfeofl . 1t may
al so "'be necessary to apply an additi on_al' adhesi ve | ayer between the | ayers
of dimwisidal ar chasitaitiasioimea eed, sushtas ieTFaEt ABERSHRMtEUDD RdiMYISBIre he

i nsul ation | ayer i | at.Lo 3 be foaned
o diPPErINS Sons s RPhauTer RorE Rty Y SRECM WK FaBY ST IRTT for
exanpldantédesud wyerepaoé thasultat pootentiye bepdadfeamta pplyotgéssi vel y hi gher

degrees than inner layers to provide tail ored ther of the
syst éﬁ?te[r(ﬁjgkﬂ"%?%‘?'x MEPaEY 8 r?:%ﬂ%’ogriutsﬁo‘?{sdbern%'ﬁgf Leﬁ ?Gitrléé(r?n‘5 ?ﬁgﬁgt materi al s
may &9 wArhahe hddinal WesIsedeed\ed, br @nerpeisanater Suokrbeaseddl t he group
conprising inorganic fillers, reinforcing fillers or fibres, nano-fillers,

conduTey e@mprigets thqra?@-ingflaiziaarma’fqrh'. &) hitsay _ g polymeric
heat - SLaRidrt SESRpaRbREERS JH dfoRQRB®iIERS bl FBF&s, ANE Y0 B@MpSise 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



-L - Foam ng Agents [00971Foaned thermal insulation layers in the

i nsul ati ng and protective coatings according to the invention can be

pr epar ed WORHY/ESHf or enent i oned hi gh tenperature resistRER/CAMOPADIOSIASE | CS,
by incorporating chem cal foam ng agents, by the physical injection of gas
or volatile liquid, or by blending-2th hollow polyner, glass or ceramc

m cr ospheres. Foans generated through the action of chem cal or physical
foam ng agents are generally referred to as "blown" foanms. Foans containing
hol | 0w, iaih SEOSIKRY @ adieh hedRir tefn p&rabSre’ FaNtaRte or sbaRffng pORRBLEMNt acti c
erns provide superior conpressive creep and crush Y resistance than bl own

f oans,asbmodiffest pelyehany\eneceddemay: benisades aalinnas unfaasped ghdoamed

consi JREARGY il RIS IV esf G AL HAALLRE! §iBE TBHERCARY lali#Rbalesi an may,
for example, conprise’‘one or nore layers of Syntactic foam surrounded by
one orbaroiee, Withex fovedr tanoperat oseresistahaoir dowef 0099 Bhamdeativitpam ng agent s
may function via_eit h% ﬁ/n endot herm ¢ (heat absorbi n%')y gé exolt herm c (heat
gener aMABTN 9 c fI2RETRONARFS AP 2PnRYEeh SECeRIA & tFFETYe 883 or e nenber s
of t hengligtiBnaayeY. iSiidhdo gtedilsyerai waykonadese pblystyredel hd kivvdifeéd ¢ aci d,
azodi car bonam de, 4, 4-oxybis (benzene sul phonyl) hydrazi de, 5-phenyl

t et r asIestyeeng  Hydedingt HphdrRack Re sty reid ﬂ'éa/ Sé\l"leﬁﬁlf@rﬁ’@“érﬂﬁbﬁonyl

serni i ) P r end i agent is
R B L PR b R S

ci tri crosslindedarr pardially. crped F0GHOperp ey énarndgp agetinyewhdncludnd oani ng
agent generates ) sual.l [ ro e L5 en heated
fo a <pBaMTE adlenBs et ot neted i HIP AT T aER AT BpblY

t enperaat adcitwn@ngdmétibegaﬁer\r/]@éw@_ n thed eey@eh _sblﬁU];GSS&h_daSMSlwﬂritidrt ydarﬁ .

i mportant paraneters en choposin em cal  foanm ng agent and they nee
to be "BaFeé'FﬂF t9 qﬁécgﬁggqygtq H%nﬁ@%tgfp%c'é‘égﬁaﬁﬁmt@%ﬁ@‘gature of the

particul ar thernopl astic being foaned; - 27 - [00101] For physical foam ng,
the g uid used is selected fr i sing CQ2,

latile |i ] | h .
superiﬁpg‘rr;]:;lo ?:dlﬂ?eeﬁér linsywafiPpnY&SyBRY %{F?%rﬁpaf{oﬁg“ %JEB‘%QEB%S, such as
but an%gr@@@&ﬁ@?éﬂh@?’éiﬁé&\ﬁ?r@@%a@eﬂéﬁfﬂfﬁe ppl \F)éilﬁﬁére&d?ﬁefe(?%@'t@folé%e@ uch as

di chl or omet hane and tr oroet hyl ene, and hydrochl orof | uorocar bons, such
as di afflioseletion| mey dw feameed Lo praerasabeohighsiradgdrees taam dyerflg¥fisng occurs

when ttlggpr}&%%eegailoirgblitﬂepégg%%lgg%bﬁ_%ggﬁﬁ? |S§E€érﬁ'r ably the physical foam ng

agent supercritrca w m crospheres are sel ected
fromone or nore nenbers

[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.



of the group conprising glass, polyneric, or ceramc, including silica and
al um na, mcrospheres. Preferably the hollow m crospheres are

| i mebor o8ORDW@OESYl ass ni crospheres. Thernmal | nsul at i oRCASPPVAOLSA Process
[ 00103] The foaned or unfoaned thermal insulation |ayer, or |ayers, and any
unf oaned protective |ayers, are aplflied to the steel pipe or a pipeline,
preferably over the corrosion protection coating, or coatings, by sidewap
or crosshead extrusion, or co-extrusion, processes. [00104] Extrusion nmay be
accompldshedagsiteg single screw extrusion, either in single or tandem
configuration, or by tw n-screw extrusion nmethods. In the case of single
screw extrusion, the extruder screw may be either single stage or 2-stage
desi 0105] j j gaye for
chem’glgg?ffoam eF%aﬁJésl?gﬁeﬁﬁhggg%@%ﬁéq?%%@ﬁnﬁg%ga\eﬁlﬁgﬂﬁbgaﬂgjegﬂgg a pelleted
concenfatiage awcomndisg éolihtdhvetiarhcars berprepiared fraing ihe REOEONSARINED be f oamed

using .a | ti-conmponen | ender, for e ! i n feed

port RiEh PRSP IBAro T oo SR conty dnvanol L el i T

I ncorat ebpans ipblysickl oHesti@ndf ghxionyotdtdevinusd tar ienslavelied vt i ve

mel ti ng] m x| ng, and conveyi ng of th&}epol ypEr and foam n@ﬁagen% - 28 -

[ 00108iavt RO ML 1RRS QCFRRMIEHBICFPFRIEMERd %@8&?@%&5 PEIRERS  ated by a

deconpieisbOh&ARS! oRPhYBIcaNTRPhINY YIRS aPe den@vaify PiTyfieeido doam ng agent

can be introduced into the polymer melt via an injection or feed port in

the eXtowdéfodmsr BpamFHentainitd Belgys raicresReraeRrre AaEHshiyani ze t he

pol yrrerpt%m?cn@ggmtshe second stage acts to disperse the foam ng agent, cool
e

t he mal nperature, and increase the nmelt pressure prior to the nelt
exiting the die. This may al so be acconplished by tandem extrusion, wherein

the o] 20° &1 REHEIG NSl g, L YIINR| cThPRLS ACERIRT BiaKe, the Tirst

f eedi to the’ second. tage screw is also preferred for the
ext r usdsistanée podry btoven fbarob, havereageeenidiydgss effiadriadervdl sule®rahen

vent 5 Br eRePBrAD OB ered ult A FEE e R e Bier iR AR T "

vol at jz85 foF ex@nplali@re@iisdene afrehyrekiycas bedyni{abit GdhTwsirrecnded ext r usi on
is preferred where the polyner to be IP(ogamad is shear sensitive or if it is
r equi Pe@NERRIt MOre laress f eWRMOaauinsH A e i ncorporated into the

i nsul ation conmposition. It is particularly recommended for the extrusion of
syntactic_foans _or blown foans prgﬁpared by the g%}( i cal inj ecgti on of a gas
or |i At oani RGeEYEH 02 IRE 89¢R AYR UEEHE %ﬁriag ‘?Q}{ﬁ "M nodul ar,

C_O”Prgﬁéz& t?é%\‘@ih?!) oF R RE G RN b gBhe ARilapaRia. s A rRMC I AN Theysuch as

m xi ng and conveying elenents, it offers great versatility with respect to
t ai | opigelehedstpawope efimerd Grerppeisneinine Kiovy EHaPREING FBe@ssi ng.

N0108].} ase .of j c f - eq 4-Rey bRl leW-8hET Ospher es

are fé&g(ﬁt}s&iactf%r ?/ﬁlr'gtaga/’ﬁtea?%gicyan%@’agrr%th'éétﬂ?ioﬁéﬂgaé’ecbnga}lyl t(wi n-zscr ew f eeder

downstupaonef) Hyranaien Spphyme rtefreedleh oippisrosopantatdetiiveend teflsaitr at i on

i th tic f i tential break f i :
dur | g BEsis PURRBI: RmRaLer efear PERGR HGeiors EFe R g IeBREEE! e
ext r ugesmnreggd BearTe Al GiNeeshi€ Edd it gds geres Subly asf sddhemf miaardomape event this

t hrough j udi ci ous design of the extruder screw(s), barrels, manifolds and
di es. 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 chemical foaming agent and they need to be carefully matched to

the melt processing temperature of the particular thermoplastic being foamed.



- 29 - [00109] A static mxing attachnment or gear punp nmay be inserted
between the end of the screw and the die to further honpbgeni ze the nelt,
gener at e wal d01@po@sduUre, and mnimze nelt flow fluctuati POECARDOAAIOFFOr
chem cally or physically blown foans, the degree of foam ng is dependant
upon the required bal ance of thermal27conductivity and conpressive strength.
Too high a degree of foam ng, whilst beneficial for thermal insulation
performance, may be detrinental to the conpressive strength and creep

resi stpoae1pf t heofd Qﬁ?éica'lh%ahﬂﬁgrrﬂﬁé 885 iof VoPRiB 1Rfuid RBeli§SRLdVeNti on
are typically foamed from about ‘S%to_ about 50% nore preferably 5% to 30%
or 1006 tedgrotieceegprisindEoarpergriticalePnle, disr Beliuras argen.degr ee of

rar ef (R~ j Sj d.j [ trix -

b o » o 5 2y, ydfrogh AR BEAAE BkaiERr pkiarl nebafigs afBh dans g

r ef | ectidotihetadhydmcpebars)tagh af digatorondshahbanasisiondroethytlead, &

nmol ecul ar | ght of i s negligib conpared to that of the trix, which
is gengy%qo\ﬁﬁlquﬂggroﬁéQ%%ﬁqutl@s?d{chgoragrgﬁé%roghq%% 'nnﬁ'ec%ﬁfeo%pﬁeasur ed

vi sual Vylatile na@ieesfphihgdetRirgiviadr eie Akatd liqulenaigorizeb 0RbLdddN th respect
to the particular foaminsul ati ons described herein, it is inportant that

condi tP'&herably fhsiprysicebiprapinaureening syesditie@l @ - adj usted to provide a
uni form foam structure conprising very snmall or mcrocellular bubbles with
a narrow size distribution evenly distributed within the polynmer matrix, in
order K09188kur e MR NQIRNCHIRIPERRERRS atterwigtted fromy prE opandrer memtkerand

conpr essy o 0 I | at i J o high
pethalig Al el allo e St LR LS R A
i nsul adluoringt misraspperesaritrefdrablyf tenholpwenisrespheres avedinie-t he pol yner

exits t{)&%sﬁ%‘aéésjgia%@ ﬂ*c‘?ﬂ?‘%ﬁqgr]egsz] Actual coating of the pipe may be

acconpli she ng-an a r~crosshead die attached to the thernal
insul ation extruder through which the pre-heated pipe, with a prior-applied

COrr 0sj i ti-layer corrosion protection system is
conveyt:@%} (R larl WBY IRl Blddelss, eby WD 2010/ 009559PCT/ CA 2009/ 001053

- 30 - covering the entire surface of the pipe by virtue of the annular die

form id thermal insylation into a tubular profile arqund the conveyed
pi pe. n@@%%ﬁ]m PRS0RDERYT YGRS HArTAlS0RARHBR YT, B8 ARHIS éachy o

si de- 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.



wrap techni que whereby the thermal insulation is extruded through a flat
strip or sheet die. The thermal insulation is extruded in the formof a
sheet orwbapm/oebsssh is then wapped around the pipe. | PCRGAZDW/GESEssary to
apply a nunber of waps to achieve the required thermal insulation

t hi ckness and, hence, performance-28he individually wapped |ayers are
fused together by virtue of the nolten state of the material being
extruded. It may al so be necessary to preheat the outer surface of the

previ @gdobpyer \_ﬁvﬁtheé1QU§t%TgersQf@h, aeh epdtodh PEe@dh StHoeeiteephayed.

[ 00114] The  application of thermal insulation by the side-wap technique may
i nvol lve aviegopipigssine a8nge aivhieh ipoingi rgRs Hidisd phiysicat aning teyed

f orwa its. Lt udi kS : Al ; y al so

| nvor v PraEaSQ e LA RRE ik Vo, 3] HREEOD T FRIBE R ey S i1 e

t he péxteudsr bamekeyida fishgtsgrl ot foymielit amd honuigenéze thenpolyimerparti cul ar
case, the winding angle of the thernmal insulation |ayer n adj usted by
var yi WYet§e %e%%o&a $rpe arcréglgqrgmpeﬁe e TeYREIG a%errﬁtal%ogk &Zecp%gtn and/ or by
varyi agnpbett e, afridomelesReer elelt hrespufepaor thehe otelt ergineddsdieThe t ape
may be wound in successive |layers at opposite w nding angles to maintain
neut r Ahistpayalgnike gicgemplipbed H@”P@Hh??‘g&l'stoﬁ‘if AL H}fsg'b%éFPQﬁﬁ It up.

Fur t NerdTDfEerivdly v RR1af S fidi€ At bxtri@ efd Rhietd st av&difig Ghtd i mal

i nsul ati on do not becone joined and that they are able to slide over each
ot her sedarte.| At2-stageesirewascase prefietad fos thesPdrisien O4erhneenwhiah f f ness or
bend nam.cs. Lt Lt IS GRS i | ayer between
t he cg%/\(%sg: t%ﬁ\dsﬁg)?é%ﬂloe%s{e é{y'leaft!lggr Syﬁ%ﬁ%ﬂéﬁgﬁrﬁﬁﬁw,ﬁﬁgm ation

| ayer extpudbebamentherdbeinduaduiphed mith ansaritaidropoliipared, ovdrithecan be

acconpl i shed using either singl.e | ayer. sheet or ann r.di or a

co- eQBFE&']“BFle%Ti'@ ¢ Ly %rﬁﬁhcg-q?lgy\é‘%aé@ﬁe%ri MeRSHTS ﬁgll' §8hsgasf§|\ye and t her nal
i nsul aiéraptddayers are applied - 31 - simultaneously. The outer protective
topcoat, if necessary, may be simlarly applied. Pipe Joint Insulation
System [ 00116] The pipe joint insulation systemreferred to in Figure 10

conpr {673 hi giiwieepeiabut@siopsissirafdrréherarpl tastpalyines ub atd foaneyer 13,
identical or simlar in conmposition:t ermal insulation |ayer, or

o the th
| ayer & SheRT SARISENS @ Bohiralid s T f@'@ﬁ 85iPbREHPGHILNES B | ayer or system
15, 1 g‘ft]Q%brsatté@%ttorﬁ{e%Eula@@ﬁ! &rhpBsitiBhett isOartiRYURIFS: rekonaientibg feopcoat 7.

[ 0011 he pipe joint insulation systemalso conprises a corrosion

pr ot ethé entriuaiper ofis/ntaptic Foamy drdlewn fepmyl Rreparad by theagersia!r uct ur e.

Pr ef er ahl ] ect | I ' Yesifientical to the
corr oéﬁgﬁé{%? ofggﬁépﬁg@grﬁggﬁﬁgg %{aé'rrg%ggsﬂg%i @é?sléﬁ%v\\’/e eiS connection with
Fi gur egpitallyombdufar, coxapnidieg selera sepasateramd ottecttiamgebbleescre® may conpri se

t he epox nd adhesi ve .| ayers previous descrt,i bed ' jrectly to the
vel de&?ﬁ%ﬁﬁs'éFﬁg asfMPHig ge‘fdo ieﬂg‘%?{%?e'i'et(?’fth@&?%fﬁpﬁ%ggtk’ ?gsnaqg'% $t her nal

i nsul gfitrpRedpRY-Eto t@lormy e scledOpid]Ider pprimyraimixingandahetn is typically
applied by direct extrusion injection into a nould designed to conformto

t he off@¢ediNtensi ons of the insul ated pipe. The processing conditions used
will be simlar to those used to apply the thermal insulation |ayer, or

| ayers, of simlar or identical conpositjion. [00119] The pi pe j oint
i nsul ;{Qﬁlmlcowpégitf\p(;@sw Hotagii ﬁogaﬁ%i#pﬁ@ﬁa%p(fe, tsﬂe Rollcpw

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.



foanmed or as an unfoaned solid. Exanples [00120] The present invention is
illustrated by way of the follow ng exanples and with references to Figures
1-10. - @¥D2201@maMd e 1 In this exanple a steel pipe | IBCHCAMYWOHW th a
three | ayer corrosion protection coating as descri bed above in connection
with Figure 1, conprising a corrost@f-protection |ayer 2, an adhesive | ayer
3 and a topcoat 4. The steel pipe 1, which was surface-bl asted and cl eaned,
had an outside dianeter of 140mm and wal |l thickness of 10mm The pipe | was

pre- hefiod@d9] 0 a Aestpec ahinire) otta2fREntitet FairBripah ey bd hBeel. 300 +/- 0.100
mm thick | ayer 2 of fusion bonded high tenperature epoxy Rowder (density
1400 +QQW%7 the epd|of She scremedichths 'ebt)P Nﬁ'@’%’xﬁ‘?@@ggﬁlzﬁﬁ edpebf the epoxy

of a O0g89%atd m&@%@e@gﬂrbaéﬁﬁa rﬁlrf?rﬁm?e ﬂS\QWt%HBﬁs modi i ed

styrene mal el ¢ anhydri de copol yner adhesive ensity 1.060 g/cnB and nelt
flowrate 0.6 g/10 min) and a 6.0 +/- 1.0 mmtopcoat 4 of solid

A e S b e R g P e e S
Ext r usfieperadarddheyi the r@qwreCBbaEad\ce;]qrcfctbatmIAIng?Bdlwootyphggtmeg:pemssequent i al
ur appr ietadth TobRR 4 8Bal BF Kiiming: WS Py R efikie" P B e i daBdie

3- Iayepertfon‘maat@nmlalymeedétmﬂeﬂbaittecthelcmﬁn;brl‘us;&\&rstﬂelﬁgi(ﬂ] 36¢ ceey ed to room
t enper at ure and ieste t he erties noted in Table 2. Exanple 2
[ 00121eFiRE2RES £6 h%ﬁ"?ﬂ“ @tt@&r%\ icd@areiot eRERRINE IRVERIoT 88 her

coat edty\ﬁiléahlyafogenéﬁ ﬂlom Jab@UEnSb/@)térab@u?fsd%e nw%r%%ﬂa@lmw RO SOL eB?

oxi de- rene d (degree of foam ng 0% of topcoat 4 using a
ext rud ‘P‘%thﬁﬁffed T\hletfﬂﬁ@reghtfe‘pamlegb‘fydpfl@hémrﬁ@ ahthedegresaf f ace of sai d

corros ecte i t& re.o 0C, and w apping the
pol yph%aggrag?]fghbifedghgo § é}%regque %})ﬁ{ﬁ/atalﬁtdeg JEfﬁe%qun{) #tire of 260C on top

of theDpiwhBated >0006r Fsmrteasasd |nthBS|w33uItmae:diegnepletfbam|pg odfieed tivas t est ed
for th\?olehnoe[)&rertcie%%agg%?%alsnun-<rja tﬁe%ssumptlolr? tha(% %%5n91|c:)) /%’zvgglgg/h % 053 - 33
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



Exanpl e 3 [00122] Usi ng the coating procedure described in Exanple 2, the
corrosion protected pipe produced in Exanple 1 was further coated with a
30. 0 +/ -wo.2010mopdsayer 6 of the pol yphenyl ene oxt de- pol PETIASH®/WILE3d of
Exanple 1 foaned to a density of 0.945 g/cnB (degree-el-teem ng = 100/0)
usi ng 0.5% by wei ght of an endot heBltc chem cal foanm ng agent, and an outer
5.0 +/- 1.0 mmlayer 7 of solid high inpact polystyrene nodified with
pol yet hyl ene (density 1.020 g/cnB and nelt now index 4.0 g/10 mn.). The
i nsul aveding the éftire purdsktic et pipeeisy Qd‘tﬂi@bf the aphaRerdie ésrmpigeshidn Tabl e
%‘gl e ?R%'@Olz Usi ng the coatin cedure of Exanple 2, the insul ated
p| pe or 3 Fytidpr pERifle f‘ thegonyey?d PPH nm | ayer 8 of
solid high inpact poI ystyrene (denS|ty 1. 050 9/cnB, degree of foam ng 0%

and | t ELOW i ndex B{g nd an outer 5.0 +/- 1.0 aim |ayer 7 of
i1d3hi gh fﬁ'ﬁ%ré@ﬁ% J-Q@ﬁh@ﬁ@a U3teN MambpaPpliehPYensidst Exanpl e 3.

the s

The cpaie dwrngé Wh%r@IBP‘ﬁ'H@%ﬁeMﬁﬂ iheSieedn' .Qrexftnfdd@r@%ﬁgheasﬂapgtﬁrb in Table
3. Exanpl e 5 Using the coating procedure of Exanple e insul ated
pi pe Of stB&t ee TZ‘QAHEErfTLﬁ tingtladoatieaxiwudrddan 3bedorn-ofia sheeh mat,@e 8 of the
hi gh G t . 900 g/cnB
(dogr¥ERE; Eft(@%W%%?S%r%agﬁﬁ@%s%&ﬁ&‘?%ﬁge oo B ol & her mi ¢

chem cainbkoafmwrgpadgerachidva thef xmmmtd izkwmakbernmgatfmm thieknessabed, wi t h an
outer 5.0 +

r. 7,0f so styrene of Exanple 4
nodi fl%rbcewqeﬁf%fnﬁrbcr‘?eéjpﬁy'f'gh’éqw VyY"E‘—?%Deé:l %VEH% Lb"gerdleloﬂ%h%o ed pi pe thus
pr odugiedienefStHeeslot@nf tatd BEthHd ﬁmetuaeseuhgt@drudeJalblrﬁa alsob84 - [001251The
corr osi on- grot ect ed pltge produced in Exanple 1 but w thout the nodified

st yr eRRCGPEPBY EO RFFHYRALTHE LBBEFYHEFE SARBSIRTRVIGHE PG SHRMHErRIOPer

oxi dea@edsist ¥F 8RY RIRBHuERPRGRF, Was coated with a 0.300 +/- 0,200 mm | ayer
of high tenperature maleic anhydri de nodified polyol efin adhesive (density

0.950 g/crn3 and nelt flowindex 1.0 g/10 mn.), a 30.0 +/- 1.0mm layer 6
of sojoiod 1Rp! yphﬂwbsaﬁc%rdef thmMnﬁamxt.sﬂwamagmaewréa engniglensi ty 0.970

g/ cnB, degree of foam ng of 0% and nelt flow rate 10.6 g/10 mn) and a
30. 0 ARy involvenwrappéng ghePipp Ry b Brsimet@neogplyl nptatad dnkgenyyyad 902 g/crrB

and ”@r&va?él?‘éﬁé%ﬁ'ﬁgé:lgaél%éﬂﬁl L) Odaéz%ﬂbgﬁta%o %nsl'ttrXag fa1 % iR

(degree o usi ng 1% an ‘endotherm<c c emcal
f oam thg agd@ivationhefsa bo&mdrdc@ﬁeﬂapleaumggfrutathg heaxdﬂ edhileithk @pedut er 5.0 +/ -

1.0 mm | 7 of th i at ed
thus SrbRTEEdC08k o BRI R R RO T e SR AT FooerafecVa B ampl o 7

[ 00128 dhefaperheioat mwuamredm@r@eaﬁmdma@dtembﬁx/amhg thebifead shout the
nmodi fi ed stgrene mal ei ¢ anhydrlde copol yner adhesi ve and pol yphenyl ene

oxi dePIp8IReY§TERE IbItRARYpiYaE! %%Ct&ih?@a/% byhvarwngsoe -FPtat(P”Z'd)O mm | ayer
of hi g&béoeam{eabifb@eomleemaanamaldqe m@tédeeﬁwa%awo@fddnmmégy@e( density

0.950 g/cnB, degree of foam ng of 0% and nelt 'flow index 1. Omn.), a
30.0 Iaf/erqabﬁnmfwé@/émn@n@fartqﬁ@s t@Mmalnirh yyeubR)ite 9é the pm@nwtd t@eand a 30.0

+ - 1 S ut 9n7§ n ree of
f oam ng of 0 0 an(f%ng{ats t?%%rgvbpﬁéjég Cﬁd Ergcﬂ% %%¥Onee9§%sé'u% a?@%t tg)i}%“r!’;e t hus
pr odugpliatals yees bethdromaltihsulptiopetd nes beocbred jometadha ti3at 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



- 35 - Exanple 8 [00127] The corrosion-protected pipe produced in Exanple 1
but wi thout the pol yphenyl ene oxi de-pol ystyrene bl end topcoat was further
coat ed W WO 201@009859+/ - 1. 0mm | ayer 6 of solid pol ycar borar/€Agaesnsiosy 1. 190
g/ cnB, degree of foamng of 0% and nelt flow index 3.5 g/10 mn) and a
30.0 +/- 1.0 mm |l ayer 8 of the same3pel ycarbonate foanmed to a density of
1.050 g/cnB (degree of foamng = 129 using 0.5% by wei ght of an

endot herm ¢ chem cal foam ng agent, this foanmed | ayer being further coated
Wi th afimeita@eobs. The dutlr prdtdcBivertopcoit, sPhbeedshey, MRl asd sienipplyest er

el astonmer (density 1.160 gicnB and nelt flow i ndex 0.5 g/10 mn.). The

i nsul @RNedi pe t hus produced was tested for the properties noted in Table
3. Exanple 9 [00128] The corrosion-protected pipe produced in Exanple 1 but
wi t hout the pol yphenyl ene oxi de-pol ystyrene bl end topcoat was further

coat ed”Re JRIng Iggution-Systef | ayer 6 of the solid pol ycarbonate of Exanple
8, a5 mmlayer 9 of the nodified styrene-nal ei c anhydri de copol yner of
Example 1, a 30.0 +/- 1.0 mm | ayer 8 of the foanmed pol ypropyl ene copol yner
of ExdRPN6k andhhpihg idintsingulation systam refayed to igfFighee égmoanpnses

I . . 9].Usii: ti
D on b B eRRLI s an PR BplsrENATHafof Jay et L3RRS 410, 2001 oF
| ayer siedlaf im therposdairetb the bhern3dl. ibswlatiobh. I@yam dralpgersg afd whih is

I i de- pol yst .bl end of Ex le_1, f t d it f
b0 KRR HegpecoBPelTLb i eusn G ercr Sy RgRy 5ot SRR tngrfgh™ ¥ ©

endot hasmecioahapesalr ihoars, &) agénhe tbptsatf paned | ayer being further coated
with an outer 5.0 +/- 1.0 nm layer 7 of the solid high inpact polystyrene
nodi fied with pol yet hyl ene of Exanple 3. The coated pipe thus produced was

t est eqoben7y he prigpeidd pentidsathtion dpdtkm 3iso cordprise% aaptosicil [ 001301 Two
12m | engt hs of pipe, corrosion protected and i nsul ated as described in

Exanpl RIS CHREt BYSHe, weligR @ndav6-2rd9'e Re MWSIURYEr SEUCBHE ng havi ng been
PLie\s{I %E%rSEW' AR S 9om bhstettiedl 1ader Ihanfngd RfiderstaiRbRf et rfRGbhi tate
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 ltayers 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.



[001311After welding, the bare netal of the weld area was coated with a
fusi on bonded epoxy corrosion protection |ayer 15 of approxi mate thickness
0. 500 +/woQoid@d9ssm The cavity between the epoxy coat e@CR&IAZPIGIONS3Iand t he
out side dianeter of the insulated pipe was then filled by injecting the

pol yphenyl ene oxi de-pol ystyrene biBénd of the previous exanples at a
tenperature of about 250C into a circular nmould conforming to the outside
di aneter of the insul ated pipe. After cooling and renoving the nould

casi Rgarddie thoul ded field joint insulation 13 thus produced was tested for
the properties noted in Table 4. WD 2010/ 009559PCI | CA20091001. 053 - 37 -
TABLE 2 PROPERTY TEST METHODEXAMPLE 1 SHEAR STRENGTH ( Epoxy Layer 2 to

Adhesgj RislaydhpiR) a shRa pipétzeiksrbyideidh@th a three layer corrosion
protection coating as described above in connection with Figure 1, comprising a
corrosion protection layer 2, an adhesive layer 3 and a topcoat 4. The steel
pipe 1, which was surface-blasted and cleaned, had an outside diameter of
140mm and wall thickness of 10mm. The pipe 1 was pre-heated to a
temperature of 200°C and spray-coated with a 0.300 +/- 0.100 mm thick
layer 2 of fusion bonded high temperature epoxy powder (density 1400 +/-
100 g/l), followed immediately by the extrusion on top of the epoxy of a 0.300
+/- 0.200 mm layer 3 of a high temperature modified styrene-maleic
anhydride copolymer adhesive (density 1.060 g/cm? and melt 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.



SHEAR STRENGTH (Adhesive Layer 3 to Topcoat 4), MPa CATHODI C DI SBONDMENT
(Epoxy Layer 2 to Steel Pipe 1), trim Internal Method CAN CSA- 2245. 20-06

12. 8 < 200momnedese 90 days (c) 150C WD 2010/ 4) 09559PCIFCHZABHO0I8H 3
TABLE 3
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Example 3

[00122] Using the coating procedure described in Example 2, the corrosion
protected pipe produced i" Example 1 was further coated with a 30.0 +/- 1.0
mm layer 6 of the polyphenylene ox'de-polystyrene blend of Example 1 foamed
to a density of 0.945 g/cm?® (degree-offoaming = 10%) using 0.5% by weight
of an endothermie-ehemical foam'ng agent, and an outer 5.0 +/- 1.0 mm-iayer
7 of solid high impact polystyrene modified with polyethylene (density 1.020
g/cm’® and melt flow index 4.0 g/10 min.). The insulated pipe thus produced
was tested for the properties noted in Table 3.

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
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[00125] 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 and melt flow index 1.0 g/10 min.), a 30.0 +/- 1.0mm. layer 6 of
solid polyphenylene oxide — polypropylene copolymer blend (density 0.970
g/cm3, degree of foaming of 0%, and melt flow rate 10.6 g/10 min) and a 30.0
+/- 1.0 mm layer 8 of polypropylene copolymer (density 0.902 g/cm3 and melt
flow index 0.9 g/10 min) foamed to a density of 0.750 g/cm3 (degree of
foaming = 23%) using 1% 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 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 & 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.
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Example 8

[o0127] The corrosion-protected pipe produced in Example 1 but without
the polyphenylene oxide-polystyrene blend topcoat w®s further coated with a
20.0 +/- 1.0mm. layer 6 of solid polycarbonate (density 1.190 g/em”’, degree
of foaming of 0%, and melt flow index 3.5 g/10 min) and a 30.0 +/- 1.0 mm
layer 8 of the same polyca’bonate foamed to a density of 1.050 g/cm’ (degree
of foaming = 12%) using 0.5% 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 thermoplastic polyester elastomer (density 1.160 g/cm? and
melt flow index 0.5 g/10 min.).The insulated pipe thus 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
moadified with polyethylene of Example 3. The coated pipe thus produced was
tested for the properties noted in Table 3.
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Example 11
[00130] Two 12m lengths of pipe, corrosion protected and insulated as

described in Example 3, were butt welded end-to-end, the insulating coating
having been previously cut away from the steel at the end of each pipe to

facilitate this process.

[00131] After welding, the bare metal of the weld area was coated with a
fusion bonded epoxy corrosion protection layer 15 of approximate thickness
0.500 +/- 0.300 mm. The cavity between the epoxy coated weld joint 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.
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TABLE 2
PROPERTY TEST METHOD EXAMPLE 1 |
SHEAR STRENGTH (Epoxy Layer 2 to Internal Method >9

Adhesive Layer 3}, MPa

| SHEAR STRENGTH (Adhesive tayer 3 to Internal Method >9
Topcoat 4), MPa

CATHODIC DISBONDMENT (Epoxy Layer 2 to CAN/CSA- < 8 mm after 30
Steel Pipe 1), mm. 2245.20-06 12.8 days @ 95°C

< 20 mm after 90
days @ 150°C
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TABLE 3
PROPERTY TEST EXAMPLE 2, 4,and 5 EXAMPLE 3 and 10 EXAMPLE EXAMPLE EXAMPLE 6
| METHOD 4 s
(Insulation Layer 6) (Insulation Layer 6) (Insulation
(Insulation | (Insulation Layer 6)
Layer 8) Layer 8)
INSULATION Solid polyphenylene oxide — Foamed polyphenylene Solid high Foamed Solid
TYPE polystyrene blend oxide - pelystyrene blend impact high impact polyphenylene
polystyrene polystyrene oxide ~
polypropylene
copolymer
blend
DENSITY, I1SO 845 1060 945 1050 900 970
kg/m?
THERMAL ISO 8301 0.180 +/- 5% 0.165 +/- 5% 0.160 +/- 0.140 +/- 0.200 +/-
CONDUCTIVITY, 5% 5% 5%
W/mk
UNIAXTAL 150 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/SP0O1
90°C, MPa
TRIAXIAL InSpec 1- < 1.5 <4 < 1.5 <25 < 1.5
COMPRESSIVE 1-4-
CREEP 140/SP01
RESISTANCE,
| % after 20
years at 90°C
and S5Mpa.
FLEXURAL 1SO 178 2,500 +/- 200 2,100 +/- 200 1600 +/- 1300 +/- 1600 +/-
MODULUS at 200 200 ! 200
2% deflection, !
MPa |
|
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TABLE 3 (Continued)
PROPERTY TEST EXAMPLE EXAMPLE EXAMPLE EXAMPLE EXAMPLE EXAMPLE
METHOD 6 and 9 7 7 8 and 9 8 10
(Insulation (Insulation (Insulation (Insulation (Insulation (Insulation
i Layer 8) Layer 6) Layer 8) Layer 6) Layer 8) Layer B)
I_
INSULATION Foamed Solid Solid Solid Foamed Foamed
TYPE polypropylene polypropylene polybutylene polycarbonate polycarbonate polyphenylene
copolymer copolymer oxide -
polystyrene
blend
DENSITY, I1SO 845 750 900 930 1200 1050 850
kg/m?
|
THERMAL IS0 8301 0.180 +/- 0.220 +/- 0.190 +/- 0.190 +/- 0.170 +/- 0.150 +/-
CONDUCTIVITY, 5% 5% 5% 5% 5% 5%
W/mk
UNIAXIAL ISO 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/SP01
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 SMpa.
FLEXURAL ISO 178 800 +/- 100 1100 +/- 650 +/- 100 2,300 +/- 1,900 +/- 1,700 +/-
MODULUS at 100 200 200 200
2% deflection,
MPa
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TABLE 4
[ PROPERTY TEST METHOD EXAMPLE 9
THERMAL CONDUCTIVITY (Insulation 13), 1S0O 8301 819506 0.180 +/-
W/mK 5%
SHEAR STRENGTH (Insulation 13 to ISO 527-2 > 12
Insulation Layer 6), MPa.
| SHEAR STRENGTH (Insulation 13 to ‘Internal Method >5

Corrosion Protection Layer 15), MPa

CATHODIC DISBONDMENT (Corrosion
Protection Layer 15 to Steel Pipe 1), mm

CAN/CSA-
Z245.20-06
12.8

< 8 mm after
30 days @ 95°C

< 20 mm after
90 days @

150°C
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What is claimed is:

1. An insulated 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 comprised of a high temperature resistant
thermoplastic having low thermal conductivity, high thermal softening point, high
compressive strength and high compressive creep resistance;

wherein 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.

2. The insulated high-temperature transport conduit according to claim 1, wherein the

first thermal insulation layer is solid.

3. An insulated 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) afirst layer of thermal insulation provided over the outer surface of the steel pipe,
wherein the first layer of thermal insulation is comprised of a high temperature resistant
thermoplastic having low thermal conductivity, high thermal softening point, high
compressive strength and high compressive creep resistance;

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%.



What is clainmed is: 1.An insulated high-tenperature transport conduit for
use in offshore, deep water environnents, the conduit conprising: (a) a
continuous steel pipe made up of one or nore pipe sections, wherein the
steel pipe has an outer surface and an inner surface; and (b) a first

| ayer of thermal insulation provided4dver the outer surface of the steel

pi pe, wherein the first layer of thermal insulation is conprised of a high
t enper & ur eTHesipbRALRA highPR PR RIt@R!trahsPGY cortiuitatcrarpigrm|claaandubkrer the  hi gh
thermal  softening point, high conpressive strength and hi gh conpressive
creep fiEstitheraiad Bsulghet Byer haseongiqyinare op hefoleveng PE9Reitiast t her mopl asti ¢ has
a Vicat sofgeni ki i . C. and a thermal

conducti vi t@@g?aﬁ?'@%‘? E%Q%Fé%%t%%%?h%hgﬁgﬁﬁ%gﬁﬁgfed hi gh-t enperature
transport cloWuittiaxiadiording to claim 1, wherein the first thernal

i nsul ation | i j n, A fed high-tenperature transport

condui t forﬁ@)s(g(%h'se(sﬁ\?és g‘r"éﬁsﬁéled@wa@r envi ronnents, the conduit

conpri si ng: higff admpressivi strengtts (:s2e®Pa,pintexiatpde up of one or nore pipe
sections, erein the stee i p outer surface and an inner surface;
and (b) aVY?’Y"r i) §%’?£U6¥'V'{Vh(%ﬂﬂ&0r\w@€ﬂati on provi ded over the outer
surface of Hige [§ﬁ§§érmﬁbﬁﬁ9era\ﬁﬁ}@rvﬁi;r@tafnhQalf,éﬁim;K(;L@.wrc_p_f thermal insulation is
conprised of a high tenperature resistant thernoplastic having | ow t hernal
conductivity, high thermal softening point, high conpressive strength and
hi gh conpr i i a8 ' b H i qfsit ' ion

| ayer ?é aegféol\m% I?%ﬁ%%grt%?%bﬁ%@ﬁn\ébﬁg%ﬁ%%ﬁgﬂdgﬁdtggﬁé%2:‘\’\’ hF gﬁ“% of up
t o abofdirst3bermal imsulgtiomteverahasdlliif ghidtpsogsstiest ur e transport conduit accordi ng
to claim3, wherein the degree of foam ng of the first thermal insulation
| ayer is from5-30% 5. The insulated high-tenperature transport conduit
accor di8ng tThecihsulabed highhtermperattiteetransport conduit according to claim 1, wherein 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 thermoplastic elastomers, also known as

thermoplastic vulcanizates or dynamically vulcanized elastomers.

S. 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.



degree of foamng of the first thermal insulation layer is from 10-25% 42
6. The insul ated high-tenperature transport conduit according to claim1,
wherein the first thermal insulation |ayer has one or nore of the follow ng
properties: high conpressive creep resistance at higher tenperatures (<7%
triaxial); high conpressive nodul us (>B000 MPa); high conpressive strength
(>25 MPa, uniaxial); low thermal conductivity (<0.200 WrnK); high, |ong

t er m t emer athe iAsiatield HighhetniReR0id ﬂrénspéakaﬁd@t éccordYng b @aim s Witdr&f the
hi gh- terrperature transport conduit_ accordi ng_ to claim®, wherel n the first
3

t her mal highstemperaswre rs%ﬁanwa@rrapwlassw 5 s¢lected GpEYhe@soup EMPXisiGi nsul at ed
high-te &E%Hﬁ:?cetahﬁ{b%%éﬂboﬁ&?%r{de&mrﬂmt&elﬂm%cﬂ Halaté‘hﬁdn)gétmléﬁbe hi gh

tenperature resistan hernopl astic is se one or re nmenbers of
t he gr odigrephthplates |anqioq¢0|qmaad)dmst¢cenppaq1dhmwe styeenexacidateparl yphenyl ene

oxi de bl &F?ﬁ‘% %ﬁﬁg pol ypr opyl ene, pol ystyrene or pol yam de; polycarbonate
bl ended PAYY] B utyl ene terephthal ate, pol yethyl ene terephthal ate,
acrylonitrile butadi ene styrene, acrylonitrile styrene acrylate, or

pol yet herim includin am de 12 and el astoners
Pher cof 12pol TRy FtEa A E AR ISP PR SHadH e AR b BT yrior . and
bl ends TcBu%EﬁQﬁg a%BHros:@ﬁdet@&tioM @éﬂﬁblf&ﬁ?@pblﬁftﬁqﬁé éﬁﬁe'r SURARIFREERel al SO
known as thernopl astic vul cani zates or dynam cally vul cani zed el ast oners.

9. The ipirsANgthondpd gheretonped Hodaryingrtha Sipsthergwhinsiietion l@yerdi ng to claim 8,
wherein the

13. The insulated high-temperature transport conduit according to claim 12, wherein the

corrosion protection coating comprises a layer of cured epoxy or modified epoxy.

14. The insulated high-temperature transport conduit according to claim 12, 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.

15. Aninsulated 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) afirst layer of thermal insulation provided over the outer surface of the steel pipe,
wherein the first layer of thermal insulation is comprised of a high temperature resistant
thermoplastic having low thermal conductivity, high thermal softening point, high
compressive strength and high compressive creep resistance;

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; 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.



hi gh tenperature resistant thernoplastic is selected fromthe group
conpri sing pol yphenyl ene oxi de and pol yphenyl ene oxi de bl ended with

pol ypr opyl ene, pol ystyrene or polyam de. 10. The insul ated

hi gh-tenperature transport conduit according to claim9, wherein the high
tenperature resistant thernoplastic #4 selected fromthe group conprising
bl ends of pol yphenyl ene oxide with pol ystyrene, and pol yphenyl ene

oxi de- pg! Y rORYUIRBE highdBmpératurtittanspéitbéridest fbi gée- ihffsiedra; tdep watanspor t
conduit according to claim@8, wherein the high tenperature resistant

t her no pNEINMENES; ¢<§‘@P'§§G°'F‘P6$H‘g:he group conprising pol ycarbonate and
pol ycagﬁg{‘g{ %nﬁh@&gesqeéf“tpﬁélrﬂ S IWEYORIG rhSre Y atihss whrdiry tHelite@ pioe

t ereph acryl oni ut'adi ene styrene, acrylonitrile styrene
acr yl ates amouteobyfadeandraindener sutfacefiaodi nsul at ed hi gh-t enperature transport

condui t, \accof di t laim 1, £ .S { ction
coati ndPar et (e el ot bieEleed QR ng olfer IRt e Bl ABECT | 00 o
ther Iet Whgﬂaﬂdthﬁrﬁigtrlhvérnﬂ tiidrmaf inStslatidrhiercnmbri{serdsoﬂaahiglg_temwehur? re;srstalrﬂ;heWh _

i nsul at ed hi gh-tenperature transport condujt according t im12, erein
t he COFW%@PB%S%Q?{ 'PWrFFWd'BEEF uctfiby ngghgmai§%¢en6qgggﬂﬁteﬁlg§poxy or

nodi fi @gmBRRANVe strdifth 3RE higRTdhpkediva cap resiftand@t Airther campRsing acondui t
according to claim™2, whérein the corrosion protection coating conprises

an epoxgrregiempnotestion ceatipgedirecthuprilied s Hipduteres igp P thersteg pipe0d,
styr en%ﬁ.ﬁ@%ﬁgghe?@ | qrdn‘a@rl@ﬁ%ﬁ{gy%gg%rﬁﬂmla%ﬁ Mayer: wherein the corrosion

acryl oni ene- st pol yphenyl'ene sul phi de, pol yphenyl ene
oxi de @rotpdiopicobting canmprisasia myltidayef cerdosiasy protastion sistesn epefieditadpeptter 15 An

it or - SHOReR s SRR AT bAAORERE gl {2atiaRelch RAERIPURPRCY

made upayef carfssicl prowctiorpsystens esmprises; wherein the steel pipe has an outer
surface and an inner, surface; and _(b) a first layer, of.thermal .insylation
pr ovi dZ%I) ov"’e‘%y?" %@t@rei%ﬁ%(?é "@ﬂd'fgeﬁeepé’%%g'f'ecéliyﬁ@?gﬁ%t@rtg? ] eﬁéu'?‘%‘{ésq‘ | ayer
of t herp@btebinsipd aid Béhded th@ew; iapgd of a high tenperature resistant

t her mopl astic having | ow thermal conductivity, higogh t her mal (?ofée[]l ng

poi nt, (B} ghe BiskpdhesieJayes aprliegidiregthtitoning IFOTBSHE BOEGGHAN (FYEEANG HRJL Y I e;

furt her [Sh nasd-on protection coating directly applied to the
out er str&efcﬁggfeﬂe@?gﬁﬂ%@t%é 61 pe and bonded thereto, and underlying the

first thermal insulation |ayer; wherein the first thermal insulation |ayer

is in dire contact wi.th t r i a i j a } tl
adher ed”t ol Bouiage e Aol bR B e Ao O Wt LY
pl asma adhesha [ayir isl caraprised ©f prpotymer preyiged with fumctiardal groeips iand havihg emal

i nsul ation | ayer. 1]4 16. An iq:s | ated hi h-tF r at ulr.e tlran ort conduit
for usdytHalGinSPethefoBRSIRR PEY e&ﬁ’\?i'?\@ﬁﬁﬁﬁﬂ:@e} w{gﬁﬁmeggﬁd[]?l{atpg ¥9sing:  (a)
a continuous steel pipe made up of one or nore pipe sections, wherein the

steel pipe has an outer surface and an inner surface; ?I’Jd .
18. The insulated high-temperature transport conduit according to claim 16, wherein the

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

thereto.

19. The insulated high-temperature transport conduit according to claim 16, 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.

20. The insulated high-temperature transport conduit according to claim 1, wherein the

corrosion protection coating comprises a single-layer composite corrosion protection coating



(b) a first layer of thermal insulation provided over the outer surface of
the steel pipe, wherein the first layer of thermal insulation is conprised
of a high tenperature resistant thernoplastic having | ow thermal
conductivity, high thermal softening point, high conpressive strength and
hi gh conpressive creep resistance; fudPher conprising a corrosion
protection coating directly applied to the outer surface of the steel pipe
and bondiectlyrappliedto theduterdorfage oftheisteef pipstandiponded therefaland irpdiréchyer ;

wherein C i [ i on. Ln j |t -1aye osi on
pr ot ect Fomeey BT R R T It REoB TR piTihe SFSeRe R chhpodiiortieh
under | ypnrgedtion coatirsf cdnysrisesla duretiepixy e¢sin, aneadhevie ard an Uhfoamedtpotynayrier
corrosion protection systemconprises: (a) a layer of said cured epoxy or
nndifieH“@%Eiy 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

| ayer. 2% The inswaipdhigh-temperateiegeanapent eonquilnaaserdindciorfdrimt 1, ¢thardi ng t o
claim1l ] I I J i : L { ded

i h tugaP e olaf pRAAARK Xpcca Shnted SRR in il IR BB oyt B4 1

pr ot ect favmingagreoutansurfdre df ithes instlbtdrtednsport abrduiity wheegjrethe out&:. protestiveasul at ed

hi gh-teEr(})er t.ure transport (%ond%ﬂt accordi % }o claim 16, wherein the first
t her mal R58eh B LPPRAMTE AL AN Woqmed pAYReRs,Mattial-wi th the first adhesive |ayer

and is bonded thereto. 19. The insul ated high-tenperature transport conduit
accor di ng to claim 16, wherein the nulti-layer corrosjon protection system
0

f ur t her 2€onpf¥ iggated hygh-temperatyreoiranspprkCoPGpt tos Lse Beffanest dsePr ¥ateinf oaned

pol ymer bgvirfgah@hntdhhd forfdult@ekppiiRgact with the first adhesive |ayer and
bonded thereto, wherein the Pirs thermal insulation layer is in direct

cont act (ai t td edngnaoyssiteqd pinegvade ep phpr e Mareipipe Aekbions,Hdiasein the steelpipe
i nsul at RQSQAEE‘feFEQWaE‘c[e%Wa% ih{\«?ﬂﬁpﬁ[}é' a(h(andui t according to claiml1, wherein
ec

t he corraosron pro ion coating conprises a single-layer conposite
corrosi (b praofirsclayerofdbermahinsukabion providedyovaptie edert surfabe obthieesteed pipeace of

t he stee I bond thereto and. in direct_cpontact with the first

t her ne WA Ehe TSt P thermel Bsniafortis SPRpTES &£ Hoh drpaalde tomstal on
pr ot ect tHeAmepRSHdAVHYTBW tRE&naR cndUREVIBH Blgh theshd softéniAgl Beit, egland  an

unf oaned polyneric material. 21.The insulated hi gh-tenperature transport

condui t CYBRIGFAYNErangtic prd Mo compressie CERSRPESISARE an out er protective
topcoat ¢ t"c@rqu‘?étfﬁ%aﬁ BGteF' 'gF(?t cthB&bp&at hﬁﬁ%b%?fﬁhe{mﬁ%em ifsRlaBbA Gayar

outer surface o i nsul ated transport con , erein the outer
pr ot ect anéfarmirgoart outer swfgseiof thk insulateddrsnsport doqhiity mberein thetastéral . 22, An
i nsul ated, high-temperature t spordt _conduit for use .in offshore, deep
wat or - eROHTRNALIAESBES Rhbed ot b fied BV el e Blinc s nuous st eel i pe
made upwhéreimthedirstibend)iinsalation ldyen &, in\Wirectadontdch aithttee buter peotéa@isean out er
surface and an iJ)ner sahrfaé:%; and . i ,

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.

23. The insulated high-temperature transport conduit according to claim 1, further
comprising a second thermal insulation layer comprised of a thermoplastic in the form of a

solid, a blown foam or a syntactic foam.

24. The insulated high-temperature transport conduit according to claim 23, 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.



(b) a first layer of thermal insulation provided over the outer surface of
the steel pipe, wherein the first layer of thermal insulation is conprised
of a high tenperature resistant thernoplastic having |ow thermal
conductivity, high thermal softening EOI nt, high conpressive strength and
hi gh conpressive creep resistance; ff®ther conprising an outer protective
topcoat applied over the first thermal insulation |ayer and form ng an

out er 2br f akhe inulated: highdeinperatlre tansport concoitdaiardingtie cleinm 24 hehereinehe

prot ect,i ve.topcoat .i s se an_unf oaned [ rial; wherein
Phe 11 PFmIHERTdnei BaRanl & s et frofLom OGAPRCP BB RE R JBHB 1o out er

pr ot ectdmpridif? GeRd oefodmet rp%B,beprR:dBQbﬁﬂpblbméebﬂcoﬁolwe‘r} palybutylerayal

i nsul ation | ayer having been treated pl ascﬁa or corona di schalrnq(edprl or to

appl i c8P ethvigher Ry sbireas hghompars %VSMS%&O 125l POy TERRy ANGCERpSi

hi gh- t%PB@r‘cﬁﬂW&r@ss‘hﬁl@é&ﬁMﬁroW@%ﬁd FohfethyilrRg, |h€]u6ihﬁ'c8ﬂ)élymé|§r blBRds &Pri si ng
a second thermal insulation layer conprised of a ernoplastic in the form
of a selasigmess tlessah; dshm or a syntactic foam 24. The insul ated

hi gh-t r t he
cecond RETHTE bR S Eea et uBAER hgedsaThE) ERuaSEIFER. ' i o
is dissiml ar to the high tenperature resistant thernoplastic conprising

Lranspapt cRnBEtH Y BrRg ay iraish s o PEfse PR B R T yrvr

mat er i @hwi-cﬁmﬁee.tgg(tﬁ@@brfdumrmmpﬁsmg nore nenbers of the gr oup conpri si ng:
solid or foaned pol ypropyl ene honopol yner or cog%gg eP #bu | ene,
pol yet k) erfeconsipHous: Siedd pipe admup ONJBPRERING $rydiergi SHRE ene,
and cr ‘H§§5h Bh@qsgrrfadgagnhla@,l ,huercsrugfggé ignged pol ypropyl ene and poI yet hyl enes,
i ncl udi ng F ?/rrers l'ends and el'astoners thereof; and wherein the first
t her rral(b) nsaufirat lager ofdhenmalinselatior ravised owerihe aukRsrSYETACS Pistie staebRiPRayer . 26.
An i nsylar ey fﬂ'?t Iggé%?rtﬁér%ﬁn%ulgﬁé{)@ Bmﬁ)ﬂﬂéﬂ"‘?ft ifugﬁ erbﬂw@f’és%lf'é}ite deep
wat er envi Tt onmen con I nuous steel pipe
made um@moplaetmlnawngIew;thermaieomdtmtl\ﬂty,Ngdartbemma] lseftartimgepoipi, pighhas an out er
surface _and an inner, sur i.r.st | ayer of thermal insulation

provi dSBMBLFSFIVE AEength apd b@ﬁ?dég@)?%iv% ﬁéeegtrgafta%epe wherein the first |ayer

of t helfmerlcamﬁhghg @setchdaBemidl Sedlatibn faybr eimprisep of attherenapzstis inathe
t her rmpl astl c havi ng] | ow t hermal conductivity, high thernmal softening

poi nt, foyef %&Pﬁr 8 Slowpefoamy o fyVRtackE '93Myh conpr essi ve creep resi st ance;

fur theg r@%ﬁfﬂéﬁ@@%@ ﬁsﬁdﬁ%ewﬂslnﬁwaﬂdﬁa% h@“fohmw&o BRERIN: Begred. a
therrmfﬁastlcmt formof a solid foamor a syntactic foam
wherein the first and second thermal insul at| on |ayers are foaned to
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use i niglfatibeIAfer.deep water environnents, the conduit corrpri si ng:

28. 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 comprised of a high temperature resistant
thermoplastic having low thermal conductivity, high thermal softening point, high

compressive strength and high compressive creep resistance;



(a) a continuous steel pipe made up of one or nore pipe sections, wherein
the steel pipe has an outer surface and an inner surface; and (b) a first
| ayer of thermal insulation provided over the outer surface of the steel

pi pe, wherein the first layer of thermal insulation is conprised of a high
tenperature resistant thernoplastic haing | ow thermal conductivity, high
thermal softening point, high conpressive strength and hi gh conpressive
creep r auttidr 20@@rising 8 skedrid@ernesl nmsulation tayar s6rapiskdtdfarthtmaphestit & then | ayer
conprised of a thernoplastic in the foarmof a solid, a blown foamor a
synt act f&m efz@$oligha Plgwp o qqq%ﬁntﬁqti'ég??dw insulation |ayer underlies the
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thermal insulation layer and directly adhered thereto, the first thermnal

i nsul at isdn diregtegontagt With the second dbgraw! npulption laxeanddiresty adhered dhejetopri or to
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envi r onappitcatiort betheaadrid theongdinstilation layea) a conti nuous steel pipe nade up
of one or nore pipe sections, wherein the steel pipe has an outer surface
and an inner surface; and (b) a first layer of thermal insulation provided

over t hegout gy inSafedHfigtrteniptfatticc@bndpoRoniiefor e imeffdhore idebgWaterof
thermal insulation is conprised of a high tenperature resistant

t her mopEPRYEANEaRs, ithey conslitiaeePRiEiNdconduct i vi ty, hi gh thernal softening
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further "conprising a sec I nsul at ayer conprise
t her nophasamn outen suttfiacef andraroihner stwfaice, and bl own f oam or a syntactic foam
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| ayer %&mp.@sﬁﬁ@&ra{gtﬁ@h@ﬂ@h@ﬂﬂﬁsr;@glc%ép%si&@neaplication of the layer of

unf oaned pol ynmeric rmaterial, ) | asma or corona di scharge of the |ayer
of unf ofifEer sompriging @ seeansytharmalinssiation layep cereatised of g thermeopiastis fiutheher mal

i nsul at | : wiBal hicgh-t enperature transport conduit
accordi F\ég}ﬂ}é)@%gcglpmgﬁbo Vmgbg(lﬁtg %%Egﬁh/’e | ayer is provided between the
| ayer ofvherdinthedfitsparid/seeond thremmel insulatiomdayare aoe sdpatdiedby aHayef of gnfoamed
second thler mal insulation |ayers. 32. The insul ated high-tenperature

t r anspoPPYEGHGMA M cor ding to clai m 29, wherein the unfoamed pol ymeric
material is an adhesive. 48

30. The insulated high-temperature transport conduit according to claim 29, 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.

31. The insulated high-temperature transport conduit according to claim 29, 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.

32. The insulated high-temperature transport conduit according to claim 29, wherein the

unfoamed polymeric material is an adhesive.



33. An insul ated high-tenperature transport conduit for use in offshore,
deep water environnents, the conduit conprising: (a) a continuous steel
pi pe nade up of one or nore pipe sections, wherein the steel pipe has an
outer surface and an inner surface; and (b) a first layer of thermnal

i nsul ation provided over the outer sd8face of the steel pipe, wherein the
first layer of thermal insulation is conprised of a high tenperature

resi st 3t tA‘rﬁhﬁﬂé‘fedf’fﬁgthehﬁ)ératqrel teamspive comduitcfon dsecini offshgre, Heaphwateer mal
sof teni ng point, hig onpressi ve strength and hi gh conpressive creep
resi st SREEONMANES, {es C‘EIS'HﬁrCP%‘PFiﬂ“% noul ded pi pe joint insulation system
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thermal' ‘i nsulation layer at a joint connecting two pipe sections. 34. The
i nsul aﬂﬂé@lall’nogterSwfﬁ@r@rmdmnneraﬁh@‘p%tandondw t according to claim 33, wherein

the mo %:)ur d, Risp Fag%lpéf% ot Ws@\%bé’r? Pit)(/ﬁfeﬁ St YR B cbr thidlsthellpigh,

t emper & e PNt T her
wherein the first layer of thermal insulation is comprised of a high temperature resistant
thermoplastic having low thermal conductivity, high thermal softening point, high
compressive strength and high compressive creep resistance;
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.

34. The insulated high-temperature transport conduit according to claim 33, wherein the
moulded pipe joint insulation system is comprised of said high temperature resistant

thermoplastic.



