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Mor eover, "applicants have di scovered that the use of organofuncti onal
silane as the surface treatnent instead of sol-gel nodified with Chronmate
produced a | ap shear strength of about 10% hi gher at 230F wi thout hot water
exposure and about 25% and 40% hi gher at 230F after 100 and 400 hours of
hot wat er exposure, respectively as showmn in FIG 7. Exenplary

or ganofunctl onal 5| I ancs and their rel at| ve strengt hs under hot wet
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5 imersed into the sol-gel or silane. Fromthere, the strip is guided

t hrough a drying box 18 where the sol-gel or silane is dried onto the st eel
strip surfaces. The steel strip then proceeds through anot he; a ?.9320
whi ch "scrapes” the excess sol-gel or siiane off the steel strl p surfaces

| eaving a | ayer of silane or sol-gel on either surface of the steel strip
having a pregleb@tarsned thickness. Fromthere, the strip ispephkgifhsiddto a
roll 22 and is ready to be used in 10 the pi pe w nding process. In an
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stri ps and consequently, the steel strip layers. These fillers allow for
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speeds (since the winding process will not have to be stopped for the
application of resin between the strips) while providing a consistent bond
t hi ckness throughout the layers. In a preferred enbodi nent, the inpregnated
continuous fiber filler is wound over tie inner lining 40 of an SSL pipe on
a mandrel 42 sinmultaneously with the steel strips for formng 15 the SSL

pi pe. Preferably, the SSL pipe inner lining, steel strips, inpregnated
continuous fiber filler and outer lining are wound rel atively

si mul taneously. For exanple. in formng an SSL pi pe having three steel
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- 6 MAY 2003 WO 001 29162 PCT/ US99/ 27255 the mandrel 76 used in formng the

pi pe. A second steel strip 78A is helically wound over the i
continuous fiber filler over the mandrel. The steel strip is® ”E me
drum 79. In the preferred enbodi nent, an autonated process is used to w nd
multiple steel strips i over the mandrel sinultaneously in |agging ordec.
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a continuous fiber reinforced filler, glass spheres also known as
Zeeospheres or mcrospheres, a disconti®nuous filler, are used. Zeeospheres
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Zeeospheres can be hollow 10 or solid. They are manufactured by 3M and
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for maxim zing the bond strength; (2) ease of application of the filler;
and (3) cost of the filler. Debulking tinme and ease of application of the
filler effect the production of SSL pipe, in that if debul ki-§ MAYs2008
|l ong and/or if application of the filler is difficult, the tinme and costs
associated wth the SSL pi pe production may becone excessive. FIG 14,
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2. Anethod as recited in claim1 further conprising the steps of:

PCT/ US99/ Z7255 10 coating a second steel strip with a sol-gel. coatj & and
wi ndi ng the second steel strip over a wound portion of the-FSrM tﬂ 03
strip. 3. Anethod as recited in claim2 further conprising the step of
formng a layer conprising resin between the two wound steel strips. 15 4.
A met hod asWOM2H in claim 3 wherein the step of coati ngPEHHPPREES t he
step of farmng the sol -gel coatipg, .and erein the step of formng the
sol Tgel ca ey taRmTazale sonin e GRerairgiipivg maregomas FUh e spRraRAIg
parti al | y resgacAbemnateelyl resingasy be mpbiedios ¢o the2@ehytep dayer iprigr toheinding ultd on; and
condensi ngoﬂtittgﬁo&mbuﬁmiwog fhe reeinriﬁtyfwd;t:pmgl 5@&lrt]ﬂe%ulhmc&lltﬁ\w%s%b%mteheghﬁ Jf
conprisin st e in rompte in the sol -ge nmet hod for
forraing gibFra@eﬁéc{ngenglof)gé %‘(B‘H%fsi(@'fr ot Y %?'ailﬁén @‘F:‘“@Bf’frﬁ‘ﬁ@ 7§°{° qégﬁé?tala

por t5i on  offibemand et combjaatiop volume. Hpyever.adugh filgr Siller eontenstesge) a fher filervi th a
si | ane coabnte@;at the higher@nd bOthBiraRe obgredter iopeferreie | nner layer; and 30,
formng an outf db§1¥gérvé)é/se«{sg&&?%&’:‘ﬂgl{ﬁq%gﬂegﬁa{cic [tehiten Cobse ERIARS Siel°C1 | o

in claim5 fyrther conpri si t atlng a setond 'steel Strip

with a si |aaﬁ81ea=a&f?mﬂpn§ﬁ€e m%ﬂ&?lﬁaeis EIEER U dlogh [8¥Ers tepyiting 18,8 improysdhnd
portion ofpe¢liswerfgity Jhe eantinnous fibérffillerdMmp@gnatedwithitesin can be avoundsimiltaneduglym 7

Iur tiper g%?xrthiéét&tgla&&?atSHingspQédsIﬂbﬁ]n@%tﬁlié}ﬁk’ﬁ’od&@iﬂﬁE;be‘é&ﬂ_li_in[:@ﬁé Qi vvein t he
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met hod as p?"é%%t"é@ rl{ohﬂg"leat? %%3? t_o\}\),ﬁeed?fé’lp/ﬁ%tﬁgﬂgaé@? r???eg%a‘g&%%aﬂ? gtg'?%sv?tﬁ ,e wherein

the sil an®rvidipg # cpsistyotbond thickness trquehoytthe layersoonds with the surfaces of

t he steel strilpapnfeareiembddingeng therimpggmgedyoatimiouafiberililer &iwould beer zhe

nonhydr ol {gRbli@in@4@sFah SSK pipe 68 mhAiRd] 40 KhiltatebSsly\vith tHe BRel s&s for forming

15 the SSL pipe. Preferably, the SSL pipe inner lining, steel strips, impregnated continuous fiber
filler and outer lining are wound relatively simultaneously. For example. in forming an SSL
pipe having three steel layers, the winding of the inner lining over the mandrel is first initiated.
As the inner lining 40 is being wound, the winding of the first steel strip 44 over a wound
portion of the inner lining is begun, followed by the winding of a first impregnated continuous

20 fiber filler 46 over the wound portion first steel strip 44, followed by the winding of the second
steel strip 48 over the wound portion of the first continuous fiber filler 46, followed by the
winding of a second impregnated continuous fiber filler 50, followed by the winding of a third
steel strip 52, followed by the winding of the pipe outer lining 54 over the wound portion of the
third steel strip 50. In this regard, the entire thickness of the pipe is wound as the winding

25 proceeds along the length of the mandrel is the direction shown by arrow 56 in FIG. 11. To
improve the winding process, the steel strips are preformed to be predisposed to helical
winding.

During winding of the pipe a pinch roll is used to apply a normal force on the wound
steel strip so as to remove excess resin between the strips forming adjacent steel layers or

30 between the strip and a pipe lining so as to better control the bond thickness. The normal force
applied by the pinch roll causes the excess resin underneath a steel strip to be removed from a
free edge of the strip. Furthermore, the normal force applied by the pinch roll enhances the
bond between the resin and the steel strip or the resin and the adhesion promoter coating on the
steel strip by creating higher surface contact loads.

35 The entire SSL winding process can be automated as shown in FIG. 12. There, a first
steel layer 78 is formed by winding a steel strip over a lining formed on a mandrel. A
continuous fiber filler 70 is then drawn from a drum 72 through an impregnation bath 74
containing resin (FIG. 12). The impregnated continuous fiber filler is then helically wound over
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10. A method for form ng | am nate pipe conprising the steps of: formng a
pipe inner lining; formng a first steel layer having an inner and an outer
surface over the lining; bonding a second steel |ayer inner, U&A!ezggat he
first steel layer using an adhesion 10 pronoter mxed with a“r€Sin; and
formng an outer lining over the second steel layer. 11. A nethod as
recited in glai wherei n the adhesion pronoter is selec fromthe
group of ad eg)l on%‘grom)ters consi sting of sol-gel and sil a';ncgr%sf@%i? A

Lo il o o g o
t hr ough a i‘?‘P‘i’?%‘?%(j Cf’?lg'luaustfg’e’f "¢-F§ aver e f&%@ﬁﬂ~‘é@’¢§%ﬁ¥?ﬁfﬁ df?‘,f"f‘%toﬁ’é d¥m Y. 20

passing the strip through a adhesion pronoter solution; and drying the
adhesi on pr onth e poeTtredd eRibodihchigh Aitdrhaled pkdcessAs (Rl BOWinkl BlultpRakde\Grigs Strip

he ot 1 p o DU SRR iy BB ok b B MG 16 FhBlEsthenand "
fluid to rigbpean firse follovyed h@t%e Srindingef thy seconiestrin, andyso fprlysheggxample, asieplp
t hr ough arstrip 78 rkay Heairdven fremomen 7%4rid anvther steelistdps 78 A onay bladrasirfioni a dramsi ng t he
strip throigghsghoddlin BRY. 130l RBard RS &HtinChibd\Gin Db Wolind il b SiM@IR paks dhetédy f OF
drying the ols- el .on the, strip, and passi he.,stri tﬁrﬁ)u a second
a7 ket o edpime gt gated B o s Wl S OHERF Bt folF Pl P e £ oy
obt difni ng venund gimultaeaeugly dwrohe appligants ingfosming RSLspipesy AnplicArs areprumetiver ni ned
t hi cknes s%pzliagxging]@o Lsenenshrips _ﬂmhﬂexiz differeqt drumg sinﬁﬁm&busirlylmavindi apipeg defining an
g 3 APy Lt L B B U B o
| ayer, whetnd oxer ‘F@é@?’e@ﬁﬁ SPOYTHRYS F‘ﬁ?t tllerg ?@’C’B 'ét eﬁy pieplly the Joll 1S a1 ed
W th a solcogmected tmarn amyp §ovhighrextends ladodationiovey thefmandeel smes to nldew thegglbto, and .
an ost er |lapplyagomnatfordebethe @6@iddtesl sy, Thayed is givblally SmipRA toi fixuire 884bbaCe Of
t het pi pe 1, ’_ﬁvot inP 8. ”ﬂ{ef‘anﬂ :c@?re@&r&cﬁﬁ%ﬁﬂo\liﬁb bk Binidh JehieRS! 1idhoh Ber ) - 08!
coating c Om rcl{'e .e g aEnaly %e p\éeumatically, hydraulically or electrically driven. A vertical
member 88 is also pivotally coupled to the pivot point 86 on the fixture. A front portion 92 of
a cylinder 90 is fixed to the member 88 such that the cylinder 90 is in a position relatively
20 parallel to the arm 84. The rear 94 of the cylinder 90 is coupled to a rear portion 96 of the arm.
Once the roller is in position over the mandrel, the cylinder 90 retracts causing the arm 84 to
rotate (counterclockwise in FIG. 12) and the roll to apply a normal force to the strip.
Instead of using the mechanism described above, a roll with a predetermined weight may
be used as the pinch roll for providing the requisite normal force. The roll may itself be of the
25 predetermined weight or a separate weight may be added to the roll.
Inan alternate embodiment, instead of using a continuous fiber filler, chopped or crushed
fibers may be mixed with the resin in an amount yielding a high fiber content prior to applying
the resin over a wound first steel strip layer portion. Alternatively. resin may be applied to the
wound steel strip and the crushed or chopped fibers may be applied over the resin.
30 Because, the fibers themselves can carry load, the addition of the fiber fillers to the resin
improves the peel strength and the shear strength of the bond between the steel strip layers of
the SSL pipe. Moreover, the high fiber content reduces the shrinkage and thus, the shrinkage
stresses developed in the resin during curing, improving the bond strength of the resin. In
addition, the use of the fiber filler improves the resistance to crack growth in the resin between
35 the steel strip layers. In essence, the fibers provide a stop to crack growth. The crack will grow
into the resin until it reaches a fiber where it will stop. The crack may continue to grow at
another portion of the resin and again will stop when it reaches another fiber. This phenomenon
can be seen in FIG. 13 which depicts a graph of deflection as a function of load for an SSL pipe
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reacted nmetal -organic precursor. 16. A lamnate pipe as recited in claiml4
wherein the sol-gel coating conprises Chromate. 17. A | am nate pipe
conprising: an inner lining defining an inner surface of t p Y mﬂﬁrst
steel layer fornmed over the inner lining; - a second steel |ayer bonded
over the first steel |layer, wherein at |east one of the first and second
steel |ayer¥Wa®28sated with a si | ane coating for pronotingPdxsyprysoHf said
one steel layer; and an quter lining over the second steel |ayer defining
an olter stprRagllskplateioaging gerforged peritherm TR D 0P standerd: efsiit canl b peenithé m 17
wher ei n t hépesédraesdoaionyit & sesk issebélgned at dadipdeld0gi abtie cgack \gpiwsavith RE

non- hydr ol g Abken AFORA Brob@RNIERI 102 Yynehtal A AT ?kr&%&gg&wk@rea | nner

lining def | nner. surface or med

over the ifh r?éq’%f ‘f’ﬂlﬂ?‘ngpecé‘He'? Prews H’ecdfré °ég’i‘§9\$?a@6 ‘hg’“?oéhésf SaCREBES f i br ous
fill®r ovep gtdvewhématdO%bandahe loaddsops talesdd%dﬂtsic\sé106ltbgmacklxmwthds arestehe first
st eel Iaye‘{nd\(y,easpgaﬁehBégeﬁmdgr@tlead@ﬁr and an outer lining forned over the

second st eel ﬂl?l é&h@%d%ntqgsttgad oﬁygokﬁ\ﬁ.\%ug Iilzfg pegnfgr}cgae f'élle% %(I)a & rqlhgrg]% nate

pi pe as reC|te

fibrous ned @rlﬂn&r’m%?@é‘ﬂéﬁ@ PHRcTaTehegs  fiscantinvarsillen aze Ué%fh Fe8RSPRYETI® gl ass)
car bon andyftieallyanade Hbm aketaanic materinl mdmee shaped Bkd sphalesi Aesvkpheres d4h bathellev n t he

inte dmd' a&r%ohaiywey%%mmuff&anmm%é ZRLAURIuSBES Al - 22. A lami nate pipe
as recited in @ altmh rvs\/rbfmal Sth Qte madl at %n%)l %%Eg CO%I nuous
reinforced fib&P®I'&yayr S§ hap 8 D &5 8- o3 A
| ami nat e pPrpterably, ﬂresqsme"dleid with Zegogpheres eméhdmcwdp n@u&biﬁ(obnwmbtkmsmh@med
fiber | ayenh lhlSteSt[hgt e offaeeasﬁisﬂredmgdvédmmﬁehest@n@mpawea‘n thostea sgipnadit i ng of
veils, d ﬁnloﬁﬂnﬁ atta3BRgeraid o?@ﬂ)@f-‘ ILRRR 21 a?lﬁlés%mgél‘? pi pg
as r?SCI t: ine. £ t Oneﬁﬁed WItE Z%eospheres Was fess than goate

i aaies fmesrvaﬁbf'gﬁl R %@'ﬁ

capabilities of an SSL pipe formed with steel stnpsé{onded using a continuous fiber reinforced
filler impregnated with resin (FIG. 13). The addition of Zeeospheres also improves the crack
growth resistance of the resin matrix as can be seen from FIG. 13. When using a resin filled
with Zeeospheres, the bond thickness is controlled by using a squeegee. After a resin with
20 Zeeospheres coating is applied to a strip, excéss resin is removed using the squeegee. A pinch
roll may also be used to control the bond thickness and to improve the quality of the bond.
Besides bond performance factors of peel strength and lap shear strength at hot
conditions and retention of lap shear strength at wet conditions, applicants discovered that other
important factors need to be considered in selecting a resin filler. These factors are: (1)resin
25 debulking time, i.e., the amount of time it takes to remove the excess resin between the strips
for maximizing the bond strength; (2) ease of application of the filler; and (3) cost of the filler.
Debulking time and ease of application of the filler effect the production of SSL pipe, in that
if debulking times are long and/or if application of the filler is difficuit, the time and costs
associated with the SSL pipe production may become excessive. FIG. 14, provides a
30 comparison.in relative terms of these factors for woven cloth, monofilament mesh, random
synthetic veil and Zeeospheres fillers. Where applicable the data for this table was obtained
through testing.
As can be seen from FIG. 14, use of a monofilament mesh allows for a very fast resin
debulking time. However, a bond formed with monofilament mesh has a high degradation in
35 shear strength under wet conditions. Random synthetic veil has a good overall balance in the
above factors in that it has a high peel strength, a high shear strength in hot conditions, a
moderate retention of shear strength in wet conditions, provides for an average resin debulking
time, is easy to apply and has a moderate cost. Woven cloth has similar performance
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25. Alamnate pipe as recited in claim24 wherein the adhesion pronoter is
sel ected fromthe group of adhesion pronoters consisting of sol-gel and

silane. 10 26. A nethod for formng a | am nate pipe conprisi tlﬁ
of: formng at |least a portion of an inner |ining; v~indi ng'ng ?MI
strip over the inner lining formng a first steel layer; formng a fibrous

| ayer over |,rst steel layer; 15 winding a second ste ' ver the
fibrous Iay\réltri%?/(g)érlr%r?ng a second steel layer; and formng a?cngEWF%ni ng

Che st ap orpncfb e oy it TeTBIARGS RFIohE s b llng e 107 1 7

| ayer conpiEndTaied g%ﬁ?%isﬁ?aquﬁéﬁﬁﬁ“ qaiv%g’rwslggfz%'.enw'rmt hod as recited in claim
26 wher ei n t hdJsgtof gomsinupwu filienrgindoreqddfillgtssoriZggaspheresip tiegesin usadtodtond thef

W appi ng gte6ioviripsii SBE pipeh (266 ehefobbramnpslift 8@ pipe e Thésb @llérs taibeSs@Blo | ayer .
25 9. A 'I*?&nhaf siﬁ?nah%?ﬂhﬁtﬁguéeﬁ‘ tocdof.‘a 4 §trifp§'{h'a{§?£ trfa?mm?%nrﬁgﬁetsﬂﬁ FlnfderOf
applying a sol-gel or srlane coating to a east one. o 8 stee Strips.
30. A net [§esk a5 8oirgebonsiane or steekstrins gt arg sandblastedrsteplstring thapare aergigated inapp| vi ng
sol - gel omngwapoefotrn. t he fibrous filler. 30 31. A lam nate pipe conprising:

an inner |ini ”&pﬂﬁﬁﬁ@ﬁﬂﬁdi@&v&r@&!%w&!&,ﬁﬁ&ﬁe &)‘mbﬁrﬁﬁoﬁ’éﬂ%ﬁhg ;@acfh&sﬁ&ipr&ﬁcﬁ&' | ayer
formed over ,the .in
r

T il e ot B O SR .
| aydf; a slewohed Bereig|providecior iraprened boad shear greasth aag fsrimprovedhpechiresgther
| i ni ng f onéretion\aehottahd weraperatingdoaditionsa Feam ket icoridactediby applieantssthe fesules of t he
pipe. -15 of v i\@ﬁeéﬁ&é iNPIG0 2 KGR vRGEL BRI 18P shedr stfengd dfARE BéHae P Pe
a5 TeC! L e dorhataiiiig e 0K S iller beRveeS Ul s H235°F 1 Dibased whef QIRESES @
resin and 'SEFROFINE feedspheres P

strips were treated with sol-gel and increased even further when the steel strips were treated

15 with silane. Furthermore, the retention of shear strength at hot wet conditions. also increased
from 560 psi after S05 hours of exposure to water at 230°F to 2360 psi and 3280 psi. when the
steel strips were treated with sol-gel and silane. respectively and exposed to hot water at 230°F
for 820 hours.

A comparison of lap shear strengths at different water exposure times at 230°F of steel

20 strips which are coated with an organofunctional silane and bonded using either G-800 type
Zeopheres, a Freudenberg 723020 veil, or a Reemay Type 2270 veil are shown in FIG. 16. As
can be seen from FIG. 16, use of Reemay of Freudenberg veils significantly increased the peel
strength of the bond even under hot water exposure as shown in FIG. 16 with acceptable
increases in resin debuiking times.

25 Although the present invention has been described and illustrated to respect to multiple
embodiments thereof, it is to be understood that it is not o0 be so limited. since changes and
modifications may be made therein which are within the full intended scope of this invention
as hereinafter claimed.

30

35
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33. A nethod for formng a lam nate pipe conprising the steps of: 5 form ng
at least a portion of an inner lining; wnding a ftrst steel strip over the
inner lining formng a first steel layer; formng a | ayer QiﬁgMAY 2gp§res
over the first steel |layer; winding a second steel strip ove e f us
| ayer form ng a second steel |layer: and 10 form ng an outer |ining over the
second steeyosésdier 34. A nethod as recited in claim 33 \M}Qj:rﬁi! first
steel strip has an outer surface facing the |layer of glass sp SJg?/sera?‘t)and
wherei n t beAfSond steel strip has an inner surface facing the |ayer of

gl ass spheres, the nethod further conprising the step of applying sol-gel
or silane 15 to at Ie&%t oge of said surfaces.... 3!15 A me&hod as recited in
clai m 33 wherédi n th@etod for derming g japyinale nipg rompging fiesteps Bler es conpri ses t he
steps of formning aforming etrleastd pagtiersef ag rimer lager of theipipeand sol -gel or sil ane;
and 520 appl yi ng Sadodtirl’g%ﬁx’dﬂs@eepétﬁgwhﬂ@séllﬁkﬁéoa{iﬁﬁer- 25 30 35 -16 . A
r.A[@A.Ay.AIS.ASf.l,%\I..A %I aA..A I ﬁ}?l !lLR.A .As "\ xsW

#1 &(*3M ##zuoj d_Z Cg‘f‘&}}] St Sé’él] e é’mg'j Exeéj %’zg] ca] ca]ca]ca] ca]cal] ca]c*a]c
Ra] ca] cRaU] ca] ca] clayeiag amputer]laveT ever voapd sipd aWipca) c(a! #! % ()

)TV, ,4-V--~.."1]/0"1"4) 4+4- 464PAT666mMPF@IAZ@Q @ AEBzupkf " [ V] ] ca] cal] ca] c*a]

cal ceal ool ool chl cat ?%W&@%@@%@ﬁﬂk@ﬁﬁk@?kﬁ33133]“/33{ Gyl d 20
] ca](iga] ca] cal] ca] c“éﬁ"?,gaﬂ 595‘1 A1 R %Tog‘gﬁllﬁ"éﬁ’?ﬂ; ] ca] ca] ca] ca] cal] ca] c(a
] ca] ca] ca] ca] cal] ceinding theapeoaf stablstripdyssoweung @otrion op e firsisleekstim ] ca] ca] ca] ¢

aJ ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]calca]lc*a]lca]ca]lcalcalc

I kv Ov ' : .
e A A S O
i | - aAGEH FREPRIPLEAFHIR PERFE e HYCH “E‘ZPE Ft%Fca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] da] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca! R69<?D- aA@H| } xsnid_Z]]c]ca]c

ZI]I g:} 22} ga] calqal cﬁhfeaioaalffai}eslaahelaincgivﬁahag] . (bgl&ahgadrﬁglsegdlsabpeﬂ 0c/a]h cal c
k7] TGN e B S g AT i 0

(Y71 SH$1068PRPN ) - S| " 0$109%h& () - S! f 0$109%h& ()-S $10%& ()-SO0 $10% h& ()- '5
$10%h& ()- #t} " <fohBing 200kBGA1 qontaBBiglORutiadly f9acted nBabdtganic precursor;
2'&( §2b ;Ti)]sgréé%ooﬁt:mhg&fd}dﬁ%ﬁﬂ%%mqnéE)md #@0%& ()-Y 10 h 10 h 10 hl : 10%

- -, - ; 0
h& ()-:9 10% h& ()é&aﬁ‘%gﬁﬁ]‘&mgl"'
h& ()-30 vzX6bCl C0&$10%b& () - F! z0&$10%bb& () - F! 0&$109& () - F! SO&$10%b& () -
FI ~0&$10%b& (5 - F&S Dthind a§ yecked/Bixllim 3 further comprising the step of mixing chromate
y2109%H& ( )in th soifpbPY0b& () - 3!'y) $10%b& () - 3! 00$10%b& ()- !, 0$10%b& () -
$109%Q& ()- #3YR3M-_=! | 5#10% () - L10%GK () - #10%@ ()-m

6. A method for forming a laminate pipe comprising the steps of:
forming at least a portion of an inner layer of the pipe;
coating a first steel strip with a silane coating;
winding the steel strip over the inner layer; and
30 forming an outer layer over the wound steel strip.

7. A method as recited in claim 6 further comprising the steps of:
coating a second steel strip with a silane coating; and
winding the second stee! strip over a wound portion of the first steel strip.
35
8. A method as recited in claim 7 further comprising the step of forming a layer
comprising resin between the two wound steel strips.
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10% u& () -! +0° $10%0ming@h bhterdinif GOt secofd el @e0° $10%6UbU& () - @ MV O. QNRT2
W [9dY: |11 n0" $10%<b<& ()-@!0' $10%<& ()- @' u0' $10%<& ()- @0 $10%& ()- @
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12. A method for coating a strip of material with an adhesion promoter comprising
the steps of:
passing the strip through a washing fluid;
passing the strip through a rinsing fluid to rinse the washing solution off the strip;
20 passing the strip through a adhesion promoter solution; and
drying the adhesion promoter solution on the strip.

13. A method for coating a strip of material with an adhesion promoter comprising
the steps of: .
25 passing the strip through a washing fluid;
passing the strip through a rinsing fluid to rinse the washing solution off the strip;
passing the strip through an air knife to remove left over fluids from the strip;
passing the strip through a sol-gel solution;
passing the strip through a dryer for drying the sol-gel on the strip; and
30 passing the strip through a second air knife for removing excess the adhesion
promoter from the strip for obtaining an adhesion promoter coating on the strip having a
predetermined thickness.

14. A laminate pipe comprising:

35 an inner lining defining an inner surface of the pipe;
a first steel layer formed over the inner lining;

13-



10%<& ()-]B*<_W aacwU3uV4! HO, $10%bbb& ()- 'L, $109% bf b& () -

I'L0$109 bf b&' () - & 0$10%b& () - & CO0$10% b] b&' () - & H$10%bbb&' () - &cydef =gLhPh
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10bhkkl " m1quX6F‘I4CCO”d steel layer bonded over the first steel layer. wherein at least one of the first

10! 0$102ak&ohd st&l MOG IR Ypdnala&iti2)so S Q0G0 kid&lof 1) g RInd i@ D LIS ok br&ei (ayerS! QPLOYK
k& () - 10%&' ()-qrjtuuuuuvzodY: 10!"10%& ()- 10b 10b 10b9

109%& ()-'i 0, $10%b& ()-![, $10%bub& ()-! p$10%bzb& () - Svvwi; yyzz[ 9dY:
10! | LO$10%@ @ &3¢ ))‘S‘Fr/‘gz‘o‘lgo‘gm‘ '%? §?¢P?‘Eﬁ%ﬁ&£§ DIge @y OYipy W/&‘@w&y{) - 1[ /19$10
% <-<& ()-f/&10%& ()-2z|}~n: IWJ3dY:

1 0$109%<& ()5.f/ xsl0hihokp 78 s&ietiled il d1AiAH L QKb ] ngise Jo)-gélkéMA@a,&gs& dphrtially [ 0$10%0

<O<& () =1/ 09E<E<&’ ().-f/J\ abcdgqO~_= ! 0! VF $109& () - 10%@&' () - #10%a& () -
10< 1(())<re 65%%0‘%%%(‘%%fﬂocyuiug&g()-_f/ONw\u&_: 0 0 0

| 0@ 10v@a&: ()-L! QU@ 10%: ()-L! HH@10%: ()-L! Co@10% ()-L!d f$10%& ()-!0f $1
0%@ER () - SW6.TI A lbink@ @k 0@ diER1DMEA (vhereihORAESI-ge) cdaliDBOMIHIRE Ofomate.
[ 89410%&' ()- A#u 109G ()-~a?TI> 10 | 10%/ & ()-! 10%@8& ()-

1094’ () - @/i%:{%}n: %?10%%‘ ~."910%& ()-Z&5qEaBTlI> 10
| 10%G () - sSMLOvag {F= el 5?&. k%i“%') - -1 10%@ ()--F'z10%@& ()-s" 10%@ () - EHg}
[ <TI > an inner lining defining an inner surface of the pipe;
a first steel layer formed over the inner lining;
- a second steel layer bonded over the first steel layer, wherein at least one of the first
and second steel layers is coated with a silane coating for promoting bonding of said one steel layer;
and
an outer lining over the second steel layer defining an outer surface of the pipe.

18. A laminate pipe as recited in claim 17 wherein the silane comprises:
silicon;
a hydrolyzable group; and
an non-hydrolyzable organic radical.

19. A laminate pipe comprising:
an inner lining defining an inner surface of the pipe;
a first steel layer formed over the inner lining;
an intermediate layer comprising resin and a fibrous filler over the first steel layer;
a second stee] layer bonded to the first steel layer via the intermediate layer; and
an outer lining formed over the second steel layer deﬁning an outer surface of the pipe.

20.  Alaminate pipe as recited in claim 19 wherein the intermediate layer comprises fibrous
material selected from the group of materials consisting of glass, carbon and Kevlar.

21. A laminate pipe as recited in claim 19 wherein the intermediate layer comprises
chopped fibrous material.

22.  Alaminate pipe asrecited in claim 19 wherein the intermediate comprises a continuous
reinforced fiber layer.
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25. A laminate pipe as recited in claim 24 wherein the adhesion promoter is selected

from the group of adhesion promoters consisting of sol-gel and silane.

10
26. A method for forming a laminate pipe comprising the steps of:
forming at least a portion of an inner lining;
winding a first steel strip over the inner lining forming a first steel layer;
forming a fibrous layer over the first steel layer;
15 winding a second steel strip over the fibrous layer forming a second steel layer;
and
forming an outer lining over the second steel layer.
27. A method as recited in claim 26 wherein the step of forming a fibrous layer
20 comprises the step of forming a layer comprising resin and chopped fibers.
28. A method as recited in claim 26 wherein the step of forming a fibrous layer
comprises the step of wrapping a continuous reinforced fibrous layer over the first steel layer.
25 29. A method as recited in claim 26 further comprising the step of applying a sol-gel
or silane coating to at least one of the steel strips.
30. A method as recited in claim 26 further comprising the step of applying sol-gel
or silane to the fibrous filler.
30
31. A laminate pipe comprising:
an inner lining defining an inner surface of the pipe;
a first steel layer formed over the inner lining, the first steel layer having an outer
surface;
35 a layer glass spheres over outer surface of the first steel layer;
a second steel layer bonded to the glass spheres; and
an outer lining formed over the second steel layer defining an outer surface of the
pipe.
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facing the layer of glass spheres and wherein the second steel strip has an inner surface facing

the layer of glass spheres, the method further comprising the step of applying sol-gel or silane
15 to at least one of said surfaces..

35. A method as recited in claim 33 wherein the step of forming a layer of glass
spheres comprises the steps of:
forming a mixture of glass spheres, resin and sol-gel or silane; and
20 applying said mixture over the first layer.
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