;[\ e3eNK<(d. 6dT28! 5 METHOD AND STRUCTURE FOR CONNECTI NG DI FFI CULT- TO- JON
PI PES TO BE USED AT A H GH TEMPERATURE TECHNI CAL FI ELD The present
invention relates to a nethod For connecti on and connection structure of to

pi pes conposed of materials which are to be used under hi ghmm
conditions and are difficult to join, such as heating pipes ﬁmmmmm,m
hi gh-tenperature process pipes used at a hi~h tenperature in pg{gQl.eum
refineries, petrochem cal plants, power generation plants, .

st eel maki ng, pl ants) nucl ear power | fons, LNG plants
industry and the like. is BACKGQOS}@IA@FL@?NSM equi prent aﬂ“ﬁﬂm@mﬂmm& of
t he above-described plants, the naterials of pipes used at o] .
temperature have, in nmany cases, excellent physical properties it as a

hi gh nelting point and high strength at a high tenperature. However, these
materials are difficult to nelt join (weld) when they are connected to each
other or even if they are joined, a 20 sufficient joint streﬁt khpggngﬁt be
obt ai nedh&hﬁﬁ bth% gﬁ@@ﬁrﬁgeploatc@mm ! M@Eﬁ@%TWJ@ & son,

j oi ni hg ogs wer e devel oped, such as soldering, solid phase/liquid phase
di ff usi omE USADNYT Af HIGHI TEMPERSSWRE wel di ng) pul se current sintering and
the like, by which the pipes made of materials that are difficult to weld
were connected without nmelting the base material. However, chose nethods
provi ded ﬁ%ﬂé@gl@ﬂgal 25 strength at a high tenperature and were
applicabl'eto a I'imted nunber of nateri ags and . SNaR&s cofndcab g Srimet of

t echni ques ar é'herpessent inyension|relags 12 PEHgP Pory F&vel and havecﬂnot %lgt
reached the stage of Jjoinin ' fd 0Rde high-entphaturacendiéfsiagdl t to
vel d By tHRFSE0 P?’ﬁdnoé4 %?rh%%g.%mﬁﬁés@e%r%mthe st%indpgi nt .of st %gtnagﬁilghat a
nor mal t eppeiratl @ j@itﬁpls\ﬁzﬁajsihegi@mipdstw,hlahh@%eia@ifﬁiPﬁ‘bCeﬁseFE‘Hﬁd?e an provi de
joints suitable for use at tenperatures cl o] t sd®kntsenper at ur e,
but cannotmperewireld JeyoHUE EBENEATY BSFST Y csafglg%ttsups%?egtg'%gerﬁf? [ﬂﬁtenperature.

On the other hand i Qi «Ri RERIINid, BNGeplamss, ragcispresn gy and g
used For %W@@PPBHE% H‘f)@%‘é?o Such joi ning of pipes with screw structures

has been used in practice for coupling oil pipes in oil drilling Fields
within a tenperature range of -~0C through roomtenperature to 5 300C.
However, BA @ﬁ@mﬁﬁg?ature environment in which the materi al

denonst r at es Cfne[ﬁQ eﬂﬁ{;ﬁ%ﬁ@&dd%mﬁ&adfthesabdva-dasq:'rbsé;pla(néigrﬁeﬁnr{latﬁ% s §EPBFIat i on
I'g

of threads at a enperature is large. Far this. r o g 0% Of
seal i ng abiddiat ¥ hihdtemperenge h@vegwcfnalj%‘?aﬁi’%ﬁx‘??@f’ﬂtoﬂ‘yﬁlacgleﬁég%%goﬂlgflder ed

unsut tabl gleﬁionro p%iirgg}lé %1:, esrtr%%é!trhe;c\t giﬂ@hi tQﬁbér@ﬁ?e. However, these materials are difficult

to melt join (weld) when they are connected to each other or even if they are joined, a

' 1 hi ture.
50 sufficient joint strength cannot be obtained when the pipes are used at a high tempera

For this reason, joining methods were developed, such as soldert

friction pressure welding, pulse current sintering and

ng, solid

phase/liquid phase diffusion joining,

the like, by which the pipes made of materials that are difficult t
provided a low mechanical

o weld were connected

without melting the base material. However, those methods

25  strength at a high temperature and were applicable to a limited number of materials and

shapes. A large number of techniques are presently still at a laboratory level and have not

yet reached the stage of joining the pipes of materials that are difficult to weld by those

joining methods. Thus, from the standpoint of strength at a normal temperature and sealing
< . ’

ability, those joining methods can provide joints suitable for use at temperatures close to

50 the normal temperature, but cannot provide joints suitable for desired use at a high

temperature.



Wth the'foregoing in view, it is an object of the present invention to
provide nmethod to and structure for connecting difficult-to-join pipes to
be used at a high tenperature, those nmethod and structure being suitable
for connecting the pipes consisting of materials that have not been

heret of ore used for pipe connection because they were difficult to join.

DI SCLOSURE OF THE I NVENTION |5 The nethod for connecting difficult-to-join
pi pes to be used at a high tenperature in accordance with the present

i nvention conprises the steps of... providi el ek nab WRen Ltdebnal thread
on the end p rttihéﬁgieéf‘aliﬁvp‘@%‘“&@ﬁﬁ@%&“gf’crrr%glt%%531 s which are difficult to
wel d and are 'tr?opgl gssed at a high tenperature and thread-jointing the pipes
to each “GPH&HY" nliPskal i ng the inner and out gr fas%gs orctigen}#c{)u neer
face, or onl\suthiginger pfrs evitfscremest R Hr 4 3°F Y é‘&lpf)ai pe” porti'on~wth
seal nmeans, whereby chanical stre e bhesdo0iiRicREh PARE teppetdton ths
ensur ed pigesph @\J'idﬂilﬁﬁn%lﬁ%g"”g‘&rfpt(?g‘@gg%%@ﬁ@gll’%r Pa? s, which are difficult to
vel d and are 0, he: Usqt @l reddltBite bovipmneduimey hishthe DAErSIEWSTREEt ur e,
and das tightness of the |ointed pipe ortf| on is Efnﬁr‘éﬁfsdtt%@?al ing the

i nner angesdedsrmiationsthanis, ionl oyeepHeSiPhidy IHERANGOIGHI 1 Hie outer face of
the jointed pipe. portion wth the . JAEANSe aBBitfbifid fiength; euchtjhmirgd ruct ure
for conrfé@PFfﬁ&‘r%iisqurigGuf?r-mf Torh lB?egg]ss %t o be:’usedSFat, a high tenperature in
accor danﬁgtgy'”lgg 6438 cBRE8&RE uhAMabikiforhigompiesBRgAPPES®8fposed of material s
whi ch are di

fcult to weld and are tog.be ed igh te Al HEB o8 hat
wer e provi dedWihtthe SategxXe@ MEEWolf 15 ar?togﬂer‘féf’yﬁﬁrpé%én%ﬁb%rﬁlgnen portions

thereof; and seal .nmeans For |_Rgiothipésaare Badiawuibigh tdrepeaurephosdl y t he
i nnet® f a2 SUHFUERHIQ) CP%ecggf’g?ﬁ@g{ce 5t [?ﬁe t hr eadj oi nt ed g{;{ge gorsgkilaqn, o)
that mechamicaahd Sii@n@tdeinf suithite jfai coneeftipg phe PBFL TR STLS BhSHF BV nut ual |y
joining the pipes conposed of nmaterials, i Qb fefdigtehlt & pivel d and
are to bbawseadg@ﬁtn heretp e Lesdper &Wﬁf@neﬁ@onvn@gg%egég% he screw st%bucture, and
has tightness of the jointed 7 pi pe portion is ensured by sealing the

i nner and outer Faces) or only the inner face, or only the outer face of

t he j oi NbESCPOBYRECOF I THIEE WNVENTHONseal means. BRI EF DESCRI PTI ON OF THE
DRAWNG 5 FIG_ 1 is an, expanded yi af _.L-he: rRip nPAEdd AN &h teh@efapinetied

pi pe lportion ffhf%ff}oétﬁoﬁgg%c _ %h@#gﬁ% J%l?%tlé;% met hod and structure For
connect i ggcoqa{n%g ?)i'c'htthé rels OHlt I RhBES cd aprixes treatepatofapraviging BABEFERUPE i n

‘accordancé w he present invention; and FlI I . icew of
the mai nipermti treadfontthe eicbportions §i RRES SEFPPHT ﬁfﬁ‘%%‘t“ﬁ%?”iﬂh%&gﬁgﬁgﬁy °

enbodi ment .  LQ BEST, FOR. ( hiG 4L DvENG Kb iFebodieareathenf t he
met hod arY%Fl%%r%dLﬁfFlﬁ‘?EévfggﬁFa %35‘5@?&%%r%%tul t-to-lorn B]i&pes to be used at a
Ni gh t enpeg &l thdinascaidanecas] dr dnfiethe inase facei PRRIN FEPHI0 "descr i bed

below. FIG 1 is an expanded view of th i i &hl @i jethgd pe
portizon thread-jdintgd pingtAATECR Wéhfsi’ﬁlﬂeagwglﬁi%ng%&g%h?ﬂes%?%e cé_r}ﬁr_{g&t;:?pon

met hod and structure.i 6608k Lhmbdyed pr emesriald, mnegit dro il a

heat ed fIRRHPEHL lsé’élsé]rg%%?ﬁ’g&g?mfﬁé&?i kep_i s passed inside the jtigh&r&ses i pe
portion lyelt Agd Piens bwakdd dtenpel EmperatyresEsh ff}eéﬁf%ﬁﬁicpgﬁ’pa&daﬁtaaré 0 about

1100C. The jointed pipe portion 1 conpsi loGter ads, @ty Bk pee?
machi ned the fiedrp@s PAFILSERREFT %wegggé B’%qg&@gﬁg %end i her eof yand a pipe 3

machi ned g0, LM, Re biNeEERBbS IHRNERtdipefortion with the seal means.

ing di -to-join pi t a high
25 Furthermore, the structure for connecting difficult-to-join pipes to be used a g

temperature in accordance with the present invention comprises pipes composed of

materials which are difficult to weld and are to be used at a high temperature that were

provided with an external or internal thread on the end portions thereof; and seal means for

sealing the inner and outer faces, or only the inner face, or only the outer face of the thread-

30  jointed pipe portion, so that mechanical strength of the jointed pipe portion s ensured by

mutually joining the pipes composed of materials, which are difficult to weld and are to be

used at a high temperature, by means of the screw structure, and gas tightness of the jointed

|3



_ one end thereof. The pipe 2 and pipe 3 threaded at one end thereof are
thread-joined to each other to obtain the jointed pipe portion 1. The

above-descri bed external thread 2a and internal thread 3 a are taper

threads conformng to APl Specification Standard 5B. Z5 As for the

materials of pipes 2, 3, the material of thick pipe 2 machined to formthe

external thread 2a at one end thereof is a conventional Fe-Cr-N

heat -resi stant alloy, and the material of pipe 3 machined to formthe

internal thread 3a at one end thereof. i.s 'gg% thalidARY fdcel dfoatyced with
di sper s P RATBOB BrPUEZ Y & glgtt{?%mlnggr,an\g\ihqugﬂ E%ls? di ff{?}gul t to weld and has

excel | enf. DighntEOPELASHIA FORRHIA @Rh tisehimedis. pi pe connection nethod and
structure In accordance with the present invention, in order to obtain the
air-tight inner and outer face of the thread-jointed pipe portion |, the 3

10 15 20 zs 3U_jqi ) R 2, 3 present on the inner and outer
faces ofBEJ%é: ﬁéﬁﬁﬁfﬁ%@ﬁﬁ%@‘?@?@ air-tight sealed with seal neans.
An eﬁarml e ofpieealis ARaRmnlSd Vibe Feed muielpdiig: giribe piedePePOBEd in the

enbodi ment. Specifically, a recess 6 of joint.4 fornmed al the. .

ci r cunf etlesitatial adiemsotinnt oA thereetharhad %J@Fﬁ‘iﬁ%@r“ spRadiEie BuRO-lodin pipgs

e s we

first weldin ter.i 7. whj i {eBéht anweatiposinti on simlar to
t he conp@%ﬁ@%ﬁo&%?lbeem@%{enggﬁ%ogé’hﬁ?%lwéﬂéggi des or a simlar alloy used
for wel di ng ofidFe-iNan expdneed vicesifshamaingloraysof aa P B @FELOEf | oint p
formed along the circunferential direction on the outer peripheral face is
wel ded willupiraingaseiwar WBPe A mterial 9 which is an alloy having a

conp?osi tion simlar to the conposition of pipe 3 but containing no oxides
or asimlar alloy used for welding of Fe-N -Cr heat-resistant alloys. The
j oi nt ed BEST NIODE PORIL ARRA TG QUSTTHE PE¥ENTI@Nconnect ed by such connection
nmet hod and structure we subjected to follaw St L L dsthbe toO
(~). The strehgPadigienf BE &'Fé%?tlb‘?‘g@%psg?‘friu{)enéoiQ%gﬁ?bglﬁa{lﬁgﬁ%ﬁ%p strength of
pi pe 2 Oﬁseﬂiaﬁghﬁrhitgm?gxlanﬁg 4 hRoidande witiutHelpeesenr ieyergmadwilkbaufiessribgsy kela so
obtai ned"with respect to sealing ability. (_I%} l.—li g}?-tgnﬁ;erat ur e tensile test
conduct ed at EHROds ag2xpaidghvieshplena marePUrelpt ¢ BUTCEBRILEed at 1 1 00C.
(3) Normml -tenperature burst e k) Ral ST Erchiee deestdamte 950C.
(5) Ther tr%‘;}@l tée hé@te"?o?g%v&?géh)e pi(p% é\?ﬂ%ﬁlgg%%ﬁﬁd 200C heat i ng- cool i ng
cycles ap@anhhRPsRiAE indanén. Whees heutkdefitio saaheastnaphtha oe therlikens Pesedifide pe
described in detail. FIG 2 is cross-sectional %i ew of &ﬂger?ﬁ}%ogﬁ%ti on of
a j oi nt etheppipeedrmpe pomtiond, thelpirs VAl AT S8eoRa e BdI BAt of the pi pe
connecti gg d;ﬁt hod and structure in accordance with the present invention.
When a héii%4 f1uid such as naphtha or the like is passed in idgﬂ_the
jointed pipe mae{digrdlpthe partibhe comprsexanbick 28 shait PiRe 2fMIEEADIMHENt , t he
pi pe wall tenperature rises, from.roomtenp E U 11 QR 3dbe

joi need prigEahdreadort at ooe cadRroEan a91??5@%%%3&83?”%?‘8%5?&% ned@’to
forman i r ibe 2 ipeneheadkdtheneefid enrceod ap theead-Foinectvi 4368 to
form an 8)8%gé&ngl:ere%}ﬁrgggmé%“gnﬁ%‘ppne end thereof. The pipe 12 and pipe 13

t hr eaded ogtter anebteindhé¢ fvémtedpiparpertidirlead-j oi ned to each other to formthe
jointed pipe portjon 10. .The above: i ' 3h Afeeagertf@adend
external thre eIago‘éle‘é‘?sénk’%\‘jg%%eTﬁlretg%ggE%gﬁfglrtérﬁﬂ %gﬁ{%HAPI Spgeci fication

St andar d .S R0 a1t SRE i cafiod $randard SB. embodi ment . 4

25 As for the materials of pipes 2, 3, the material of thick pipe 2 machined to form the

external thread 2a at one end thereof is a conventional F e-Cr-Ni heat-resistant alloy, and the
material of pipe 3 machined to form the internal thread 3a at one end thereof is an 1ron-

based alloy reinforced with dispersed rare earth oxide particles, which is difficult to weld

and has excellent high-temperature properties.

30 In the pipe connection method and structure in accordance with the present invention,

in order to obtain the air-tight inner and outer face of the thread-jointed pipe portion 1, the



510 1S 20 2~ 30 As for the materials of pipes |?, 13, the material of
thick pipe |2 machined to formthe internal thread |2a at one end thereof
is a conventional Fe-Cr-~i heat-resistant alloy) and the material of pipe
13 machined to Formthe external thread | 3a at one end thereof is an
iron-based alloy reinforced with dispersed rare earth oxide particles which
is difficult to weld and has excell ent high-tenperature properties. In the
second enbodi nent, in order to obtain the air-tight inner and cuter Face of
the thread-connected jointed pipe portion L OF Pk SoidRd pd fridot h

pi pes 12pintg+ pr efwnt PgRs ¥'héP‘ie?Fr’l‘gP“§}?d“%ﬂta§%% 5462%81%? th2°‘j oi rﬁ’?‘% pi pe
portion 10 are.airzliotnSealgdn th seal neans. The seal neans, same as in
t he abové-ar(?eaérctrI 58t lEf‘cﬁrgt?%enbodinnent, conpri ses tge S.Ea% V\@| di N9y Rl.geess.
Speci fi cal |y, Aa ekenplanf 1%l afeanoisnie w8l VOISR AFSAGCIRE LT EUR e ent 1 al
direction on_the inner peripheral face i el kit digechibd 84 theehsbirng

mat eri al SaS s e jesesay IJ?‘Eﬁﬁﬁﬁmeﬂd?oél’ég?rpwgém £ on .1si n‘il{ﬂar@t o the

conposi tig ' 3dbY i Q3 WElRGigNBatendldeshioh iparsilivylharingla oy used for
wel di hg B?f%ég{ah?%%?s %eat - rési stant alloys, and a.r ecess.d158 roal‘ ijnﬂiarlnil Oi S

For med at@ngosttion stintletnotize emmpasition afeers DPHIGR OIS B? 8F pefli pher a Jf C
vel ded with a second | di t.erd h&d 2 lrsceqd 8t joay Shashddaleng the
conposi t k& 87 HEIdHE f efﬂbegg?% es%#%r@%%é?pg 13 but ontai ning no oxides
or a si N alm@ldaRyl UsRdof 8k tveeddireripherlehie Grvdidet wilkaisaant el Poys. The

jointed prpe portion 10 of a pair of pipes .12 |3 - ~ B
connect i antaret Aohicnid 25 BHoY ALH1RS %?@P&H‘g‘?“ %E@éa!% t(k)lgg gﬁ?@%ﬁ%}g@s’%gﬂﬁg?th tests

(1) to(5).in a simlar ¢ ol Qsdd®r Hefding pbPsliNmEhtheatThesstraiogs-h of

j oi nt'ed ﬁé‘ﬁé’nﬁb’rqq %d?ﬁ\ﬁas% E%}(}r%lg? ?hanr.t he . strength of pipe 12 or pipe
13 in all of tring digsl pigeusdriiet hof epaigobpipees A FUNNARIFR DR FES CBEETRBd wi t h
respect to sealing ability. (1) Hi gh-temperat ihest egt sieqpdust ed at
1 100C. (R¥had apid-trepes HeiFrsedisrsd Oélgwﬁgbﬁ%?&g{hgtégtg?ﬁf%’ C. é 3)

Nor mal -t enper.at.ur e (4) enkrps@lof pipessor gpe B eepl bbge teit. 950C.
(5) Ther #r%%nﬁtegfb‘ieepotrgésjfg %”f&ﬁg%’éf es) In which 950C and 200G heat i ng- cool i ng
cycl es arparhepent abod Femltabere sesuringe it SRPEET PR HEHEE  and structure
wer e expl ai ned_ by consi dering.,the se i R@ed@rocess as an exanpl e seal
neanstSof (lbint fé‘tﬁ%ﬁeﬁ’@eﬁ&rﬁitﬂgge est io(?.%hcfgggtgfr@gen't invention is, however)

not |im tg? t ot NiereAheMendesceh ithe doitibrdian®EC. and sol dering, solid
phase/li qui d pﬁa‘se Irffusion joining, pulse current sintering, and netallic
0 ring/ggsket dorhalkempeange guit €fso be used. The seal neans enployed for
provi din as tightness is not rily used on both the inner face and
out er fa%@r of iq{gm]aloqrﬁﬁsgﬁ BrY ete%gar???(gg's |, 10. It can be inpl errentﬁ%l only 5
on the ouker faaemol cpak Yeso(estdyelesninevhittae® Ereddsp CaBRagnaicRg %o KCHe ¢

pur pose (external pressure control, internal pressure control). The
aboveszodescr i bedepstisd. connecti on met hod and structure in accordance with the
present inventjon Qge%oﬁy%%&iﬁﬁﬂt behoWvefdn WHL B¢ taksbédin detagh t enper at ur e

- . L
appl i cati ons haVing excelTent hi gh-tenperature o . ,
FIG. 2 is cross-sectional view of the main portion of a jointed pipe portion 10

eis

i{ustrating the second embodiment of the pipe connection method and structure in

accordance with the present invention. When a heated fluid such as naphtha or the like s

25 passed inside the jointed pipe portion 10, in the same manner as in the first embodiment, the

Q
pipe wall temperature rises from room temperature to about 1100°C.

The jointed pipe portion 10 comprises 2 thick and short pipe 12 machined to form an

internal thread 12a at one end thereof and a pipe 13 machined to form an external thread 13a

at one end thereof. The pipe 12 and pipe 13 threaded at one end thereof are thread-joined to

30 each other to form the jointed pipe portion 10.

The above-described internal thread 12a and external thread 13a are taper threads

conforming to API Specification Standard 5B, same as those of the first embodiment.



~to properties are joined with a joint with screw structure. (B) In the

t hread design, the cross-sectional area of the thinnest portion is

determ ned by taking into account the strength of material so that the
strength of the thinnest portion, which is the portion with the | owest
mechani cal strength, exceeds the strength of the base material pipes,

t hereby nmaking the strength of the joint in the 15 creep region higher than
that of the base material. (C) Materials that are difficult to weld but
have excel | ent high-tenperature properties, .such .as ceram Ccs. L S

rei nf or ced mﬁAhﬁmH@p@ﬂ@é@BG&Pdﬁé}ldwe”ﬁ§Eﬂe%§cﬁﬁgc'Pﬁ%lgéwgﬁfgpé3i%gg
Threads of  parallel ,shape or - ’ ed-hyt st -pgistait all@ccount
the stré §Pﬁm§%thﬁﬁd§2?§ %5§§ﬁg&§%¥32§?§Q€§g%ﬁg threaded joint is made air
tight by,ieehslina@rihef jigt N3 saehinbotchfoph peseperagkhieadn 3¢ HedTerfie e §lds ahd

outer face of the pipes or by another nethpd such der.i id
phase/ | i iqui-dasghaley winfpirsh oAt %FWWB,“@&FEE%W ﬁsﬁ?%é?ﬂ{l%ﬂsr?gﬁgﬁ‘ﬁ?% he 1ike.
(F) When t ' $h. et mtdde strength of the thinnest
porti’on %?lggﬂgﬁg%g{}ﬁﬁgg&(?%hx%?ﬁﬁ ﬁep%s,r{er ength of the base material ﬁi&pes as
descri bed abolehé sechB) smbbéintdnt, Gk netes taofbtainahe HE-EEHEARPIAE CBHFE [B5F Af HRE pi pe

end portions is increased as necessary. .T tpu 3
connect i WeEadr PANEEAT OB BPR PBF]&E@%t %%5%m§§le5§? éltla Pgmﬁi%&’ﬁtlé’n%te §t§e ur ghi n
accor dange et Bnd BEiePRESEM hé [HR8E bRA pRloa idtarpaBssight eeated venpiaal mEars.

connecting pipes the materials, primarily conposit terials,.th have
not been usedThoseaBmepispeamopmacns @?P%é’é%ﬁﬁ@é%‘lﬁ%f”%@ggnﬁtfcfoi”@ﬁﬁsfs rt%% i n.

As a result, the advantages. of incr i EMRerRtdfeentRXt ended
servite WEREEARATOHSH ,ecgﬁaﬁ%ﬁpfﬁ%%gé?ggﬁg‘%@gg?gﬁ%%ﬂgh about t%nfpr,ocess

pi pes t 04h&:idaeH 1@ indetbeiphtRNPRE & weldedwithedirbmyelpingesateridd S et SHilgh 6

tenperature in petroleumrefineries) petrochem cal, plants,. po eration
pl ants, slieeiavitg neprppasiian simie @4he W“iOHﬁrpa?rﬁeaHp%“ﬁs??mﬁﬁ“ fi%%p?gﬁ%s‘?ra

20 R ol D T PSR M A Dt ot
formed along the circumferential direction on the outer peripheral face is welded with a
15 second welding material 9 which is an alloy having a compaosition similar to the
composition of pipe 13 but containing no oxides or a similar alloy used for welding of Fe-
Ni-Cr heat-resistant alloys.
The jointed pipe portion 10 of a pair of pipes 12, 13 connected by such connection
method and structure were subjected to following strength tests (1) to (5) in a similar
20 manner to the first embodiment. The strength of jointed pipe portion 10 was higher than the .
strength of pipe 12 or pipe 13 in all of the test. Furthermore, good results were also obtained
with respect to sealing ability.
() High-temperature tensile test conducted at 1100°C.
(2) High-temperature creep test conducted at 1100°C.
25 (3) Normal-temperature burst test.
(4) Internal pressure creep test at 950°C.
(5) Thermal cycle test (25 cycles) in which 950°C and 200°C heating-cooling cycles are
repeated.
The above-described connection method and structure were explained by
30 considering the seal welding process as an example of seal means of jointed pipe portions 1,

10. The present invention is, however, not limited to the above-described embodiments, and

AW



_ to be used at a high tenperature in accordance with the present invention
are suitable for petroleumrefineries, petrocheni cal plants, power
generation plants, steel making plants, nuclear power installations, LAG

pl ants, and aerospace industry where the increase in operation tenperature,
extension of service |life of pipes, and inprovenent of safety are lo
necessary for process pipes enployed at a hijh tenperature or heating

pi pes. 7 CLAI M5 A net hod For connecting difficult-to-join pipes to be

used at a high tenperature, conprising:.a step,of r.m A Exkarrah or
i nt er nal solder@gdsadid pivase/ boHe iPBIS dbéfusb‘?rb@ém??) pﬁgset)‘gggaabtmta i gh tenper at ur e

and conposed of material s whichpargqdi fficult to weld, and thread-jointing
R ng/gasKet or g, means ¢ . . .
e ptpel LGPPSR T o ren g Sonr sod o Sepag
_ _ hd REmedfis @nplyy ) _ Ol T pipe
Por 1 on fhe [enes e BT i P BITERST PO L BaoT Lot B R o e o,
conposed_of, mat erd, al r e edlief it Batkd dcoordirigtowhd purpors (wiewal |y screw
structur 8?[haen°d&e§afé&t?§rgqn% ngxggéolf t he {oi nted pipe portion is ensured by
seal i ng phesurobeitrandieond ereshaeesyr@l only the inner face, or only the

outer face of _the jointe i pe portio i L hesiseale BARSrdadee Wikieth@et hod
for connecti n&h@??qwe&ﬁs?&%ﬂ%ﬁ ﬁonﬁf%leos %Q%:BE% I}il}lgetd at a hi gh tenperature

accordi ng o ¢l A Rhl are @i Rirle Belowhr ead conprises a taper thread. 3. The
met hod for connecting diffcult-to-join pipes t [Molss

. ; E t o be elﬂs etdni%%ze e
t enper at Gap acelaredizizgot migh empartturagpehedtiont AR RAEETT &l s "Wt ch are difficult
to wel d conprise iron-based allqys relRfg6ednehté dispersed rare earth
oxi dé% pani cl esF.’roﬁ‘?m%%reﬁ%?ﬁ%?ﬂltkgrjglgf)nrlte(?t ing difficult-to | oi% fgi pes Lo be
used at aghi ghtigepREAt ddsRynatReralsnectionalcired of the thiARSSEPOTIPRE LEEAMTREMs
conpri ses seal welding. 5. The nethod for.conpecti | frgldlibink&e) oin
pi pes to be uswelingtini aﬁp@j-mtﬁ'@rﬁbféfl%ﬁ?? é‘aée(f@g?‘%&%bghtegggﬁ%{l r‘#ﬁ{étv\ﬁerei n the
seal neans conpri.ses ] 8 -witBe MRV 10ghetiRini 20 EpERtH, BECeeds the
difficult-to-j ?Woﬁi“ﬁ@g}’?@%ggﬁggf%t 21 hi gh tenperature gégordi ng to claim
|, wherein thegsath aRaesaeanpedd espesohedbp rakag) heFrdshhases Hif'! £i%n
joining. 7. The nethod for conn Ctgiénﬁ?'?ai.sfefia%{'&atl-to-j oi n pipes to be used at
a hidh t enper afi§eR raEAOHENFTGNARY ity P2°°WHeT el n the seal neans conpri ses
pul se el ‘?65 riCp Bl D8 ihR0are Bifficult to weld but have excellent high-temperature properties,

such as ceramics or alloys reinforced with dispersed oxides, are used as the pipe

materials.
(D) Threads of parallel shape or taper shape are used by taking into account the strength

20 and thickness of pipes.

E) The threaded joint is made air tight by welding the joints on both pipes present on
the inner face and outer face of the pipes or by another method such as soldering,
solid phase/liquid phase diffusion joining, pulse current sintering and the like.

(®) When the design cannot be such that the strength of the thinnest portion of the

25 thread exceeds the strength of the base material pipes as described above in (B), the
thickness of the threaded portions of the pipe end portions is increased as necessary.
The method and structure for connecting difficult-to-join pipes to be used at a high

temperature in accordance with the present invention make it possible to employ for

connecting pipes the materials, primarily composite materials, that have not been used for

30  pipe connection because they were difficult to join. As a result, the advantages of increased

operation temperature, extended service life of pipes, and improved safety are brought about

to process pipes to be used at a high temperature of heating pipes used under high



8. The method For connecting difficult-to-join pipes to be used at a high
tenperature according to claiml, wherein the seal nmeans conprises a
nmetallic O ring/basket. 9. The nethod For connecting difficult-to-join

. pipes to be used at a high tenperature according to claiml ) wherein a
portion of the pipes in the jointed pipe portion are subjected to thickness
i ncreasi ng processing. 10. A structure for connecting difficult-to-join

pi pes to be used at a high tenperature, conprising: pipes to be used at a
hi gh tenperature conposed of materials which are diffli - | d, the

pi pes beiempefagrmbmiperalenma e nerieh PEIOTE™HRY 8R! p?%?r;%ea&gh&% hlgm\éﬁdmgf@i ons
t hereof ; and seal ns | i DNeY pland, @ubeicd iadesry and tiomlise. t he

i nner fa?f%e?mégmgr?lla;&% ﬁ%élg%rtpzoﬁ%{éﬂégllg?@[}tshgﬁt h ead- oi?t ed pi pe portion,

wher eby mechani cal stren~h of joint of the pipes is ensured by nutually
joining tile pipes to be us t a high tenperature conposed of materials
whi ch ar@@Uﬁ%MﬁLtA&P&I@éﬁ%&g@Qmans of the screw structure, and has
tightpess of the. ool st B RQRdd Y susicrnsiorednizgtisgdiffingt-ioneerpiagkd out er
faces, or only tRe i nner face, or only the outer face of the j otijlntfed pi pe
portion v§ tdusebiar 5ah termperaturd i, acTiraanse E e @TEER! IBYTIHAR Ay itaoe for

difficult-to-join pipes to be .use t j ULiRe|BGRRLGIAEs,t 0 claim
10, wher BFFCIEHB r#THICESY REFREISTEE Pga Sasg?pi%gé{ég@?[za%’rﬁf st.ruc'?j ure for
connect i g gl doalsraiReio ANG piafis! adherassad iadusaryvhghe themperae it e

accordi ng ?o l'ai m 10, wherein the materials whi&h are dirﬁtfoifg%%,atrg wel d
conpri se opératiehasmeraiteopsensainiforTed IWF PhPAFS BET LBRI Y EFE Sart i oxr de
particles. 13. The structure f Git | irhidel g WkdtideQyipadi N pi pes to be
used &t ASHSIRY (Y MIRTAET B‘rpgs'%rgefé??ff%%q?%ﬁ%el iegrgnio, \Aherﬁeg?;ltthe seal means
conprises seal welding. 14. The structure for connecting difficult-to-join
pi pes to be used at a high tenperature according to claim 10, wherein the
seal neans conprises soldering. 9 | 5. The structure for connecting
difficult-to-join pipes to be used at a high tenperature according to claim
10, wherein the seal neans conprises solid phase/liquid phase diffusion
joining. 16. The structure for connecting difficult-to-join pipes to be
used at a high tenperature



according to claim 10) wherein the seal neans conprises pulse electric
sintering. 17. The structure for connecting difficult-to-join pipes to be
used at a high tenperature according to claim 10, wherein the seal neans

- conprises a netallic O ring/gasket. 18. The structure for connecting
difficult-to-join pipes to be used at a high tenperature according to claim
10, wherein a portion of the pipe%LhHNkpe jointed pipe portion are

subj ected to thickness increasing processing. 10 .A A3.y.Ay,.AY. A
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portion with the seal means.

2. The method for connecting difficult-to-join pipes to be used at 2 high temperature

according to claim 1, wherein the thread comprises a taper thread.

3. The method for connecting difficult-to-join pipes to be used at a high temperature

according to claim 1, wherein the materials which are difficult to weld comprise iron-based

alloys reinforced with dispersed rare earth oxide particles.

4, The method for connecting difficult-to-join pipes to be used at a high temperature
according to claim 1, wherein the seal means comprises seal welding.

5. The method for connecting difficult-to-join pipes to be used at high temperature

according to claim 1, wherein the seal means comprises soldering.

6. The method for connecting difficult-to-join pipes to be used at a high temperature

according to claim 1, wherein the seal means comprises solid phase/liquid phase diffusion

joining.

7 The method for connecting difficult-to-join pipes to be used at a high temperature

according to claim 1, wherein the seal means comprises pulse electric sintering.

8
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, 109& ( ! 10%&'
weid the pipes be)xnc orrned (w)xth an external or internal thread on the end portions thereof;

and
seal means for sealing the inner and outer faces, or only the inner face, or only the

outer face of the thread-jointed pipe portion,

whereby mechanical strength of joint of the pipes is ensured by mutually joining the
pipes to be used at a high temperature composed of materials which are difficuit to weld by
means of the screw structure, and gas tightness of the jointed pipe portion is easured by

sealing inner and outer faces, or only the inner face, or only the outer face of the jointed pipe

portion with the seal means.

11, The structure for connecting difficult-to-join pipes to be used at a high temperature
according to claim 10, wherein the thread comprises a taper thread.

12

The structure for connecting difficult-to-join pipes to be used at a high temperature

according to claim 10, wherein the materials which are difficult to weld comprise iron-based

alloys reinforced with dispersed rare earth oxide particles.

13, The structure for connecting difficult-to-join pipes to be used at a high temperature

according to claim 10, wherein the seal means comprises seal welding.

14 The structure for connecting difficult-to-join pipes to be used at a high temperature

according to claim 10, wherein the seal means comprises soldering.
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18 The structure for connecting difficult-to-join pipes to be used at a high temperature

according to claim 10, wherein a portion of the pipes in the jointed pipe portion are subjected

to thickness increasing processing.
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