[ Document Nane] Specification [Title of the Invention] METAL TUBE FOR
PYROLYSI S REACTI ON [ Technical Field] [00011 - The present
invention relates to a netal tube for pyrolysis reaction, which is
provided with ribs_formed on the inner surface of the tube and is
sui tabl e f dPoqwgenpNamelyyr ol ysiSgedifisatioee tube, a reforning furnace
tube, a heating furnace tube, a heat exchanger tube or the like in
pl ants sucthiglgo hg%reghgllﬂm refinery plant, a petrochem cal plant or
the like. I'n"particular, the present invention relates to a netal
tube for a pyr oMEhAL TigBiE FOSPYRIHSIS BEACEIOM xanpl e, used in an
ethylene plant or the like, and nore particularly relates to a netal
t ube suitahle for as a tube in which olefins (C8H2n) are produced
from hydro%m}f‘fgl—'ﬁ%‘%a pyrol ysis reaction which occurs due to heat
supply from@aohe outer surface of the tube. [Background Art] [0002]
A efins (CnH2n) 2 - , ce p i's
of the hydrocar gg%gg%ﬁﬁﬁ?ﬁ%hﬁgl&eg%g%;ﬁl tgtﬁ{]goﬁ%wog#%%ggﬁnké?gkl}{%
parti cul ar Provifep rgthucis fgweqdi o1 ihe iRRr sedach ohdhe tebaanddn suitahleodsy neams a or
the | ij kg)_, ppﬁgsﬁyﬂ&mart?m& aéf&nﬁgmduine&_ w'bb,hasfe_eﬁgg iﬁﬁlh@%eatlibﬂ,bﬁ heat
provided in react.in rnace a eat | uppl ed t e .
hvar ocar bortpER et At MR BRued  iefo R B et biph Aappagtgmicn
reacti on oflanher Myedkiksec abbpmsicelan the prpeerdriateation melntee to abaetalTiube tarle
i s made of parolys@RedetioRBlichig R MiarRlib Qe Bif ah @RHYESE PIRE oDMhe Blke, and more
25%Cr - 259N al 'loﬁlig q,2270r - 3870 al |,O}\)/ % the like, or is nﬁge QI% a
stai nl ess RFRISHIaZE rplafss daamely thhe siteple iy 41sp pp @ tubgiggdyick oletns (Gnklany
above descerehpaddpsed drops ihydroeabonsoby, aifyrdlssian eceseamjichoeturarist és Haeiat
(which is gupp/i ce of the tube) fromthe outer
surface of the %ﬁ%éﬁf%&%}%g%%eﬁ%rt%%?ace of the tube efficiently, so
as to prevent unreacted hydrocarbons from di scharging to outside of
t he furnactBacEfratnd Axst] t he tube needs superior "heat exchange
characteri ghg'- The heat exchange characteristic can be eval uated by
measuring the ‘average tepperature of fluid at the outlet of the tube.
Wien the tube Hefinsh©nHenhevich rashethylens (fehing are papdyeede by stypdysis Bb the
aver age Ej enmgcg&wni (Bdphtie daturbDgal eﬁgﬁe,?utthééﬂikgf Ibﬂﬁsa&iulbgr, it& produce
i ncreased. xe s _conposed o arbons and steam.i
cuppi 1 og i b Ene BBl E BIRIRED of n Wi A6EhuEBBRE o3¢ SRR,
pressure andhhitesm épyeadtubeprendadeid nirseeting) fynanschndelday i§ ownpticd gathedue
Eﬁ the reaﬁidr?d%rl’iﬂh&}f&ﬁ |&Egbﬂil-ﬁ§|_@'6§@h@|tmgsc{1 Bigatr 4 : S kddeon of t&? g
e inner surface o e tube. .Therefor e.gas oW. iS.interrupte
dopendi ng BHEREveR st gensaie i DE e The bBE sdaRntp i ape B e
central poslidyors wgpresdnded bibe 28WEr-85%Nualkbyi 1 28%6r- BB oatiopax tholikd, heix i b

are separ afggl of Wsinleds 183 3s bp@idshiel bf ARAGHL RAL. bet ween the central
portion of n[%)[I;OeBI]tube and the bottom part of the rib becones

insufficie n such cases, since the reaction products are

accurrul at ed i nli the dbotd demriiad bSrobfsistriertion, iis rdesearg o Py hHIRhS(which
reaction o : ont.) t] iensuf fi ci ent
| the centorbRica shSyEPRAERL bt ki) BAE! 13RI SAES crRd ikt B4 B
order to sEPgleswfach of thpbebesetiaienly: ehes thengrenthayeactadplidiresarbons from

"pyrol ysi sdis@aedih@fh bAdeAEtR fublde6.S "ThatlBEtht Gafktdeods LPAACHEE bihb s
can be eval uatc edr. Q L E gee\é' at,i on q{aﬁt ?ngﬁr at U{) es ?t tlet of t g}e?a
tube, sincEFH y¥0| f 8°3 XN CHARAF RS P PY Rl RS U RE ifas s
fl ow i n t heveragedemperature of fluid at the outlet of the tube. When the tube has the superior
heat exchange characteristic, the average temperature of the fluid at the outlet of the
tube is increased.
[0004]

A mixed gas composed of hydrocarbons and steam is supplied into a steel tube
from an inlet of the steel tube with low pressure and high speed. Unreacted mixed gas
and newly formed gas due to the reaction move a long distance along the ribs provided
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[ 00051 Pat ent Docunent 1 (JP 55— 173022A) discl oses a production
process of a tube with intratubular spiral ribs. In the above
production process, the tube with intratubular spiral ribs is [
produced by torsional work froma netal tube with intratubular

strai ght riobghedinghsyriacppbihgdelet. bYhérefores shersasiflow ip indemggeddeperding pn
Doc E ment 2 he &a@é o ﬁﬁ:@A)In @hltg ﬁis@ SEFuid id %?eﬂ@él%’ﬁftﬁh of e tﬁbé‘kﬁﬂtq[ fluid
exchanger vm ) on.the inner. s ace ction,
i an ¢ e R B RH0 B ke Bbe DRUS hénats epter FR0oR TR
radi us of dchneatsl pativatfithetubt ahdthebattbepsrt oRhe ridiekshias imsufficient. In
rel ati onshigR.pdasdSsinde thBEeac{nQﬁ;q@%ucts re alR A REL R e :ﬁf’o&?ﬂ%ﬁ%@ﬁg B 3

(JP 08-82494A) di scl oses a tube eat exchange. els

provi ded WEPIRVE IEOKGHF S3Rcleorienedn She ©REAIH Hisrteagiiop dewmss mlficienbe
at given pinii (t]itESexﬁé’tdptﬁﬁfuﬁﬂﬂthag:ubQ leddigetd ﬂiésymﬂﬂll@dﬁ | It @&eRt soWetdick he
tube axis. H {fr e : tthg lﬁul% sl}og.tnieha\ie sué)g‘{lﬁ alt ggsereacp ) Onl?ar{icter?stﬁls’“ r %LI ty

of areas o nner surftace axi s direction or "ifn an
entire areaeashon h@rmwmsm@cﬁefalm@@émthmwf ZeniRPRIOTS 25 8@t pA)
di scl oses gnd i€, sthdehthb R Foifstsbidh @fon SRhdasderibiicd StepdMll Shthe Sn4ts @@wliRMnd he
pyrol ysis rq*ptlon process of hydrocarbons under the existing steam

[ 00071 he tubes with intratubular ribs or fins disclosed in the
above descl@esd Patent Docunents, however, cannot bal ance the "heat

exchange char acﬁa@éﬂt%ﬁdcﬁmex@c”ﬁ(JtIhEEt]1‘%!’29@3’3&&085@Q?tr%:gﬁm&hﬂfo@&‘é%E‘ »%LL&"

and cannot i nprove aracteristics
heat exchaﬁ’gté‘amt@tt‘%%"s spiralnribsat rlgt thsuprbave rRreQuctipy RipGESH "BBt‘Hb%)fmf'}he
char act er| sitiatabules epirdle tha o weodnkel iajdrlbh;&fnal RREIOVFRGh aaieea] diRbé rvich

f 000si ﬂmth& laxk gtg%iggt! s %&lﬂ?chuﬁg%gdfcg?%l IR smg%tr%ﬁssrnégeﬁagfésgd

in the pyrolysis rea ant

Dt S b Sp A et o Hs o e ok Gh Do
i rrEr ovenegbhapwch hhalln&lae@@facd mn&@&@ s@ﬁnohﬁi%lﬁlﬁé}ﬂthd ABAChS chrived btﬁhaﬂﬁeé al
t ubes use r si s rgacti t higher te tur arbon.is
unavoi danl §1 5 SR B FREST of Pt Bl PR 05 B0 o
at t ached tEﬁIQtF@SIZIPOfﬁﬁf%RFsurface of the tube and deposits on the

i nner surf apepe] Thi s phenonenon is called "coking”. [0009] When

COKI NG ocour s, S BYL! ¥l heaclLen BT hEREAGK) decrenses ol hos Lhe
out er sur f excbamge. t HEhettube istyrotithel witk dids grduich el faried poths innbeswfee bf

tube becongg thkd éttghx%n%ﬁtgﬂ‘e% ah8l @xt@ﬁ&iﬁwd%a@bng %Qﬁ@ntg}sfe&%ﬁﬁﬁb Eﬁ?deq% st he
st eel tube_which J?Uﬁqi%%scar buri zation of the stg)gﬂtu e e

damage of Pherr&rdey t 1€ TRARRAANORE AT R REUREY 00 RS2 PR e iBEH SuBfAce
Mor eover, when thdéulpastionirestivnCdr ins ah leakied afeaom theidepesifhied Payset

accumul at eﬁoeu@neaiba (FBR8h- 55%&1%) &mosgég fiﬂe%évtﬁ ﬁatﬂamb%ﬁ:{] %Bﬁgldﬁr%nséhmﬂ %

pyronS|s reaction I's inh
descri bed w¥felge thy Ryzelygist feattion prasess KE hedreabongesist tthe pristing gfeam.
anount s, sBporius acci dents such as an epr05|on or the Iike may take

pl ace. Ther ef 0 ca am into.t t ube
o as to oxi df I8 albeP FkISLERMy pLOYLRR BrdcsBlin G5 R8Me i Brrktl
carried ouDOqumeatqarl‘a?wv&;‘e carohvbalarce the ‘et oalxplwglge\mhkralcba:d@c”t@dbt@

(F;][ OPnla ﬁ”ﬁoa%f?blﬁs?s o2 WG H M O AN EarfSE Dih 100 thopﬁg &Qrdc%fsﬁggem

) i ke ner surface of the netal
tube for p ?%st JF%%P?%&X%‘?H&%@B&%@B& Bltgl’\’étr%t&P‘E)‘a’F FI2% gy vk both of
at nospher ethechixattarisiipshiycribe CabiobomrefasherCiopepaed, watre ddaired.i ke.
Therefore, gggdjeat resistant material having resistances to

carburization and coking in the carburizing gas atnosphere is
required as a Mspawhits: a¢gayling the usage conditions of metal tubes used in the pyrolysis

reaction in a cracking furnace of an ethylene plant or the like, the temperature tends to
become higher due to yield improvement, with a recent increase of resinoid demand.
In such metal tubes used for pyrolysis reaction at higher temperatures, carbon is
unavoidably formed due to the pyrolysis reaction. Then, the carbon is attached to the
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Pat ent Docunent 5 (JP 2005-48284A) discloses a stainless steel tube
that consists of a nother material including 20 to 35 mass% Cr and
the tube has resi stances to carburization and coking. The disclosed -
tube has a _surface |ayer conprised of a Cr-depleted |ayer that

i ncl udes nbmeT fy&ace oft &tb&lanﬁée ithersdedumer srercnhiGs Rspemkensgds jalled

| ess than 6wokiegual to 20 gm Although it is disclosed that
protrusion,[p{%ﬂ or the Iike may be provided on the inner surface of
the tube in Pat ent Docunents, the specific configurations are not
di scl osed at afhen [@hmémccmcmh%myrolysm Pegon 7E0daney [ dRareasss Bocurthat

21 JP 01- 134 gi@éﬁc[alf"@btn Gt veRROWARALriRd thbFhe@Bs ﬁ%xﬁ%&ﬂér Q@ﬁbﬁ@ﬁﬁe 41
JP2005- 533 Eﬁtent dDocu t .51 JP 005 £§]4Al7 % ure of . t he
| nvent i on] P hedSso| \}‘éﬁwﬁi’%"rﬁh 9 RigentutEngecppery pyittle sincerjthe

present i na@nmmﬁemaﬁbdueéﬁumhnadema stealitebe whichchumb csubuuaettwmnﬂ the

described aRoMGye. aﬁﬂufl@heoﬁn&%r; oﬁﬁlegéa%]t eﬁ%@ﬂfge%ﬂé!rﬁ@ﬁéhar Alodrfalidh @fra&l de

a netal tube for F‘% yS|s react| on acteri s
(1) and (2Mogrogey agkpn, which is flaked fyony itherflegositet yayes aeappylnaten in
characteri Eieisﬁee‘l\hib@hhb §a§;\ﬂﬂw @ vietdrrbtiel ahd ﬂﬂlﬁ@ﬂﬂysﬁs&@itﬁﬁh iihhiblted as we]l

unr eact ed t nt rt on of
surf ace (W%ff‘cf auses ?%aa%t%{ Oﬁesg dan}ag?.h e %&ngon w he caxtbon dep051 s in

large amounts serious acmdents such as an explosion or the like may take place.
Therefore, a periodically flowing air and steam into the tube so as to oxidize and
remove the precipitation carbon i.e. decoking is carried out in a practice. However, the
decoking work leads to big problems such as a shutdown during the decoking work and
an increment of man-hour or the like.

[oo10]

The inner surface of the metal tube for pyrolysis reaction is exposed to the
carburizing gas atmosphere containing hydro carbon gas, CO gas, or the like.
Therefore, a heat resistant material having resistances to carburization and coking in
the carburizing gas atmosphere is required as a tube material.

Patent Document 5 (JP 2005-48284A) discloses a stainless steel tube that
consists of 2 mother material including 20 to 35 mass% Cr and the tube has resistances
to carburization and coking. The disclosed tube has a surface layer comprised of a
Cr-depleted layer that includes more than or equal to 10 mass% Cr and which
thickness is less than or equal to 20 pm.  Although it is disclosed that protrusion, fin
or the like may be provided on the inner surface of the tube in the Patent Document 5,
the specific configurations are not disclosed at all.

[Patent Document 1] JP 58-1730224

[Patent Document 2] JP 01-127896A

[Patent Document 8] JP 08-82494A

[Patent Document 41 JP2005-533917A

[Patent Document 5] JP 2005-48284A

[Disclosure of the Invention]
[Subject to be Solved by the Invention]
[oo11]
The present invention has been achieved in view of actual situations described
above, and an object of the present invention is to provide a metal tube for pyrolysis

reaction which has both characteristies (1) and (2) described below.
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(2) Superior characteristic for pyrolysis reaction, heat exchange and
resistance to carburization, which is suitable for use in the process
for pyrolytically deconposi ng hydrocarbons. [Means to Sol ve the ;|
Probl enms] [00121 ) In_order to solve the above descri bed

subj ects, the prda&fish imvebrrisoregction eharctaristy Whidelsyaqhipved gath fraquent
provi de a mwitadt of thecurredctddyda ity GleSefiteRpdrtion of tMBitEHe RGOS kR RiheSsurhes
pyrol ysis %%ﬁﬁ%hﬁ@m%% gﬂ§%§&%%q% frequent contact with the unreacted
gas in the center Ortion of the tube axis to the inner surface
(which is the re@tbwmsnios hagyctesistic frs pyxobisisansttinadesigrehange and resistance
charact eri $ tbh@hzafieRlwIRNERAILBILO RS SHURE 'bk&éssff&%f&lﬂﬁlﬁﬁy Hecomposing
carburlzatbpg. C?nsequently, the inventors obtained the findings (A
to (E) desCrTB&F°HE ow. [00131 (A) In order to prevent
unreact ed hydrocarbons from di scharging to outside of a furnace, it

i s necessamy.dR t8E5 a8 Ledgjansf er heat (which is supplied to the
out er surfgﬁﬁ of a tube) fromthe outer surface of the tube to the

i nner surf 2ht the tube. That is, it is necessary that the heat
exchange char adhefdestd @lve@fthd 4A18vd daerilied sQlbipRs, t prefedt invBitSrsNepBSRed a
contact ar ea ReLWESN. [] Qulind .41 fal B LB andt e HARELSHELAGE, Of
the tube, or dan area OrPPRE" Paner SaF 14 ottt he“tUbe "snol b

| ar ge. [ 00pplysis reaction ppjncTieing frequent cotfactiwitiethesurdagied zaf it the centbe
increases Whdidn oM @S N8k folBe MUBDRES (WHMH 8 thEh@on kitD%f (1 1996 hkle
area of the inner, sgrface i.nGr es Wthi crea5|ng§the ri b, height.

eas
Furit her nor 82° TRe“ g eBaragerisheolbadrchegping 24 PYPeraLedis it 8 cokunzAe-

ri bs are r&pseduatlydhs reveposanylanadrthe indiog0ds telB désombedbalownhen t he
concavo- cofyye¥ shape, which curves gently on cross section, is forned
by the ribs. The heat exchange characterjstic, when heating

out si de of t he WU dsrde PraTFRfEgeacted ydrocailensiiare dischargips taspppide of a

Si nce the furhade, &rieancodssiryi tardficignalyttsamfertitat (wikieh i0supplied totl adttra
of the bot L B3f Ls k%ﬁ ﬁ.rbglefﬁllé Iogéar Is§rfzjic§rog9tle%9 té Hl% iéﬁ&%&lm&aeofqhé Hﬁ)‘ép
shape, the_heat exc%ange characteristic 1s_Inproved. wever, the

hi gh ribs mhat 8xiodnaecesiarsthet theckeat pebpngrecharsierishic phide tnbgs istyprenigrer
surfac edof Ftnhtﬁfu;t;ma)ﬁaase,]lc mcoF]atﬁcsgfa&senwegsﬁ 6eing ghdincko ans aad tﬁetﬁ];an&ui&eface
measured a t op .0 | is_dncreased, .a t._ transfer from

t he outsi dEéft(E)l? g{%bﬁ'e&tatl} l?ééab%({::%errlemsml T gﬁ?ef (ifgi‘aeetﬁl? ¢ Shlﬂﬁit]dgbaé 1?%8‘ tenperature

at the topﬂwiﬂthe rib decreases. As a result of foregoing, the heat

exchange char ac{®ristdrea det1Rr inabat@%ce [0 S tube Gherbasti %ol BasasAFERsed
of hydrocarbo

d am i lied into the tube from.the inlet of
the Tube W' ERTol PPRLEINE Hhh- ARHhOEoBEA 210G AS WAL T Srbridy
from t he ningedsigashdoyb btight: e Hutthamorarthesrea of dugnuiir shdaednakaong mbire

ribs provigeeh Qe 4ibs drB6ralsBek SURLBCEHRY oh NGe tURE - seldnCthah NELEA She
flowis mterrupted dﬁgognghn on the _.shapes of .the ri bagor t he nunber
e

of the ri bERCIVR PRex s whighl Frrgesgeptly oR 1o5s BERARali REPeA Y {RsiP%a 11 ui d
i n the central Thohtdterciahgd ¢hardctdrztianthea Hehtimgloutsidd éfehdbibe dmippotedof
the tube b j nd nsf . i

the bonsr of HRUTRR BYE £ R ShaRD ) ShudTRProl AL BE Sille HBL B
becomes i n@tERres of tire bopfempazts of Heeds islapgeavhendbe dbrhave g sprpdhars the

accunul at ehdad ekéiRnpOtH@M0tRMSs @hpibRd. I' | BSwevoy Glie Pigh AlbgShay &:@akd LN
occurs. On

the contrar t reaction becones..i,nsuffigient in the
Contey por gbBReL R R Yanslol B ST S0 GRONES el tulll £ G casf i€ 4 |
i s necessathjcknessroé thedwbe, eeaawed atithatioroof thé riblie ingeegsana hive transéer from
surface of ;feh@tddddg tROEL LR beQ@rde® idé Qi RAM T6iul NEe BADIAtRW RINELBIP the

section. Thﬁ\t is, it Is necessary.to Inprove the pyrolysis reaction
char act er | §P FECasppo£6 £ resu't of Iqggoingnihe hoptxghange phadpqiqriiic deteriorates.
characterikplags of the tube are inproved by increasing the rib

hei ght, or by (&Sl aghMs i ds L, )Rk AR H st m 1\ GpFRla" o thl Butle

from the inlet of the tube with low pressure and high speed. The gas, which is formed

from the mixed gas by the reaction, moves a long distance along the ribs provided on
4
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(E) For the above described reasons, it is necessary to optimally
determ ne the nunber of the ribs forned on the inner surface of the
tube, the rib height, the inclination angle of the rib to the tube
axis, and the like in order to achi eve a bal ance between the heat
exchange cliaf imer srdace of sbritubRe BRrpoibp sias flowaistinisirugied rdseensings en ghe

[ 80 18 1d shétl)ﬂag o?ﬂﬂ&ﬂ:&tm Ithlé/ﬁﬁﬁqbéirbf h@sntbeem e}ﬁm{setﬁﬂl:e hagedditp dedhtidde
above escrl . pbe | | e sent venti.o is a
met al tubeli) rﬂg%ysggé ‘r’eé‘élé m%mgdis?:rmf St Ia f? %H %\?\nbﬁﬁorflf)“to t]te4)
[0019) ube. k(em)nms reisteative, ghd afogmss ptyftnsibly@egtlp@dmwe@n theoeptiabpagios obr
4 spiral righspubdihCihe fnae«e@m BQrtropthéibdﬁgfneeesnéumhén@at !xPﬂmB@as%E‘ sfhek e

ed on an inner, surface of

direction of the t al t he

metal t ube *aCH} R éeamlu}?tﬁf epPipm grarig of the,ribe, sverRy olysis Wﬂf@onzs
to 1.0 whenccarsheDglibhe @htriahyetleaedrtispbécames inguifisienteihithecngs pdtton ofithe
width of t %e%&:ﬂné%‘ tﬁﬁbiefdll&satTﬂete%xQQE Is%%@z[r&r t6 Edgc%fthggcq%ﬂﬁlatl% fand

an i nner dianeter 0 t he om part I ned as
"Di" in crbReseasontthe st syurse ehig tabs rud alP‘?B’“H‘HB‘P@M? fikg sascfiogisen cross
section of sdckien eabhat BPit sHecdsbry tdRANSveahE RS siS Béulcli@ characteristics.

per pendi cul@r ]to an axis of the netal tube. [00201 (2) The
nmet al tube tor ]gyrol ysis reaction according to the above descri bed
(1), char act er (Riheinyralysit reaction sharastedstios nf hdye a0¢ imieveddotinarpdsitigs

i soscel es tyd x@f‘ﬂéié}ﬁr or by mcreasmg( 1:31)3 nrﬂﬁﬂaﬂa?nt let éftiﬁe I‘»ﬁfai pﬂﬁrtQ kNeStuSe axis.
scrl bed rac eri zed

reaction a in
nithat th&Te g‘? b flffl%*ét I%Ff’a ‘-’aEPFIb“aF‘B? emﬂ Q it t?s WBYPThot
extrusi on the ﬂuld flow ils)mﬁhnelpmltaalthct brbenf wrt By theridh. y $i shis eacta ﬂmd in the

accordi ng E&tﬁ[‘%ﬂor@itjn tohﬁleaigg%gn(ﬂlﬁéqml@ﬁpt}(elggti%& fad of t‘ﬁ@ baGh S 48dal N

that the netal tube.is a I.S use glms reaction
process of lAPAR & &R BRsakase phipopty deviation gf the flaids hgﬁﬁq% ¥ the pyrolysis
t ri angul ar reabigpeshagacterafiezod tigatubs hapletaiordtb  |Fuk@emadie bﬁneﬁrmé ayfbert 0

the cross §fer9l}s 19%0&'&%6&%&1115&]&0 ﬂqgterg{\ggeg %t B{een%gtnﬁltpaﬁvb?ﬁl ar ﬁ‘q;hls

i soscel es triangular shape Is Fla
An i soscel esetsingp ediudd Seraphlich §a%fe%bert‘afﬁnéhahetﬁ§n pHbapd %éi’%ﬂ"ﬂ Pgﬁa’aes

| ndcase of oﬁthetlfbé&p@iﬁéb StaghanShe ﬁuiélqagmceatrdep@ﬂma thMﬁb@&ﬁ@-UﬂQid in
sides is apra of.i om si de 0

1 gure whi e DG, B! O ald0kh O, e8| Eofeemagetty, e biFops “pheioen:
i nvention, cwwsélpﬁﬁﬁéh%mbaﬂﬁemmtehe cross section perpend| cuI ar to
t he tube apipg7r] As shown in the figure, arib 1 is provided on an

i nner surface he tube. r.i b shape, shown ere as, a

is an i soscel e@g)tli‘)f glheg%{?"ﬁ? e}be & TeRR0P Hb IS IeGGrRY 8\0‘?9“5%}3( eﬁ?{fmg‘gthe

i ndi cat ed tymber"of el xabsr folmed di Htha tintel esubbte ofrtlpatube, thei ribliheahé,dthoy
"W'. A bot {emdiidh %glg b@fﬂ%tr@arto ti;a tub@haxibs hz?hdrﬂhQ m@ 1@&déﬁt@%€l&1@$@a{r§£1§ﬁce0f

t he tube corresp ot t om par he rib, mount

i nner di angt @?em%ﬁg g“tt'ﬁéger‘i?‘ﬁralc?“éﬂ‘”f é}? PH’i"&’ t"%ﬁ‘c‘“%‘f chapreteriphie:
correspondiontglto a top of the rib. Note that the "isoscel es

triangul ar sh i rq as
deser bed bel ot P HRgs e e Rkl GR35EE0 of (AR EIRRS
such as a ﬁ?dl%aﬁgmda?he%mfthaprqseﬁenﬁnaan ishastal dwke foheyrplyiie resgtione
enpl oyed t gestdiRd 64 HswingCh)it®@).shape of the tube of the present

i nvention. 0 Bﬁf the triangul ar shape includes not only a proper
triangular™s elpe but al so a shape which is substantially considered
as a triangul ar (13 Aapeal tivby feomerlysis tractionagepoisidall os i apieal ribe| widgshavet
only a pr Oﬂﬂfo 36 H%%Qh&ﬁhtﬁhﬁﬁﬁ 2Rl dJ?tJ,cﬁQn @ftﬁ@ﬁgﬁl VMBb %ti‘ow}lc‘l;ed onan 1¥|ner b

subst anti al é"&:\e‘aﬁﬁ dered as a t rape20| fip

may have rB% thpypetad tubgotharactprizedyiny thatrwpso Q1 @%anwwwé 085%1 Bf

t r apezoi davhahelpight Shide eadhnpivalaib ipdemledak ‘I8 @il of thbedch wirdiribeat iy

have roundgg, SARCiHEReS: GPATESHns RS etel B D SoIR sbe 418 BBL:LGUE
part is defined as “Di” in cross section of the each spiral rib.

Note that “cross section of the each spiral rib” means a cross section
5



[0024) triangul ar shapes and an isoscel es trapeioid shape is
desirabl e anong the trapezoid shapes. The tube with ribs, each of.
which is a continuous protrusion provided on the inner surface of the
tube, can be easily produced by a hot working process or a cold

wor ki ng pr gg@§§d1M@r\gotahaxfsiobt1§h@d@ﬂth§e_bi | aterally symmetric as

descri bed [Efficacy of the invention] [0025] The net al
tube in th present I nvention is a netal tube for a pyrolysis

reacti on whi ch h@sThe metsdpuberfotpyaely x tactinpeacedyding ¢e #l@m’@cﬂ%ﬂd’eé m,

SUpgr I fr p}{lﬂa{fihcl\ﬁﬁﬂl&dfiﬁlaﬁtt h@%s&ﬁ@%@x@&l&ﬁb gitth@ eachlm isdgclebbdarigUle, t het ]
production yie ol e uc rocar bqns c | Wi

| ow energy. In a@g{‘}ﬁq IB'FFai té'l%ﬁg’épl"ﬁ ygisg %ﬁ?@"‘h’?ﬁm thger ]?bcﬁ“r‘alg s‘i@?ﬂg’ﬁ‘g %% o
car buri zat idnclangtazkd ingthat the spireldlts 2om imegrellioformérewish @dulod hodm by hot
apparatus ¢an be inproved. [Brief Description of the Draw ngs] [0026]
[Fig. 1] Fig.1 |é_a figure which explains the rib shape of the netal
tube of the preséhihe rwaéﬁlt fubp oxA RTFPLEHOTRECtP I AGePrdERe tonanycplpide above

secti on pedggfbdc) ar(3), @hiraetetitddcina@KatSthe metal thife i§ a tdbe Whighi€usdd for a

il lustrates t e..ave rature and the tenperature deviation of
fluid at tﬁ’éro Gt reat°£1°'?p]f°ﬁesgg %Foc?eoﬁes havi ng vari ous nunbers of ribs
and vari ou¥02Hcl i nati on angl es. [Fig. 3] Figure 3 illustrates

the effects of Va&m@u@ﬁiaﬁ@su@l?&lsiﬁﬁnkﬂﬁi éH&Be %Q%p%z&&al%té?erokﬁle(lﬂkekmm

aver age te ature and t er eyl ation | ui d th

Ut ot of  PRET<iaghS Boss sofhsns e ol bk obt e PR7SE AYSSohs 1t pEegFe
h/w, the rauangukaﬁ: shafe isclegittblé aGiong the hrinngildt shapss. an isheelosttapegoidand
the inclingfion, %@Q{a%le % %Jlige 'Qaﬁ%& iARHANE TheOREe LAY @‘raﬁé}&d shape, a

tenperature deviation o e out] et of t he tubes. [Fig.
5] Figure ?ng?q%@tW%W%B%fPE%ls@PsE%{%‘é?%, bR t he cross

section pefgoeggidi cul ar to the tube axis of tubes. [Best enbodi nent of

the invention] [Igg%ﬂ ﬁgﬁ?lvl%lh Tx%ﬂl%&qhglﬂa s}ig[{se of the mlet%l ﬁ.{bg%gthte%lesent

optimze the rib Sinmu test
conduct ed. mj_felltmnspvhgﬁ ‘.ﬂnq)v@ﬁ‘]a peid of the cross section perpendlcular to the tube axis.

shown in the figure, a rib 1 is provided on an inner surface of the tube. The rib shape,
shown here as an example, is an isosceles triangular shape. In the figure, a rib height
is indicated by "h” and a rib width at the bottom part is indicated by “w”. A bottom
inner diameter “Di” of the rib is an inner diameter of the tube corresponding to the
bottom part of the rib, and a mount inner diameter “Dm” of the rib is an inner diameter
of the tube corresponding to a top of the rib. Note that the “isosceles triangular shape”
means a substantially isosceles triangular shape as deseribed helow.

[o023]

As described above, various shapes such as a triangular shape, a trapezoidal
shape and the like can be employed to the cross section shape of the tube of the present
invention. Here, the triangular shape includes not only a proper triangular shape but
also a shape which is substantially considered as a triangular shape. Moreover, the
trapezoidal shape includes not only a proper trapezoidal shape but also a shape which
is substantially considered as a trapezoidal shape. For example, the rib may have
rounded top as shown in Fig.1. This is same in the case of trapezoidal shape. The
corner of parallel side and oblique side may have rounded shape such as chamfered
shape. Furthermore, the oblique side between the top of the rib and the bottom paxt of
the rib may not always be a straight line. Especially, it is desirable that the obhique
side and the bottom part of the rib are connected by a smooth curve.

[0024]
As described above, an isosceles triangular shape is desirable among the
8



As shown in Table 1, netal tubes for pyrolysis reaction with various
ki nds of intratubular ribs with varying nunbers, height, shape and
inclination angles were prepared, and the sinmulation test was
conducted using the condition shown in Table 2. 7 [00281 [Table 1]

[0029] [ Tagjlﬁlgaiar 5[1%%:39&1(1 an isosbdlest lpép%zaa ggip%tlb 9@511‘353@ %%é Qﬂﬁez?fd

mMass conservatl on conservation and ‘energ COI’]SEI’ atlon

fluid in tHeepstedihe tehseviflerias, eathd vhivksiad cetﬁntuﬁes PIOHUPeT 8ryidet ondhe n
Table 2 wi txheﬂaulwassf dertube) b Be eysﬂsa |p¥(ﬁi!u3&d’@6£hbﬁ)sﬂmhﬁ1gu§)h'&§ssa)r a cold

commer ci al utatlona g Then, and t he
t her mal cona Ve B gv?norhelr% els ﬁ;& a?ﬁﬁ’ém%trué ag\(/iﬁ cn{;?dogf%ey t he

t hree dlnenS|onaI sinmul ation so as to calculate an effective
viscosity omaidl 6f B0inveiorgf fective thermal conductivity and an
effective ffu3|on coefficient) in the tube. Note that, the

t ur bul ent was enployed in order to consider the effect of
turbul ent fl ow THeengtelstubd B thbp@bang thvanidonsih @wrtdl mule for a Pyroly8O3htion

In Fig. 2, .8 o) ; ¢ ; - at a8
it doat -+ Rk BB a? LRONS, o RNEE AR L IREIA Bl rhn,
t enper at ur ehaﬁ@‘é%stlm Hring thistyby Flé‘rpr%@bﬁcP?ft xield P%ﬁ%@umwa@%fw%e

steel tu becansﬂmwpﬂgecgmd 1dveader8X Chﬁd&ﬁsmﬂeﬁﬁ&rﬁﬁﬁ REe. has sup eridr Weistdnca
axis in Fi qave magﬁp%katyre deyi on of . the fluid

ﬁ)’ arbyri WRL 298 Q Pro 1 8Lhol aratus can be
at the out ['ef ? ?‘ s ee? PRIae OPeyRaen TAr 9f ths POAucHon &

temmrmuHmMﬂﬁmlonnemw Hmtthetemmrmurelsdlﬂrlmned
uniformy in the cross section of the steel tube. In other words,

whén the v of t ver of .tenperature deviation is large, the
tenperatur@hﬁ DP%%WE%%@%ﬁQ@ ‘?P%% of the steel tube is low, and the
portion ne®02dlhe i nner surface is locally heated, show ng poor

per formance of [Iiigeﬂ pﬂ%i ¥ Bodr€ 3BEh WplalRQRLLib sh%pe RNk Qlbe bPGhe

vertical axis In (average of tenperature deviation) |s equal
to the val BrESHE lwe*r %.*’éﬂclﬁ hoFpraraibef by crase F%‘fﬂ%@%’ﬁ?‘lﬂﬂ%’ tp the e
t he aver agsxis.enperature is defined as "T (In and a | ocal tenperature

in the same cr ﬁﬁ? ﬁecﬁlélﬂ‘@ 2 illustrates the average temperature and the temperature
deviation of fluid at the cutlet of the metal tubes having various numbers of ribs and
various inelination angles,

[Fig. 8] Figure 3 illustrates the effects of rib height and inclination angle of the
rib on the average temperature and the temperature deviation of fluid at the outlet of
the tubes.

[Fig. 4] Figure 4 illustrates effects of h/w, the ratio of rib height “h” and rib
width “w” at the bottom, and the inclination angle of the rib on average temperature
and temperature deviation of fluid at the outlet of the tubes.

[Fig. 51 Figure 5 illustrates copies of photographs, showing the cross section

perpendicular to the tube axis of tubes,

[Best embodiment of the invention]
[0027]
1. On the shape of ribs
In order to optimize the rib shape, the following simulation test has been
conducted.
1-1. Simulation test 1
As shown in Table 1, metal tubes for pyrolysis reaction with various kinds of
intratubular ribs with varying numbers, height, shape and inclination angles were
prepared, and the simulation test was conducted using the condition shown in Table 2.
7



mean,--", is defined as "Tiocai (K)". Note that, "S" indicates a
cross section area of a space in which the fluid passes through in
the tube. [Fornmula 11 AT -1 fs v(7;, -T. )2 ds [0033] FromFig. 2,
the foll owi ng conclusion can be obtai ned. 1) The heat exchange
per f or mancdd028kpr esent ed by the average tenperature of the fluid at
the outlet of tihgidube (horizontal axis in Fig. 2), is increased by

i ncreasing an area of the inner surface of the tube. The area of the
i nner surface of the tube is increased by increasing a nunber of

ribs. 2 TTHeTaven tenperature deviation at the tube
outlet (" AT [cql quljatied by [the above formula 1), is decreased by

i ncreasing the iingli ngle of the rib. That is, the
characteristi¢ of [th reaction is inproved by increasing
the inclinatidn|angl b. At the same inclination angle, when
t he nunber of |rilbg i rolysis reaction represents maxi num
per f or mance. en ith bers are arranged in descendi ng order of
t he pyrolysis|readti feyrdance, it is arranged in order of three
ribs, four ribs,| fgwa ,?F&e ribs, one rib and eight ribs.

[0034] 1-2. Si Igt iE( ;

the rib shape|wa$ i

condition as i®& Pab
and various inpcli nat
[0035] [Table 3] | [
the rib height, Ithe
axis is increasedy if.

Q) —
—
o
-}

ODdDWO®MDdDS QD Y
= wWo

—_—— =

~ —

o0 00

c P D
Bog

= =
o)

2 As shown in Table 3, the effect of
at by the sinulation test under the sane
b tubes with 3 ribs of various heights
c}
As]
e

Bom,
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The results are shown in Fig. 3.
S obvious fromFig. 3, by increasing
tefnper at ure indicated by the horizontal
,| tlhgBheat exchange perfornance is
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Table 1

Tube length
Outer dizmeter of the tube, Dg
Inner diameter at the xib bottom, D;

Number of ribs
TInclination angle of the rib (degree)
Rib dimension

Inner diameter at the top of the rib, D

{00291
[Table 2]



i nproved. Also, by increasing the rib height, the average of
tenperature deviation 11 indicated by the veriticalnmls is decreased,
i.e., the performance of the pyrolysis reaction is inproved. Wen the
rib height is 4.0mm however, performance of the pyrolysis reaction
is deteriorated. On the contrary, the performance of the pyrolysis
reaction at ribrhelght—ef—30-0mn shows a small advantage, conpared to
those at the fib Eeight of | 840mn or 9.0mm There is so not nuch
difference inf[thejeffgct of Ehelinclination angle of the rib between
25 to 35 . [0037) As je§é&ibed above, the characteristics of
bot h heat exchapgé and pyrnlgﬂic reaction are inproved by increasing
the rib heigh h) . VMenI:umqgt)height is too high, however, the gas
flowis interfupted by the ref§ [Thus, the gas is stagnated at the
bottom part, |eading tlo de eiﬁbration of the pyrolysis reaction
performance. M $of thd tenpefat yre at the top portion of the rib
becones | ower gading 4o a;?“ grioration of the heat exchange
characteristi :-% "’:um kergm'e,a%[t beconmes easy to introduce coking and
al so makes it E1i@ult:30 f®ramfhi gh ribs by hot extrusion or cold
rolling. Meanphil e, when thesrg b height is too low, the area of the

i nner surface|of the tlube bs snal |l er leading to deterioration of
t he heat exchange|charlact ef t and pylorisis reaction perfornmance.

[00381 1-3
t est under

tubes with g

di fferent
in Fig. 4.

As shown in Table 4, a sinulation
as in Table 2 was conducted, using

. Stmul atior tes
t he safre cgndit
i pbs|of 8.5nm
i Jclipation|angl
£0p3p1|[Tall e 4

Bezekion of

D

o O 2D
The e @oShf braincoh

1

S‘Llpplied fluid
Flowing rate
Temperature of the fluid
supplied to the ingide of the tube
Temperature of the outer surface of the tube
QOthers

(0030]

In this simulation, the equations of mass conservation, moment conservation
and energy conservation of fluid in the steel tube were solved based on the conditions
shown in Table 2 without considering the pyrolysis reaction by using a commercial
computational fluid dynamics code. Then, the flow and the thermal conductive
behavior in the steel tube were evaluated by the three dimensional simulation so as to
calculate an effective viscosity coefficient (an effective thermal conductivity and an
effective diffusion coefficient) in the tube. Note that, the turbulent model was
employed in order te consider the effect of turbulent flow. The results obtained are

shown in Fig. 2.
[0031]

it with various rib wdth" w', for the
25 ,30 and 35 . The results are shown



11 2"

8.1'0 N O

In Fig. 2, a horizontal axis means the average temperature of the fluid at the
outlet of the steel tube.  Higher value of this average temperature means high heat
transfer ability from the outside of the steel tube, showing good heat exchange
performance.

A vertical axis in Fig. 2 shows an average of temperature deviation of the fluid at
the outlet of the steel tube. Lower value of the average of temperature deviation
means that the temperature is distributed uniformly in the cross section of the steel
tube. In other words, when the value of the average of temperature deviation is large,
the temperature in the center portion of the steel tube is low, and the portion near the
inper surface is Jocally heated, showing poor performance of the pyrolysis reaction.
foosz]

A value of the vertical axis in Fig. 2 (average of temperature deviation) is equal to
the value of AT which is obtained by following formula 1, when the average
temperature is defined a5 “Tmean(K)”, and a local temperature in the same ¢ross section
is defined as “Tical(K)”. Note that, “S” indicates a cross section area of a space in
which the fluid passes through in the tube.

[Formula 1}

I
AT = (T =T, )

[0033]

From Fig. 2, the following conclusion can be obtained.

1) The heat exchange performance, represented by the average temperature of
the fluid at the outlet of the tube (horizontal axis in Fig. 2), is increased by increasing
an area of the inner surface of the tube. The area of the inner surface of the tube is
increased by increasing a number of ribs.

2) The average of temperature deviation at the tube outlet (“AT” calculated by
the above formula 1), is decreased by increasing the inclination angle of the rib. That
is, the characteristic of the pyrolysis reaction is improved by increasing the inclination
angle of the rib. At the same inclination angle, when the number of ribs is 3, the
pyrolysis reaction represents maximum performance. When the rib numbers are
arranged in descending order of the pyrolysis reaction performance, it is arranged in
order of three ribs, four ribs, two ribs, five ribs, one rib and eight ribs.

[0034] 1-2. Simulation test 2
As shown in Table 3, the effect of the rib shape was investigated by the simulation
test under the same condition as in Table 2, using tubes with 3 ribs of varicus heights
and various inclination angles.  The results are shown in Fig. 3.
[0035]
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[0036]

As 1s obvious from Fig. 3, by increasing the rib height, the average temperature
indicated by the horizontal axis is increased, i.e., the heat exchange performance is

improved. Also, by increasing the rib height, the average of temperature deviation
11
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L 910 -

indicated by the veriticalaxis is decreased, i.e., the performance of the pyrolysis
reaction is improved. When the rib height is 4.0mm, however, performance of the
pyrolysis reaction is deteriorated. On the contrary, the performance of the pyrolysis
reaction at rib height of 10.0mm shows a small advantage, compared to those at the rib
height of 8.0mm or 9.0mm. There is so not much difference in the effect of the
inclination angle of the rib between 25° to 35" .

fo037]

As described above, the characteristics of both heat exchange and pyrolyric
reaction are improved by increasing the rib height (h). When the rib height is too
high, however, the gas flow is interrupted by the rib. Thus, the gas is stagnated at
the bottom part, leading to deterioration of the pyrolysis reaction performance. Also,
the temperature at the top portion of the rib becomes lower, leading to a deterioration
of the heat exchange characteristics. Furthermore, it becomes easy to introduce
coking and also makes it difficult to form high ribs by hot extrusion or cold rolling.
Meanwhile, when the rib height is too low, the area of the inner surface of the tube
becomes smaller leading to deterioration of the heat exchange characteristic and
pylorisis reaction performance.
foossl

1-8. Simulation test 3
As shown in Table 4, a simulation test under the same conditions as in Table 2
was conducted, using tubes with 3 ribs of 5.5mm height with various rib width ” w”, for
the different inclination angles of 25° ,30° and 35° . The results are shown in Fig.
4.
[0039]
[Table 4]

12



Hei ght, h(mm Wdth at the bottem w (nmm Tube length Cuter

di aneter of the tube, Do Inner dianeter at the rib bottom D |Inner
dianeter at the top of the rib, Dna Nunber of ribs Inclination angle
of the rib (degree) R b dinmension [00401 As is obvious fromFig. 4,

t he performance of the pyronS|s reaction is deteriorated by

decreasi ng " h/ wr—phere—the—+p—shapes beconmes rather snooth wave.
That is, the ef ape| of 1e7pagdﬁmre devi ation indicated by the
vertical axis pf|F gb. to 4 if¢reases with decreasing the "h/w'. On
the contrary, fh perfDrTa1c;n)é pyrolysis reaction is inproved by
increasing thel hfw Mhen|the|%{@|is small, the area of the
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[0040]

As is obvious from Fig. 4, the performance of the pyrolysis reaction is
deteriorated by decreasing “h/w”, where the rib shapes becomes rather smooth wave.
That is, the average of temperature deviation indicated by the vertical axis of Figs. 2 to
4 increases with decreasing the “h/w”. On the contrary, the performance of pyrolysis
reaction is improved by increasing the h/iw. When the hfw is small, the area of the
inner surface becomes small compared to when the h/fw is large with sharp shape of rib.

Therefore, the average temperature indicated by the horizontal axis of Figs. 2 to 4 is
13



i nner surface becomes small conpared to when the h/wis large with
sharp shape of rib. Therefore, the average tenperature indicated by
the horizontal axis of Figs. 2 to 4 is 13 decreased. That is, the
heat exchange performance has a tendency to be | owered. [00411

From a vi edeqredsad. dfhat ethrhpatfexcisnge pefopmane dss o terddbeeyttol beRwerted.
beconmes di ff4sgult to produce such tubes with high and thin ribs,
i.e., high valuye of h/w, by hot extrusion or cold rolling. 00421
1-4. Deci sion dRORRIIHRGRA AR RpRAG BEnGRTORROT A Tubes ft @anﬂsaltfﬁaﬂt
tests to prodyce MludHrabesGitl hiBk and thin ribd, Q8 li1§1€vaﬂ@§¢f|hlfﬁ b@hott € usion or
si mul ati Onc;él%Stll 1. a suitable rib nunber was determned to be 3 or 4.
Desi rabl e nunber is 3. (2) Inclination angle of rib From t he
resul ts of [09#%ul ation test 1, the inclination angle of the rib was

determned to hes Peition 3Ghe oﬁlﬁﬁﬁgﬁﬁﬁlﬁsﬁﬂgﬁ@oakﬁ ogﬁnﬁt@atég tests

(3) Shape of |§s§§]mgl ag ;o among ri b hei ght "h", wi dth on the
bottom " w', an HPeF°Yi ameter at the rib bottom"D|")

Sui t abl e h/ D &hotn titaremetsof dist smodatien tdsd Lpesu@talle trib Muniber evaglde@Bndédo
1.0, respegq]vaegr WQ&Ea%lJ]%bﬁﬁ:gb%‘? ight in the transverse cross

section of at the bottom and Di: inner
di aneter at thé2 r]ith‘B’(B‘Ptlé}ﬁgeP Ri b height "h" was determ ned
t o be representesn ije hedits o?\|ﬁ1hﬁlalﬁbn \té?e%iloltﬁe shchiBatidiDesglae ths el %y a

metal tub edetern&m? M]‘ bcyS{OS%B ea%t fﬁvorﬁble tan%e 18 2138 gOOé'bSI dered that a

figure is a si gur e when xchang and the pyrolysis
reaction on t h@)lshh@mfglbﬁ fraletion pmpigxih btightdk erib widthde thehottphd vet ande,

the rib hehghiner fiameRR abfhe MM ¥Rz by h/Di . As shown in Fig. 3,
results of si on test both rfor f, heat e nge
pyrol ysi s reag}é?‘“g I%l?]é]s]l At g’(ﬁéd"'aﬁ?/ CHEPESS| } ﬂg i ﬁg’h@‘i"gﬁt&%

above or etpspédctivey, 5vberehy’ rbrgdighhén thﬁmammmemosbmtjwed thesfuble - ribbvedtht he

rib is hi gt;'atlebatttrb%qtmltltiﬁerh@atet%mg@aﬁbam ormance is inproved by
i ncr easi ng@ﬁ)#@ rib height, the inprovenent effect on pyrol ysis
r

reaction p mance is saturated when the rib height is 8.0 to
10. 0mm From t Ré keight ‘bdivat deferiniteé tonha wépaedentet rog, h/DiibeAlthduzh vhdovey

hei ght ri bg,afe.d6shAMS 8% B %ﬁegpﬁlﬁﬁaéa%ﬁ%ﬂ Ettflxhix‘BE Qaﬂaglereﬁrtﬁem o he

above descri bed reasons, the fH’/g term ned
to be 5.0 Bgweds preimilarfiguge §’BF‘E éltﬁ eat grefangsr and the REEYYIRIREHT e theo

be 0.1 to Dingr bﬁtﬁ&ﬂ&ﬂ' thBaubs nes cahsamaider Therbibr, hDd rdh@ghtt “h” Ran wf
the tube U?o%ah?eb 81%1)1*”' ald %E.' &S% '% F8m % i 1%{1 testmzt bot'hb
a fe effect ©

hei ght is favor nm si nce v ehent
rib height pqsfvrmh@ceﬁyt kraj sxchapgearnd molar%s geatteﬂnaare@nptomedahmmeewnz thet he

t ube manufge hbtghm“ £ RS dl',eqhal&o 5. otﬂdbaadmathmtdvbﬁteﬂmm edidfeﬁﬂ \%Hnt

to produc co

uppor 11 e R hightn o Ajthoieh fndibys A REfoepitah BRtusr Y i iaing,
the rib hethghib hdightathd ltﬂh@V¢mbrlhmff§tﬁtpnanyrtlms tyotticorpetistmuice is $pdurated
descri bed @Qfed ﬁﬂelrgy\heﬁﬁlt 15 8.0 to 10.0mm. From the view point of tube manufacturing,

tubes with lower height ribs are desirable because of the easier rib forming. TFrom
the above deseribed reasons, the favorable rib height “h” was determined to be 5.0 to
10.0mm, and a suitable range of h/Di was determined to be 0.1 to 0.2 beeause the inner
diameter at the bottom part “Di” of the tube used in the simulation test 2 is 48mm.
The upper limit rib height is favorably 8mm since the improvement effect of increasing
rib height on the pyrolysis reaction is saturated, in addition to the tube manufacturing
concern, i.e., tubes with ribs becomes difficult to produce by hot or cold working.
Therefore a further desirable upper limit of h/Di is 0.17.
[0044]

Next, the relation between the rib height “h” and the rib width at the bottom “w”
will be described as following.
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Consi dering the heat exchange characteristics and pyrol ysis reaction
performance (fluid flow between the rib bottom and the center portion
of the tube), while also considering the workability during rib
formng, the rib shape should be characterized not only by rib height
"h" but al so byConki@ertigf i {he babaeercidige r tihrieddics " nd apdolyéie kdabtion
width at t . I h b n.fram
t he resul tggrﬁg salEl (rgm 5%4 gé]%\{%%{%e%%he { pl)bc’%t%&l %ggp%%nﬁngﬁ‘ (ﬁkgn %fﬁw tubs),

aver age of “hifyasozonideringytbarioskability | dveing athe Srmingd thehb shageosherlicke of
pyrol ysi s eraeitb@rdinst 68% By HPhatRh” RittRoHythe F25 bbivken tHYAH BABH: “h”

I t of h/ det ke . h
pIy;noI ygl s \év%l 816}?1% '@P%Bﬁg%%tgnﬁ g"’ RW%’P}E‘)VQE}WE eftﬁcggé’ %Bytsﬁeé‘ %?r@vthet he
h/ w shoul drfsaitehlsimuliféon tesy8. withethefdsreasibd /v, dherabiage lobwmmpelratnie

is 0.35 ageifeyneisf ﬁl\ffé%@éal %.néi Quer ehbllﬂl;;ncé %f y]éb'lys[sogﬁaon is detmg}ageﬁe
ot her hand,. alt h}c_)‘\ﬁgﬁuéts e paximum va L n | at1 on test

W
3 was 0. 467790 SY; the fomam Wit of W Vﬁérdﬁtfflﬁﬁﬁéé%be& Sot n thercapiiaims
reacti on (awes@geyss rdaeﬂﬁmﬂj‘eafoﬂﬁﬁ:tcd ﬁﬁh@mv@m)ay anekabiag theeld@hha Gbv should
(average tegnm Q, he
h/ w was not %%%t%dﬁﬁe g"f‘%‘%%ﬁ ggaq’}s%a%u a 01%}{% X @!3% 33%%—9 ﬁb&e
with vari olPé"eFPblltﬁépéht "h", as can be seen fromthe val ues of r| b
hei ght "h" [poasid ri b W|dth at the bottom"w', in Table 3, h/w vvas
changed from O, . 84 rforrrance o b ol ysi.s,. tjion
(average of ter?%‘%}l thl"’ﬁgfb% gﬁ?"“% e RATRRRL v %cﬁé%gy 5\?%‘]‘”6\ S5t d

t enper at ur wps Qb aif ihfp isoinedadsy, iha mea?ezsmanxgeq dbotl nyrealgsis heaiion aveiiage df
From the a%rﬂ@é%e‘vﬁ@i@n)r SR exchBze URRSLgel ﬂeﬂbéraﬁire)%a\% Q%mﬂﬁ%to

determned.to be 1,0 or.abl e upper 11

favor abl e UPBEYe: | i 4t ﬁt@l%ghs%* 1’{‘60"&81‘°g°h*’15$%9dn1&%%‘ ﬁ“ﬁ‘i‘%&‘@’élg“’&f‘ test 2
nmet al t ubeusing tubes pitk s@ndusiribvdeipht Gif, as can bd fsen fileinahe valbes df eib hpigholhysi s
reaction i, he REGSRNEL b&‘!o%“’\boﬁh 'rétlzpéngg Jh’éf?é@d@o‘i’afﬂ%@%@@ 84, qnd_

materials, sych as seanl ess_pip

prepared bYSEBRBR; Qfdoofméyrﬁlﬁaééggcé@n &veﬁﬁemf ffpeEaaE ﬁ@ﬂatw&% aWblhR‘Ptng,
col d wor Ki eghavel @ivdargge tinpehieude} KereOfmpGoned e, inPlepéng HigpBWTERY Sidwal %
may be pre d f I or
ey f%% 1ﬂ¥m%@g\§ov8 de&ﬁﬁéﬁﬁe?gﬁ %Lé ﬁn%ﬁ%w }%&%%L? c?e%érhl%d
surface of -G Hircfavarablp sopes mieis ﬁ&d%ndomoaeéawf@}e waper b’ﬁ&WhOB%f the
fol |l ow ng Ewasipl e. (a)' First, a tube vmth i ntratubul ar straight
ribs, in which rIl duc mg rocésso amefﬁi{nb ;resen In&e%ﬁi' pal direction of
t he tube IS pro uce § $I'oh plipi g press or a cold
rolling with aThamtaéIwWafﬂ wgolaﬁs orpCcHEen sluhhﬁ acesentrinvgntion iscrypdussd from

portions cgipk %wp@ndlla&gmlso shbﬁab@éénq@aspﬁ &, Swlled Bi%etéi'b&eaﬂ'l@ Qﬂmlam
e tube are orne

portions correspon i ng he rib

G r ecti on PEPRRTQY PBoiete e pubestie H*Lmﬁ]&ﬁa:ﬁ@r?ﬁmm&i Wi e T

i s added tweltihle owithe liket h Ofntursd, pinel shapes np@iright mayi Esprepasdiby megns of
tubes Wi t hy il aletimiul: 1 cddt (1. tube with intratubular
spiral ri b i.n whi ch ﬁcegﬁ%iﬂgﬁt iIQE 0Jnleform in the 15 | ongitudinal
di rection ?Ihe tube, is produced by using a cold drawi ng type

pi pi ng machi ne Awid bleﬂlomttigbﬂﬁ&\ﬂnﬁg Wi Qutler inser adee ol thhitdde, llowag

portions cgr{gééa&re% (9%%81 ybg%}oﬁovflgarts f the tube and concave

portions corres heri PRe tHibe are fornmed in a spi ral
manner . sFA‘St ab@bB\/Wlthwmnambaliaxbmht ¥ps, imatvhich b beighbis sdiferadinby

deposi t \A/emallcsigmh@mamlfecﬁmb&tmuﬁabas hﬂﬂ@éed%&'h&ﬁgﬁ h@éexm@ma yig,en Q@481
Among the ab v%h| ch

oV g{% roduct i.on meg?]1
spiral rib¥% %F@ FrgiH g&/ S}?lvblﬁeﬁn %?rks'ﬁ AR in ﬁ%ﬂ‘?ﬁ VEHROTHNS S
by t he hotcoevecpandingrip thmhd:ttoaspﬁz(os pi thel gl 4r@ingnEive dutioss comgeasrdihg o a

case when {fGkspend ARGt Dika L 05 RANES argi?eﬁ% " s %‘tg& %ﬁdrel
Centrlfugal CaStln or. a case S are uce
Next, tors1ona.l work is added to the tube with intratubular stralght ribs, resultmg in

tubes with intratubular spiral ribs.
(b) A tube with intratubular spiral ribs, in which rib height is uniform in the
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[ 00501 3. Material of a tube When t he superior resistance to
carburization or coking is strongly required, a tube with foll ow ng
chem cal conposition, having good high tenperature strength and
enough hot workability, in addition to superior resistances to

car buri zat iRBitaNa) Rk ich of ﬁeftayeorlé’- ltﬁucMﬁuguhE‘B 1001?61\%”1'awfn %ﬁgbﬂ)ﬂlgt he

conponent cont.ent mass % 1
having a ¢ B%W‘thé‘r?g‘%ﬁzﬁ*’tv}“éﬁ“88?‘?§ ?"ﬁg“ Fhich @r&@? RPFEPRS cen%ﬁ?fm@rg to
0. 01 to 5%heNfpttof. phrisof TE%beRind| cosmvd Pationy copgsrahding ta0thd 884 oSheltdss

than or qu@foﬁ&édqngép/ﬁ.al%annéﬁ to 55% N|: 20 to 70% N 0.001 to
0.25% and bal fesnce Fe_ and 1npuritie 2) A netal tube

further consig Afgb%wﬁaentraéa‘gltlmo%ﬁéabvb%P@dmeéﬁﬁ ﬁt-‘&os% Bekiinedy farpoaisat
| east one ot theofigrghdupsf gelaeted fromU ) to (vi) in addition to the

above desc[d ?@d chem cal components. ( ) One or two el enents sel ected
from cu: 0-01to 5% and Co: 0.01 to 5% ( )One or nore el enents

sel ect ed fromAveensGheabave dggsibad/mehots, the paodugtieh Method i® which spiysl wilsi i )
(Che) OrO’lt WOaR| (8 twiofﬁﬁxﬁﬂxlvwk@t ﬂgir ]%'oer;‘gQ;ille £iBs gy/ tha ek eNl?lusQn QlLakies i%%

i v e or nts selected fromB

o kR AR e Sun Homah thi b Brrdid e e P
from My: Om@Bd8rdycorGthi HentGhigaD cBOOS, droa Cast % imndihé\ribs Gurd PdodicedS8p the

vi) One oryg n f
(vi) JHB ?w@idﬁ? iét}ﬁ@ln%ﬁatoﬁdlft ILJ, &b I(e@%sgarg?%[)tcgh esceér'ﬁ{l }%iwélﬁﬂ\@cem hé}

0.0005 to 15% ove cal
CONMposi t | oHl bg py é’%)éwgél"%h%n 3 %lha@%?rtb@dﬁbwwe % emradues-r 1 afditioni on
reasons. [ &60&4he b6 pfiliuted by thi¥method cox@1§t§of&hle @irfeandtbng ieh elmplit anb &

keepi ng hi glgffl%f E%%r lf{lﬁe n%s a%n:ggvgntage O muc be%%ntpxeog’grtles, qlg}r as cm?osmn

equal to O e contrar ness
det eri or at @émwc%d]élgblféwpéﬁat%r@etnﬁ% . E?% likpecompret toi Fﬁet tyhe @itho,

Favor abl e meRt@Maririhs Qrdddlédihe doptR Yel@ith iRy @ édNOHh ABHAs C Trtbmore,
region is &eot%og, is su1tgbﬁe for usage requiring high temperature sitrength, resistance to
corrosion, or resistance to carburization, for example, in a pyrolysis reaction of
hydrocarbons, or the like.

[0049]

In the method of the forming ribs by the hot extrusion, if the rib height is oo
high, the ribs may be extruded not sufficiently along the mandrel shape. Thus, given
height of the rib cannot be obtained in some part. Therefore, in the hot extrusion
method, the rib shape to be formed is limited, and too high ribs are not desirable.
[0050]

3. Material of a tube

When the superior resistance to carburization or coking is strongly required, a
tube with following chemical composition, having good high temperature strength and
enough hot workability, in addition to superior resistances to carburization and coking,
is favorable. Note that, “%”, regarding the component content, means “mass %”.
[0051]

(1) A metal tube having a chemical composition consisting of, C: 0.01 to 0.6%, Si:
0.01 to 5%, Mn: 0.1 to 10%, P: less than or equal to 0.08%, S: less than or equal to 0.05%,
Cr: 15 to 55%, Ni* 20 to 70%, N: 0.001 to 0.25%, and balance Fe and impurities.

[0052]

(2) A metal tube further consisting of at least one or more elements selected from
at Jeast one or more groups selected from (i) to (vi) in addition to the above described
chemical components.

(i) One or two elements selected from Cu: 0.01 to 5% and Co: 0.01 to 5%.
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[0055] Si: "0.01 to 5% Si is needed as a deoxidizing elenént. In
addition, Si is an effective elenent to inprove resistances to

oxi dation and carburization. In order to obtain this effect, a
content of not less than 0.01%is needed. However, by the addition of
nmore than 5% wehdadbd kb didndhed @ldcaratad Moand: 13 8%0Wt 0.0Ck416% and Ta:
unst abl e, thus th%o‘i%’g{/ limt is 5% Favorable content is 0.1 to 3%
and nost favorabl e regroh is 0.3 to 2% [0056] Mi: 0.1 to 10% Vvh
i s added in or dép One of tvoredaresnioreleatsi fiomyTi: §.A1 bl 2190Nb:10D1tth 8% ol e of
a deoxi di zer. Kg)0OhdeF mbi Sbiakdeidited sid BCH.601 @ CORNEN.0M toREatdhan
or equal to O. 1%;& (fede Furthernore, since M is an austenite
form ng el enent, ppgotl B 5r<1r can be replaced by Mh. However, an
excessi ve addi t{vo®nodr dvbreleagstst slectet domolgt 0.0005a¢6 0wes; IKCabo. Dﬂ%yto T
the upper limt i % ble content is 0.1 to 5% and nost
favorabl e reglg in&‘gf%{)ﬁf‘yo%}? 0057:}13 P: less than or E&Jm to 0.08%
S: less than o “é%%faqr 5o glegisngs selectepirgmorars epathopleraenis EREMINT 0.0005 to
wor kabi lity by thejisesegregation to the grain boundaries, and
favorably ggicontents should be decreased as | ow as possible.
However, excessive lowering of the P and S contents increases cost in
t he producti on Pfisewsd abTiecleedribed cherhical compationoff eReli dethergss temnbealr
equal to Obg&@‘amhgﬂ%nﬁ%%ﬁpgas% Sis less than or equal to 0.05%
Favor abl y F gg, S contents should be less than or equal to 17 0.05%
and 0. 03% 90 pectively. Mre favorably, P and S contents should be

| ess than or e(Q]Ja,Dlta)Oa%04% and 0.015% respectively. (00581 Cr: 15

to 55% an g is af@@ﬁ@c‘ﬁ%@ %}eln?ehit %reﬂe%ﬁﬁgtlggﬁ) 11%) %gﬁ&ﬁégﬁ' wgendthe

resi st ance, a content I S nee
Al t hough t Pt i mere thn eyeudl $uP-81% v Hndbe 9°n5rérsr ﬁl@ﬁ%@é@weﬁﬁsﬁ Hiagledlys
possi bl e, #fstererhttd W eddifien BT $nodd tlad B, GRe PpdrSEANCE @I Favorable

carburi zi ng tesi BHER 0 BILERA L%& f%g&gﬁl% ol fads. L0 owarkabisi ty

deteriorat[on .or mcrostructure during the use at high
tenperatur@§.55]Thus, the upper limt is 55% In order to prevent the
above descri bedi:dipgaslzant ages of workability deterioration and

unstabl e mcrogtructurne at, hi.gh tenperatures,..th pper., l.imt shoul d
favorably be 35h EIA 2 AMSPUBFYE SPRENE ot ERHEPL G BRelecye elymsabie
[ 00591 Ni : ing@otepreFighmces to oxjfation srdedduhrizetight alnorfiérctosbial this effect, a

aust eni ti Cedikdaft gﬁﬁcrtq@sts Wh&h 0.81% Qﬂﬁe%@éd 0f10%0vek; q:ﬂﬂJ%ﬁu&?@ﬁﬁé@rtyan 5%,
correspond{yglg11 cant However cessi ve addl}l on

leads to p i et A BTGB BCBSRo oS He BREUSm
t he favor abBhwrabdgriootent & (2Dtot366, 60d/gnoshifavonadigs regmuds @Bke2%.egi on i s 23 to

50% [0056]

Mn: 0.1 to 10%

Mn is added in order to improve workability, in addition to the role of a
deoxidizer. In order to obtain this effects, a content of more than or egual to 0.1% is
needed. Furthermore, since Mn is an austenite forming element, a part of Ni can be
replaced by Mn. However, an excessive addition of Mn leads to deterioration of
workability. Thus, the upper limit is 10%. Favorable content is 0.1 to 5%, and most
favorable region is 0.1 to 2%.

[0057]

P: less than or equal to 0.08%, S: less than or equal to 0.05%

P and S deteriorates hot workability by their segregation to the grain boundaries,
and favorably the contents should be decreased as low as possible.  However,
excessive lowering of the P and S contents increases cost in the production process.
Therefore, the content of P is Iess than or equal to 0.08% and the content of S is less
than or equal to 0.05%. Favorably P and S contents should be less than or equal to
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[0060i N. 0.001 to 0.25% Ni is an effective elenent for the”

| mprovenent of high tenperature strength. In order to achieve this
effect, a content of nore than or equal to 0.001%is needed. On the
contrary, since excessive addition significantly deteriorates the

wor kabi it Yi;OS%hi%d l@m@.’f résbé&ﬁrel& S MRS Rdrebly, tF0a 6s Ondall sHoaMY Akt @han

content of Nis 0 / 0061]. In the present invention, one
or more el 8hEHRL® sohooi‘\ﬁhangeq PYRYEHNt ai ned. One or two el enents
sel ected fH®8iCu: 0.01 to 5% and Co: 0.01 to 5% Copper and Co as

an austenite stgbidd,zg¥, | nproves high tenperature strength, and each
el ement of nore than or uaI to 0,01% may. be contained. On the
contrary, Men%fﬁ%a%ﬁ%‘?ﬁ eweéh@wb&ﬁnéﬁ%ﬂﬁtlwe%agceswd hegntent of more
wor kabi | i t yhansornafuke el y5%le§ asdded.at atthoukhethefcofitent bher @MlcE&kroﬂ’aBQllﬁm

of each el r- 1. Q/er Ierel r
each el erreﬁ{IFeggedoﬁf)f? ‘y%gs[l%%é%m&?g ‘6‘%"9 %r%sé) eo(r%enﬁgn sr%Ie rom
Mb: 0.01 t eprBusizing 1eﬁlmnepoewsamadﬂatwnole@4s to m@kqwlty\pwmmrﬂ@naqreto
effective eh@amobScroginichfe a@hhgithmlsy&ﬂ 185h rfmm@m rxgugltsmﬂyemlfn&r

i roving th | te eratures th an fect ¢
USRI Sl AR It g g SRR S A et S T

0.01% I—bvxléevtemqrauommei lmstaéisasmmmsfaddutela@ highderdsertioraiethe upperdinidsieulidn

wor kabi | i t | 4Cr o eratures, M,
Wand Ta SE;%:&glygg 3?6ntrg&0rréejfj%%% g%@gdsnlgér{d%gg&nolrg bggbu%?ﬁ{)o 3% 6% and

18 6% re Ségtlvely Favor abl e content region of each Mo, Wand Ta
is 0.01 to 2. 5%i:2and7omre favorably 0.01 to 2%

Ni is needed fo obtain the stable austenitic microstructure, a content of 20 to
70% is necessary corresponding to the confent of Cr.  However, since excessive
addition leads to problems in the manufacturing process and increases cost, the
favorable region is 20 to 60%, and most favorable region is 23 to 50%.

[0080]

N: 0.001 to 0.25%

Ni is an effective element for the improvement of high temperature strength.
In order to achieve this effect, a content of more than or equal to 0.001% is needed. On
the contrary, since excessive addition significantly deteriorates the workability, the
upper limit is regulated to be 0.25%. Favorable content of N is 0.001 to 0.2%.

[0061]

In the present invention, one or more elements shown below may be contained.

One or two elements selected from Cu: 0.01 to 5% and Co: 0.01 to 5%

Copper and Co as an austenite stabilizer improves high temperature strength,
and each element of more than or equal to 0.01% may be contained.  On the contrary,
when the content of each element exceeds 5%, hot workability is markedly deteriorated.
Therefore, the content region of each element is regulated to be 0.01 to 5%.
Favorable region for each element is 0.01 to 3%.

[0062]

One or more elements selected from Mo: 0.01 to 3%, W: 0.01 to 6% and Ta: 0.01 to
6%

Mo, W and Ta are effective elements as the solid solution strengthening elements
for improving the high temperature strength, and the effect can be obtained when the
content of each element is more than or egual to 0.01%. However, since excessive
addition leads to deteriorations in workability and in microstructure stability at high
temperatures, Mo, W and Ta should be controlled to be less than or equal to 3%, 6% and
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[ 00631 One or two elenents selected fromTi: 0.01 to 1 % and No: 0.01
to 2% Ti and Nb are useful elenents for marked inprovenent
effects in high tenperature strength, ductility and toughness, even
with a small additional anount. These effects cannot be obtai ned when
the cont epts%ofesp@elheml emf&augécdnaﬁmﬁ rd gt bf @a B h¥6, VF?JM “{)\aefs,o ohen. E%hand
content of _Ti 0, 1% or en a content of Nb is nore than
2% the worl Ka %*al%lngfy(;%r&lpﬁgéwel dability is deteriorated. [00641

One or éooéﬁ]emants selected fromB: 0.001 to 0.1% Zr: 0.001 to

0.1% and H 0. @hb o oweldfents seledibd #dm @R olko BHSraMNL O V2% ! emsnt s to
strengthen the

r ai_n.boundar d to ipprov aqt wor kabi | _hi gh
tenperature st réndth: I—Bfﬁe%%“l £ E’E’étlsfggt‘ga%ﬁ%ﬁﬁ’i’mﬂ@m%‘btt éf?‘f d?
t he cont entengfergachstedngtie dictilgy kad sougheass, vl $h Omalhadditdonizl amyynt.
si nce excefrﬁegéeeﬂ@eig b&ﬂngpbé StRed thﬁﬁx@ brﬂE&to'fg&(l)-" e'i'eu‘ﬁﬁllt ga@ o f.!h%az 8 8&%6

contents of B, Zr_ and are_reqgul at ed

0.1% and OF8tfhen ghen 5%n%gféﬁewvé|t9an{@@ashenaconte@@fl\&m ms%eethan 2%,
el enent s séieaedrkdalﬁwymwwew)abﬁmﬁsde@erﬂméﬂyd Ca: 0.0005 to 0.1% and Al:
0.001 to 5@1 Each el ement of My, Ca and Al is effective for

I mpr ovi ng e hot workability, and the effect can be obtai ned when
each content ofOnktyr nEze slpmenis s¢lecterbfrem B 8900 ko @4talr 00D tOVD DB Fpd HE
0. 0005% angd 001 §jl84% respectively. In addition Al can introduce narked
i nprovenent effe arbuyrization reS|stan of a ne t ube,

i hee. ot di ze0 B it FHhgr atp %{je AP B Sitene 8 e 8 pora Sk

t he car bur inzimayp lgit mdmbtlwl ge@bhigk tampeatsreptmepgihe, Hdvevdy thrafiedts omnof
nore than gg 0&9&@& wthn Ehei&?lﬂeﬁt&f %@zggllaﬁﬂgnt kst hﬁfl?%@tl(ar Yon }Eecontr Ty,

excessi ve addition, of eteriorates we Ity,

upper | i mi PIRgFexgeseive afid leail%mrdé&a%t@a 1} Feldabidityy he %ﬁe{“ﬁé’f ﬁn?léandt he
excessi ve Hfaetrepurlatad tobe @IOITOOAY%, DAOL &%, 10 55D0IOEES 0L3%, @éspedtatlyl C
conpound fppERtion within the alloy, leading to deteriorations in
toughness or I'n creep ducti Iltli Favor abl e content regi on of My
and Ca is O. oo@slepbm@rmeﬂaw&ﬁep qesgioir e Me* AP0SHADEM: Crof-09GRge Siind
carburi zat Abp.ooess Bkance is 2 to 4% [00661 One or nore el enents

sel ected from 'E%Eheelgxﬁgr;trl{ ﬁ\gég% Qx&ds A.l(lSR g&@ctw& fmt' %ggxgn%ﬁle%f)‘} wox%(ablhty, all:\)%r €

earth elenents are i Mprovi I ON
r esi st ancethegifecticap beplftaiaed ‘é’hﬁh%ﬂch b@t@ﬁwﬁ elda emrbil iy mepmthan or efuabiech

el enent i sobess3, tdm:ose@ 2000124 dpbRivennt rIﬁfa\Ad:tfeh ] a8 XEOSHAY Srarked
addition | eads to eri,or at.i on L0 wor Kﬁé‘f f[ é‘tttlg up er l.im OI

t he cont ent™ &5 ‘m F ‘f“@é"r C('S‘rbﬁ’élzb o1 0 N o) =30 & o - L pince oxidized seple o
t er m show ngﬁﬁnkmndﬂ:eb%@emdsﬂ in dorogil vgdScthe Yarbnozins cettalmmcss of For

! agt Rgnmh dth|1ﬁHPHJg e, ttinfm a@&lﬁoﬁgf m%%tﬂne&e 1 aﬁh%%tﬁ%ﬁfe&% Y.orlk-the Ce
an shou ora se produ

tube with f9 W\éﬁtﬂ sglﬂa pidition of Pkg i“ﬁ‘gé ?&F?ﬁ%ﬁr@t%ﬁ?@m& ¢ thﬁg‘PPT”s

i nner sur f ho# ofingthaeldrorng isvetilatkdgd baDgbd FubBerorrd, tise éxaewsive addifiac ef

are produc o Hak! @lemédhsés mlqu'ﬁ\'e%c @ﬁg})& f&fagg@émﬁmesmw

in Table 5 :}é;ﬁm extrudi ng using the nman provi
concavo- colf? qt%’?ﬁﬁ‘fﬂ‘?h‘@“%éhfteﬁ%"r%aﬁépGFCtﬂJFlbs After softening

heat treat ment Favoridle céntbr@Sregion b dCand 08 it VLSS YR 0O5%058d BRalabl Al
def or ned bé/on? ncI i nati Qn t ube axi s, and

finally thé tu e°§113Pr°V]tnfg Iibmagmoflﬁesp?z%réfﬁé?%%wsm ng in whi ch t he
tubes are ©88fled in water after heating treatnent of 1230C for 3

m nutes. ConsegyentInjore iighehtib& Wt fbrs Rhvealarthi élénmyl(mmﬂbﬁ@fi@os%s
shown in @%g 6 are obtained Figure 5 illustrates copies of

phot ogr aph how ng the cross section of the tubes. As shown in the
figure, chippi Rgreosartthdeheps afe ¢ftebisvenior thiaoking gheadxidibiohatéigamdeabut

never b CeN 1R Akt cannot be obtained when a content of each element is less than 0.0005%. On
the contrary, since excessive addition leads to deterioration in workability, the upper

limit of the content is regulated to be 0.15%. Note that, REM is a collective term

showing 17 kind elements including Se, Y and 15 elements of lanthanoid. Among
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[0068] [Table 5] Table 5 (Chem cal conposition of a steel specinen.
mass % Bal ance: Fe and inpurities.) CSi Min PSC N M Ti BA N
0.11 1.45

them, one or more elements selected from Y, La, Ce and Nd should favorably be used.
[0067]

4. Example of producing a tube with intratubular ribs

A tube with 3 straight ribs on its inner surface and a tube with 4 straight ribs on
its inner surface are produced from hollow billets having chemical compositions shown
in Table 5 by hot extruding using the mandrel provided with concavo-convex
corresponding to the shape of ribs.  Affer softening heat treatment of the tubes at
1150%C, the tubes were torsionally deformed by an inclination angle of 27° from the
tube axis, and finally the tubes are treated with product processing in which the tubes
are cooled in water after heating treatment of 1230°C for 3 minutes. Consequently,
the tubes with spiral ribs having dimensions shown in Table 6 are obtained Figure 5
illustrates copies of photographs, showing the cross section of the tubes. Asshownin
the figure, chipping on the top of ribs or cracking at rib bottom has never been seen.

¢ (0068]
[Table 5]
Table 5
{Chemical composition of a steel specimen. mass %, Balance: Fo and impurities.)
C S8i Mn P 3 Cr Ni Mo Ti R Al N
011 | 145 ] 0.88 | 0.014 (0.0008| 23.9 | 38.3 | 1.06 | 0.45 | 0.0021 0.017 | 0.0112
[0069]

[Table 6]
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0.38 0.014 0.0003 23.9 38.3 1.05 0.45 0.0021 0.017 0.0112 [00691

[ Table 61 [Industrial Applicability] [0070] A netal tube for
pyrolysis reaction in the present invention can inprove the
production yield of olefins such as hydrocarbons with | ow energy
because of superior characteristics of both the heat exchange and the

pyrol ysi s reacHphA—fFuthernpre, the netal tube in the present
I nvention can | nprpve the op Eation rate of the production apparatus
because of good fesbi ft ange|t ¢E¢oki ng. Thus, the netal tube in the
present inventjop gaph be|usedisimot only for producing ol efins such as
et hyl ene, but plsolap f Yeialétube for pyrolysis reaction using for
various ki nds pf| pyrplysis ﬁugbtion.
w|Ela| 8
23
Ak
=h
=
s
JHHE -
§mm-¢g
SIB(3F|D E
13
3
, HE
{ v |
K °|5|213
o | g
E‘ @D =
Mg
g
=
B

Tube length
Outer diameter of the tube, Dy
Inner diameter at the rib bottom, D;
Nuxaber of xibs

Ioner diameter af the top of the xib, D,
Inclination angle of the rib {degree)
Rib dimension

[Industrial Applicability]
[0070]

A metal tube for pyrolysis reaction in the present invention can improve the
production yield of olefins such as hydrocarbons with low energy because of superior
characteristics of both the heat exchange and the pyrolysis reaction. Furthermore, the
metal tube in the present invention can improve the operation rate of the production
apparatus because of good resistance to coking. Thus, the metal tube in the present
invention can be used not only for producing olefins such as ethylene, but also as a

metal tube for pyrolysis reaction using for various kinds of pyrolysis reaction.
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[ Docunent Nane] Cainms [Claimll A netal tube for pyrolysis
reaction conprising 3 or 4 spiral ribs, which have 20 to 35 degrees
inclination to an axial direction of the netal tube, provided on an

i nner surface of the netal tube; characterized in that h/D of 0.1 to
0.2 and h/w of [Do@mednoNim@] Whamsa hei ght of the each spiral ribis
defined as "h", a width of the each spiral rib at its bottompart is

defined as_"w' d an i nner dianmeter of the netal tube at the bottom
part is deffhiy ! i " in cross section of the each spiral rib.
[Caim 2] Aﬂibtal t’ﬂbb&irpid:ﬂ}@lsfléﬁcm@é{ﬁdﬂﬁiﬁhﬁ I RACHIrATRCEREhAS 200

the daim har act gri.ze n that a1 0553 Sec n, shape, Qf the.each
ribis an %sgggef emcﬁnﬁmgﬁ%laanram &lrﬁftFﬁn he me&a}%@b%f&lldegﬁ Aty fymer
pyrol ysi s ﬁ@é@@loﬁwea&&f@b%ghar@wn@d@ ahahhﬂ)mf 02 to 83amd dfve pf G:2fdto] In0

that the s Wh@ﬁlla héigﬁﬁof@]i@ea'cﬁ‘ Bﬁiﬂﬂ ab Ilg/aefrﬁw@sd‘hwatmal de HQE‘eaQPQ)Yrabe bpds

extrusi on. or reactjon
accor di ng P%ﬂ ya’éﬁl F@“eé:laél a’i‘l 0 l%ler ﬁﬁﬁ‘lﬁé‘ift"élt%/ Gtafﬁﬁ“ﬁﬁélthet Pritom
met al t ubepas iaddimbdasfllitin ckds stidn bfithe eachyphlyili.s secti on process of
hydr ocar bons.

[Claim 2]
The metal tube for pyrolysis reaction according to the Claim 1, characterized in

that a cross-section shape of the each rib is an isosceles triangular.

[Claim 3]
The metal tube for pyrolysis reaction according to the Claim 1 or 2, characterized
in that the spiral ribs are integrally-formed with a tube body by hot extrusion.

[Claim 4]

The metal tube for a pyrolysis reaction according to any of the Claims 1 to 3,
characterized in that the metal tube is a tube which is used for a pyrolysis section
process of hydrocarbons.
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