[ Document Name] Specification [Title of the Invention] METAL TUBE FOR
PYROLYSI S REACTI ON [ Techni cal Field] Woll The present
invention relates to a netal tube for pyrolysis reaction, which is
provided with ribs fornmed on the inner surface of the tube and is
suitable for use as a pyrolysis furnace tube, a reform ng furnace

t ube, a heatlDogrfeut Nacd t ube, S$pekidatioexchanger tube or the like in
pl ants such as a petrol eumrefinery plant, a petrochem cal plant or
the like. In he present invention relates to a netal
tube for a p?&ﬁl" @f" Vf”%% ion which is, for exanple, used in an

et hyl ene pl ant oMETAS TUBEEORMAUROBHES BEACTIEWN arly rel ates to a netal
tube suitable for use as a tube in which olefins (Cl aes) are produced
from hydroc b ns ?g & pyrol ysis reaction which occurs due to heat
suppl y fro "ﬂ St“surface of the tube. [Background Art] [0002]
defins (CnIDQ‘JZ}) such as ethylene (C2114), are produced by

pyrol ysis of theThygfe@@ﬁ&MHﬁon(laﬁm@tt@améaattuseafor gﬁ-ﬁiys@&é&@% wilieh the

like). In parti e .ol efl ons, ene,

o o) o PR s TRk RORES 1058 Chled oML SR St R we
into a tube pprobysisdazhacs taber ea@forwggffwmngc@ban@ hh@atg fugnasa) pphkei echetio
the hydroc areiaémﬁge& empmegke Sl dndCRicofs a«tﬂa&ol@umeﬁ@rﬁm aape&wh%%éi S

reaction of carbons..c n.the

e or BiaF st A BETRNRSRY, BF BTN R R Bidtiily el twbe Bx'a
25%Cr - 259N Palrowsy resgtigrowigich laa’owalaplpoyedap ap peylepkplanior thedikemdé mofe a
st ai nl ess Stpeﬁiculaﬂy &@ﬁé@ﬁ)&ﬂﬁl&ﬁi ﬂ%ﬁe Ahﬁble 3&415& YPEL tub GDRBLh olefins (CLFT‘;J he
abové descri bedm at

I sfer
(which is supp ?%ﬁﬁyt{mfﬂ OBSEJF%P 50}3653 eﬁ&{’f’u%l}elﬁh Crc%lr%E{]
surface of Fwiﬁ%ﬁ%t}tedufeﬁé“ﬁ%ﬁéfrth%h&bﬁace of the tube effici ently, so
as to prevent unreacted hydrocarbons from di scharging to outside of
the furnacestpat I}]dsAI jt he tube needs superior "heat exchange
characteri S&RQC T Igueat exchange characteristic can be eval uated by
measuring t %]verage tenperature of fluid at the outlet of the tube.
When the tube h&¥efinhdCaditpersidr ad eidyleax (Crllng exe haidaet aryi Bilrblgsis biiehe
average tenﬂﬁfr@éa%o%s @Japtlbﬁ ;Jel.thaql g i, %Pttileefﬂcew I }}grtgcylgg b ﬁmdace

i ncreased as co rocar
steamis su%lﬁg'in@ y4rppEpogs ge?gé’iﬂ eFl?d’ Q*ﬁﬁlqﬁe)n Iﬂbetl%'é?"ci‘”h‘é“ss?‘f%%’ﬁ’l"lﬁ"tﬁlbe
with | ow pre@sdateamainde bitgbe Blp)télédi inUn reatetrmick @dd gast iasdpoliedvty the

formed gas Hyt&oéa%ohb%ohﬁ@%} QAR e lt@aagsodi;h%% aangﬁo@é&@&cm{e of tRS
provi ded he jnner surfa The

f.l ow
is interrup %%ocﬁéﬁgﬁ%f‘n P& 81 Fldemst]ﬁe e :‘ll T HEe P 1%1}]{31-531 Z‘égé‘lb
fluid in thalwesterreseptedtbyon28Cri2RBM alm afth G w/mldﬂmwnthehmm Bm
part, of themalibofarseisiefatal £deprifnsd bpATERSS fypansfer (reaction)
bet ween t he ral portion of the tube and the bottom part of the
rib becones |nsuff|0|ent hi such cases, since the reaction products
are accumul at ed? Fephererdetcribg pyaciysis T@?’Stlt)lhéﬁﬁlnb?}ssaahtoéweﬁfelpl}qﬂb(ws}mhs
reaction oc Bswhﬁpheﬁho tieeoueantirfadeyof thebd) @R 1he BuRRe GRS of s tibk ite Nt
in the cent epm&aﬁgef &bl&ﬁeeeésm&% LRGSR LA Ehil b O8%0e b

order to sofve S Ve Superror
"pyrol ysis Ii’é‘ébéfﬁl%ﬁ@éh%da@f@? fupgcgs Thatrighe Eﬁ’eﬁfﬁ%ﬁﬁ S‘mﬁaplaé@%w@mla@s
can be eval taireterijict MEhedadi aichaige Glard@diRes Mnlic@valabte® b hedsusthe tHae

tu ggv . ﬁ. trlﬁga%@ggereémm;e%fma% h20u SR RELBE! SHAESnIGREND LN LIS, TBSS
heat exchange characteristic, the average temperature of the fluid at the outlet of the

tube ig increased,
[0004]

A mixed gas composed of hydvocarbons 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
1



[ 0005] Pat ent Docunent 1 (JP 58-173022A) discloses a production
process of a tube with intratubular spiral ribs. In the above
production process, the tube with intratubula.r spiral ribs is *
produced by torsional work froma netal tube with intratubular |
straight ribs which is produced by hot extrusion processing. Patent -
Docunent 2 G #Bd inh2y 8864 ofdhs RS Thedfokd) Bie: JABHOW idintehQbted dBRANIng on

exchanger Wt‘hQ ¥¥feﬁ$?ﬂ9§ MertdlGed DAGSH ;8 f%‘i;?alg&u%%%tﬁ Eanqa*@‘ﬁ‘gn

in which the ra us of convex curvature o

radi us of cdREBRROMOmTRREEE e 18t are pRPavERtd oThus. REaswiaryst {reaption) between
rel at i onshi phetenRal putideiof tfeG0BGnd the bottohphithethabibdecolas Batfiagument 3

CP 08- 82494k ill:36] 038kt Al DEALELENANGE 1HIRoLURE: Lo ripe,

provided with fins whic I nner sur
at given pi tCHEE %&Y%&feéﬁtfmgmﬁ QPFE%:‘EOFIHP@’ theizeabipnbespraesdpsufficient t he
tube axis. lin tharditeuioation dftthe hibasleadieg ar thanged ldsn @mexrder tsdhelsudlh | ty

of areas on LAf.ddNel i HBGE ﬁb@@%e&ﬁ&e“ﬁyp&fm@@a&lﬁ J%&%ﬁ% %333%*/

entire area on the inner surf Docunent

di scl oses a BHHE™ GAHFITREFP0 B P Ygiuatss By ghe F%“%&?mnmee*ﬁeqa@l%fs%auﬂﬁwf t he
pyr ol ysi s r ebetibensipmedbespolpfis Ii'qedﬂiancxﬂmhﬁﬂeﬁsmdeﬂienﬂhﬁ thxinadsi gy iattBam

[ 0007] twuddne tubes with intratubular ribs or fins disclosed in

t he above dﬁ rj'cbed Pat ent Docunents, however, cannot bal ance the
"heat excha @@ haracteristic" and the "pyrolysis reaction
characteristic",Pasand Dvawrmot 1i (7P 156\18308840hdigdostshe peddactdg tpesckSt df @Stube

sufficientl »ethmtmum sﬁ?&@ f}?aegeﬁpltfe Tas@@SprchBod Bideak UM Blbe MBS
in whi ch botl"% t.he chae} erlsﬁé descri ve are UI‘tFI

ot oved, v ECHRUE 8GE 8508 PG| B PEL Pt AR hentigages it

condi ti ons dfiratabuir siodight misedhicln it edwypd o Bk Sxiredot poressing. a Patent

cracki ng fumg@en@h (mﬁmsée%melsmsa@& @6 mabiRial fokﬁheétféﬁchsﬁ‘ézpé}{tﬁw{}ﬁ

tends to be rove

i ncrease of %gygglonm d naegr?ﬁn%ce °f%e§rﬁ§%se%°tna’l“ “fq:ﬁ fi%dé“(ﬁ ? ‘8?"%3??‘6’?%? s

reaction at °hikgheests rperdther wdins ©f consavei @1‘(?1‘1’&‘#011? debajleyp Reeshtigiyen t 0
t he pyrol ysirgati@akibicORs=Rden, the carbon is attached to the 2 inner
surface of thgygube and deposits on the inner surface. This

phenonenon is call ed "coking”._ 10009]
Furthermore, Patent Document 8 (JP 08-82494A) discloses a tube for heat

exchange. The tube is provided with fins which are formed on the inner surface of
the tube at given pitches and extending to directions which interseet with the tube axis.
In particular, the fins are arranged in one or a plurality of areas on the inner surface
along the tube axis direction or in an entire area on the inner surface. Patent
Document 4 (JP2005-5339174) discloses a tube with intratubular spiral fins, which is
used for the pyrolysis reaction process of hydrocarbons under the existing steam.
[0007]

The tubes with intratubular ribs or fins disclosed in the above described Patent
Documents, however, cannot balance the “heat exchange characteristic’ and the
“pyrolysis reaction characteristic”, and cannot improve both of the characteristics
sufficiently. Thus, heat exchangeable tubes with intratubular ribs, in which both of
the characteristics deseribed above are further improved, were desired.

{0008]

Meanwhile, regarding 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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When coki ng occurs, the pyrolysis reaction efficiency decreases since
t he deposited carbon prevents transferri'ng the heat supplied fromthe
outer surface of the tube to the m xed gas. Furthernore, the steefl

t ube becomes brittle since the accunmul ated carbon diffuses inside the
steel tube which causes carburization of the steel tube. Thus, the
damage of t lwenestwéice tfiihetubsamiaigg®sits b1 hmidnaesueface) UThiz ahdnoMeqparid datled

Mor eover, whgRinthe carbon, which is flaked fromthe deposited |ayer,
accurul at es g% Lihe steel tube, the gas flowis interrupted and the
pyrolysis re ?90n is inhibited as wel | and causes the above

descri bed danmag®hen goldeiictduomn, theiemolydie reatityo rifdiepers degedses kiaragehe
amoy nt ;. S e@?@uﬁea&ﬁ%%s&gﬁ %F‘sfﬁ?ilnéﬂ_le%m LBHRA R dhB Butkd éﬁﬁfaﬁéf t{x@{;e
pl ace. erefore, .a periodic 1 ow air. and.steaminto the tube
so as to ox?ﬂFz% gﬁdgyﬁhﬁﬁﬁ ?%@xﬁ?%@?p?@%f?ﬂhwgﬁpﬁﬁﬁmFJ’Fé%éﬁﬁkﬁﬂb i's
carried out aiqmylapgdagriopaliffudesvingide the fteel demokhiciycansyskeatimaidationof bheg

p ][ obl emrs] SUQﬂelastﬁlF]e@- mtg d@\ﬂ@%%rorm sﬁegﬁ%ﬁﬁgéﬁﬁhé&%&@{% cﬁﬂ&iz?ﬂ?ﬂ m{iﬁ{relnt
of man-hour ,por e |ike. o e ipner surface o e neta
Cube Tor py PSRt o Phisk o Sakei S R ot RY oo

at nospher e tsritesi wibadhagrd flow idntsonpigd 9nd BOPEralysis oractidugs inbibéted as well
The [) ef or ei _ an(hﬁﬂltgesrﬁﬁ !a5$v@!a*esefia£cﬁ&én@dge.hfi¥x§ RALESS ievﬁéxaaﬁecﬁrﬂoﬁ deposits in
carburi zatign _and coking in the carburizing,gas atnosphere. is
required as ?aéfget i céun(grrsétsglg?ué‘*la.w ents su%aatseafﬁ ¢ %ﬁ?f@ﬁ%h%ﬁ%)e\lﬁaﬁéﬂig-pﬁ’ﬁ84&
di scl oses aThexalor aseprisdieadly fowing ainand clami intostheftube srpthier oxiditeenidal

i nCIbEd! Ng 2@erice e prassiieisd ca%ﬁ_i.&.miﬁccﬂcﬂigﬁ‘s Jﬂﬁ‘iedrhoﬁﬁih%tpﬂwieé H@wlvever, the
carburi zati e di scl osed t as_a surface |ayer
conpri sed o? &8’3%?3"%’2‘3%%? godb-g%lgi?eﬁ PERAT 7 A u&%é‘? dr?r%lrnéa%ehdfae???%’rgw éﬁ%ﬂd to
10 mass% Cr 2AHErasreH taikertedhe ke | ess than or equal to 20 gm

Al t hough it [0ogoldi scl osed that protrusion, fin or the |like may be

provided on t heTi‘uQ Qe %ﬁy}gcg%? t]?ef mggt;? HIS%C Og%g&%? r%l%%itsln ESF%?%%?‘EQ 1-th(-:‘S’

the specific configurations are no

Document 1] “AyPUuaie) g ebnesphsse spttamiguhistie cotboy 2915925306 thpdikent
Docunent 3] THRe0&; 8143 4dvidtRamentridDbedne resisihiced ROOOH-BEIZNAHA cpiBag RNt

Docunent  51:plRa2 9024 8aSHesphere is required as a tube material.
Patent Document 5 (JP 2005-48284A) discloses a stainless steel tube that

consists of a 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
Ci-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 58-173022A

[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]
foo11]
The present invention has been achieved in view of actual situations deseribed
above, and an object of the present invention is to provide a metal tube for pyrolysis

reaction which has both characteristics (1} and {2) described below.



[ Di scl osure of the Invention] [Subject to be Solved by the Invention]
[ 0011] The present invention has been achieved in view of actual
situations described above, and an object of the present invention is
to provide a netal tube for pyrolysis reaction which has both
characteristics (1) and (2) described bel ow. (1) High
pyrol ysi s reacti ofl) dhght apblpsib Stdctionbliatdvtdritia cdhichVvie eMibdel Fifle QuaRht

contact of the,ineaa % ﬁgag i thd Cn &L DL b, BARS %u%@ at tétggiﬁep&rm s
tothelnner( gu%fac ef # [eaction site) o the tube.

(2) Superi orERAPIEEPT ¥t e ROy r ol ysis reaction, heat exchange and
resi stance to car BUSipeeity ddanactalisttoripgrolisistredation, hert exrdengdennd bispmocess
for pyrolytisgadd L:»an‘iﬁ&pm%'l@gnﬁmg rchQl@é pomns roLtM??oQZ: xﬁxﬁrméﬁi}'\ﬁgﬁmgsing

Pr obl ens] [R’é In order to solve t e abov escrib

subj ect s, &’ﬁf”'ég@ﬁt inventors investigated widely in order to
provide a netal tube for pyrolysis reaction, which accelerates the
pyrolysi s re@eddsehsdve thbOFBR7NY frequent contact with the unreacted
gas in the ﬁ@ﬁ%ﬁ portion of the tube axis to the inner surface
(which is t action site) of the tube and has superi or
characteristic dholento selxethanrbivadesanitbd sulperts, tre presitib@nipes ingestigated

fgr ?‘é ; i é Zus Ic ?{a%elsgﬁgaglsm Bedv¥de 4 Rtal fh‘ﬁe%q{y&iﬁﬁﬁ faur%g O&}ﬁ&e%dcér}%ﬂg $hd A
nr Saet 00 M POEE ARG Pt GCRA PG 0 07 OB GPRLEer ot Fracntor
i s necessar yottign ef fhi tibenis yo the anref enrfahebthiduinibe heacborsulpmflthedtub@axtdq e
outer surfaggs ﬁfpeﬁortcumatelfiﬂ%@ Bfﬂeﬁ?ex@l&ﬂn% SHd é@@ﬁoﬂ&sﬂtme tkR@utigatione

i nnet Surfa%en uetnﬂ tﬂe inv nt?rﬁgbt 0 dthe§ (é]ﬂ%srtsf%%ﬁ)a(%%cﬁitb?ﬁ Lhe heat

exchange charactert stic of ¥ urpose, a
contact are®B&kt ween flow ng gas in the tube and the inner surface of
the tube, or an(arardf t&ﬁl@vdnﬂﬁﬁﬁa&édﬁfy&ﬁﬂaxﬁ&nstﬂbﬂl alsm@;gﬁmybaslb@ofa

lar ge. [00]411 ce, it is n(e(.%gsa ?o %91%{)@/&1‘5:&?@:' %Qt rlt‘iaS%e hke)-.g{ %]he

i ncreases with i hcreas] ng uI ar
area of thespiisert %Hfbﬁéé@lﬁhﬁc%%rsségfaw#m tﬁb? E’a‘%lP Hgex ﬁefaﬁe of th@r@n{
Fur t her nor e Thathie, i iemecafaryiati the Réat SxdhbARechhRGAsTES thDR®: Wepetidie

ribs are rameﬁ:s ﬁ;po@e %Q@ﬁsactaaml Htsfidn h&%ng ERSH 1R86hd mtwmexv!&rfa the g

concavo- convex s b "Whi curves ]%/ On Cross sec ron, is
by the ribg0othe tube, %ﬁ@aﬁééfthé%ﬁﬂﬁ cec‘ﬁé EPEtoud P8 arghen heati ng
out si de of {d9&4lt ube, is inproved if the ribs have a sharp shape.

Since the total @Q@w Qheed gf‘dﬂ@@ﬁnepéﬁltfa%e Q:ff tﬁehﬁth %?easégrwﬁ:lbﬁlci‘egglﬂé i €a
of the bottom &sg % %]? |.ar the rib aveash&r
shape, the A2 R ﬁa’% ﬁaﬁrbact 7 &49 ARRFB FUTRES B0 (i
high ribs rrmm@%paﬁ@ 1thelailtst&w®en¢m@r#h€t ma tJfﬂhg ingfr surface inhzatee more er

surface of tiaen Ttbkb@lbs |a|i‘e txmei Qtﬁﬁ%ha@l NG anttm @J@Esege%m@[ tﬁﬁewﬁéip@he
measur ed at the to

r eased from
the outside“Bf the tu Bhapﬁ’é”f:hcl)crlrléﬁsmes eﬂ’ﬁ? r@?ftswlfﬁ %grxf"ﬁ{bﬂg {éﬁ' ature
at the top of tﬁ’ée h?aﬁ eﬁéelli@&b@scterﬁ@:caﬂheeélamng@mstid@wé@r@mdge, 1St1mromiat

exchange cChaBeilitagd 4 shagedtRpd. Or Sih@She o) 4B} of thinner parts of the tube, or the
total area of the bottom parts of the ribs is large when the ribs have a sharp shape, the

L

heat exchange characteristic is improved. However, the high ribs may expand the
distance from the tops of the ribs to outer surface of the tube. In this case, since a
thickness of the tube, measured at the top of the rib, is increased, a heat transfer from
the outside of the tube becomes insufficient. Thus, the temperature ai the top of the
rib decreases. As & result of foregoing, the heat exchange characteristic deteriorates.
[0015])

(C) A mixed gas composed of hydrocarbons and steam is supplied into the tube
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
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(© A mxed gas conposed of hydrocarbons and steamis supplied into
the tube fromthe inlet of the tube with | ow pressure and hi gh speed.
The gas, which is formed fromthe m xed gas by the reaction, noves a
| ong di stance along the ribs provided on 4 the inner surfacé of the
tube. Here, the gas flowis interrupted depending on the shapes of
the ribs or thhamesbere of thehebd | Here, tha gTaEliﬂSwGa&&errﬁﬂtEE:@epandd@é og ity

deviation b %h%}ﬁggf e ribg IOJ. t}#er}luh}ﬂgr tﬁ"%ﬁlé gsl Pn0£};[1s! c%rs]e tQ %elgc'i%‘ﬁ%ewatlon

fluid in th om part
transfer (r g’&tﬁe%ﬁ uﬁéﬂ@eﬂﬁﬂﬁfﬂ@ﬂ!&!@ﬁﬁtép hﬁerﬂeﬁarﬁu&rmttkﬁeb%fewaam thehe
bott om part toffe liehﬁles elreBde i hians tfahmbfed @aiction) Deiswethe agRm) p&hﬂﬁ?@f t he

reaction prQguehsaAGRLHMLAL ;?arﬂd%tﬁe% ﬂ%@Jﬁeg EQSB ﬁ[]lteﬁt Ofxntsl?& cra% c8¥1?er

pyrolysis reaction occurs. t r eact
i nsuffi ci ent®3Hon Hg %%Cé‘ﬂm‘t}ﬁﬁetlﬁl 6#? 'HF“FW@“F GhEhe %aﬁieh@wtﬂﬁﬂf ﬁeéwfwna d
| oss. Ther efoomes. Dt thesomemgshareyctico be@oducsiffidede thaekmtd @atiaf of thee

gas on the igela G e 1%%'163& lokd) eTﬁéfQ@reazﬂg n@!:e§&r} & r!!ﬁuc; Bk %c%ﬁtu%%n §as

fl ow on crozg section, IS necessary to | nprove

pyrol ysis r&3RFP6R i e .ﬂaestubf FRiGIso to wnilopye thh@ahJebPy gPs
reacti on chaeciet.-elhstis,dtis obcesshey th ilpgo@rtke pyrplycvedetioy charante@sicaag t he
ri b height, [gegby i ncreasing the inclination angle of the spiral rib

to the tube amewﬁ\g he rih %2 ist high or the_inclination
of the spiral ri YR SF&?"@E"“ BRRETETCs p f"fbﬁlaff pERpd Ry increasing

i nt er rupt ed tee ri haghtotrthy imgasing bhe ibdimatisnanglerpt th spireladieto the fubiagisi n
the central vahtioib lQaflghth EL%& Mggoﬁﬁgmt:mm&ll b ile !s;ﬂral B@lste&;ﬁn%ﬁn I:B%‘;e of

the fib are a ocity |at|on
of the fl ui @nseqﬁéwﬁ’fﬂ?pm?g" tth‘f)&?a’“gqng/%"]%g% é‘ﬁd’?’r oﬁ‘ E’ﬁé?s&c‘f g}"l\éé’[‘ s of
the tube ar eexiesl porfion of the vt and s frod en thethottom pertivd tieesb ofe sepdyated,s

i ncreased, udaemg |1:(U!11d ni‘cfeayu df&albmyaiebiuﬁ&rﬁst 8¢ atie m‘.’séq%ﬂt@afhte pE)YohIsﬂe

rib. Int h| Si nce.

bot t om part %’% aractm f’ﬁhe L{%Ie it %3? SR e{ugegﬁ%%’:r‘?egﬁ%’t t§ ﬁ%ﬂ?er t he
fluid in thef %@rﬁ wanea%rtil? éwdélpwmetemmed ahtheoftonypagt b:ntheh@ bt thism
part of thecaselirRe theSRpficat vitch f28RS eqwesﬂthyboﬁohepa@wrﬂlty&eﬁnﬁmetdno n

charact eri SB% g tlﬁJta bgtjaﬁeé éfp%agte Eh%rfluﬂf 8th§e! ce%;gglép él'mon oF he t&ﬁandgrﬂ Jtnh e

above descri reaso .S necessa ry er m ne
nunber of t P‘? f98 PP RSB Y R feRRFeds EPBREERSBIN t PyEAisis TeRetioni b

hei ght, t hechargitaristits cftheanigl deteaibratdae rib to the tube axis, and the

i ke in ordgpi#o achi eve a bal ance between the heat exchange
characteristic t he ro s, reaction characteristjc. [00181

The present i nvgﬁﬁﬂﬁ°ﬁﬂ‘etf’§§v%%\éﬁ’ih’ﬁ%¥?ﬁf°§f’ SHISTSEERTH P W He defpgviae the
descri bed fhmbmtgﬁ thamibs tfrenegiopt the Ghndrirarfpeecshtie by ehd ribnhdightatheet al
tube for pyiRliVsis ah@@6t the b ud@@%uetm ¥ hObikOM Rdhr ¢d dchieRe § $hiance

I R S A e R

direction oootlfﬁe netal tube, provided on an inner surface of the
netal tube; chamacptr&ehtzﬁﬂeﬂt{antﬁaatbem l&mﬂ&e@ blsefdomponth@ruﬂ)oW Hés@;flbe@ 25

to 1.0 when.a,hei ght i ral
width of thSTi, gi}ghe et e PRk Siph i el Five B bt ang
an inner di 8¢penibed inoliewing Ghiodd). t ube at the bottom part is defined as
"Di" in crofeigection of the each spiral rib. Not e_that 'Ccross

section of the e?l?ﬂ ool I’;;tﬁale fgrlpl?nolygggeacm?n c%{n%%gmg g g} ,;l s%ﬂ:al ribs, which have

20 0 35 degrees inclination to an axial dixection of the metal tube, provided on an inner

surface of the metal tuhe; characterized in that h/Di of 0.1 to 0.2 and h/w of 0.25 10 1.0

when a height of the each spiral rib is defined as “h”, a width of the each spiral rib at its

bottom part is defined as “w” and an inner diameter of the metal tube at the bottom
part is defined as “Di” in cross section of the each spiral rib.

Note that “cross section of the each spiral »ib” means a cross section

5



perpendicular to an axis of the netal tube. [0020] (2) The
~metal tube for pyrolysis reaction according to the above descri bed
(1), characterized in that a cross-section shape of the each rib is:
i soscel es triangul ar. (3) The netal tube for pyrolysis~
reaction according to the above described (1) or (2), characterized

in that the formed wth a tube body by hot
extrusion ﬁpﬂéﬁ&%ﬂgéﬁ{lggﬂtp T%gftaﬂnlle)é{for a pyrolysis reaction

accordi ng t 4o%9 l/ of the above described (1) to (3), characterized in
that the netal tu@kThametal tibe fonhielysis Seadi@thefodding@ iyt aboys Heschmaddl)j on
process of gﬁﬁfa&‘éﬁéeﬁ W firat & Q@%Jﬁlacmﬁ shag;e\{%b %iéﬁ rﬁ@éﬂ&%@&%&&%ﬁr

triangul ar ape, t rape20|

the cross secti on(3g'ﬁléﬁ3%e tftubafar Ryﬂﬁﬁlﬁfﬁa‘"flﬁ’é“ﬁ?‘é%‘éi‘;ﬁt Pﬁ%ﬁ@qsﬁ'rbe‘l
i soscel es t rMParigudctarizahiapiati the sidsil riabhre imeqrally-birsedt witlangibe adsdyﬁsr&pes.
An isoscel eg . appzoid shape is desirable anong the trapezoid shapes.
In case of the tr&gﬁ‘ﬁoi d% ]%) a longer side anong two parall el
sides is arranged % Feta) b for & RIBOTSippgiion according ty-jagy of fhe apove
figure whi chieexipédaithis (8heharidberizhd pethef the hetditdialis & tie wifichtih asegdrigasent
i nvention, \ﬁpfog}lglsggggﬁ%&oggggfhgém@a%ngr oss section perpendicular to

t he tube axi.s gfs shown in the figure, arib 1 is provided on an

i nner surfaé%0 the tube. The rib shape, shown here as an exanpl e,

i s an isoscel es Varoarrhapeasudhapeariadgnla Hepé.iagtupezoidal shiabe drehgliite chisbe

i ndi cat ed b)émpt%yecﬁ‘ﬂ@h@crEésQec%gg}th'p@Bf t’hE‘ﬁthQf%QH}eQé}ftEm’eéndn“dAfP%Bs%QeéW
e ri IS an | nner |arTeter of

"W'. A bottominner, dia

t he tube co?’fj g’ﬁ(ﬁ“?‘?ﬁ nﬁefwlebﬁ%ﬁpﬁﬁ?%ngﬁlﬁr ehppes-j H ‘%Pﬁ‘if?eé FAREFoNd

i nner di anetskspe"ipdgsigblet dveongi the itewemidi shapss. dnamet off theflrapbwidt shape, a
correspondi Mheb:Osic 2B 8o faklel diffes i@l d Rl ihd BRtond SRSCEl €5

triangul ar i@\%e nmeans a substantially isosceles triangular shape as
described b ull[0023] As descri bed above, various shapes
such as a triangufiad ishépee whick ezpenothdaib Sbm@t@n@ﬁ%lﬁébel of klee reemanipe
enpl oyed t o ifdktiG @EBh smtsla%rsﬁaﬁbeerws skdbien p&p@dﬁfua& REthRLEReRts. As

i nvent I on. ls_ig] V‘gﬁ’lnttﬁle%g&l é g%l‘i % J.'OVJ.Ia OI]. aﬁr}gnelfl suer ac? aif’]tP u:b?y%.‘hg rlgp%gr ed

triangul ar ape but a consi
as a triangdh féf‘fn bherpgsan EK/BP%‘W%?‘“ ls?sﬁ%esttF%’t%%’P‘]éP@P Jdhalrdigurre p ol dsishot
only a propéyinticaipebpfitahd shitpeidiuit tabk satom sdrapeandibitahby ‘Sv”. A bottom

subst anti al g%ep%geggreggsﬁﬁleanﬁ {Sa%%{? Qﬁ%[lnqe&é}atﬂ%he E8E . %%dﬁgas% rib

may have rounded own I n e of

S
t r apezoi dal %ti’i%’ém %ﬁ e by apd m(?f‘ntﬁﬁ?eé Aiagetes | Ia” °$ﬁlﬁf' ribgp PR Higer dppdeiy
have r oundedf i&habe cotashondigthatvh of ke ribh aee thetiht Miersmalaseriadghiar eidlpb™que

si de bet weemchfiex §uBhaRallyisdelel 8 GubP$hapOId RIB-RET fea1, the rib may
not al ways 20%3% straight line. Especially, it is desirable that the
d

obl i que sid the bottom part of the rib are connected by a snooth
curve. [00241 t rAsadvguribat aghvapesiowrlian sidoseakiesglarabaroh dragéraidel | S
desirabl e agRfg ahdehelil@RBARIEhpRPADS She cmssécﬁapsh%émﬁdt@&of% eht
which is a contlnu ) pth %rrum gprowmgd 0{: tlhe i nner, sugrglﬁp f t he
tube, can baNERSH \Hee R en: SieRg e Ra e BoRE Sigietls hpeg b

wor ki ng pr oeks g shirerwhitheis sibptaiaPe cinsidpied at e tddteylas yhapet rilaeqsry, the
descri bed ab@y&oidhifEhbpcianiadihnot 8y 4 PR HhQBloidal shape but also a shape which

is substantially considered as a trapezoidal shape. For example, the rib may have

dto

rounded top as shown in Fig.1. This is same in the case of trapezoidal shape. The
corner of parallel side and obligue side may have rounded shape such as chamferad
shape. TFurthermore, the pblique side between the top of the rib and the bottom part of
the rib may not always be a straight line. Especially, it is desirable that the oblque
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
6



[ 0025] The netal tube in the present invention is a netal
tube for a pyrolysis reaction which has a superior heat exchange
characteristic and a superior pyrolysis reaction characteristic. By
using this tube, the production yield of olefins such as hydrocarbons
can be inproved with |ow energy. In addition, since this tube has
superior resistances to carburization and coking, the operation rate
of the prodUEtIESHRT SBiRsr 4p4ian tsascels lppAgPia vhepe if Brsirable pmsry thettrapprolsk
t he Dr awi ngshaye@0%E tube with ififs] gheh df whitlgis k chitir@iodd (otiesioatyixelided pliad NS
the rib SNaRfobuble offkkue! th%eQhalyiEoREESRM nd GRS OflucllGiloR1OWS
| ar to the tube” axis

a part of the cross sectjon, perpen L >
[Fig. 2] Fidfreme prpegsyhendt @m{ P&V@H%@“{IW?@? & deserphgd ehpge.
tenperature deviation of fluid at the outlet of the netal tubes
havi ng vari qygcdgggpcggﬁwggﬁom bs and various inclination angles.
[Fig. 3] Fi g@{% illustrates the effects of rib height and

i nclination glie of the rib on the average tenperature and the

t enper at ur e devi dilieometdftulfelinithe padsetthinventitd iet mefal tube frulbeslysis veaction

[Fig. 41 Fi gkl thsial dupSlidraleSexi08C LisirQberiiWVand Q%uﬁe@itoi: 9yr91fysi£ F%c%%' ?E;

"h" and rib width. "w' at {he botta and the ingclinati on ang

rib on aver §FEtEMEEr zﬁ%’d’rsglgi?fﬁt‘#’%rfg]%?xé‘?‘iﬁl@l e Pé’b‘iﬁﬂﬁs‘lﬁg 2§ hygfogashpnst he
out | et of t lanbaierpved with low[eBergy. 34 additfny gnd this bube haedvperic ogisesices
phot ogr aphs ¢, shewRged Bsa Ed‘kﬁ%s 11REkIa00n RPRE REBY CHhREod Qpé%must Uh8,cai ds
of tubes. [ Best %nbodlnent of the invention] [0027] 1. t he shape
of ribs PPYEShr der to optinize the rib shape, the foll ow ng

simu) ation test has been conducted. 1-1. Sinulation test 1 As
shown in Talphf DeschABtidd ofthI®Swingt] pyrol ysis reaction with various

ki nds of inhﬁﬁéubular ribs with varying nunbers, height, shape and
inclination andlqs were prepared, and the sinulation test was

conduct ed usi ngEigre! c Bigdh is pdisusighiph ¢mlamgiherib shape of the metal tube of the

present invention, which shows a part of the cross section perpendicular to the tube

axis.

[Fig. 2] Figure 2 illustrates the average temperature and the temperature
deviation of fluid at the outlet of the metal tubes having various numbers of ribs and
various inelination angles.

[Fig. 81 Figure 3 illustrates the effects of rib height and inclination angle of the
rib on the average texperature and the temperature deviation of fluid at the outlet of
the tubes.

[Fig. 41 Figure 4 illustrates effects of hiw, the ratio of xib height “k” and rib
width “w” at the bottor, and the inclination angle of the rib on average temperature
and temperature deviation of fluid at the outlet of the tubes,

[Fig. 5] Figure 5 illustrates copies of photographs, showing the cross section
perpendicular to the tube axis of tubes.

[Best embodiment of the invention]
[o027)
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
prepaved, and the simnlation test was conducted using the condition shown in Table 2,
7



[0028] [Table 1] [0029] [Table 2] [ono] In this simulation,

t he equations of mass conservation,” nonent conservation and energy
conservation of fluid in the steel tube were sol ved based on the
conditions shown in Table 2 w thout considering the pyrolysis
reaction by using a commercial computational fluid dynam cs code.
Then, the fliosggand t he t hermal conductive behavior in the steel tube
wer e eval uat ed q ihd t hree di nensional sinulation so as to calculate
an effective viscosity coefficient (an effective thermal conductivity
and an effective diffusion coefficient) in the tube. Note that, the

t ur bul ent nodel—wes—e¢rpteyed+Hn order to consider the effect of

turbul ent flow)| The Hegulit bfai ned are shown in Fig. 2. [00311

In Fig. 2, a hdrijzontfali axils ans the average tenperature of the
fluid at the oytllet of [the{sfeel tube. Hi gher value of this average
tenperature nmeang hi gh|he¢a ransfer ability fromthe outside of the

!
steel tube, shgwj|ng ¢go¢d]h¢at géxchange perfor mance. A vertica
axis in Fig. 2|sho am aver § of tenperature deviation of the fluid
at the outlet of [the|ste¢k Euﬁ Lower value of the average of
tenperature deyi atijon neag$stHat the tenperature is distributed
uniformy in tré g Es% §e§ 08| of the steel tube. In other words,
when t he val ue|gf St B¢ .qawel ge%of tenperature deviation is large, the
tenmperature in|Eh& Eeﬁtéfgpgwﬁion of the steel tube is low, and the
portion near thelimnnegr §ug1ﬁ¢§ is locally heated, show ng poor
performance of |the|pyr¢l ysisigeaction.
- g
2
=~
2
C
H
g8 |2
SEEIRE
HEEIRS
MHEEEE
AHEHERE
0 ul = -
AHEHE R
AL EE
EHHE
A8 |8
{0029]

[Table 2]



[ 00321 A value of the vertical axis in Fig. 2 (average of
tenperature deviation) is equal to the value of A T which is obtained
by following fornula 1, when the average tenperature is defined as
"Trreana0", and. a local tenperature in the sane cross-section is
defined as 'Tiocal (K)". Note that, "3" indicates a cross section area
of a space in which the fluid passes through in the tube. [Fornula 11
)26s [0033] FromFig. 2, the follow ng conclusion can be obtai ned.
1) The heat ex¢hange pé¢rforjmance, represented by the average
tenperature of [the|fluild at| the joutl et of the tube (horizontal axis
in Fig. 2), is|ipcreased by ﬁhgreasing an area of the inner surface
of the tube. Thejarea of tHheédi gner surface of the tube is increased
by i ncreasing @ nhupber |of rlﬁk 2) The average of tenperature

t

i

g

deviation at thejtube qutl g ﬁ( AT' cal cul ated by the above formul a
1), is decreasgd|by ingreasifiggtlhe inclination angle of the rib. That
i's, the characterisgtic|of th@,@yrolysis reaction is inproved by
increasing thefihglinati gp argfg of the rib. At the sanme inclination
angl e, when th%%:gTbﬁr o] rlﬁk ifs 3, the pyrolysis reaction
represents nmax ngp@rfOﬁhaneee When the rib nunbers are arranged in

L]

is

descendi ng order t he pyrony§|s reaction performance, it is
arranged i n ordet )f three rﬁbs, four ribs, two ribs, five ribs, one
rib and eight ribs| [0034] - 2.3 Si mul ation test 2 As shown in

Table 3, the effecy of |the rcbgshape was i nvestigated by the

o

simul ation test ungler the sa@ﬁ%condition as in Table 2, using tubes
withi 3 ribs &f [var|ous hei dhtisg gnd various inclination angles. The
results are gnvm n Fig. 3.;[@‘3)035] [Table 3] [0036]

g

Supplied fluid
Flowing rafe
Temperature of the fluid
supplied to the ingide of the tube
QOthers

Temperature of the outar suxface of the tube

[oo30]

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 sc as to
caleculate an effective viscosity coefficient (an effective thermal conduetivity and an
effective diffusion coefficient) in the tube. Note that, the twrbulent model was
employed in order to consider the effect of turbulent flow. The results obtained are
shown in Fig. 2.

[0031]



As is obvious fromFig. 3, by increasing the rib height, the average
tenperature indicated by the horizontal axis is increased, i.e., the
heat exchange performance is inproved. Also, by increasing the rib
hei ght, the average of tenperature deviation 11 indicated by the
veriticalaxis is decreased, i.e., the performance of the pyrolysis
reaction is inpr he. L i.gh

per f or mance of t ?gg m&%ﬁtapaxésc%e%% tlg%gﬁe%ge%e&n&%tu}f \Q%] {hﬁd at the
contrary, tRgtsyef fhﬁrs e.of Higher yest s averaggdemrsiptare meaps high grat of
10. Omm shomaasm;htyaﬂmnhagemd@mi‘mﬁ etkel Qubeh el gdollEhet Bxdh@bght
of 8.0mm or Q.00 ..There is so not much difference in the effect of
t he |ncI|naF| on an Jle of the rib between 25 to 35 . [ 00371 As
descri bed above vefkalapsingiger hevs pyavsrasp shipmpraaiieslerinbond thaflpid at
pyrol yric r éactitlen ofithe stevp tubeedoeyr valee efithengeiahe of tehphatigd deidtjon

When the r howe t ed
by the ri bl bhehd @bt th'e%e&&gatmqu ths o e\&qgl'?fo%[ﬂﬁ Xg’aﬁ c%ﬁ.ﬁ?‘é\éacﬁén Jth;Elg dEI’ 4P

hus
det eri or at | 8P°of 1B nge’pvﬁgﬁ' Vg‘fnst B GEhe %@@ﬁ%‘i‘fﬁ%{?@éﬂmﬂldgﬁm‘t“ﬁ%large
t enperature tla{temh@aﬁuwnﬂb\? tehipn potiod bithe sthel heednies, dndwhe portieatianthet 0 a
det er i orat | aePlutifis ealy RXCHINGALNRL Ak BhLAL LEGe plLIRRIRES, It
becones eas I ntroduce coking and al so nmakes ITficult to form
hi gh ribs b@ @t extrusion or cold rolling. I\/Eanvvhl |l e, when the rib
hei ght is too |dowluetdithearwinalakistihBigi hiaeramof feanperatfre tdvéatiulieednetiones

srrgl I elr I ea%engaza@toﬂei@rméhaﬁé oRtata tbgefofb%ﬁﬁg %&gﬁngfwgé]@?]&f%ﬁsg%t Ic
and pylorisis reacti.o S atio

As shown in ‘*Fé%’}aé i %ﬁg?%l @T‘T“@ﬁ f*‘&éf‘ "ﬁ%&%‘?pef‘ﬁ’ BRI KPR as
in Table 2 wa@,eﬁcwehjéﬁﬁu@@"ué\htﬁgtﬁabbé”siﬂmcms:a qrosh sectipn BreBrohahphghin

W th vari oughich hamustt fhssdd/ihrodeg®lin BR@usl, f f erent inclination angl es of
25 ,30 and &%m lalﬁa results are shown in Fig. 4. [00391 [ Tabl e 4]

[ 0040)

.[9 Ty =T, ) ds

[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 zib.  That
is, the characteristic of the pyrolysis reaction is fmproved by increasing the inclination
angle of the rib. At the same inclination angls, when the number of ribs is 8, the
pyrolysis reaction represents maximum performance. When the rib numbers axe
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 conditfion as in Table 2, using tubes with 3 ribs of various heights
and varjous inclination angles. The results are shown in Fig. 8.
[0035]
10



As is obvious fromFig. 4, the performance of the pyrolysis reaction
is deteriorated by decreasing "h/w', where the rib shapes becones

rat her snooth wave. That is, the average of tenperature deviation
indicated by the vertical axis of Figs. 2 to 4 increases wsh
decreasing the "h/w'. On the contrary, the performance of pyrolysis
reaction is inpﬁgggg}by i ncreasing the h/w. Wen the b/wis small,
the area of the i nner surface becones snmall conpared to when the h/w
is large with sharp shape of rib. Therefore, the average tenperature
i ndi cated by the |hdrijzgntial| ca®il&|of Figs. 2 to 4 is 13 decreased.
Bimance has a tendency to be | owered.

That is, the hgat] gxqhdnge |BeEt
[ 00411 Friomh & Vi ew|pdTmi1ofl the manufacturing process of the
tubes, it becored diflfijcul {348 Eroduce such tubes with high and thin
ribs, i.e., highi{val ye|off BAMZlby hot extrusion or cold rolling.
[0042] 1-4. Deci gi gn|of theqoﬁtgmun1shape ribs on the basis of
sinmul ation tests 1) *Neb¢r of ribs Fromthe results of
the sinulation|test 1, ja|suL{gbké rib nunber was determned to be 3
or 4. Desirablg fqihh nugber | F$2333
g)=
3|Z=
wlale
E . ngdgﬁ
] LIRS Py
( gla|g|s] {295
N 2
K|
Sk

o E]
]
=) &
[
£ E _ g
-~
. =}
2% 3
= e
| |2
2
B
H
|%1E| |3
SEIEIRE:
g5 3 5
L0 |n et
Slal8l 28]
SEIE I
gluldialelnl &
o482 8ls| B
Sl 4l g8l =
2\ 812228 2
HEE FIEE:
ﬁgw g
18:35 g
‘53;&‘ .g
o 2]
35 5
[0036]

As is 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

i1



(2) Inclination angle of rib Fromthe results of sinulation
test 1, the inclination angle of the rib was determned to be 20 to

35 . Afavorable angle is 25 to 30 . (3) Shape of ribs
(relation anmong rib height "I?, rib width on the bottonm w', and an
inner dianeter at the rib bottom D") Suitable h/D and h/w

were determned to be 0.1 to 0.2, and 0.25 to 1.0, respectlvelf%},"
where h: ri Brdi@teghby Fhe yariicalanndy dpcseesed 3 thederomante pihide tayblysisy
rib wi dth atedetier Bainpaned. an@héd theiribefighil iapeher habtevil @edfdrabatol eha

[0043] ﬁ’! is DElelH i st%noQé%% d%%é‘loﬂ?‘!# &e%@ﬁ&?ﬁfﬁeso‘? e%‘}n}i’ysﬁ

h/D. At hou varl %Li; Si ze es are used
pyrolysis r é%?e’fl?fbﬁff ribiheightiof 18 8mpsiev ool adKatiags: oryered tq thosg ag fhgiribar
figure whenhtight dfichlmexehahge. aftet e spysolysi gifftreaet incihe effect e thenner

surface of m%;tgggnaggftﬁgﬂgbg%&dﬁ Thegefore, the rib height "h" can
be normallzeg?]ﬁ shown in Fig. 3, results of sinulation test
P nces of he

2, both perf at exchange and pyrolysis reaction are
i mproved by i ncksedetuitgdtdbeve; ithe bigirgidristiés§ oft lovtlahoateehargguall dyeolfricOnm

and the i rrp&é)a\es&pare 18?1%%&91% RS DB MelRE ()] PWiRa fehegnﬁﬁelglﬁl i lpaugh
t he heat ex%* g g ormapce IS | % &byl reasin erib

hei ght, the gﬁp%’(? fhe 2as %’&F‘B’ﬁ“g&? edly o abhuE e § ‘Fﬁ?aﬁ%f’ﬁ?fjeatls
sat ur at ed wiierbottibme peitbledidngh tletesor8tith of dleh:@rcwsmm redetiompdrfoemateew Ab,Nt

of tube W“%@t@ﬁlﬂ&hﬁ% atttﬂb%% p\MtIoH oi‘ﬁ\é’@ﬂa b@&‘:hﬂmouﬂéf lib%dﬁ&?o desiiabia
because of tgg} ormn m t he above deséri bed . reasons,

the favorabP éf‘ﬁﬁf‘ga fhﬁrwg&a@t eF RFEgC e HpRecHIss §287 10 MBHERCe and
a sujtabl e rovimgeandfalyy Dikendisdiffsule tafore dighoribpebyOhdt ekigugorPortreldantiss.t he

i nnelr fll arret\@a?@aﬂet BReD Mot MR tis toPlow, @e 4r@@oﬁt§{@%ﬂé§ @«sicfac@ of {38 fube
simul ation tes

8nm si nce t eO?JrerspFIS%ueeﬁgﬁmE%gf Pe%#grgofatfoﬁc?rp iﬁ%lhﬁat ?’fchagrﬁ& éﬁ’iact?)ﬂ&{ch%“d
pyrol ysi s redetsiorattiongeniymaned, in addition to the tube

manuf act uri @sgloncern, i.e., tubes with ribs becomes difficult to
produce by hot oj. %?1!1}91 t:nag Therefore a further desirabl e upper
limt of h/D| |58 Next, the relation between the

rib height "I1? &f&heHRens ble\f« wpimultion. kst Frsler Binsame copditiontes indable Zhed
as fol | ow n@gas conducted, CGonstiutlerwithop iitef Aemat eigbhaitheatduardeieh P &, ifes
and pyrol ysks fi@aGHk i QAn AN 2LRRGS (& u'aqaﬁgoow CAR atlpgxmmn?@ttom
and the center portion of the tube), while al so consi erlng
morkablllty4dur|ng rib formng, the rib shape should be characterlzed
not only by[B#H height "h" but also by the ratio between the rib

hei ght "h" and {hgemb Wwdth at the bottom"w' (which is h/w. It can
be clearly seen fromthe results of sinmulation test 3, with the
decreasi ng hAv, the average of tenperature deviation is increased,
and the performance of pyrolysis reaction is deteriorated. From such
results, the lower Iimt of h/wwas determned to be 0.25. On the
contrary, since pyrolysis reaction performance is inproved by
increasing the h/w, the h/w should favorably be |arge. Therefore, the
favorable lower limt is 035, and nore favorable lower Iimt is O.4.

[ 0045] On the other hand, although the maxi num val ue of hAv in
the sinulation test 3 was 0.46, if li/wis increased, the

per formances of both pyrolysis reaction (average of tenperature

devi ati on) and beat exchange (average tenperature) have a tendency to
i nprove. Also, although the h/w was not changed linearly in the
sinmulation test 2 using tubes with various rib height "h", as can be
seen fromthe values of rib height "h", and rib width at the bottom
"W', in Table 3, h/w was changed fromO0.28 to 0.84, and perfornmance
of both pyrolysis reaction (average of tenperature deviation) and
heat exchange (average tenperature) were inproved by increasing the

12



[00471
t he tube,
exanpl e.
whi ch rib hei ght
t ube,

rolling wth a nmandr el

portions corres

(a) First,
is uniformin the | ongitudinal
i s produced by using a hot exclusion piping press or a cold

As a nethod to form spiral
foll ow ng nethods of (a)-(c) are shown by the foll ow ng
a tube with intratubul ar straight

ribs on the inner surface of

ribs, in

direction of the-r

havi ng an outer surface in which convex

ndi ng to the bot

portions corres
direction paral
is added to the
tubes with intr
spiral ribs, in
direction of th
pi pi ng machi ne
portions con:es
portions corres
manner . (c
deposit wel di ng
Anong t he above
spiral ri
by the hot excl
ease when the t
centrifuga
deposit wel di ng|

ot

=
13

oAt

—

¢8
LI

i
i<

tomparts of the tube and concave

idds of the tube are fornmed along a

the mandrel. Next, torsional work
bul ar straight ribs, resulting in
bs. (b) A tube with intratubular

is uniformin the 15 | ongitudinal

d by using a cold drawi ng type

an outer surface in which convex
tomparts of the tube and concave

s of the tube are forned in a spiral
atubul ar spiral ribs is produced by
he inner surface of the tube. [0048]
, the production nmethod, in which
sional work after formng the ribs
produce | ong products conpared to a
t he powder netal lurgy or the

en the ribs are produced by the

it is not necessary to connect a

tube with anot her| tjub ng even when a tube |onger than 10 m
i s needed to Prioduce. on, since the tube produced by this
nmet hod consi g s| of |t e éiial inarib part and a not her tube,
t he tube hasFan advian ch better properties, such as
corrosion resi st ance, erjature strength, or the |ike conpared
to the tube with jintr i Bs produced by deposit wel ding using
different materj gl §. e, the tube is suitable for usage
requiring high it gnper ngt h, resistance to corrosion, or
resi stance to carfburi for |exanple, in a pyrolysis reaction of
hydr ocar bons, or |t HerjFilkgg|[ 0049] In the nmethod of the formng
ribs by the hot|{ edirdl&ijon,&lif the rib height is too high, the ribs
may be extruded nd %@‘fiéently al ong the nmandrel shape. Thus, given
hei ght of the ribi{céﬁﬁctgt& olt ailned in some part. Therefore, in the
hot extrusion Kad gttﬁr?ib'?ashape to be fornmed is limted, and too
high ribs are nc@ “fcés@%l‘@e 200%0] 3. Material of a tube When
t he superi or reﬁ%ﬁc—; éicaBburi zati on or coking is strongly
requi red, a tub t g%lﬁowi ﬁg ¢hem cal conposition, having good
hi gh tenperat urle g;ﬁkdtt 8and engugh hot workability, in addition to
superior resi stlan §§ﬁk ddrburization and coking, is favorable. Note
that, "%, regarcPrgﬁtgofe %nponemt content, means "mass % [0051]
[0040]

As is obvicus 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”.

reaction is improved by increasing the h/w.

On the conivary, the performance of pyrolysis
When the h/w is small, the area of the

inner surface becomes small compared to when the hfw is large with sharp shape of xib.

Therefore, the average temperature indicated by the horizontal axis of Figs. 2 to 4 is
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(0O A netal tube having a chem cal conposition consisting of, 0:0.01
to 0.6% Si: 0.01 to 5% M: 0.1 to 10% P: less than or equal to
0.08% S: less than or equal to 0.05% Cr: 16 to 55% N : 20 to 70%
N: 0.001 to 0.25% and balance Fe and inpurities. [0052] (2)A -
nmetal tube further consisting of at | east one or nore el enents

sel ected from,alsed.ea8h: i0fe Rat E%fé%gg h&ﬂ)&!xﬁa glhgscg Egdefnléyowb% 1(%‘”8%{%2005' vi)

in addition.to t he above descri em ca onent
t wo elemants[ ected fromCu: 0.01 to 6%and Co: 0.01 to 5%
(ii)One or nore Rebepwiriobe bbbt edafibhamindurodss® tHeduidgit Wiotes@iffitudt 6%

and Ta: 0.01, )gl‘adlﬁ:e/%uc@%&eg}ﬁzh AhlWe t18h shend. ﬁlﬁtﬂaﬁ@to?ﬁlwf %Jtrus:gn gl to

1% and Nb: O 0 2% (iv) One or nore elenents sel ect romB
0.001 to 0. f8 1‘% §0.001 to 0.1%and H 0.001 to 0.5% ( v )One or
nmore el enent{@*i%]el ected from My: 0.0005 to 0.1% Ca: 0.0005 to 0.1%

and Al: 0.001 tQ«ﬁ%cxs(xdﬂc)f@{b% ‘élﬁmﬂ@h@pee&%%ﬁﬂie%ﬁ@hﬁ%ﬁ%&rtmrare
earth el enents Qm 5 to 0.15% roma] ficacy of
above descri bed 9?5? (‘,b Snposition of each el ement | s descri bed
bel ow, Wi t h t heifrorh theirpsuits ofthe eiasdnion teb 0 54LitghlOD hutiperGuab Tetermined C

IS an effec&,&,yeeg&I@ngggﬁlaglghblﬁag,}ggﬂg3.hi gh tenperature strength, when
the content is to 0.01% On the contrary, since

n or
toughness is na?@e&flﬁf’ad%riaé’rge ?ngd by addition of nore than 0.6% the
upper limt is @Fregcthesaroitabl simpdatiorriestils the oRBsation GndB ot thadibmoase

favorabl e caelefiihed BYL 207 it6 38, 028Gk Orallle 306le is 25°  to 307
. (3) Shape of ribs (relation among rib height "h”, rib width on the bottom ” w”, and
an inner diameter at the rib bottom “Di”

Suitable W/Di and h/w were determined to be 0.1 to 0.2, and 0.25 to 1.0,
respectively, whexe h: xib height in the transverse cross section of the tube, w: rib width
at the bottom, and Di’ inner diameter at the rib bottom,

[0043]

Rib height “h” was determined to be represented by h/Di.  Although various
size tubes are used for a metal tube in the pyrolysis reaction, it can be considered thata
figure is a similar figure when the heat exchange and the pyrolysis reaction on the
inner surface of the tube ave considered. Therefore, the rib height “h” can be
normalized by h/Di. As shown in Fig. 3, resulis of simulation test 2, both
performances of heat exchange and pyrolysis reaction are improved by increasing the
rib height “h” to above or equal to 5.0mm, and the improvement becomes evident when
the rib is higher.  Although the heat exchange performance is improved by increasing
the rib height, the improvement effect on pyrolysis reaction performance is saturated
when the rib height is 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. From
the above described reasons, the favorahle rib height “h” was determined to be 5.0 to
10.0mm, and a suitable xange of h/Diwas determined to be 0.1 fo 0.2 because 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
coneern, i.e., tubes with ribs becomes difficult fo produce by hot or cold working.
Therefore a further desirable upper limit of h/Di is 0.17.

[o044]

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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[0055] Si: 0.01 to 5% Si is needed as a deoxidizing elenment. 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
nore than 5% weldability is deteriorated, and mcrostructure is

unstabl e, t Cgfag Railog . thd M | SRl @1{68%@%‘3%2%%6%@Y&fg&lac&& 3%
M is added BeHoBRges &M ﬁlq’f'p?%%env%? klaaliorthnd “PP eeaber PPRSien 1o thenfadeo| e
of a deoxi divzgle aldorvomsidieing tthe ebiabilityt dirfigailf Rehise, the GNERPE siluldBy €

than or equ Q:halia&ez(?ze& %ol cﬁxlﬂ%ﬁﬁgxgh‘;: "11; ﬁat&ezﬂ%g:%%% e 2k 9 c]:h%n@ Rﬂght “h”

austenite formng el enent “ N e rep
However, an "“é‘g‘ Sresidh st atthe |b8ﬁ°nb WMGE&%E’W 1o Hetrps %}?aa%sr SG%F Bpm the
wor kabi | i ty.resiasf sidhdatioppest 3, iwith tHesdedR%bind-axo Itind) bveerpe Nif @&rhpdrStut: 1

to 5% and r@@ﬁ&tﬁnaié%@tggﬁdrﬁgll 830 ﬁe%fognélncé Q»f ég?olyggq{ég%of is Icl ﬁm&gan or

equal to O. an e

det eri or at e?%f‘“%‘ﬁ? |ﬂFﬁq‘P rgl?“ ‘%g‘fi WW@@@P@@%@ e P g5t h@“j}ma‘i‘}ﬁt”a-"%
bou n_dar i es, samepyrelyos mbition phdoroandedningrohd by thokesiteihe 84S 8a 168 sheald as
possi bl e. HQX’ﬁYa%[y’ beQé.%@S S Tﬁéeﬂoﬁvﬁ{elfﬁgrﬁie 1;3\0&‘ ]Enﬁﬁcb é L&Y vorable

i ncreases ¢ 0t § production process. Therefore, the content of
|slesstha°v%?F d% 40 0.08%and the content of Sis |ess than or
equal to 0. d®! Favorably P and S contents should be | ess than or

equal to 0. 05%mnde &h@@n/ﬁndrﬁﬁ%tthé’ E'a%muM)Jaﬁlefo?W ﬁ‘l?ﬂé'mmaaﬁ&pbeé 3

contents shoul

respectivel y.o ?(ﬂ‘g%}"ﬁ‘ﬁs mcf%asffdg tl%GSB(}rF mamesdf%f’%@ 3@?5‘@?&%"%(&"8’[3@?7%’?“

to obtain oX¢mereritore dewigiiew and beat zrchapzecloveramstterpfermpred hiteanteodengytoal
to 15%i 3 n@aﬁ«aela AAmm;tg&hgh £)=8 E’Wé%t aiangzd shouy ¢h fauehabioh (e 2

i ncreased a POSS | ew 0| n

resi stance zln'a‘é cg’r vamus rrlgléelgl}t C%S cag %%‘?% ﬂf’;\d’&&ef ?)% Hqﬁ’gég‘q’t 0
wor kabi | ity aﬂ%%%rﬂl@iha‘tt t%b"éﬁﬂmt“ﬁ’ . dnJekih Beb/ii wrschneet fomd Mp 084, 4ride
use at hi ghpbsirpanatdines. pyltipss rehbt@nURRedge| of Bdrkpelaur2 Hfriatith) Ghal@katt O
prevent tNe .2Ro%s AR Pefk Mo WAN IR, MRLKART &b Wy a0 shown in

deteriorati %n and_unstab truc nper atures,
upper |im t *&fbul %ropé%?ham ?FS‘B%’&@%"“WP%“HP&R‘/J@P B hyw hﬁﬂ@e?&éﬁewed
region is 2@okedl. (Bﬂ%fa*{ceﬂﬂ@t}pper limit is 0.7, and more favorable upper limit is 0.55.

[0046]

2. Production process of a metal tube in the present invention

The metal tube for pyrolysis reaction in the present invention is produced from
pipe shape materials, such as seamless pipe, welded pipe, or the like, which are
prepared by combining the processes of melting, casting, hot working, cold working,
welding, or the like.  Of course, pipe shape materials may be prepared by means of
powder metallurgy, centrifugal casting, or the like.

(0047)

As a method to form spiral ribs on the inner swiface of the tube, following
methods of (a)-(c) are shown by the following example.

(a) First, a tube with intratubular straight ribs, in which vib height is uniform in
the longitudinal direction of the tube, is produced by using a hot exclusion piping press
or a cold rolling with a mandrel having an outer surface in which convex portions
corresponding to the bottom parts of the tube and concave portions corresponding to
the ribs of the tube are formed along a direction parallel to the axis of the mandrel.
Next, torsional work is added to the tube with intratubular straight ribs, resulting 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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Ni: 20 to 70% Ni is needed to obtain the stable austenitic

m crostructure, a content of 20 to 70%is necessary corresponding to
the content of Cr. However, since excessive addition |eads to

probl enms in the manufacturing process and increases cost, the
favorable region is 20 to 60% and nost favorable region is 23 to
50% (0060 .0 % an e e el enent. for
The i tor ove ket fisblion ok e b, i pRp il gP e Gl RENFBvE

t hi s ef f ect maghipeyitlem plughavies an qubrgsurbrce vplith toved pOGIEss josresperdiegiioc On

the contraryhe tﬁttﬁhﬁ@aﬁ%@i&ﬁ&iu‘ﬁ@aﬁ%h&ab?ﬁbrﬁ%z&@blfr%sﬁﬁiglﬂzg)g& Eiﬂ'lf:rﬁfs lof)ﬂhgfk@o% the
wor kabi ity IS regul ated to be o Favorabl e
content of %538g§QHMhﬁaﬁﬁw [0061] In the greseng i nvention, one
or nore el errent @ AdH It biatte tybwayspival vhnds aiofecgd biGtpsosiirweldies telfermeiiss
sel ect ed fr ewtHelinedsitfact 6Fth9%udnd Co: 0.01 to 5% Copper and Co
as an austepjpy@ stabilizer inproves high tenperature strength, and

each el enent of nore than or equal to 0.01% may be contained. On the
contrary, when 4788 Esrabern desribempthedsetheprodustion srptbodoip vhdeh spiral xibs
wor kabi | ity ateSormid hﬁeﬂeytoldiahﬁmoﬂfﬁieeﬂmmiﬁgeh{eﬁw@ thd Kbe exeBidtoR ¥naklegioON

of each ele te % ion,for
each el ern*an?gﬁ&ce pﬁg&uc%" %866%121 %r?g hggﬁ%reélbe 5 r’f.%r??edebsveﬁg ? chlfrf rom
Mb: 0.01 to™gtluxgy o tbelcetn&ﬂfe%laﬁ%&mwr PP vhen g ks arpyrasiicepabyaibe

ef fecti ve elanintveldag. tlhah@ohdtibdsilisihétQRcaEdre BOtdaReRE BGuiRl @t Bidhdror

i nproving t Hﬁ)e B gglditng %rﬂﬁite}f‘ﬂ L Bube Jng%l&l’lg'l 1655995 ebfa 8 é{g&tce cafl, ﬁ%ftmfl

obt ai ned whe e cont ent 'S nore an or

0. 01% HOV\B%?’e %ﬁuﬁ%%rog%%@é{ihvénethod cons1sts of the same materialina r1b part and a
mother tube, the tube has an advantage of much better properties, such as corrosion

resistance, high femperature strength, or the Ilike compared to the tube with
intratubular ribs produced by deposit welding using different materials. Furthermore,
the tube is suitable for usage requiring high temperature strength, resistance to
corrosion, or resistance to carburization, for example, in a pyrolysis reaction of
hydrocarbons, or the like.

[o049]

In the method of the forming ribs by the hot extrusion, if the rib height is too
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 2 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 earburization 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%, Pt 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.
foos2]

(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.

(1) One or two elements selected from Cu: 0.01 to 5% and Co 0.01 to 5%.
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addition leads to deteriorations in workability and in mcrostructure
stability at. high tenperatures, Mo, Wand Ta should be controlled to
be I ess than or equal to 3% 6%and 18 6% respectively: Favorable
content region of each Mo, Wand Ta is 0.01 to 2.5% and nore
favorably 0.01 to 2% [00631 One or two el enents selected fromTi:
0.01 to 1 %and Nb. 0.01 to, 2% T apd ar eful ele S
for marked irrpro(\’} RS AP Elepgntp ﬁEIf‘ﬁt'ﬁ"r#"’t“é%é‘#\'E]t r%°'Lsii?'rﬂeprjrd:f’%,’6 ang T
ductility and toughfétxsé%.even with a snmall additional anmount. These
ef fects cannot lg) okt &i e dlewben sd1bieaG BNd.0 0k 19360 Net €5ERtey. S | ess

than 0.01% Furth when a. content of. Ti.] re.than 1% or en a
content of NI 3 i(g%)r%er%“??{ﬁﬁ eﬁ‘g?sﬁﬂ%ﬂ‘%&%%i i?[ﬁ&og}l/“t %é“@?ﬁ aooi%]i”%/ i's
deteriorated. [0064f0.001tc0.8%e or nore el enents selected from B:

0.001 to 0.1% Zk)0R: QQdoré Sefenk¥aardeetd o0z 1000005 896.1%, Ca: 0800540 0apd Hf

are effective el enents. strengthen the grain boundary and to
i nprove hot mrkag%%@yé’g%lcfoﬁggh tenperature strength. However, the

ef fects cannot BE)enstaaimraeieloments solnsted Sromante astthelpaients| (BEMA 0 0.0905 s
than 0.001% On theasentrary, since excessive addition leads to
deteriorati 55]” wel dability, the contents of B, Zr and H are

regul ated to be 0.001 to 0.1% O0.001 to 0.1% and 0.001 to 0.5%
respectively. [O885acy of above dpparibnd chppisalepmpesition of edch sleagnt isclaschbed

0. 0005 to 0Lk, Witk thelr O Btidn0refodd0 and Al : 0.001 to 5% Each

el ement of Ca and Al is effective for inproving the hot

wor kabi lity, and the effect can be obtai ned when each content of M,
Ca and Al is nofe%PhiP-®F equal to 0.0005% 0.0005% and 0. 001%
respectively. | pdgi tietiviAblegadt fon képiliiCldz iRt PARVSIEE Rhee tHeCt
for carburi Wel: ' t j i di ] e
consi st i ng z{%ﬁ% B DGR BT Rn hb Bt 8 AR of BBl

ci r cumst anc 8g*eripigteds by addsfipn i omore; than Ri6%, dhy ppRsy 151t o PE%t hEsvomble
equal to 1. 58bters ied.fBCHiOVIE%, Ol rhdre fagauable adngent kdptonax @026 towessaddi t i on
of My and Cgggteriorates weldability, thus the upper limt of each
el ement is regul a_h%g t?o/be 0.1% Furthernmore, the excessive addition
of Al of rore t WANU598 ?%tr oduces internetallic conmpound formation
within the all oyiisineeidil nga tepxifisinarlemeat.i dmsdditiont 8ug Ameffstioreléinenttoeep
ductility. improve fe@¥@h@bkEoRmbeBha ELGLORLG, Ml R4 tCehthis tHisQRAB ot O

EGQISOS/(% aﬂ‘gg :::cgﬂé%rtf‘og Lc%c}?s‘ls t}ga%rbt.ﬁ%is Ezggdeé.ne-fog\éwlreg%y%ﬁg g&é&t&oﬁ% {'n(c):ga than 5%,
weldability is deteriorated, and microstructure is unstable, thus the upper Nmit is 5%.
Favorable content is 0.1 to 8%, and most favorable region is 0.3 to 2%.

[0056]

Mn:0.1to 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 equal 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 Lmit is 10%. Favorable content is 0.1 to 5%, and most
favorable region 15 0.1 to 2%.

[0057]

P! less than or equal to 0.08%, 3: 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 less 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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[ 00661 One or nore elements selected fromrare earth el enents (REM
of 0.0005 to 0.15% Rare earth elenents are effective for inprovjng

t he oxi di zation resistance, but the effect cannot be obtained when a
content of each elenent is |ess than 0.0005% On the contrary, since
excessive addition leads to deterioration in workability, the upper
limt of the cont IS re ated to be 0.15% Note that, REMis a
col l ective P&PHA B\RPﬁgreW%R’leﬁd Mozniarirably, Band §icappesge shopldfyedess ghan

el enent s of of eyxehiaf@KY. andAONEYs, 1 pedindyny one or nore el enents sel ected
fromY., Lajyogg and Nd should favorably be used. [0067] 4. Exanple of
pr oduci ng a tUbZ;FV\fét intratubular ribs A tube wth 3 straight
ribs onits inn PPee and a tube with 4 straight ribs on its

i nner surface aiCeiprodeséid demmt kodbkgaokiddtion issidivense, agd e hentercal more

corrp03| ti On%ﬁh&v\ﬁuhlnto-rﬁl% £ meed. h%ﬁthﬁgﬁxrtﬂg 'c&ﬂeﬂ{!%'f ”RY hhga @9}.@5@' be
provided with co cavg{ onvexﬁgo respon 4 ﬁ %tpe of, rib

After soft eRiHG Hedt M5l et AE fropp e §°’<’§H‘s 1 gfestiop H@Sl‘ftﬁl‘ﬁf@s%r e
t or si onal | y caiéfudging destsjanan qudilvmaddlﬁm hn@ & whrkahilifyr drpridngichudreto
axis, and fhﬂs?shﬂlé/mi&‘&uhbm?esd@ﬁﬁ tﬁer@asﬁﬁgﬂ\temeﬁmgyctnms%@ﬁﬁlepgmw

whi ch the tub reat ne 230C
for 3 minut esggb ?8 g‘ﬁtg pmﬁ%@ tﬁ% Bﬁ"s"evd’efcf’?%% |d1‘sg‘liva?faﬁ‘§5 Plﬁ‘&??%@bl&
di mensi ons gétewsration iﬁdbﬂnéﬁa@e wicgostiyttaiersé Highitguremtres, [thaurgpedirgsstooldi es

of phot ogr apRerabHHeWENI t MEreGARSDISRE binkiht Mgidhhe2d 1B8%. As shown in
the figure, £()(Ejggﬁppl ng on the top of ribs or cracking at rib bottom has

never been [ 0068] [ Table 5]
¢ Ni: 20 to 70%

Ni is needed to obtain the stable austenitic microstructure, a content of 20 to
70% is necessary corresponding to the content of Cxr.  However, since excessive
addition leads to problems in the manufacturing process and increases cost, the
favorable region is 20 to 0%, and most favorable region is 28 to 50%.

[0060]

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%. TFavorable content of ¥ 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
8%

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 equal 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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Table 5 (Chem cal conposition of a steel specinmen. mass % Bal ance:
Fe and inpurities.) CSI Mi PS O N MaTi BA NO. 11 -

6%, respectively. Favorable content region of each Mo, W and Ta is 0.01 to 2.5%, and
more favorably 0.01 to 2%.
foossl

One or two elements selected from Ti: 0.01 to 1% and Nb- 0.01 to 2%

Ti and Nb are useful elements for marked improvement effects in high
temperature strength, ductility and toughness, even with a small additional amount.
These effects cannot be obtained when the content of each element is less than 0.01%.
Further, when a content of Ti is more than 1% or when a content of Nb is more than 2%,
the workability or the weldability is deteriorated.

[0064]

One or more elements selected from B: 0.001 to 0.1%, Zr: 0.001 to 0.1% and HE:
0.001 to 0.5%

B, Zr and Hf are effective elements to strengthen the grain boundary and to

¢ improve hot workability and high temperature strength. However, the effects cannot
be obtained when the content of each element is less than 0.001%. On the contrary,
since excessive addition leads to deterioration in weldability, the contents of B, Zr and
Hf are regulated {o be 0.001 to 0.1%, 0.001 £o 0.1% and 0.001 to 0.5%, respectively.
[0065]

One or more elements selected from Mg 0.0005 to 0.1%, Ca: 0.0005 to 0.1% and
Al 0.001 to 5%

Each element of Mg, Ca and Al is effective for improving the hot workability, and
the effect can be obtained when each content of Mg, Ca and Al is more than or equal to
0.0005%, 0.0005% and 0.001%, respectively. In addition Al can introduce marked
improvement effect for carburization resistance of & metal tube, since oxidized scale
consisting mainly of Cr and Al is formed under the carburizing circumstances. For
this purpose, the Al addition of more than or equal to 1.5% is effective. On the
contrary, the excessive addition of Mg and Ca deteriorates weldability, thus the upper
limit of each element is regulated fo be 0.1%. Furthermore, the excessive addition of
Al of more than 5% introduces intermetallic compound formation within the alloy,
leading to deteriorations in toughness or in creep ductility.

Favorable content region of Mg and Ca is 0.0008 to 0.05%, and favorable Al
content for improving carburization resistance is 2 to 4%. .

[0088]

One or more elements selected from rare earth elements (REM) of 0.0005 to
0.15%

Rare earth elements are effective for improving the oxidization resistance, but
the effect 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 Sc, ¥ and 15 elements of lanthancid. Among
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1.45 0.38 0.014 0.0003 25.9 38.3 1.05 0.45 0.0021 0.017 0.0112

[ 0069]

[ Tabl e 6] .

them, one or more elements selected from Y, La, Ce and Nd should favorably be used.
foos7]

4, Example of producing a tube with intratubular ribs

A tube with 3 straight ribs or 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 extrnding using the mandrel provided with concavo-convex
corresponding to the shape of ribs.  After 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.  Asshown in
the figure, chipping on the top of ribs or eracking at rib bottom has never been seen,
[oo68]

[Table 5]

Table 5
{Chemical composition of a steel specimen. mass %, Balance: Fs and impurities.)

c 8i | Me P 3 Cr Ni | Mo Ti B Al N
011 | 1.45 { 0.38 | 0.014 | 5.0003] 23.9 | 383 | £05 | 0.45 | 6.0021] 0.017 | 0.0112

[0069]
[Table 6]
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[I ndustrial Applicability] 10070] A netal tube for pyrolysis
reaction in the present invention can inprove the production yield of
ol efins such as hydrocarbons with | ow energy because of superior
characteristics df both the heat exchange and the pyrol ysis reaction.
Furthernore, the netal tube in the present invention can inprove the
operation rate of the production apparatus because of good resistance
to coking. Thus_ the netal tube in the present invention can be used
not only for.prpduc| ng plefl such as ethyl ene, but also as a netal
tube for pyrolypip fepcti u ﬁng for various kinds of pyrolysis
reaction. Watjips clainmed ji sl«f 1. A netal tube for pyrolysis
reaction conprigipg| 3| o al ribs, which have 20 to 35 degrees
inclination to an| axifl on of the netal tube, provided on an

i nner surface of fhe me ; wherein h/Di is set in a range of
0.1to 0.2 and p/ range of 0.25 to 1.0 when a height of
the each spiral|r as "h", a wwdth of the each spiral rib
at its bottom pgar "W' and an inner dianmeter of the
nmetal tube at the f the each spiral rib is defined as
"Di" in cross sdi be. 2. The netal tube for pyrolysis
reaction accor dj2ge t wherein a cross-section shape of the
each rib is an | le. 3. The netal tube for pyrolysis
reaction according td C r 2, wherein the spiral ribs are
integrally-forned w tih [a ftu ody by hot extrusion. 4. The netal
tube.for a pyro| ylsils Ireacjt i ccording to any one of Clains 1 to 3,
wher&in the ngtial| tjube (i s{ .3 e which is used for a pyrolysis
section procegs hyidr [Gt|&F
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Heightg: ,5,,5%
Width at the bytdm, ' 19.5m | WightRs hePBofh

Tube length
Quter diameter of the tube, Dy
Inner diameter at the rxib boftom, D;
Inner diameter at the top of the xib, 11,
Number of xibs
Incknation angle of the rib {dogree)
Ribk dimension

[Industrial Applicability]
[0070]

A metal tube for pyrolysis reaction in the present invention can improve the
production yield of clefins 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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‘What is claimed is:

1. A metal tube for pyrolysis reaction comprising 3 or 4 spiral ribs, which have 20
to 35 degrees inclination to an axial direction of the metal tube, provided on an inner
surface of the metal tube; wherein b/Di is set in a range of 0.1 t0 0.2 and W/w is setin a
range of 0.25 to 1.0 when a height of the each spiral rib is defined as “h”, a width of the
each spiral rib at its bottom part is defined as “w” and an inner diameter of the metal tube

at the bottom part of the each spiral rib is defined as “Di” in cross section of the tube,

2. The metal tube for pyrolysis reaction according to Claim 1, wherein a cross-

section shape of the each rib is an isosceles triangle.

3. The metal tube for pyrolysis reaction according to Claim 1 or 2, wherein the

spiral ribs are integrally-formed with a tube body by hot extrusion.

4, The metal tube for a pyrolysis reaction according to any one of Claims 1 to 3,
wherein the metal tube is a tube which is used for a pyrolysis section process of
hydrocarbons.
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