1 SPECI FI CATI ON HEAT RESI STANT ALLOY ADAPTED TO
PRECI PI TATE FINE Ti-Nb-Cr CARBIDE OR Ti-Nb-Zr-Cr
CARBI DE 5 TECHNI CAL FI ELD The present invention
relates to inprovenents in heat resistant alloys, and
nore particularly to heat resistant alloys adapted to
precipitate a fine Ti-No-Cr carpbide or 10 Ti-No-Zr-Cr
carbi de when heated after casting and thereby given a
hi gh creep rupture strength and also to reform ng
tubes prepared fromthe $EEQIFEATICANt al |l oy for use
i n produci ng hydrogen. BACKGROUND ART 15 Hydrogen
producti on apparatus conprise a reformng furnace
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gMthin the reform ng tubes is 20 conducted at a high
tenperature of about 800 to about 1000 degrees C
undercrnicxh grsEgsur e of about 10 to about 30 kgf/cn®.
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meki ng reform ng tubes needs to 2
given a high creep rupture strength and also to reforming tubes
prepared from the heat resistant alloy for use in prodﬁcing
hydrogen.
BACKGROUND ART
15 Hydrogen production apparatus comprise a reforming
furnace wherein a mixture of hydrocarbon and steam is
introduced into reforming tubes to effect a reforming reaction
with use of a catalyst for producing a hydrogen-rich reformed
gas. The reforming reaction within the reforming tubes is
20 conducted at a high temperature of about 800 to about 1000
degrees C under a high pressure of about 10 to about 30 kgf/cm?.
This reaction is an endothermic reaction and therefore
requires a large amount of fuel for heating the reforming tubes
from outside.
25 Accordingly, improvements in heat efficiency to reduce
the amount of fuel to be used serve to lower the running cost
and also to diminish the CO; emission and are environmentally
desirable.

The material for use in making reforming tubes needs to



have a creep rupture strength capable of w thstandi ng
the foregoing conditions of high tenperature and high
pressure. |If the material has a higher creep rupture
strength, the reaction tube is inproved in strength
and thereby given a longer 5 life, whereas the
reform ng tube can be decreased Ln wall thickness and
therefore inproved in heat efficiency, when to be
made conparable to existing tubes in strength. For use
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remarkably i nproved creep rupture strength. An object

of th& present invention is to provide a heat 3

JP1982-40900B2 discloses a heat resistant alloy casting
15 which contains, in % by weight, 0.25 to 0.8% of C, B to 62%
of Ni, 12 to 32% of Cr, at least 0.05% to less than 2% of W,
at least 0.05% to less than 1% of Ti, up to 3.5% of Si, up to
3% of Mn, up to 2% of Nb and up to 0.3% of N, the balance being
Fe
20 However, the hydrogen production reforming tubes
prepared from these heat resistant alloys were not always
satisfactory in creep rupture strength.
We have conducted intensive research and found that when
a fine Ti=-Nb=Cr carbide (or Ti-Nb~Zr-Cr carbide when Zr is also
25 present) is caused to precipitate at a catalytic reforming
reaction temperature of at least about B0OO degrees C, the
development of dislocation gliding can be retarded within
grains to give a remarkably improved creep rupture strength.

An object of the present invention is to provide a heat



resistant alloy adapted to precipitate a fine Ti-Nb-Cr
carbide (or Ti-Nbo-Zr-Cr carbide when Zr is further
present) when heated after casting and thereby given
a high creep rupture strength. Another object of the
invention is to provide a heat 5 resistant alloy
which is outstanding in thernmal %onduct|V|ty Still
anot her object of the invention i's to provide a
hydrogen production reform ng tube which is prepared
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SUMVARY OF THE I NVENTION To fulfill the above obj ects
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up to 0.5%of Zr. In this case, the value of (Ti + Nb
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i nvention Tanfulfiithetheoabare 6bPOdt4,0 the% ods€et #Hnvention
provides a heat resistant alloy comprising, in % by weight,
over 0.6% to not more than 0.9% of €, up to 2.5% of 5i, up to

15 3.0% of Mn, 20 to 28% of Cr, 8 to 55% of Ni, 0.01 to 0.8% of
Ti and 0.05 to 1.5% of Nb, the balance being Fe and inevitable
impurities, the value of (Ti + Nb)}/C being 0.12 to 0.29 in
atomic % ratio.

The heat resistant alloy of the present invention can

20 further contain up to 0.5% of Zr. In this case, the value of
{Ti + Nb + Zr)/C is 0.12 to 0.29 in atomic % ratio.

The heat resistant alloy of the present invention can
further contain at least one element selected from the group
consisting of up to 3% of W, up to 3% of Mo and up to 0.05%

25 of B.

The heat resistant alloy of the present invention can
further contain 0,001 to 0.05% of Mg.

The heat resistant alloy of the present invention can

further contain 0.001 to 0.2% of Ce.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
sectional view showi ng an exanpl e of hydrogen
production reformng tube in use; FIG 2 is a graph
showi ng the test results of creep 5 rupture tine
listed in Table 1; FIG 3 is an optical

phot om crograph ( X400) show ng t4he metal structure
(as cast) of a test piece cut out” fromthe specinen
tube of Exanple No. 3; FIG 4 is an optical

phot %ﬁ@g{ﬁ@&ﬁﬁ@g) ?%h@%ég?% Weigsl0 netal structure

of the test piece of F er 1t has been heated

at 1050 degrees) CsandestDhEST €4 eliOs 1 }i8RSLh @x3hbe8 S Ohydrogen
24.5 WMPa for 100 hours; FIG 5 is a TEM photograph

( X45@0®dueft ibhe refbainingt twkot urre wfe;FI G 4; 15 FIG 6

is a TEM phot ograph (X90000) of the metal structure

of FIG 4;FEP& 271Fsaa ITERhpRSPU§REpRhEXa60D0D @it hef creep
tructure 4; FIG .8 shows the result of

Puordsiunt }P‘gy?iﬁg%&jo%é%ﬁ/le 26 of Cr23ce; and FIG
o ot AL B oh ek U AR 5 b e
| NVENELGN Bheuptasentas nvesd) o pr adsdepiacBeatit out from the
resistant alloy 25 conprising, in % by weight, over
0. 6%SPecABENbrket HANEL@I%e dfo.C3/up to 2. 5% of Si, up
to 3.0%of M), 20 to 28%of Cr, 8 to 55%of N, 0.01
to 0.8% of F3F- 4nds Rro8PEbCal SitPEPMABTogRaPE Haf 4#@k showing the
U8 e 53 EEA LS B Boh P S SESAR! oo ed T nas peen
heated at 1050 degrees C and subjected to a tensile stress of
24.5 MPa for 100 hours;
FIG. 5 is a TEM photograph (X45000) of the metal
structure of FIG. 4;
15 FIG. &€ is a TEM photograph (X90000) of the metal
structure of FIG. 4;
FIG. 7 is a TEM photograph (X450000) of the metal
structure of FIG. 4;
FIG. 8 shows the result of fluorescent X-ray spectroscopy
20 of Cr,3Cs; and
FIG. 9 shows the result of fluorescent X-ray spectroscopy
of a Ti-Nb-Cr carbide.
BEST MODE OF CARRYING OUT THE INVENTION
The present invention provides a heat resistant alloy
25 comprising, in % by weight, over 0.6% to not more than 0.9%
of C, up to 2.5% of Si, up to 3.0% of Mn, 20 to 28% of Cr, 8
to 55% of Ni, 0.01 to 0.8% of Ti and 0.05 to 1.5% of Nb, the

balance being Fe and inevitable impurities, the value of (Ti

+ Nb)/C being 0.12 to 0.29 in atomic % ratio.



The heat resistant alloy of the present invention

further contains up to 0.5%of Zr, and the val ue of

(Ti + Nb + 2Zr)/Cis 0.12 to 0.29 in atonmic %ratio.

When desired, the heat resistant alloy of the present

5 invention can further contain at |east one el enent

selected fromthe group consisting of up to 3% of W

up to 3% of Mo and up to 0. 05% Of B, and contain

0.001 to 0.05% of I\/g and 0.001 to 0.2% of Ce. The
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car bitede 0.8% if- Bb-Zr-Cr carbide which is up to about
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15 The relational expression represents the ratio of the
total number of atoms of Ti, Nb and Zr to one atom of carbon.
When the heat resistant alloy of the invention is within the
range of 0.12 to 0.29 in this atomic ratio and when the alloy
is heated at a temperature of at least about 800 degrees C

20 after casting, a corresponding amount of fine Ti-Nb-Cr carbide
or Ti-Nb-Zr-Cr carbide which is up to about 100 nm, preferably
about 20 to about 50 nm, in particle size precipitates in the
base material of austenite. This fine carbide precipitate
serves to prevent the development of dislocation slip that

25 occurs within the grains with creep deformation. This
lengthens the time taken for a creep rupture to take place,
affording an improved creep rupture strength. The prevention
of development of dislocation slip will be described later with

reference to Examples,



If the value of the relational expression is |less than

0.12, that is, if the total nunber of atons of Ti, Nb

and Zr is less than 0. 12 tines the nunber of atons

of C, the atomnunber of Ti, Nb and Zr is snall

relative to the atom nunber of C, 5 so that the anount

of Ti-Nb-Cr carbide or Ti-Nb-Zr- car bi de

preci pitated by secondary heating becones
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of Cto be present in the base material as a solid

sol ubilshouThi enr esgess iof &n Wil l mefdiinditete @&folnsef it is
Ti-Np-Cr carbide or Ti-Nb-Zr-Cr carbide precipitate
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with Cr, Ti, Nb and Zr on solidification of nolten

steel as cBSthecrajstead f ithienge laoutorat]l ¢kereggsian is greater than
boundaries in the formof C carbide (Cr7C3), Ti-Nb
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15 number of Ti, Nb and Zr is great relative to the atom number
of C, so that a Ti-Nb-Cr carkide or Ti-Nb-Zr-Cr carbide
crystallizes out as a primary carbide in the step of casting
in an increased amount, decreasing the amount of C to be present
in the base material as a solid solution. This results in an

20 insufficient amount of Ti-Nb-Cr carbide or Ti-Nb-Zr-Cr carbide
precipitate after the secondary heating.

Given below are the reasons for limiting the components
of the heat resistant alloys of the invention.
C: over 0.6% to not more than 0.9%

25 As previously described, C combines with Cr, Ti, Nb and
Zr on solidification ¢of molten steel as cast, crystallizing
out at the grain boundaries in the form of Cr carbide (Cr.Cs),
Ti-Nb carbide and Ti-Nb-Zr carbide as primary carbides. These

carbides strengthen the grain boundaries, acting to give an



enhanced creep rupture strength. Wen the alloy as
cast is heated at a tenperature of at |[|east 800
degrees C, carbon in the formof a solid solution in
the austenitic base material conbines with Cr, Ti, Nb
and 5 Zr, formng a fine Ti-Nb-Cr carbide or
Ti-No-Zr-Cr carbide wthin the grains as a

preci pitate of secondary carbide. This gives a

remar kably inproved creep rupture strength. The alloy
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Si: up to 2.5%

15 Si is an element effective for deoxidizing molten steel
and giving flowability to molten steel. Presence of up to 2.5%
of Si is sufficient to obtain this effect., If the amount is
in excess of 2.5%, an impaired creep rupture strength will
result at high temperatures. Preferably, the content is up

20 to 1.0%.

Mn: up to 3.0%

Mn is an element useful for deoxidizing molten steel and
fixing S in moclten steel (by forming MnS) to thereby give
improved weldability and improved ductility. However,

25 presence of an excess of Mn results in an impaired
high-temperature creep rupture strength, so that the upper
limit should ke 3.0%. The Mn content is preferably up to 0.8%.
Cr: 20-28%

Cr is an element necessary for assuring high-temperature



strength and oxidation resistance. C forns a chrom um
carbide during casting and when the alloy is heated
after casting. At |least 20% of O needs to be present
to ensure a creep rupture strength capabl e of

wi t hstandi ng services at 5 high tenperatures of up to
about 1000 degrees C as requiredi3 for hydrogen
production reform ng tubes. The " high-tenperature
strength and oxi dation resistance inprove wth an

i ncrease, by, t BRganRURL t9hnCrre QLGRS Pr €5ENESrRE HOI& romium

than 28% 0f C entails a | ower high-tenperature creep
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27% Ni: 8-55% N is an elenent for ensuring oxidation
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production reform ng tubes. Thus, at |east 8% of Ni
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Ni is present, 20 any increased creep rupture strength
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car bi and Ti-Nb-Zr carbide as

primpsy Qardirdasosl yshaldgpdmmginit shodh® 3 @BB. The content
boundari es. These carbides act to strengthen the grain
boundarpesfemmigiwe3ancedf&nced creep rupture strength.

When the cast alloy is heated at a tenperature of at

| eas¥ip 8-55%

Ni is an element for ensuring oxidation resistance and
15 stabilization of the metal structure. If less than 8% of Ni
is present, it becomes difficult to assure the
high-temperature creep rupture strength required of hydrogen
production reforming tubes. Thus, at least 8% of Ni should
be present. However, even if more than 55% of Ni is present,
20 any increased creep rupture strength is not available, so that
the upper limit should be 55%, The preferred Ni content is
in the range of 15 to 25%.
Ti: 0.01-0.8%
When the alloy as cast solidifies, Ti combines with C
25 along with Nb and Zr, forming a Ti-Nb carbide and Ti-Nb-Zr
carbide as primary carbides crystallizing out at the grain
boundaries. These carbides act to strengthen the grain
boundaries to give an enhanced creep rupture strength.

When the cast alloy is heated at a temperature of at least



800 degrees C, Ti conbines with the Cin the formof a
solid solution in the base material of austenite,
along with C, Nb and Zr, formng a fine Ti-No-Cr
carbide or Ti-Nb-Zr-Cr carbide as a secondary carbide
precipitating within the grains. The 5 carbide affords
a remarkably inproved creep ruptéjre strength. At

| east 0.01%of Ti needs to be present to obtain this
effect. However, an excess of Ti inpairs the clarity
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be pileseht05-ihérs so desired. At | east one el enent
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15 when the alloy is cast, giving a higher creep rupture strength
and contributing to an improvement in aging ductility. When
the alloy is heated at a high temperature of at least 800° C,
Ti-Nb-Cr carbide and Ti-Nb-Zr-Cr carbide are precipitated in
the base material of austenite.

20 These effects are available if at least 0.05% of Nb is
present. BAnexcess of Nbnevertheless leads to lower oxidation
resistance, so that the upper limit should be 1.5%. The Nb
content is preferably in the range of 0.4 to 1.0%.

The heat resistant alloy of the invention contains the

25 foregoing components, and the balance comprises Fe and
inevitable impurities, whereas up to 0.5% of Zr can be present
when so desired. At least one element selected from the group

consisting of up to 3% of W, up to 3% of Mo and up to 0.05%

of B can further be present. Furthermore, 0.001 to 0.05% of



My can be present. Furthernore, 0.001 to 0.2% of Ce
can be present. Zr: up to 0.5%In the presence of
both Ti and Nb, Zr forns a Ti-Nb-Zr 5 carbide during
casting as a primary carbide crystallizing out at the
grai n boundaries, giving an enhanced creep rupture
strength and contributing to an_inprovenent in aging
ductility. Further when the alﬂgy is heated at a high
tenperature of at |east 800 degrees C, Zr forns a

Ti - Np= Zr - Cr,_car bi 10 [,ZI n ' he, b
mat eN??a A5G sI%es%l%tte'. %@%n’\érzﬁ,f %ﬁgpg lttﬁa{r)]'%% 5(?/%53%8 can be
Zr igrpE&seENt, Zr oxide will be formed in an

i ncreased anount to entail |ower index of cleanliness

of steelyp consedqiently |leading to a | ower ductility.

The upper |imt is therefore 0.5% 15 W up to 3% W __

cont ri but e ttHeanr £ aPROY e ROINT Er8Eh Noupgr forms a Ti-Nb-Zr
trength, _and i,s therefore preferabl e to .add, However,.
henCTHE U6 RahharrT S e BSSnar Y A Y R GFY BhEhEl2ing out

cast _ exhi bi ; e I ' T
uppe?€lP%?t5gﬁgﬁrgégﬁé%%§%%%q%§ﬁggfEﬂggﬁkggkﬁg ?%eg&nruPture

Mo contéhdti esdicoradt ibpioyei®ah inprevesent Ut Hgeéng ductility.
strength and is therefore preferable to add. However,
whenFut tlee Mwheontbat al koy nsekeessdodt Ihighetanpeyatasre of at
cast _exhibits a narkedI% reduced el ongati on.

e

Th |

uppete?tti t8%hoGrdress ther for & BES30 B:Th'pl\uf“oz%c%%carblde
trib hi is '

G ongr e b i MRendh B BEF el dia T SRt Ere o fovevers

St e.re _ore pre abl'e to a
when; £ hes B SRt eNksi §£i fr ex$ 8% Rint). 82%x 188 W@ 110%e formed

beconmes nore 11
in an increased amount to entail lower index of cleanliness
of steel, consequently leading to a lower ductility. The upper
lJimit is therefore 0.5%.

15 W: up to 3%

W contributes to an improvement in creep rupture strength
and is therefore preferable to add. However, when the W
content is in excess of 3%, the alloy as cast exhibits amarkedly
reduced elongation. The upper limit should therefore be 3%.

20 Mo: up to 3%

Mo contributes to an improvement in creep rupture
strength and is therefore preferable to add. However, when
the Mo content is in excess of 3%, the alloy as cast exhibits
a markedly reduced elongation. The upper 1limit should

25 therefore be 3%
B: up to 0.05%

B contributes to an improvement in creep rupture strength

and is therefore preferable to add. However, when the B

content is in excess of 0.05%, the alloy becomes more



susceptible to weld cracking. The upper limt should
therefore be 0.05% My: 0.001-0.05% W have found that
My dissolves into the base material, 5 producing an
effect to give inproved thermal conductivity.
Accordingly, when the heat resistant alloy contains My
and is used for hydrogen produgiion reform ng tubes,
an i nproved heat transfer effitlrency reduces the
amount of fuel to be used to [|ower the running cost.

The.é&%“%ﬁfi fintgh%ﬁﬁﬂpugiagﬁiéﬁgl Lﬂu!eﬁgﬁeEO limit should

dimmni’s em ssion and s therefore

envidimsdal b desiseable. It is desirable that at
| east 0. 001% of My be present. However, over 0.05%

of My: id.qule®ents entails a |ower creep rupture
strength. The upper |limt should accordingly be

0. 05% Th@eph@‘f’%rﬁ%@dl\/gh@*éﬁi%ﬁtiSﬁ@W‘?@O"-Ptt%t%%base material,
.015%  Ce: 0.001-0Q. 2% Since Ce.forms ol id.sal uti -
PR T 130, S35 fEr FBUBTHG LOSRN Ty S bty

hi ghg . €yR%h dtd e $laeeal1iby i®ntains Mg and

despyggﬁggfﬁggﬂayg%%gg%g8?861@66? Ce bg 20ypré§gﬁpé g and e

The p&asene e fr Jenep i ddit th. o2 of o fiei mpvebt hglags smproved heat
forns an increased amount of Ce oxide to result in

i mpatiragds feol afifipiandyarsdwsrs ghgl amguntind @yﬁértPibﬁtused to
is therefore 0.2% The heat resistant allo

f th
pr eskMeT FPENEPBRIRAFOYS hEPReERITTHAP hy dr \Blagnamo‘?nt of fuel
t [ f s i ' b 1 | t ; . e
1@;2!gég#gpu%630§g1gglgﬁegs B%?n?%ﬂ%%é ha ﬁs i89- therefore

arned are y machi ni ng and
t her gaf{&nasseihhedidsitrgprachydiegen peeduabienthat at least

apparatus by welding. FIG 1 shows an exanpl e of

r ef ¥ NO0Tg bAbe Re presabt ed Hbdever, over 0.05% of Mg, if present,
entails a lower creep rupture strength. The upper limit should
accordingly be 0.05%. The preferred Mg content is 0.001 to

15 0.015%.
Ce: 0.001-0.2%

Since Ce forms a solid solution with the matrix,
contributing to an improvement in high-temperature oxidation
resistance, it is desirable that at least 0.001% of Ce be

20 present. The presence of more than 0.2% of Ce nevertheless
forms an increased amount of Ce oxide to result in impaired
clarity and a lower quality. The upper limit is therefore
0.2%.

The heat resistant alloy of the present invention can

25 be made into hydrogen production reforming tubes by
centrifugal casting. The cast tubes obtained are finished by
machining and thereafter assembled into a hydrogen production
apparatus by welding.

FIG. 1 shows an example of reforming tube 2 assembled



into a reformng furnace 1 of the hydrogen production
apparatus. The reformng tube 2 is a tubular assenbly
(conprising tubes having a length of about 5 m and

j oi ned together by welding) whichis, for exanple,
about 100 to about 230 mmin outside 5 dianeter, about
8 to about 20 mmin wall thicknggs and about 10 to

about 13 min |l ength. The tube is filled with a

catal yst 3. The nunber of tubular assenblies of

r ef oy i t : KAl aratus.
bout B0 e A e e " apendint Tt ne e ars

of the HdReeRgPF @Gt iigna pt@iilarThesifblef aronprgsing tubes
tubes are heateg at a reformng reaction tenperature

of abowutnB@0ltogabouf kG000 deyraved jCimgdbupaetikeyd by welding)
provided on the furnace wall. A material gas 6n t he .

f or mpCta fi x fareeBRMP Ry draketbdif lak@ &beRim 430 mm in outside

upplied to the furpace throu n..inj
gres {ﬁ%§§ﬁf’aﬁgﬁP%1g_ %)%gﬁggtggd%&df}éﬁgﬁ gﬁﬁ%%ﬁgiﬁiéﬁg about
to a4 gB‘%MHd%gw ?rﬁfrtl hanqehi | erdd pub0g fhreugbgthentakatalyst
and made 1 nto a hydrogén-rich reforned gas. The

r ef oF redhgasufibOns routibul bt clglenanl iest b etreFoamd ngstubes to be
collected in a manifold. EXAMPLES [Preparation of
Speci merTsieR@1iMbinehes fuehace G rseakoast SAnEC eREMthERA Agthough
the conposition |isted in_Table were prepared b
At nOSPER A BI hiy SR8 OhitOHR by SEHRrO R TRNGearBrE LNt The
1'6E| tJl:en Eﬁ'rnr%gﬁbég%r@‘?&déﬁ]gt aspgfbﬁﬁ{‘nc% Elggét?éfn temperature
centrifuga d”"casti ng. € Specl nen ubes obt ai ned

Ver &5 4 3650 BO0 ot Sidetdi a0BiRigre2@ 0By huslelrs2$ provided on
t hi ckness and 260 mMmmin | ength. Test pieces were cut

out fhemurnheespetl mem mabesiahdasubnethedamn gfce gaixture of
rupture test, thermal conductivity neasurenent

oxi dafdxarasirs pafcetepBsts SNRM 1Sk EPehB® ?‘brnlaa‘?ﬁnghf,ough an

N

15 to a reforming reaction while flowing through the tube and made
into a hydrogen-rich reformed gas. The reformed gas flows cut
through an outlet 6 and is collected in a manifold.
EXAMPLES
[Preparation of Specimens]

20 Molten steels to be cast and each having the composition
listed in Table 1 were prepared by atmospheric melting in a
high-frequency induction melting furnace and made into
specimen tubes by centrifugal mold casting. The specimen
tubes obtained were 137 mm in outside diameter, 20 mm in wall

25 thickness and 260 mm in length. Test pieces were cut out from
the specimen tubes and subjected to a creep rupture test,
thermal conductivity measurement and oxidation resistance
test. With reference to Table 1, No. 1 to No. 18 are examples

of the invention and No. 101 to No. 111 are comparative



exanpl es. The atomc %ratios listed in Table 1 and

defined by the relational expression (Ti + No + Zr)

/| C were cal culated using the atomc weights of: C =

12, No =93, Ti =48 and Zr = 91. 5 [Creep Rupture

Test] Conducted according to JIS-Z2272. Each of the

test pieces (6 Mmin parall el rtion dianeter and 30

nmmin gauge |ength) prepared fromthe respective

speci men tubes was heated at 1050 degrees C and
subjegigth 40 a creep rupture test at a 10 tensile

stress of 24.5 MPa to neasure the period of tinme (hr)

resul ting T2 atoupt wr eatTablle skeshomsrddie 1 estd defined by the
results. [Measurenent of Thernal Cbnductivity] The

t hernelattionticexpiregshas iblasuNedt dir)YG00cdegreksilated using
by t he | aser, flash nethod Table 1 shows the results

eHeAENtE40t T = 82/ Yl = BN Tt =t 88 (3nd Ar = 91.

n:- 0,000 Uro 0+CA 0 r0 CD
%ob‘” %ﬁgg&gog%(?%oooooooooooooﬁ 0
dC 00 @Rd@cRe8 BcEOr8iRY €c01E- Zz@v@ 0 @a&l%ﬁ Qhe test
000GGO0O0O0dOOO0O0D00000O LOUN
CO |pAiM M (W WdhMin el aQA eQr prt\Il@ﬁ)dmneet@rOaﬁdl\BO mm in gauge
MLM - 00r OP-00MLO W COMLO MW.N CV rCNJ O6 t. 7 O
, W lengtigaprepsrehirop Man eaped)ive presimen titbes\yas heated

at 1050 degrees C and subjected to a creep rupture test at a

10 tensile stress of 24.5 MPa to measure the period of time (hr)
resulting in a rupture. Table 1 shows the test results.
[Measurement of Thermal Conductivity]

The thermal conductivity was measured at 1000 degrees
C by the laser flash method. Table 1 shows the results of

15 measurement.
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that the Exanples of the invention No. 1 to No. 18

whi ch are (T’f‘ thﬁbf@%e arlhé Qangjl%gs B LRE ARG o o,

rati o of are in the period of

time & akems i@h -/ £FESA ﬁ'l'&ép‘irlslﬁﬁ_ etdyan . tha Lonpariat tMe atomic %
Exanpl es which are 5 outside this range in the ratio.

Thi srathih edt esi thad +the /d aventonge rExanmblegsearad of time taken
superior in creep rupture strength. FIG 2 is a graph

showf oy & lsa eeps ubpsuDS utaam &he fSmppBREbEe BHANRRIGY which are
FIG 2 reveal s that at 0.

G 19 o s RO o rer dice 10" NB) 411 5gaPH, Chet ©he
| nventdg @{aﬁ%l%‘g are?s \ggcf\?or%vgy% Q%@vtt%'r@ Mﬂrength

are grea e con tivity than No. 1t

11 whigh 21(1%8 angtagRNsbw ). theThiesull BEi @ﬂt'Eab]td‘la.t atshplotted
presence of My is effective for giving inproved

t her tind rexond UG t3 . rdbeA o egtatpidcel ¢A9E nfn 3@ 18ndmP 29 are
10 mm) was cut out from the specinmen tube of

| nvepkioirExAPPNESNo. 3, and the structure of the

I%Et al as %Sf:th re erggceg\{: T.:-;ltglfj gaPIpt II%%Jention Examples No.

12 to No. 18 which contain Mg are greater in thermal
conductivity than No. 1 to No. 11 which does not contain Mg.
This indicates that the presence of Mg is effective for giving
improved thermal conductivity.

15 A test piece (10 mm X 10 mm X 10 mm} was cut out from
the specimen tube of Invention Example No. 3, and the
structure of the metal as cast was observed under an optical
microscope. FIG. 3 shows a photomicrograph (X400} of the
metal structure. With reference to FIG. 3, C combines with

20 Cr, causing a Cr carbide, i.e., Cr:C;, to crystallize out, and
also combines with Ti and Nb, causing a Ti-Nb carbide (appearing
dark) to crystallize out. These primary carbides appear at
grain boundaries.

Next, a test piece (6 mm in parallel portion diameter

25 and 30 mm in gauge length) for creep test was prepared from
Invention Example No. 3, then heated at 1050 degrees C,
subjected to a tensile stress of 24.5 MPa for 100 hours and
thereafter checked for its metal structure under an optical

microscope and also a transmission electron microscope {TEM) .



m croscope. FIG 3 shows a photom crograph (X400) of

the nmetal structure. Wth reference to FIG 3, C

conmbines with 20 Cr, causing a Cr carbide, i.e.,

Cr-7C3, to crystallize out, and also conbines with Ti

and Nb, causing a Ti-Nb carbide (appearing dark) to
crystallize out. These primry rbi des appear at

grai n boundaries. Next, a test ﬁiece (6 mMmin parallel
portion dianmeter 25 and 30 nmin gauge | ength) for

cre egt pr epar.ed. f.r ] I

Chen bated B =10 Wegr doorpr OMLEEb LI TRE, BRrppgure at

stregs famédnmaghaitetidfOahonrs, d)d arkhenesfterto 7 are TEM
checked for its nmetal structure under an opti cal

m crdscogeaphd al sO a threansmitssiconrel ectalmn m eroscdpéferent
(TEM. 16 FIG 4 shows an optical photom crograph of

t he mgnidtigréians -t he sanme magnification as FIG 3,

d FIGS. to,7 EM hot f_th { t ,
Poken at 1Pt ofert RgnH oA T IS A LT A grain
nan)f)o%rd%rqgs M&?E_’@ r@ggHg% Qfééﬁiwgﬁré&%n%@carbide

represent a precipitate of secondary carbide Cr23

The gggandarye Galdeinda rhasa fdt &f haetaf ef fstt emyt benengthening
the grain boundaries to retard the devel opnent of

cr adle. gEkGn Boisdar TEM photdprabiheakeredppment of cracks.

magni fi cation of 10 X45000 and show ng pr eci pitates P
of a secoRddry® dar B dBM phetogragmigseiaty ariagpigrcation o

1637 Dk 980080 A RLLPod LOSRLOBUEE Y, MiShAtali ke, s .,

0 créep defornatl o precipitate

the drordn, ofar@y rechangre dayivg,a sdicagonalid i Nehedfproduced by
about 1 pmin length, and was identified with
r ef erieieeatdohhdus esuktreep Saforfrlardoes cefite Xmgls precipitate
spectroscopy shown in FIG 8. FIG 6 is a TEM

photiggiaprhe deam af a sesgarpileabaeindr dj@goRR!l dige of about
ShOV{i 2%1 qu_e-ll’-lig-tll'\ll?-acnrd %gg qid%%t?.l%(;.eéuipchl i‘gi.gesfenFCItho the result
15 of fluorescent X-ray spectroscopy shown in FIG. 8.
FIG. 6 is a TEM photograph taken at a magnification of
X 90000 and showing the Ti-Nb-Cr carbide and slip lines. FIG.
7 is a TEM photograph taken at a magnification of X450000 and
revealing the Ti-Nb-Cr carbide only as enlarged. The TI-Nb-Cr
20 carbide is in the form of a rectangle with a diagenal of about
20 nm in length and was identified with reference to the result
of fluorescent X-ray spectroscopy shown in FIG. 9.
FIG. 6 shows that the slip line is prevented from
developing by many blocks of Ti-Nb-Cr carbide precipitate,
25 revealing the suppression of intragranular gliding. As the
amount of Ti-Nb-Cr carbide precipitate increases, the
intragranular gliding retarding effect becomes dJreater,
lengthening the time taken for the occurrence of a creep

rupture.



7 is a TEM phot ograph taken at a magnification of

X450000 and revealing the Ti-Nb-Cr carbide only as

enl arged. The TI-Nb-Cr 20 carbide is in the formof a
rectangle with a diagonal of about 20 nmin |length

and was identified with reference to the result of
fluorescent X-ray spectroscopy ghown in FIG 9. FIG 6
shows that the slip line is prevented from devel opi ng

by many bl ocks of Ti-Nb-Cr carbide precipitate, 25

reveal i ng (1@ haWRBLES St oL ;i ks 29p afwl>ar1 @0 o Asn) were
the anmount of Ti-Nbo-Cr carbide precipitate increases,

t he cuntoi:@gr asmltave ghédimen r eudedi of) Eekipteshecotesio. 5, No.
greater, lengthening the tinme taken for the

occutZenoe bPla Ner-e@p2. it P8, and Nofui @ herthemeheakad at 1000
pi eces (10 mm X 10 pmm re cut

X 10 we out fr th
speﬁ%ﬁ%ﬁe@sﬂﬁmr&a@ therqgftay cﬁsgf«eg%oﬁhe metal

01, 3 d . e ontai
egrseggs{mé% or %‘ae%%u?@ﬁang%t'h%%glgf%g? ﬁ@ﬂg‘gﬁg"?g?%g rain
met 3l rstikeehyl eSahdey o TEML-NY: chrdideNoredib WeitR, while

found to contain a considerable amount of Ti-Nb-Cr
car bigle [r eciopithathed wWhitteo-MNo-Cr5 cembadmedorecipitate in a
Ti-No-Zr-Cr carbide precipitate in a considerable

amouFRNS iqgniahdie, appEnt estiogyegess Bhe Nestipiecss fb.No. 101 to
104 r imnished i.n.the Ti-Nb-Cr carbide. . o

pr eci Pi t%gt(ze?"’e’i% R TR B ERA ST g’fEFh%aﬁ]?%%beregépltate'
1621 bl gg %SNbQFPtdafr'b%_Qie, by d YORBSEEDE L XBY de was identified
spectroscopy. [ Oxidation Resistance Test] No. 13 and

No. Hp i@ dseshedxForyoxpeatioscdmsi stance. Three

test pieces (8 mMmmin dianeter and 30 mmin | ength)

wer el OxBladutoroResfistaneache®f] t he t est speci nens, then

hel d at 1000 degrees C in a heating furnace en-a

at nospher 8 -f b7 ABONOhok & TEhESS v i oap 4 OHT Fasistance.
furr%g%%e E%g%t$f%¥%§I}Baﬁmafﬂ(aiameter and 30 mm in length) were

15 cut out from each of the test specimens, then held at 1000

degrees C in a heating furnace (open-air atmosphere) for 100
hours, then withdrawn from the furnace, treated with an acid
solution for descaling the surfaces and checked for the
variation in the weight of the test piece due to descaling to
20 calculate the oxidation loss and the oxidation loss per hour.
The average value of the three test pieces was 0.030
(mg/cm?h) for No. 13, or 0.025 (mg/cm’h) for No. 15. No. 15
containing Ce was lesser in oxidation loss than No. 13 which
is free from Ce. This reveals that the presence of Ce is
25 effective for giving improved oxidation resistance.
ADVANTAGES OF THE INVENTION
When used for operation at 8C0 to 1000 degrees C, the
hydrogen production reforming tubes made from the heat

resistant alloy of the invention precipitates fine Ti-Nb-Cr




solution for descaling the surfaces and checked for

the wvariation in the weight of the test piece due to
descaling to 20 cal cul ate the oxidation | oss and the

oxi dation | oss per hour. The average val ue of the

three test pieces was 0.030 (ng/cneh) for No. 13, or

0.025 (ng/cnzh) for No. 15. No. 45 containing Ce was

| esser in oxidation |loss than No. 13 which is free

fromCe. This reveals that the presence of Ce is 25

ef f el ivead O 9k Vinngz i pF Quedaxi glatdion of 851154 aBeAt 100 nm in
ADVANTAGES OF THE | NVENTI ON When used for operation at

800 pardilfl: deigreees TEe fhee hydbbddengpraductdartributes to an
reform ng tubes made fromthe heat resistant alloy of

t he IMRENISIERN prigcicicest ssPEPAR TECMEWY: 18  car bi de

or Ti-Nb-Zr-Cr_carbide which is up t out, 100.nmin_. .. .
particle dife."oHe FFat® aaprtbi%lglw eggl 3R80ﬁﬂvie8598§ Fghibits
n | Velr [ p : n Th, ;

s STENTETE, PePRET (CERHER LMD ter g 1etBbrating
out sipaeh Mid hafomt e@n@ycti vity when incorporating a

speci fied amount of Mjy. | NDUSTRI AL APPLI CABI LI TY When

t he TRRUISTRISIIS tPRRLI&PBORIBY the invention is used at

a tenperature of at |east 800 degrees C, a fine _ : g
Ti-Nb- O WgrchPBi A brrepisigngr a5 ok fhithe invention is use
precjipitates which is_up to ahout, .l LN~ par td.Ccl €m: _ypo
D et RTreng o B O ooy doPHkp QP Bl gh g o-ve-c
1@ | o¥Yaiisi ddesefarapsyited agrgi BBISFEA pftQte NWHiQECAs up to
production reform ng tubes for use at about 800
degr&esutC100 ahaiit pk@B0cllegwess E€ffgraing eaahighcrssgedupture
service 15 life to the tube or reducing the wall .

t hi ckerelsstagfca.heThabel 1aw igchhevelare iswitefedshedtaterial for

o1 GARIEN e TIe. Bresence, of M o AT Ul LA D 0abone 5o
degrees C to about 1000 degrees C, giving an increased service
15 1life to the tube or reducing the wall thickness of the tube
to achieve an improved heat efficiency. The presence of Mg
affords outstanding thermal conductivity to attain an improved

heat efficiency.



heat efficiency. 19 CLAIM5S 1. A heat resistant alloy
conprising, in %by weight, over 0.6%to not nore
than 0.9%of C, up to 2.5%of Si, upto 5 3.0% of M,
20 to 28%of C, 8 to 55%of N, 0.01 to 0.8%of Ti
and 0.05 to 1.5% of Nb, the bal ance being Fe and
inevitable inpurities, the value of (Ti + Nb)/C being
0.12 to 0.29 in atomc %ratio. 10 2. The heat
resistant alloy according to claim1l which further
contains up to 0.5%of Zr, theaaldae of (Ti + Nb + Zr)
/C being 0.12 to 0.29 in atomc %ratio. 3. The heat
resistant alloy according to claiml1l or 2 15 which
further contains at |east one el enent selected from
the group-chnseat iTrRpisftams £613% @mNVlQ&PQ«J¥?%woPYN6elght'

and up tqo 0.05% of B. 4. The sistant _alLlo
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all oy accordihg to any one o al ns to

contrai Bal Al thol %Q%f%b%h&ﬁaﬁan&@%glafgormm thbeitable
for produci ng hydrogen which is made froma heat

r esiistranti tdlelsey thecoathiagof ol Biny+ dfie /67 beliaion® .12 £e 0.29 in

5.
atomic % ratio.

10 2. The heat resistant alloy according to claim 1 which
further contains up to 0.5% of Zr, the value of (Ti + Nb + Zr)/C

being 0.12 to 0.2% in atomic % ratio.

3. The heat resistant alloy according to claim 1 or 2
15 which further contains at least one element selected from the
group consisting of up to 3% of W, up to 3% of Mo and up to

0.05% of B.

4. The heat resistant alloy according to any one of claims

20 1 to 3 which contains 0.001 to 0.05% of Mg.

5. The heat resistant alloy according to any one of claims

1 to 4 which contains 0.001 to 0.2% of Ce.

25 6. The reforming tube for producing hydrogen which is
made from a heat resistant alloy according to any one of claims

1 to 5.



