METAL DUSTI NG RESI STANT STABLE- CARBI DE FORM NG ALLOY
SURFACES Field of Invention [0001] The present
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are probl ens ntered wth using such’steels.
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environnents having relatively | ow (about 10 10 to
about 10 20 atnospheres) oxygen partial pressures.
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[0002] Hydrocarbon conversion processes in which a hydrocarbon or mixture

of hydrocarbons .and steam or a hydrocarbon and one or more of hydrogen,
carbon monoxide and carbon dioxide are well known processes that are
conducted at high temperatures and pressures in apparatus typically made of
steels containing one or more of Ni and Co. Carburization of system metallurgy

and metal dusting, are problems encountered with using such steels.

[0003] In general, metal dusting of steels is experienced at temperatures in
the range of 300°C to 900°C in carbon supersaturated (carbon activity >1)
environments having relatively low (about 10 to about 10%° atmospheres)
oxygen partial pressures. Basically rapid carbon transfer to the steel leads to

"metal dusting", a release of particles of the bulk metal.

[0004] Methodologies available in the literature to control metal dusting
corrosion involve the use of surface coatings and gaseous inhibitors, especially
H,S. Coatings can degrade by inter diffusion of the coating constituents into the
alloy substrate. Thus they tend to be suitable for short term protection but
generally are not advisable for long term protection, especially for twenty or

more years.
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Thus they tend to be suitable for short term
protection but generally are not advisable for |ong
termprotection, especially for twenty or nore
[9@Q5]s . [ GonbpiodnhibdionnusingiHhSt leasstwusinain HRBAPARaEMD One is

i.n di sadvantages. One is that H2S tends to poi Son

na

thatHlSctends (aspeisQn arpst satalystvesadiarhysbacanben conversion
ocesses, ot her j.s.tha S needs to be_renmpved

PP ‘?%"ﬁ?‘?sh §%9$ﬁ?r E&E‘E%félgs %?iﬂaﬁ%ﬁe@%m TR ke CXHATQeess stream
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provi de 1 nprovenments in reducing nmetal dusting

corrosion. [0007] Another object is to provide

materials that are resistant to netal dusting

[@¥}6] 0si An objecp of thsrpresentdnventinreisse provicled ngrobanents in
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I n one aspect, the invention provides a netal dusting
resi stant conposition conprising: (a) an all oy capable
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low oxygen partial pressure environments are present.

Summary of Invention

[0008] In one aspect, the invention provides a metal dusting resistant
composition comprising: (a) an alloy capable of forming a thermodynamically
stable titanium carbide coating on its surfaces when exposed to a carbon
supersaturated environment and, (b) a protective coating on said alloy surface
comprising an outer oxide layer and an inner carbide layer between the alloy

surface and the outer layer.

[0009] In another aspect, the invention includes a method for inhibiting the
metal dusting of metal surfaces exposed to carbon supersaturated environments
comprising constructing said metal of an alloy or coating a metal surface with an
alloy capable of forming a first, thermodynamically stable carbide layer and a
second, oxide layer on said first layer and exposing the alloy to a carbon
supersaturated, low oxygen partial pressure atmosphere at a temperature and for

a time sufficient to form a metal dusting inhibiting coating on the metal surface.



supersaturated environnent and, (b) a protective

coating on said alloy surface conprising an outer
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all oy surface and the outer layer. [0009] In another

aspect, the invention includeg a method for inhibiting

the nmetal dusting of netal surfaces exposed to carbon

supersat urated environments conprising constructing
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first layer and exposing the alloy to a carbon
image of atllib Al4Y alloyvafteryodeirs pa bSO UL ipa eschomesupiensaywiatade
at a _tenperature and for a tinme sufficient to forma
afesphe®Rist i ng i nhi biting coating on the netal
surface. Brief Description of Drawings [0010] Figure 1
is a cross sectional transm ssion electron m croscopic
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image of a V Cu 1 Mo steel after 4 hrs at 6500C in a
agaesherSuper sat ur at ed at nosphere. [0012] Figure 3 is a
cross sectional SEMimage of a netal dusting resistant
all oy of the invention after 24 hrs at 11000C in a

[66121°0 FigRR! §3¢ 4RSS LRl S VIS mage of a metal dusting resistant

alloy of the invention after 24 hrs at 1100°C in a carbon supersaturated

atmosphere.

[0013] Figure 4 is a cross sectional SEM image of an Incoloy 800H alloy

after 160 hrs at 550°C in a carbon supersaturated atmosphere.

[0014] Figure 5 is a cross sectional SEM image of a KHR-45A alloy after 160

hrs at 650°C in a carbon supersaturated atmosphere.

[0015] Figure 6 is a cross sectional SEM image of an Inconel 600 alloy after
90 hrs at 550°C in a carbon supersaturated atmosphere.

Detailed Description of the Invention

[0016] As mentioned above, in many high temperatures (300°C to 900°C)

hydrocarbon processing applications, stainless steel is employed as a structural
component in reactors, heat exchanges piping and the like. When the surface of
these structural members is exposed to a carbon supersaturated environment it
undergoes a carbon-induced corrosion known as metal dusting. One object of

the present invention is to inhibit such metal dusting.



[0013] Figure 4 is a cross sectional SEMinmage of an

I ncol oy 800H alloy after 160 hrs at 5500C in a carbon
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sectional SEM inmage of a KHR-45A alloy after 160 hrs

at 65C0C in a carbon supersatyrated atnosphere. [0015]

Figure 6 is a cross sectional SEM i nmage of an | nconel

600 alloy after 90 hrs at 55Q0C in a carbon

supersat urated at nosphere. Detail ed Description of the

I nvention [0016] As nentioned above, in many high
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metal dusti'ng.- A - [0017] Accordingly, In one aspect
of the invention there is provided a conposition
rising: (a) a netal alloy capable of formng a
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the outer layer. I'n one e Ment o
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supersaturated environment, with an alloy (a) and a protective coating (b).

[0019] A suitable class of alloys, (a), of the invention are those comprising at
least 50 wt% of a metal selected from the group consisting of Fe, Ni, Co, and
mixtures thereof; at least 10 wt% Ti, at least 15 wt% Cr; and, about 0.1 wt% to
about 25 wt% of alloying components. Among suitable alloying components
include Mn, Al, Si, Y, Zr, Hf, V, Nb, Ta, Mo, W, Re, Cu, Sn, Ga, C, O, N and

mixtures thereof. Examples of such alloys are given in Table 1.

Table 1
Alloy Name Wt% of Components
EM-FeCrNiTi Bal Fe-25.1Cr-10.2Ni-10.0Ti-0.1Zr
EM-NiCiTiAl Bal Ni-20.0Cr-10.0Ti-1.5A1
EM-NiCrCoTiAl Bal Ni-15.0Cr-15.0Co0-10.0Ti-5.5A1
EM-NiCrCoTiMoWAl | Bal Ni-18.0Cr:-15.0C0-10.0Ti-3.0Mo-1.5W-2.5Al

Alloys of this class may be used as structural components or as coatings on steel

substrates.



formed fromthe alloy, (a), and is protected by the
coating (b). In a second, enbodi nent structural nunber
wo 200507388l from an iron all oy substrate, such B&I/US2005/002862
stainless steel, which is provided, on a surface to be
exposed to a carbon supersatugated environment, wth
an alloy (a) and a protective coating (b). [0019] A
suitable class of alloys, (a), of the invention are
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(a), are those conprising at least 70 % Ti and from
about 0.1 wt%to about 30 w % of all oyi ng conponents
such as those |listed above. Indeed a particularly

preferred alloy of this clkaBlechnprises at |east 70
w%Ti, 0.1 ww%to 30 %A and fromO0.0 t%to 5 m%

V—Aloysof the second classpreferably are used as
coat ANGY Namet ee| gubstrates r WVit8e of Ezompenentsuct ur al
menber sTidensel ves.| Table 2 Bal Ti-6A1-4V
IMI-550 Bal Ti-4Al-2Sn-4Mo-0.5Si
Ti-811 Bal Ti-8Al-1Mo-1V
IMI-679 Bal Ti-2A1l-11Sn-5Zr-1Mo-0.2Si
Ti-6246 Bal Ti-6AI-2Sn-4Zr-6Mo
Ti-6242 Bal Ti-6Al-2Sn-4Zr-2Mo
Hylite 65 Bal Ti-3A1-6Sn-4Zr-0.5Mo0-0.5Si
IMI-685 Bal Ti-6Al-5Zr-0.5Mo-0.25Si
Ti-5522S Bal Ti-5A1-5Sn-27r-2Mo-0.2Si
Ti-11 Bal Ti-6Al-25n-1.5Zr-1Mo-0.1Si-0.3Bi
Ti-6242S Bal Ti-6Al-2Sn-4Zr-2Mo-0.1Si
Ti-5524S Bal Ti-5A1-55n-2Zr-4Mo-0.1Si
IMI-829 Bal Ti-5.5A1-3.5Sn-3Zr-0.3Mo-1Nb-0.3Si
IMI-834 Bal Ti-5.5A1-45n-47r-0.3Mo-1Nb-0.3Si-0.06C
Ti-1100 vTi-6Al1-2.755n-4Zr-0.4Mo-0.45Si
Beta-21S Bal Ti-15Mo-3A1-2.75Nb-0.25Si

[0021] In instances where a steel substrate is utilized in forming a structural
component the alloys of the invention may be applied to the surface of the
substrate to be exposed to a carburizing atmosphere by techniques such as
thermal spraying, plasma deposition, chemical vapor deposition, sputtering and
the like. In this embodiment the alloy deposition generally should‘ have a
thickness of from about 10 to about 200 microns, and preferably from about 50

to about 100 microns.



[0021] In instances where a steel substrate is

utilized in formng a structural conponent the alloys
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substrate to be exposed to a carburizing atnosphere by

techni ques such as thermal spraying, plasnma

deposition, chem cal vapor deposition, sputtering and

the like. In this enbodinent the alloy deposition
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[0023] A suitable carbon supersaturated atnosphere for
formng the protective coating includes those
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refiorining of methame, enby partidl oxidation efymethane. Optionally, mixtures
of appropriate atmospheres can be prepared such as a 50 CO:50 H, mixture.

Hence, the protective coatings can be formed during or prior to use of the alloys
under reaction conditions in which they are exposed to metal dusting

environments.

[0024] The invention will be illustrated further by the following examples
and comparative examples in which the corrosion kinetics of various alloy |
specimens were investigated by exposing the specimens to a 50CO-50 H, vol%
environment for 160 hrs at test temperatures of 550°C and 650°C respectively.
A Cahn 1000 electrobalance was used to measure the carbon pick up of the
specimen. Carbon pick up is indication of metal dusting corrosion. A cross
section of the surface of the specimen also was examined using a transmission or

scanning electron microscope.

Example 1 and Comparative Examples 1 to 3

[0025] Following the procedure described above, samples of the following
alloys were tested: Inconel 600 (7Fe:77Ni:16Cr (wt%)); KHR-45A



under reaction conditions in which they are exposed to

nmetal dusting environnents. [0024] The invention wll
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conparative exanples in which the corrosion kinetics

of various alloy specinmens were investigated by

exposi ng the specinens to a 58CC>50 H2 vol %

envi ronnent for 160 hrs at test tenperatures of 5500C
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' Accurate weight gain measurement was not obtained because substantial

amounts of carbon fell off the sample during the test.

[0026] Figure 1 is a cross-sectional TEM image of the Ti6Al4V alloy after 66
hrs at 650°C in the 50CO-50H, atmosphere.

[0027] Figure 2 is a cross-sectional SEM image of the 1%4Cr ¥2Mo steel after
4 hrs at 650°C in the 50CO-50H, atmosphere. Metastable Fe;C and carbon

deposit is clearly present.

Example 2 and Comparative Example 4

[0028] Two titanium containing alloys were prepared by arc melting. The
Example 2 alloy contained 55Fe:25Cr:10Ni:10Ti (wt%). The Comparative
Example 4 alloy contained 60Fe:25Cr:10Ni:5Ti (wt%). The arc-melted alloys
were rolled into thin sheets of ~ 1/16 inch thickness. The sheets were annealed
at 1100°C overnight in inert argon atmosphere and furnace-cooled to room
temperature. Rectangular samples of 0.5 inch x 0.25 inch were cut from the

sheets. The sample faces were polished to 600-grit finish and cleaned in



[0027] Figure 2 is a cross-sectional SEMinage of the

I VCr Vi Mbsteel after 4 hrs at 6500C in the 50CO 50H 2
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clearly present. Exanple 2 and Conparative Exanple 4

[0028] Two titanium containing_alloys were prepared by

arc nelting. The Exanple 2 all oy contained

55Fe: 25Cr: 10Ni : 10Ti (W% . The Conparative Exanple 4
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both Ti C and (Cr, Fe)7C3 carbides were precipitated
inside the alloy. The stable Ti C surface |ayer was

(DO, crcdofy wishopalELinedte.on e Tan et rjdlo surfaee after
o§PIRES BhaNB13 GR350 0L KD HER FRANTHL Be very
effectiveid prvididigimetal dudtitigh@siveinge. dusting resi st ance.

Comparative Examples 5 and 6

[0031] Titanium containing commercial alloys (Incoloy 800H and Incoloy
803) were also tested for metal dusting by exposing the specimens to a 50CO-
50H; vol% gaseous environment at 550°C for up to 160 hrs. After metal dusting
exposure, the sample surface was covered with carbon, which always
accompanies metal dusting corrosion. Susceptibility of metal dusting corrosion
was investigated by optical microscopy and cross-sectional SEM examination of
the corrosion surface. The average diameter and numbers of corrosion pits
observed on the surface are used as a measure of metal dusting corrosion. These

results are summarized in Table 4.



Conparative Exanples 5 and 6 [0031] Titanium
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the specinmens to a 50CO 50H2 vol % gaseous environnent

at 5500C for up to 160 hrs. Agter netal dusting

exposure, the sanple surface was covered with carbon

whi ch al ways acconpani es nmetal dusting corrosion.
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and, (b) a protective coating on said alloy surface
conprising an outer oxide |layer and an i nner carbide
wo 29080749888 ween the al |l oy surface and the out erPCEHYS2005/002862
2. The conposition of claim1l wherein the titanium
alloy is deposited on a netalgsubstrate. 3. The
conposition of claim2 wherein the substrate is a
steel. 4. The conposition of claim1 wherein the
arApusum al oy conprises at least 70 w% Ti, 0.1 w %
to 30 w% Al and from0.0 wt%to 5 % V. 5. The
conposition of claim4 wherein the titanium all oy
conprises 70 w% Ti, . 6 W% Al and 4 % V. 6. The
conposi t LenAdhetal dpshinrestian caErpasition pRMPrisAg: um
all oy conprises at least 10 % Ti, at least 15 % Cr
and about 0.1 wt%to about 25 wt % of all oyi ng
component Ta AEEL f hiahdod T .
dusti ng o?a)ma% gféx app;h?%ly u‘%i’ﬁté{/%fg"%%‘??%% Iglgerg‘};%@ssé%bl? § arbide

cOAti 10 Bn HRBFRABE Wiinaskpobad (A 8RIHoh supersaturated environment;
conprising:constracting said netal apparatus of a

andt ani um al l oy or coating the surfaces of the netal
apparatus with a titanium all oy capable of formng a
first thernodynam cally stable carbide | ayer and a

second oxX i(ﬁl)e 4 Syo%ct?\% csoaaitﬁllgf(;r{ &id laﬁ%? rsﬁrfaagéj comprising an outer
oxide layer and an inner carbide layer between the alloy surface and the outer

layer.

2. The composition of claim 1 wherein the titanium alloy is

deposited on a metal substrate.
3. 'The composition of claim 2 wherein the substrate is a steel.

4. The composition of claim 1 wherein the titanium alloy comprises

at least 70 wt% Ti, 0.1 wt% to 30 wt% Al and from 0.0 wt% to 5 wt% V.

5. The composition of claim 4 wherein the titanium alloy comprises
70 wt% Ti, 6 wt% Al and 4 wt% V.

6. The composition of claims 2 and 3 wherein the titanium alloy
comprises at least 10 wt% Ti, at least 15 wt% Cr and about 0.1 wt% to about 25

wt% of alloying components.

7. A method for inhibiting the metal dusting of metal apparatus

having surfaces exposed to carbon supersaturated environments comprising:



exposing the alloy or coating to a carbon

supersaturated, | ow oxygen partial pressure atnosphere
wa@rood/oreaperature and for a tinme sufficient toPE¢DUN085002862

metal dusting inhibiting coating on the netal surface.

8. The method of claim7 whergjn the tenperature is in

the range of about 300C to about 11000C and the tine

is in the range of about 1 to about 200 hours. 9. The

nmet hod of claim8 wherein the netal apparatus is a

steel and is coated with a titaniumalloy conprising

at | east céfistrtinp saidmetaltdppacatddofvh Wrdivanalléy ontéhtihg the
w%to 5 w%V. 10. The nethod of claim8 wherein the
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1 erCLu?#m 8 wherein the netal apparatus is a steel and
ed with a titaniumalloy conprising at |east 10
vvt%Tl, at least 15 wt% Cr and about 0.1 w%to about
25 wt % of al |l oyi ng conponents.
exposing the alloy or coating to a carbon supersaturated, low oxygen

partial pressure atmosphere at a temperature and for a time sufficient to form a

metal dusting inhibiting coating on the metal surface.

8. The method of claim 7 wherein the temperature is in the range of
about 300°C to about 1100°C and the time is in the range of about 1 to about 200

hours.

9. The method of claim 8 wherein the metal apparatus is a steel and
is coated with a titanium alloy comprising at least 70 wt% Ti, 0.1 wt% to 30

wt% Al and from 0.0 wt% to 5 wt% V.

‘ 10. The method of claim 8 wherein the metal apparatus is a
titanium alloy comprising at least 10 wt% Ti, at least 15 wt% Cr and about 0.1

wt% to about 25 wt% of alloying components.

11. The method of claim 8 wherein the metal apparatus is a steel
and is coated with a titanium alloy comprising at least 10 wt% Ti, at least 15

wt% Cr and about 0.1 wt% to about 25 wt% of alloying components.



