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CASTABLE HOT CORROSION RESISTANT
ALLOY

ORIGIN OF THE INVENTION

The invention described herein was made by employ-
ees of the United States Government and may be manu-
factured and used by or for the Government for govern-
mental purposes without the payment of any royalties
thereon or therefor.

STATEMENT OF COPENDENCY

‘This application is a continuation-in-part of copend-
ing application Ser. No. 890,584 which was filed on July
30, 1986.

"TECHNICAL FIELD

This invention is concerned with an improved high
temperature oxidation/hot corrosion resistant alloy that
is castable. The improved alloy is particularly useful in
burner rig nozzles when extended life is required.

No satisfactory alloy is available for preventing hot
corrosion in nozzles. Prior art alloys fail by service
cracking after a few hours use. Nozzles made of these
alloys have to be replaced because of excessive erosion
in the nozzle throat after a few hundred hours use.

A cobalt alloy is used in high temperature oxidation
testing. This alloy also has uses in hot corrosion testing,
but it does not have an adequate lifetime.

Other alloys have been suggested for hot corrosion
protection. However, such alloys have limited life.
Also, many of tHe prior art alloys are cobalt based and
are very expensive.

It is, therefore, an object of the present invention to
provide an improved Fe-base ferritic alloy for achiev-
ing high temperature oxidation/hot corrosion resistance
in burner rig nozzles. ‘

BACKGROUND ART

U.S. Pat. No. 2,063,513 to Lohr discloses a Fe base
ferritic alloy for use in heaters. This alloy contains,
among other things, 0.01%-1.0% Al and 20%-50% Ni.
This alloy has not only a high nickel content but also a
low aluminum content.

DISCLOSURE OF INVENTION

The present invention is concerned with an improved
Fe-base ferritic alloy. The nominal composition of this
alloy is 20% chromium, 5% aluminum, 10% nickel,
0.2% zirconium, 0.1% carbon, 0.4% silicon and the
balance iron.

This composition is normally held to +10% of the
nominal composition. However, the chromium can
vary from 20% to 25%. That this alloy provides high
temperature oxidation/hot corrosion resistance in
burner rig nozzles is evidenced by the fact that some of
the nozzles are still operational at least 1000 hours.

BRIEF DESCRIPTION OF THE DRAWING

_ The objects, advantages, and novel features of the
invention will be more fully apparent from the follow-
ing detaiied description when read in connection with
the accompanying drawings in which

. FIG. 1 is a cycli¢ oxidation curve which shows spe-
cific weight change plotted against time for 1000 cycles
at 0.10 hour per cycle for a total of 100 exposure hours
at 1200° C. in static air of 1.964 mm thick test samples of
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alloys made in accordance with the present invention,
and

FIG. 2 shows two cyclic oxidation curves similiar to
FIG. 1 for two alloys, one containing 0.2 weight per-
cent zirconium and the other containing no zirconium.
which were similiarly tested at 1200° C. at one hour
cycles.

BEST MODE FOR CARRYING OUT THE
INVENTION

The basic material of the present invention is a high
temperature FeCrAl heater alloy. While such an alloy
has a potential for use in burner rigs, it tends to crack in
service and erode excessively.

The castability of this basic alloy is improved consid-
erably by adding 10% by weight nickel. This nickel
addition minimizes the tendency of the base alloy to
crack upon exposure to high temperatures in service.

The cyclic oxidation/corrosion resistance of the alloy
is improved by adding 0.2 w/0 Zr. The chromium and
aluminum contents of the alloys are adjusted to accom-
modate the nickel and zirconium additions.

For optimum results the basic composition is held to
+10% of the aforementioned nominal composition.
More particularly, the composition of the Fe-base alloy
of the invention which has a ferrite microstructure is
about 20 w/0 chromium, about 4.5 w/o to about 5.5
w/0 aluminum, about 9 w/0 to about 11 w/o nickel,
about 0.18 w/o to about 0.22 w/o0 zirconium, about 0.09
w/o to about 0.11 w/0 carbon, about 0.36 w/0 to about
0.44 w/o0 silicon and the remainder being iron. How-
ever, the chromium content may vary from 20 w/o to
25 w/o.

From testing the alloy it is found that the addition of
nickel improves its castability and resistance to thermal
shock. The zirconium addition improves protective
scale adhesion during cyclic exposure.

Referring now to the drawings there is shown in F1G.
1 a cyclic oxidation curve defined by the points 10 for 2
Fe Cr Al ferritic heater type alloy made in accordance
with the present invention and containing about 10 w/0
Ni and about 0.2 w/0 Zr. The curve is nearly parabolic
with no significant weight loss and exhibits a very low
scaling rate. The test samples showed virtually no spall-
ing. The only oxides observed were the protective
Al;O3 and aluminate spinel. This is indicative of the
long time oxidative resistance of this alloy at tempera-
tures below 1200° C.

The same alloy was tested at 1200° C. with one hour
cycles. The cyclic oxidation curve is defined by the
points 12 in FIG. 2.

A similiar alloy was prepared without any zirconium
being added. This alloy was also tested at 1200° C. with
one hour cycles. The resulting cyclic oxidation curve
defined by the points 14 in FIG. 2 shows a drastic linear
weight loss indicating much poorer cyclic oxidation
resistance.

While the preferred composition of the alloy has been
described, it will be appreciated various composition
changes and modifications may be made without de-
parting from the spirit of the inventions or the scope of
the subjoined claims.

We claim:

1. An improved high temperature Fe-base alloy
which has a ferrite microstructure and consists essen-
tially of

about 20 w/o to about 25 w/0 chromium,

about 4.5 w/0 to about 5.5 w/o aluminum,
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about 9 w/o to about 11 w/o nickel,

about 0.18 to about 0.22 w/0 zirconium,

about 0.09 w/o to about 0.11 w/0 carbon,

about 0.36 w/0 to about 0.44 w/o silicon, and the §

2. An alloy as claimed in claim 1 wherein the nickel
content is about 10 weight percent for improved high
temperature castability and crack resistance. 10

3. An alloy as claimed in claim 1 wherein the zirco-
nium content is about 0.2 weight percent for improved
high temperature cyclic oxidation and corrosion resis-
tance. . 15

4. In a Fe-base alloy which has a ferrite microstruc-
ture and contains about 20 w/0 to about 25 w/0 chro-
miuvm and about 4.5 w/0 to about 5.5 w/0 aluminum,
the improvement comprising the addition of

about 9 w/0 to about 11 w/0 nickel to improve casta-

bility and minimize cracking at high temperatures,
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about 0.18 w/0 to about 0.22 w/0 zirconium to im-
prove cyclic oxidation and corrosion resistance at
high temperatures and the remainder being iron.

§. A Fe-base alloy as claimed in claim 4 including
about 10 w/0 nickel and about 0.2 w/0 zirconium. and
the remainder being iron.

6. A FeCrAl alloy as claimed in claim 4 having a
nominal composition of about 20 w/0 chromium, about
5 w/o0 aluminum, about 10 w/0 nickel, about 0.2 w/0
zirconium, and the remainder being iron.

7. A FeCrAl alloy as claimed in claim 4 inciuding
about 0.1 w/0 carbon and about 0.4 w/0 silicon, and the
remainder being iron.

8. In a method of improving the high temperature
characteristics of a FeCrAl alloy which has a ferrite
microstructure, the improvement comprising

adding about 10 w/o nickel to said alloy thereby

improving the high temperature castability and
service crack resistance, and

adding about 0.2 w/0 zirconium to improve high

temperature cyclic oxidation and corrosion resis-
tance.
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