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Micro-Alloyed Heat-Resistant Alloy 
Reduces Costs, Not Performance 
Jason Wilson and Zach Schulx - Rolled Alloys; Temperance, Mich. 

Tough times call for tough decisions. Tight budgets are still common as the economy 
slowly recovers. I n  order to stretch budgets further, it has not been too unusual 
for questions to arise about using stainless steels or even mild steels in  place of 
nickel-based alloys for furnace and heat-treat components. 

n most cases, it is accepted that low- 
ering the alloy cost will also lower 
the performance of the material. 
This does not always have to be 

true. There are some opportunities to con- 
sider leaner alloys and lower costs while 
improving performance. Micro-alloyed 
grades like RA 253 MA@ (UNS S30815) 
have been around since the 1980s but are 
still unfamiliar to many in the furnace 
and heat-treat industries. 

In 1992, Hamer and McConnell pub- 
lished an article in this same magazine 
discussing the benefits of micro-alloyed 
materials.[l] Some things have changed 
since then, including the prices of com- 
modities such as nickel. Figure 1 shows the 
fluctuation in nickel prices over the past 
25 years. In 1992, nickel was less than $4 
per pound, but the average for nickel over 
this decade has exceeded $7 per pound. 
While the technical advantages of micro- 
alloys are still the same, their cost advan- 

volves the tightly controlled addition of 
small amounts of alloying elements to 
a steel or stainless to provide enhanced 
properties at minimal cost. 

In high-strength, low-alloy (HSLA) 
steels, the term refers to additions of va- 
nadium, titanium and niobium. In the 
case of heat-resistant stainless steels and 
nickel alloys, it refers to the addition of 

rare-earth metals (REM) such as cerium, 
yttrium or lanthanum. These additions 
work in conjunction with other stable, 
high-temperature oxide formers to pro- 
vide oxidation resistance at elevated tem- 
peratures and extend the useful operating 
range of these alloys. RA 253 MA utilizes 
cerium additions to enhance its oxidation 
resistance. Other heat-resistant alloys 
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tages are now even more significant. 1 

What is Micro-Alloying? 
Micro-alloying, as the name implies, in- Fig. 1. Average nickel prices from 1985 to present (Source:London Metalkchange) 
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such as Haynes 230@, RA 602 CA@ and 
Haynes 214@ also utilize rare-earth ele- 
ments for similar reasons. 

Micro-Alloying of RA 253 MA 
Development work was started on RA 253 
MA alloy in the 1970s at the Avesta Stain- 
less (now known as Outokumpu Stainless) 
research center in Sweden. The aim at the 
time was to develop a heat-resistant stain- 
less steel with at least the properties of 310 
stainless (UNS S31008) but with lower 
alloy content. The chemistries of RA 253 
MA and 310 stainless are compared in 
Table 1 along with that of 304, RA330a 
and alloy 600. 

RA 253 MA is very lean in comparison 
to other heat-resistant alloys. As a result, 

it can provide significant cost relief as a 
replacement to nickel-based alloys. 

RA 253 MA, like 310 stainless, is an 
austenitic stainless steel. Micro-alloying 
with cerium in conjunction with both 
nitrogen and high silicon provides a lean 
heat-resistant alloy with dramatically im- 
proved oxidation resistance and high-tem- 
perature creep strength. RA 253 MA, like 
310, can be operated in air up to 2000°F. 
A comparison to the maximum operating 
temperatures of other alloys is shown in 
Figure 2. 

The nitrogen addition in conjunction 
with cerium and carbon provides the 
high creep-rupture strength of RA 253 
MA. Table 2 shows the minimum creep 
strengths for several heat-resistant alloys. 

~ d a  UNS # )on Nil 

RA 253 MA S30815 11 21 1.7 0.08 0.17 0.04 Ce 

304 SS S30400 8.3 18.3 0.3 0.02 I 1.2 M n  

310 SS S31008 20 25 0.5 0.05 1.6 M n  

RA330 NO8330 10 0.05 , 1.5 M n  

Alloy 600 NO6600 0.04 
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Fig.2. Maximum suggested temperature of operation in air 

Table 2. Average stress for 0.0001% per hour minimum creep I , 
Grade 

I Alloy 600 1 - I 

RA 253 MA provides strength advantages 
over even alloy 600. 

Even though RA 253 MA is stronger 
and comparable in oxidation resistance to 
higher-nickel alloys (up to 2000°F), there 
are some situations where the lower nickel 
content will have drawbacks. Nickel is 
important for resisting embrittlement in 
nitriding, carburizing and carbonitriding 
service. Nickel decreases the solubility of 
carbon and nitrogen in the alloy, and, as 
a result, high-nickel alloys maintain thei~ 
ductility in these services for much longer 
periods of time than RA 253 MA. 

The other area is thermal stability. 
Long-term exposure to temperatures in 
the 1200-1600°F range can lead to sigma- 
phase formation. The presence of sigma 
phase can reduce the room-temperature 
ductility of an alloy. As a result, straight- 
ening and repair welding can be more diffi- 
cult in alloys with significant sigma phase. 
Both 310 and RA 253 MA will form sigma 
phase, whereas RA330 and allov 600 with 

Fig. 3. On top,an RA 253 MA dip tube after 
six years in sewice at 160O0F.On bottom, 
distortion in a dip tube that was typical for 
31 0 stainless after two to three years of 
service. Dip tubes are 8.5 feet in diameter 
and 23 feet long and hang vertically. 
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their high nickel and lower chromium contents will not. Solu- 
tion annealing at 2050°F (when practical) can dissolve the sigma 
phase and restore room-temperature ductility in RA 253 MA. 

Case History # 1 : Coal-Fired Power Plants 
RA 253 MA has been used in the heat-treat and furnace indus- 
tries, but its most significant use has been in coal-fired power 
plants to replace 309 and 310 stainless. Here, it has proven its 
ability to withstand distortion better than other stainless steels. It 
has been commonly used for pulverized-coal injection nozzles in 
typical supercritical boilers as well as for cyclones in fluidized-bed 
boiler systems. 

Case History #2: Isothermal Annealing of Forgings 
A Midwestern commercial heat-treat shop has been using corru- 
gated boxes manufactured from 11-gauge (0.120-inch) RA 253 MA 
sheet (Fig. 4). Two different-sized boxes are used. The operation is 
an "isothermal anneal" of various carbon-steel forgings. The typi- 
cal annealing temperature for most of the forgings is 1750°F with 
a maximum temperature of 1800°F. This is followed by fan cool to 
1185°F and then a still-air cool. Loads are up to 900 pounds. 

Distortion is a problem because the boxes are a rather close fit in 
the furnace. As the sides bow out, they scrape away at the furnace 
insulation, which must be replaced. RA330 holds its shape fairly 
well until it cracks, which is an acceptable failure mode. Alloy 309 
distorts very badly, which is not too surprising considering it has 
about half the creep strength of RA330. RA 253 MA has been the 
material of choice for the past four years based on its lower initial 
cost than RA330 and its equal or better resistance to distortion. 

Another captive heat-treat shop is also using corrugated RA 
253 MA boxes of much larger dimension (Fig. 5). Also made from 
11-gauge sheet, these boxes are 72 inches square. The bottoms of 
the boxes also utilize RA 253 MA round bar, 518 inch in diam- 
eter. This isothermal anneal is performed at 1600°F followed by 
controlled cooling to 1250°F. 

Case History #3: Steel Wire Annealing 
RA 253 MA pipe is being used at one wire manufacturer for the 
heat treatment of steel wire between 1650 and 1800°F. Twenty- 

foot-long annealing tubes made from 1-inch, schedule-40 pipe are 
used in the furnace. A nitrogen atmosphere fills the tubes. RA 253 
MA has been the material of choice for over 10 years after testing 
side by side with nickel alloys such as RA330, alloy 601, Haynes 
230@ and alloy 600. The life of RA 253 MA is similar to alloy 601 
at about 40% of its cost. 

Fig.4. RA 253 MA corrugated boxes shown cooling down upon exit- 
ing an isothermal annealing operation at 1 750°F. 

Fig. 5. Close up of corrugated box and fabricated bottom grid, both 
made from RA 253 MA for an isothermal annealing process at 1600°F. 
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Fig.6. RA 253 MA bar-frame basket manufactured from M-inch-diameter round bar 

Case History #4: 
Bar-Frame Baskets for Heat Reat- 
ment of Castings 
A commercial heat-treat shop in the south- 
ern U.S. is now using shallow baskets made 
from W-inch diameter EL4 253 MA round 
bar. The basket is fabricated using pressure 
welding. The heat treatment of castings in 
this shop involves heating to 1800°F fol- 
lowed by a water quench. Prior to RA 253 
MA being used, the baskets were made 
of EL4330 alloy. RA 253 MA and RA330 
both typically last roughly 350 cycles be- 
fore replacement. During use, both EL4 
253 MA and RA330 require straightening. 
The average load on the baskets is 2,500 
pounds, and the heat-treatment cycle lasts 
between four and eight hours. 

Case History #5: Pier Caps for 
Titanium Billet Heat Treatment 
Pier caps fabricated from 318-inch-thick 
RA 253 MA plate replaced W-inch-thick 
type 304 stainless pier caps at this U.S. ti- 
tanium company. Operating temperatures 
were typically 1750°F with occasional 
excursions to 1900°F. The atmosphere in 
this car-bottom furnace was gas-fired and 
oxidizing. Cycles varied in length from two 
to eight hours. The type 304 stainless caps 

lasted about three months until oxidation 
and distortion necessitated their replace- 
ment. Type 304 stainless is not suggested 
for use at temperatures above 1600°F. The 
lead photo of the RA 253 MA pier caps 
was taken after eight months, and expec- 
tations were for total life for the piers to be 
in excess of two years. At the time of the 
photos, the RA 253 MA had already paid 
back its higher initial cost. IH 
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253 M A  is a trademark o f  Outokumpu Stain- 
less. RA330 is a registered trademarkof Rolled 
Alloys, Haynes, 230 and 214 are registered 
trademarks o f  Haynes International. 

For more information: Contact Jason Wil- 
son, technical marketing manager, Rolled 
Alloys, 125 West Sterns Rd., Temperance, MI; 
tel: 800-928-9482; fax: 734-847-3915; e-mail: 
jwilson@rolledalloys.com; web: www.rolled- 
alloys.com 
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