* More Oxidation and Creep Resistant
Upgrade for Type 409

AK Steel * Effective Substitute for 18 Cr-Cb
and Type 439 in Some Applications

* Excellent Forming and Welding Characteristics

Applications Potential
AK Steel 11 Cr-Cb Stainless Steel provides oxidation resistance superior to Type
409 and comparable to AK Steel 18 Cr-Cb and Type 439 stainless steels. This
makes 11 Cr-Cb a cost-effective material for automotive exhaust tubing and other
high-temperature applications. Corrosion resistance of this material is essentially
the same as Type 409.

With the superior oxidation resistance and equivalent corrosion resistance to
Type 409, this alloy appears to be a natural material for upgrading from Type 409

in hotter exhaust applications such as pipes and converter shells.

11 Cr-Cb-B-11-01-99



AK STEEL 11 Cr-Ch STAINLESS STEEL
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The information and data in this product data bulletin are accurate to
the best of our knowledge and belief, but are intended for general
information only. Applications suggested for the materials are
described only to help readers make their own evaluations and
decisions, and are neither guarantees nor to be construed as express
or implied warranties of suitability for these or other applications.

Data referring to mechanical properties and chemical analyses are
the result of tests performed on specimens obtained from specific
locations of the products in accordance with prescribed sampling
procedures; any warranty thereof is limited to the values obtained

at such locations and by such procedures. There is no warranty with
respect to values of the materials at other locations.

AK Steel and the AK Steel logo are registered trademarks of
AK Steel Corporation. 11 Cr-Cb and 18 Cr-Cb are trademarks of
AK Steel Corporation.




PRODUCT DESCRIPTION

AK Steel 11 Cr-Cb is a patented AK Steel ferritic stain-
less steel that has increased silicon levels and is dual
stabilized with titanium and columbium. Designed for
use in automotive exhaust tubing and other high-tem-
perature applications, this is a more cost-effective
alternative for many applications now using AK Steel
18 Cr-Cb and Type 439 stainless steels. This alloy also
should be considered for applications in which Type 409
provides only marginal strength and oxidation resis-
tance.

In addition to its high-temperature performance, AK Steel
11 Cr-Cb Stainless Steel provides good forming and
welding characteristics. By nature of its lower chromium
content, it has less wet-corrosion resistance than the
higher chromium stainless steels (17 to 18%). However,
from the standpoint of creep and oxidation resistance,
it is nearly equivalent to these more costly high chro-
mium stainless steel alternatives. Prospects for most
automotive and truck hot-exhaust applications are
excellent.

Typical Composition
%

Carbon 0.010
Manganese 0.25
Silicon 1.30
Chromium 11.35
Nickel 0.20
Titanium 0.20
Nitrogen 0.015
Columbium 0.35

Iron Balance

Availahle Forms

AK Steel produces 11 Cr-Cb Stainless Steel in coils and cut
lengths in thicknesses from 0.030" to 0.100" (0.762 to 2.54
mm) and widths up to and including 48" (1219 mm).
For other thicknesses, inquire.

Metric Practice

Values shown in this bulletin were established in U.S. cus-
tomary units. The metric equivalents of U.S. customary units
shown may be approximate. Conversion to the metric sys-
tem, known as the International System of Units (SI), has
been accomplished in accordance with ASTM E380.

The newton (N) has been adopted by the Sl as the metric
standard unit of force. The term for force per unit of area
(stress) is the newton per square meter (N/m?). Since this
can be a large number, the prefix mega is used to indicate
1,000,000 units and the term meganewton per square meter
(MN/m?) is used. The unit (N/m?) has been designated a
pascal (Pa). The relationship between the U.S. and the SI
units for stress is: 1000 pounds/in? = 1 kip/in? = 6.8948
meganewtons/m? (MN/m?) = 6.8948 megapascals (MPa).



Mechanical Properties

Table 1
Typical Room Temperature Mechanical Properties - Approx. .040" (1.02 mm) Thickness
UTS 0.2% YS Elongation Hardness ASTM
ksi (MPa) ksi (MPa) % in 2" Rockwell B Grain Size
73-78 (503-538)  50-54 (345 - 372) 29-33 79-82 5-6

High Temperature Fatigue Strength

Fatigue strength of AK Steel 11 Cr-Cb Stainless Steel is significantly greater than that of Type 409 and
is essentially equal to that of AK Steel 18 Cr-Cb Stainless Steel at 1500°F (816°C). This provides an
attractive alternative for applications involving high temperatures and cyclic loading.

Table 2
Properties Acceptable For Material Specification
Elongation
uTsS 0.2%YS % in 2"
ksi (MPa) ksi (MPa) (50.8 mm)
68 (469) min. 47 (324) min. 25.0 min.

Elevated Temperature Properties

Table 3

Elevated-Temperature Fatigue Strength*

Strength to Surpass 107 Cycles, ksi (MPa)
1300°F (704°C) 1500°F (816°C)

1.5 (10)

Alloy
ALUMINIZED STEEL Type 1 3.1 (22)

Type 409 6.6 (45) 1.0 ( 7)
AK Steel 18Cr-Cb 7.5 (52) 3.0 (21)
AKSteel 11Cr-Cb 6.5 (44) 3.0 (21)
Type 439 4.0 (28) 1.4 (9)

*Tension/Tension R=1

The synergy of chemistry and processing improves the high-temperature strength of AK Steel
11 Cr-Cb Stainless Steel. These improved properties are shown in Table 4 and Figure 1.

Table 4

Typical Elevated-Temperature Strength Properties
Temperature UTS 0.2% YS Elongation

Alloy °F (°C) ksi (MPa) ksi (MPa) % in 2" (50.8 mm)

AK Steel 11 Cr-Cb 700 (371) 59.2 (408) 33.9 (234) 25
1100 (593) 50.4 (348) 25.5 (175) 16
1500 (816) 5.9 ( 41) 3.8 ( 26) 140

AK Steel 18 Cr-Cb 700 (371) 60.5 (418) 33.5 (232) 25
1100 (593) 58.0 (400) 25.5 (176) 16
1500 (816) 7.9 ( 54) 6.0 ( 41) 70

Type 409 700 (371) 47.3 (326) 22.0 (152) 28
1100 (593) 33.4 (231) 17.2 (118) 21
1500 (816) 4.2 ( 29) 2.3 ( 16) 140



Figure 1
Ferritic Stainless Stress Rupture Properties
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Figure 2

Elevated Temperature Thermal Expansion
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TEST TEMPERATURE - C

Tahle 5

Young's Modulus Versus Temperature

Young's Modulus Versus Temperature, psi x 10° (MPa x 10%)

Temperature Stainless Grade

°F (°C) Type 409 11 Cr-Cb Type 439 18 Cr-Cb

70 ( 21) 29.9 (206) 30.4 (210) 28.4 (196) 29.8 (206)
200 ( 93) 28.1 (194) 29.7 (205) 27.4 (189) 29.2 (201)
400 (204) 27.5 (190) 28.8 (199) 26.6 (183) 27.9 (192)
600 (316) 26.5 (169) 27.6 (190) 26.2 (180) 26.7 (184)
800 (427) 25.4 (175) 26.0 (179) 24.5 (169) 25.1 (173)
1000 (538) 23.8 (165) 24.8 (161) 22.3 (154) 23.3 (161)
1200 (649) 22.3 (154) 22.2 (153) 20.1 (139) 19.7 (123)
1400 (760) 16.6 (114) 17.8 (123) 16.7 (115) 17.1 (118)

1600 (871) - 14.9 (103) - -



Table 6

Physical Properties

Temperature Specific Heat Thermal Diffusivity Thermal Conductivity
°F (°C) Wes/geK cm?/sec W/cmeK (BTU ®in/hr/ft?/°F
23 ( 73) 451 .0500 172 (118.9)
100 ( 212) 493 .0546 .205 (142.0)
200 ( 392) .528 .0550 221 (153.2)
300 ( 572) .560 .0537 .229 (158.6)
400 ( 752) .602 .0507 232 (161.0)
500 ( 932) .685 0474 247 (171.2)
600 (1112) .801 .0422 .257 (178.3)
700 (1292) .990 .0321 242 (167.6)

Oxidation Resistance

The balanced chemistry and addition of silicon to AK Steel 11 Cr-Cb Stainless Steel provides a signifi-
cant improvement in oxidation resistance compared to Type 409. Oxidation performance in cyclic
service at 1650°F (899°C) of AK Steel 11 Cr-Cb Stainless Steel is very similar to that of Type 439 and
AK Steel 18 Cr-Cb alloys.

Table 7
1650°F Cyclic Oxidation
Upper Cyclic

Alloy Weight Gain, mg/in?* Temperature Limit
AK Steel 11 Cr-Cb 4.9 1650°F (899°C)
Type 409 555 1500°F (816°C)
Type 439 6.0 1650°F (899°C)
AK Steel 18 Cr-Cb 3.4 1650°F (899°C)

*325 cycles at 25 minutes heat/5 minutes cool.



Figure 3
Hot Salt Corrosion
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Formabhility

AK Steel 11 Cr-Cb Stainless Steel has good fabricating char-
acteristics and can be easily cut, blanked and formed. Brake
pressing and roll forming normally used on carbon steel
can be used on this alloy.

Forming practice indicates that sheet 0.050" (1.27 mm)
to 0.100" (2.54 mm) requires a minimum bend radius
equal to the metal thickness, 1T.

Caution: Cold weather impact loads should be avoided
with heavy gauge material, particularly with welds, be-
cause the ductile-to-brittle transition temperature (DBBT)
could fall close to ambient temperature.

Weldabhility

The ferritic class of stainless steels is generally consid-
ered to be weldable by the common fusion and resis-
tance techniques. Special consideration is required to
avoid brittle weld fractures during fabrication by minimiz-

Test Procedure:
Sheet sample with 90° bend and
0.2" (5.08 mm) Olsen cup dome

Hot Cycle:

Dip 5 minutes, in 5% NaCl and
then expose 1200°F (649°C) for
90 minutes.

Water quench one minute.
Repeat 4 times/day.

Humidity (85% RH/140°F)
18 hours/day.

Figure 3 shows the effect of residual salt
reacting with exhaust components at
elevated temperatures.

ing discontinuities, maintaining low weld heat input, and
occasionally warming the part somewhat before form-
ing. This particular alloy is generally considered to have
diminished weldability compared to the most common
alloy of this stainless class, Type 409. A major difference
is the compositional effects of the high Si and Cb which
tend to reduce weld formability. When a weld filler is
needed, W18Cb is suggested for elevated temperature
service, and, for ambient service, AWS E/ER 309L is most
often specified. Type 409 is well known in reference
literature and more information can be obtained in the
following ways:

1. ANSI/AWS Ab5.9, A5.22, and A 5.4 (filler metals,
minimum UTS and elongation.

2. "Welding of Stainless Steels and other Joining
Methods,” SSINA, (800:982-0355).

3. “Welding Stainless Steels,” FDB #SF-71.

4. "High Frequency Pipe and Tube Welding,”
by R.K. Nichols, Thermatool Corp. (203:468-4100).








