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GENERAL
410Cb is an iwproved version of the standard Type 410
stainless steel. By the addition of ghout 0.15 percent
Ch, certzin properties are improved without altering any
of the desirable characteristics of Type 410, The 410Ch.
stainless grade offers these major advantages over
Type 4l0:
a. higher strength, ductility, and toughness at room,
elevated and sub~zero temperatures
refinement ir grain size
¢. easier control of tempered hardness thru de-
ereased sensitivity to time and temperature
variations
It is used as an alternate to Type 410 in applications re-
quiring uniformly high properties, uniform response to
tempering and where the control of ferrite content is
necessary (1){2).

Commercial Designation
410Ck

Alternate Desgipnations
AMS 5609; SAE 51410 Ch modified.

Specifications
Takle 1.03.

Lomposition
Table 1.04.

Heat Treatment

{see also 1.09).

Fully acneal for maximum formability at 1450 to 1650F,
usually 1550-1650F, followed by furnace cooling at S0F
per hour maximurm to 1100F, Hardness should be about
Rockwell C 20,

Austenitize at 1700 to 1850 F followed by an air eool or
0il quench depending on section size and shape, As-
quenched hardness should be about 42 to 44 Rockwell C
(3)-

Effect of austenitizing temperature on grain size. The
small addition of .10 to .15 columbium te Type 410 pro-
duces a marked refinement in its grain structure as
shown by grain size measurements conducted on 1 1/2
inch diameter bars held one hour at various heating
temperatures (3), Effect of columbium on grain size of
Type 410 when austenitized at various temperatures,
Table 1.0521.

Temper at 409 to 1400F for 1 to 12 hours, generally 4
hours. Tempering at temperatures between 700 and
1050F is not generally recommended, because of re-
duced resistance to corrosion and stress corrosion, and
reduction of impact strength. However, 410Ch displays
reduced suscepiibility to temper embrittlement compared
to regular Type 410 stainless steel (3).

Effect of tempering temperature on hardness, Master
tempering curves for 410Cbk and regular Type 410,
Figure 1,0531.

Hardness

This steel is air hardening, Also, sections up to 10
inches x 10 inches can be hardened to Rockwell C 42 10
44 by oil quenching from 1800 F (3){5)-

Since 410Cb is more resistant to tempering than reguiar
Type 410, a higher hardness is obtained with the 410Ch
stecl at any specified temperature when tempered be-
tween 950 and 140CF, Figure 1.061.

Hardness versus tempering temperature with constant
tempering time for 410Ch versus regular Type 410,
‘Table 1.062.

Forms and Conditions Available

' 410Cb is available as forging billets, bars, wire, forg-

ings, and mechanical tubing in & wide range of commer=
cial sizes in the annealed condition or heat treated to a
broad range of mechanical properties {1)(2).

Melting and Casting Practice
Electric furnace air melt.
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Special Considerations

Avoid tempering at 700 to 1050 F because of reduced cor-
rosion resistance, stress ecorrosion resistance, and
irnpact strength. However, 410Ch exhibits a significant-
ly higher level of netch impact strength than Type 410
when tempered between 700 and 1050F, and 410Ch shows
a faster recovery of toughness in the trough region with
tempering temperatures above 950F, as well (see Figure
3.0234).

Variation in tempering time and temperature are consid=
erably less critical for 410Ch than for regular Type 410
stainless steel in the range of 950 to 1150 F as shown by
the early development of hardress plateaus (see Figure
1.061). These tempetring characteristics of 410Ch can
be used to advantage to enable close control of hardness
and to produce uniformity of hardness within a furnare
load when working to narrow specified hardness levels
particularly within the broad range of Rockwell C 25 to
35. Substitrtion of 410Ch for Type 410 in such situations
results in virtupl elimination of re-heat treatments, per-
mits larger furnace loads, and allows the mixing of
parts with dissimilar and varying cross sections within
the same furnace load (1}(3){7).

The applicability of a comparatively high tempering
temperature for hardness levels within the range of
Rockwell C 20 to 32 is beneficial from the standpoint of
additional relief of internal mechanical stresses and for
dimensional stability in parts made from 410Ch (3).

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties
Melting range. Same as for Type 410 stainless steel(4).

{see also Cede 1401}

Phase changes. Same as for Type 410 (4).
Thermal conductivity., Same as for Type 410 (4},
Thermal expansion. Same as for Type 410 (4).
Specific heat. Same as for Type 410 (4}.
Thermal diffusivity.

Other Physical Properties
Density, Same as for Type 410 stainless steel (1)

(gee also Code 1401},

Electrical properties. Same as for Type 410 (4}.
Magnetic properties. Same as for Type 410 {4).
Emittance.

Damping capacity-

Chemical Properties

Corrosion resistance.

410Ch is resistant to atmospheric and fresh water corre-
sion and to a variety of mild acids and alkalines. It is
inferior to the Type 300 stainless steels and may require
¢orresion protection. Maximum corrosion resistance is
developed in the hardened condition, but the corresion
resistance is reduced by tempering between 760 and
1050F. The surface must be free from scale and foreign
particles to prevent galvanic corrosion. The results of
laboratory and actual service tests indicate that the
minor addition of columbium i neutral insofar as affect-
ing the general corrosion resistance of Type 410 stain-
less steel (3).

410Ch is susceptible 1o both stress corrosion and to
hydrogen embristlement, if heat treated to high strength
levels, In certain accelerated stress corrosion crack-
ing tests conducted ir the laboratory, the small addition
of columbium to Type 410 indicates a slight tredd toward
impruved resistance to stress corresien cracking (3).
The higher tempering temperature required for 410Ch to
develop tensile strengths equivalent te those of regular
Type 410 results in more effective relief of residual in-
ternal stresses that, in sgme environments, promote
stress corresion cracking (1).

Onddation resistance of 410¢b is good up to 1200 F for
continuous service and up to 1400F for intermittent
service (4).

Nuclear Properties
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MECHANICAL PROPERTIES

Specified Mechanical Properties
AMS specified mechanical properties, Table 3.011.

Mechanical Properties at Room Temperature

Typical mechanical properties, Table 3.021.

Typical tensile properties of 410Ch cempared with regu-
lar Type 410 at various tempering temperatures, Figure
3.0212.

Effect of size of cross section,. Table 3.0213.

Effcct of austenitizing and tempering temperatures,
Tahle 3.0214.

Tensile strength versus elopgation of 410Ch compared
with regular Type 410, Figure 3.0215.

Effect of exposure at elevated temperature on room
temperature properties, Table 3.0216.

Compression.

Impact.

Effect of tempering temperature on impact strength (see
Table 2.021).

Effect of austenitizing temperature on impact strength
(see Table 3.0214).

Effect of size of cross section on impact strength (see
Table 3.0213).

Charpy V-notch imnpact strength of 410Ch compared with
regular Type 410 after various tempering treatments,
Figure 3.0234.

Bending.

Torsion and shear.

Beaving,

Stress concentration,

Notch properties (see Table 3.0216).

Fracture toughness.

Combined properties.

Mechanical Properties at Various Temperatures

Typical short time, elevated temperature tensile proper-
ties using two different tempering temperatures, Table
3.031,

Elevated temperature tensile properties of 410Ch com-
pared with regular type 410 stairless steel (typical),
Figure 3.0312,

Cempression,

Impact. .

Charpy V-notch impact strength of 410Ch at room and
sub~zere temperatures versus Type 410, Figure 3.0331.
Effect of tempering temperature on impact strength of
41GCh and Type 410 bar at room and sub-zero tempera-
tares, Figure 3.0332,

Bending.

Tarsion and shear.

Bearing.

Stress concentration.

Combined properties.

Creep and Creep Rupture Properties

Creep rupture curves at $00 to 1100 F for bar tempered
at 1200F for 410Cb versus Type 410, Figure 3.041.
Creep rupture curves at 300 to 1100F for 410Ch tem-
pered bar using 1350F and 2000F austenitizing tempera-
tares, Fipure 3.042,

Fatigue Properties
5=-N curves for heat treated bar, Figure 3.051.

Elastic Properties
Poisson's ratio. Same as Type 410 (4).

Modulus of elasticity. Same as Type 410 (4).
Modulus of rigidity. Same as Type 410 {4).

FABRICATICN

Formability
410Cb is generally formmed in the fully annealed condition

utilizing the same practice used for Type 419.
Forgeability and forging procedures. Same as Type 410.

4.02
4.021

4.03
4.031

Machining and Grinding
Machinability and machining practice.
Type 410.

Same as for

Welding
Weldability and welding procedures.
410,

Surface Treatment

AMS Form Military

5609 [Bars, Forgings, Forging Stock and -
Mechanical Tubing
TABLE 1.03 SPECIFICATIONS.
Source AMS 5609 (2) {3)
Percent
Minimum Maximurm Typical

Carbon .12 .15 .13
Manganese - .60 .50
Silicon - .50 .25
Phosphorus - .025 .012
Sulfur - .025 .018
Chromiurn 11.50 12.50 11.85
Nickel - .15 .20
Molybdetium - .20 -
Aleminum - .05 -
Copper - .50 -
Columbivm .05 .25 .12
Tin - .05 -
INitrogen - .08 -
Iron Balance Balance
TABLE 1.0¢ COMPOSITION.

Heating Temperature | ASTM Grain Size (avg at 100x}
F-1hr Type 410 4100k
1700 5 8te9
1300 5 8
1900 4105 8
2000 4 7t08

TABLE 1.0521 EFFECT OF COLUMEIUM ON GRAIN
SIZE OF TYPE 410 WHEN AUSTENIT-
1ZED AT VARIOUS TEMPERATURES,
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Fe- LOW C-12Cr+Ch
45 1_3_0&5, 0Q + TEMPER Fe
40 \ TEMPERING TEMP - T T Low C
= F + 460
R TEMPERING TIME-t 12 Cr
- 30 - ] = HOURS _|] + cb
# N ™~ 410Ch
z TYPE 410 ~
=] 1
2ol rremaonl | TN 410 Cb
< =
iR
15
28 30 a2 34 36
TEMPERING PARAMETER -
T(20 + LOG t) x 1073
FIG. 1.0531 MASTER TEMPERING CURVES FOR Source AMS 5609 (2)
410Ch AND TYPE 410. (3, p. 81) Allay Fe-low C-12Cr + Co
Form Bar, Forgitgs, Mechanical Tubing, and
Forging Stock
Condition 1700F, 1 hr, AC + 800F, 2 hr {double temper
Fiy - min - kai 185*
Fry - min - kai 152
e(Z in or 4D)
min - percent s
t T RA ~ min - percent a0
Fe-LOW C-12Cr+Cb Hardness - R¢ 40~45
1800F, OQ + TEMFPER * Capability requirement of material 0. 500 in or less in diameter,
45 - "11_‘1&?5; 110 wall thickness, 0¥ distance between parallel sides or 0.500 in
- L 950F TEMPE];7 diameter specimens cut from .la?rger bars, forgings, or tubing
Mo, . and given heat treatment specified above.
“'"-.
40 =
T — TABLE 3.011 AMS SPECIFIED MECHANICAL PROPERTIES.
— e
N\ \
[ AN :
& N é <_,,.<J7~mv:ml~' EMPER
1
o - N
@, -
z 30 S
g ~ g —~L
= | =T 100F tEMPER T T
L._ _
25 = t -—-’—— ——
- }- 1200F TEMPER
2 Bk oY S R pUn—
1
[+ 2 4 ] 8 10 12
TEMPERING TIME « HCURS
FIG. 1.061 TEMPERING CHARACTERISTIiCS OF 410Ch L Source G4
AND TYPE 410, {3, p. 81} Aoy Fe-Tow C~120r + b
Form Bar - 1 inch diameter
Condition " [1850F, oil quench +(F) Temper, 4 hr, AC Ann
Temper - F 500 ] 700 [ 900 ] 1600]1100§1200§1300 | 1400{ -
Fyy = ksi 195 [ 194 1199 | 257 | 137 [ 125 [ 114 | 101} 160
Fpy - ksi 161|162 | 156 | 138 [ 121 ] 109 ] 94| 79| 73
e(2 in}-percent i6) 16| 18 18 19 20 22 26| 25
RA - percent 61| 611 &0 64 64 85 69 72| 70
Source {3) - -
Form o =1 in dlameier Hardness—RRg 43| 43) 43 | 343 28| 25| 22 | o
i 1850F, h R - I - T -
Condition S50F, oil q:i!;c +{F) temper Charpy V-Notch
Tempering Rockwell Hardness Impact ~ ft 1b 30| 55) 30 37 65 95 | 11¢ | IX0 -
Temperature - F 410Ch Type 410
500 T3 C43 TABLE 3.021 TYPICAL MECHANICAL PROPERTIES.
700 ca3 c4l
900 C43 Cc42
1000 a4 28
1100 C28 c22
1200 c25 c20
1300 cz2 B97
1400 BYg Ba2
TABLE 1.062 HARDNESS VERSUS TEMPERING
TEMPERATURE WITH CONSTANT
TEMPERING TIME FOR 410Cb
VERSUS REGULAR TYPE 410.
CODE 410

PAGE 3
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400 600 800 1000 1200

TEMPERING TEMPERATURE - F

1400

FIG. 3.0212 EFFECT OF TEMPERING TEMPERATURE ON
ROOM TEMPERATURE TENSILE PROPERTIES

OF 410Cb AND TYPE 410 BAR.

@, p. 82)

Source (5}

Alloy Fe-Low C-12Cr + Cb

Condition

1850F, oil quench + 1200F, 4 hr, AC

4 5/8 inch
diameter

124

112

25/8 Ineh

diameter
125
112

Form - Bar

Ftu = ksi

Fiy - ksi

c(2 in} - percent

RA - percent

Hardness - Rg

Charpy V-Notch
Impact - ft 1b 90 to 96 40 to 46

5 1/4 inch
diameter

126
110
20
61
26

55 to 65

Longitudinal tests at mid-radius location.

TABLE 3.0213 EFFECT OF SIZE OF CROSS SECTION.

CODE

1410

PAGE

4

Source {6}
Alloy Fe- Low C-12Cr + Cb
Form Bar - 1 inch diameter
Condition Austenitize (F), 0.5 hr, oil quench + Temper (F),
4 hr, AC
Austenitize - F_ | 1700 [ 18501700 J1850] 1700] 2850 {1700 J1850 [1700] 1850
Temper - F 700 1000 1100 1200 1300
Fty - Ksi 193 [ 184 146 | 157 129 137 | 120 [ 125 | 111 114
Fty « ksi 166 ) 162 130 | 138F 115§ 121§ 103 | 109 | 95| o9
e(2 in)-percent 16| 18| 20| 18} 20| 19| 21| 20| 22| =22
RA - percent 506 | 51| 67| 64§ 87| 64| 67| 65| TO| 69
Charpy V-Notch
Impact - £t Ib 54| 56| 64| 37) 4] 68} 1109 95| 117 210
TABLE 3.0214 EFFECT OF AUSTENITIZING AND TEMPERING TEMP-
ERATURES.
30
o
Z
209
&
=
10
Fe-LOW C-12Cr+Chb |
25 ~ 1 IN DIAMETER BAR
\ QUENCHED AND TEMPERED
24 \\
£
53]
2 \
=]
::.22 X
= \ 410Ch
a \
=21
. \
g \
g
<20 A,
3 \ A
= TYPE 410 N
19 s
~ ~]
‘-'-..._.__\ \
o,
S
18 -~ :"--..
90 100 110 120 130 140 150
Fry - K81
FIG. 3.0215 TENSILE STRENGTH VERSUS ELONGATION OF

410Cb AND TYPE 410. . p. 4
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Source {5)
“Alloy Fe—Low C-12Cr + b Fe
Form 1 inch diameter bar
Condition T850F, 0.5 br, oil quench + 1200F Low C
temper + sure
Exposure Temp and Stress | None] 00 F-50 ksi [ None [900F=55ksi 12 Cr
Exposure Time - hours None 17,229 | None 16,818 n Cb
Fm - smooth - ksi 127 128 - -
notched - ksi - - 208 223
e{4D} - percent 20 18 - -
Hardness - Rg 26 27 26 27 410 Cb
Notch specimen: Ki=3.9, 60° notch with .005 R, .375 inch
diameter smoath section.

TABLE 3.0216 EFFECT OF EXF;OSURE AT ELEVATED TEMP-

ERATURE ON ROOM TEMPERATURE PROP- 130 T T
ERTIES. Fe-1LOW C-12Cr+Ch ‘
1 IN DIAMETER BAR
120 . 1850F, OQ + 1260F, 4 HR, AC |

110

\ Fry -8 410Cb
h \.\— & TYPE 410 -———mif
100 ~ \.\\
T T T T ™~ \\
FPe=LOW C-12Cr+Ch \\.\
~]

i ~
1201 IN DIAMETER BAR 90 Y
1850F, OQ + TEMPER, 4HR, AC - . ~ N
e}

il
100 APy \
S \
80 =

80 e y ; Tl \\.\'\

g

KSl1

f
.
T o | ’ 10 < ALY
40— =1 < \. ~‘\ \
TYPE 410 N s \
j “— 60 at
| I 1 \ hY

T
j IE CHARPY V
600 800 1000 1200 1400 i
TEMPERING TEMPERATURE - F 50 5 30

60

FI LBS

20

FIG. 3.023¢ EFFECT OF TEMPERING TEMPERATURE e(2 IN) 25
ON ROOM TEMPERATURE IMPACT STRENGTH - /‘i{",—.

—

OF 410Cb AND TYPE 410 BAR. (3, pp. 82, 83) =3

0 200 400 600 800 1000 1200
TEMPERATURE - F

FIG. 3.0312 EFFECT OF TEST TEMPERATURE ON TEN-
SILE PROPERTIES OF 410Cb AND TYPE
410 BAR. (3, p. 86)

Source {1)(3)(6}

Alloy Fe-low C-12Cr + Cb

Form Bar - 1 inch diameter

Condition 1850 F, oil &; h + (F) Temper, 4 hr, AC

Tempering

Temp - F 1200 1100

Test Temp
F 500 ) 700|990 | 100011100 {500 | 700 900] 1000|1100

Fm- ksi 107]1062] 93 83| 70 117 |110| 97| - T4

Fty‘ ksi 98| ¢1| 81 75| 63 |107 (101 | 82) - 71

e(2 inj-percent | 21| 18| 20 21| 22 171 15| 18] - 21

RA - percent 67| 65] 67 - | 80 70] 68| 721 -~ 51

TABLE 3.031 TYPICAL SHORT TIME, ELEVATED TEMPERA~
TURE TENSILE PROPERTIES USING TWO DIFFERENT
TEMPERING TEMPERATURES.

CODE 1410
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I T T
Fe-LOW C-12Cr+Cb
1 I¥ DIAMETER BAR
| 1800F, 0Q + TEMPER

i

——®—410Ct TEMPERED AT 1
TO Rp 99

—-®-—TYPE 410 TEMPERED AT
1250F TO Ry 98

400F

u(

IE CHARPY V¥

/

/
/ /
// A
o _
——— I -~
=300 =200 =100 0 73

TEMPERATURE - T

FIG. 3.0331 EFFECT OF TEST TEMPERATURE ON IMPACT

Fe
Low C
12 Cr
+ Cb
410 Cb
110
1060
80
80
70
w 80
=
& 50
40
30
20
10
CODE 410

PAGE &

STRENGTH OF 410Ch AND TYPE 410 TEMPERED

BAR.

(5}
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Fei-Low C-IZCr:FCb I
1 I¥ DIAM BAR
1800F , OQ+TEMPER, 2HRS,AC
CODE TEMPERED, F HARDNESS
Lol +—a 1200 R 25 -
—u 1250 Re 23
e— 1300 Re 22 /E"
wofk &-- 100 R( 25 vy /4
o--a 1200 Ry 100 /
o0 1250 Rp 07 /
90 % v
i
80 ;
F) /" 7
w k 7
g 70 7 / 7
1
=g / / /
&, 60 / ! I?/
50 /'
M A{ /
40 /’ r
ilo be v Vs -
30 - // £ -
~ 2%
29 P
[ - - _&/ i
— —
e ~ |
1 TYPE 41 = t
ﬁ—- - I E CHARPY V
{

=100 =50

0

56

TEMPERATURE - F

FIG. 3.0332 EFFECT OF TEMPERING TEMPERATURE
ON IMPACT STRENGTH OF 410 Cbh AND
TYPE 410 BAR AT ROOM AND SUB-ZERO

TEMPERATURES.

Fe-LOW C-12Cr+Cb
1 [N DIAMETER BAR

| (F) AUSTENITIZE + 1200F, 4 HR, AC

= a00F

1000F

——
—

L100F

— 2000F, OQ
—=—==— 1850F, OQ

10

100

500

1000

5000 10,000

TIME - HOURS

FIG. 3.042 CREEP RUPTURE CURVES AT 900 TO 1100F FOR
410 Ch TEMPERED BAR USING TWQ AUSTENITIZ -
ING TEMPERATURES.

(L.p.6)
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Fe-LOW C-12Cr+Ch :
100 |1 IN DIAMETER BaR Fe
1850 F, 0Q + 1200 F, 4 HR, AC
° B0 Low C
N e 1O00F 12 Cr
_ 40 = ) I
g o ‘-% i * Cb
. g L
L =y 1100F 410 Cb
Te——d 410 Cb
" ~1100F ———TYPE 410
et 500 1000 5000 10,000

TIME - HOURS

FIG. 3.041 CREEP RUPTURE CURVES AT 900 TO 1100F FOR
410Cbh AND TYPE 410 TEMPERED BAR. (1,p.6}(5}

100

T T
Fe=LOW C-12Cr+Ch
1 IN DIAMETER BAR
gp | 1830F, OQ + TEMPER, 4 HR, AC

1050F TEMPER

80
7]
g
1125F TEMPER
70 ﬁ
ROTATING BEAM TEST
SMOOTH PAR K, = 1 1200F TEMPER
60 1 |

105 106 107 108
NUMBER OF CYCLES

FIG. 3.051 S-N CURVES AT ROOM TEMPERATURE FOR
410Ch BAR. (8)
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