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300 SERIES - SELECTION OF STAINLESS STEEL

Considering Physical and Mechanical Properties

303 304 304L

Analysis - %: 0.15 0.08 0.030

2 2.0 2.0

Chemistry 0.2 0.045 0.045

value is 15 Min 0.030 0.030

maximum 1 1.0 1.0

except where 17-19 18-20 18-20

range or 8-10 8-10.5 8-12

minimum is

shown

psi 35000 35000 33000

(0.2% offset) MPa 241 241 228

Ultimate Strength psi 90000 84000 81000

MPa 621 579 558

Mechanical Brinell BHN 160 149 149

Properties Rockwell B 84 80 80

(Annealed): ft.-lbs. 92 135 135

J 146 182 182

Creep Strength-1% psi

at 1000°F

flow in 10,000 hrs.

at 1000°F (540°C) 

MPa at 540°C

psi 28.0x106 28.0x106 28.0x106

MPa 1.9x105 1.9x105 1.9x105

Electrical

Properties

(Annealed):

Heat

Resistance: Intermittent Service
°C

760 871 871

Continuous Service °F 1600 1700 1700

°C 871 926 926

Expansion-

Thermal (In./In./°F x 10-6) 32°-212°F

Expansion: (cm/cm/°C x 10- 6) 0°-100°C 17.3 17.3 17.3

32°-1200°F 10.4 10.4 10.4

0°-650°C 18.7 18.7 18.7

Conductivity-

Thermal (B.T.U./ft.²/hr./°F/ft.) at 212° F

Conductivity: (J/m/S/°C/m) at 100°C 16.3 16.3 16.3

at 932°F 12.4 12.4 12.4

at 500° C 21.5 21.5 21.5

9.6 9.6 9.6

9.4 9.4 9.4

Nickel

Other

Carbon

Manganese

Phosphorous

Sulphur

119 119

ATLAS/AISI TYPE

55 5550Elongation % in 2' ' (100 mm)

Silicon

Chromium

Modulus of Elasticity in 
tension

- - -

- 17300 17300

Hardness

Impact Charpy

-

72 72 72

Electrical Resistivity-
Microhm - Cm at 68°F 

(20°C)

1.02 1.02 1.02
Magnetic Permeability at 

200H

Maximum Operating 
Temperature 1400 1600 1600

°F

17-19 18-20 18-20

8-10 8-10.5 8-128-10 8-10.5 8-12

35000 35000 3300035000 35000 33000

241241 228228

90000 84000 8100090000 84000 81000

621 579 558621 579 558

Brinell BHN 160 149 149Brinell BHN 160 149 149

Rockwell B 84 80 80Rockwell B 84 80 80

ft.-lbs. 92 135 13592 135 135

J 146 182 182146 182 182

Creep Strength-1% psiCreep Strength-1% psi

at 1000°Fat 1000°F

flow in 10,000 hrs.flow in 10,000 hrs.

at 1000°F (540°C) at 1000°F (540°C) 

MPa at 540°C

ElectricalElectrical

PropertiesProperties

(Annealed):(Annealed):

HeatHeat

55 5550

Modulus of Elasticity in Modulus of Elasticity in 
tensiontension

- - -- - -

Electrical Resistivity-Electrical Resistivity-
Microhm - Cm at 68°F Microhm - Cm at 68°F 

(20°C)

Magnetic Permeability at Magnetic Permeability at 
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300 SERIES - SELECTION OF STAINLESS STEEL

Considering Physical and Mechanical Properties

309 309S 310 310S 316 316L 317 317L 321 330 347&348

0.20 0.08 0.25 0.08 0.08 0.03 0.08 0.03 0.08 0.08 0.08

2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.040 0.045

0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030

1.0 1.0 1.5 1.5 1.0 1.0 1.0 1.0 1.0 .075-1.0 1.0

22-24 22-24 24-26 24-26 16-18 16-18 18-20 18-20 17-19 17-19 17-19

12-15 12-15 19-22 19-22 10-14 10-14 11-15 11-15 9-12 34-37 9-13

45000 45000 45000 45000 42000 39000 40000 40000 35000 42000 40000

310 310 310 310 290 269 276 276 241 290 276

95000 95000 95000 95000 84000 81000 90000 90000 90000 85000 95000

655 655 655 655 579 558 621 621 621 586 655

170 170 170 170 149 149 163 163 160 150 160

85 85 85 85 80 80 85 85 84 80 85

135 135 110 110 135 135 135 135 135 240 135

182 182 165 165 182 182 182 182 182 325 182

29.0x106 29.0x106 29.0x106 29.0x106 28.0x106 28.0x106 28.0x106 28.0x106 28.0x106 28.0x106 28.0x106

2.0x105 2.0x105 2.0x105 2.0x105 1.9x105 1.9x105 1.9x105 1.9x105 1.9x105 1.9x105 1.9x105

1008 1008 1036 1036 871 871 871 871 871 1149 871

1950 1950 2100 2100 1700 1700 1700 1700 1700 2100 1700

1061 1063 1149 1149 926 926 926 926 926 1149 926

14.9 14.9 14.4 14.4 16.0 16.0 16.0 16.0 16.7 16.7 16.7

10.0 10.0 9.7 9.7 10.1 10.1 10.3 10.3 10.7 10.1 10.6

18.0 18.0 17.5 17.5 18.2 18.2 18.5 18.5 19.3 18.2 19.1

13.8 13.8 13.8 13.8 16.3 16.3 16.3 16.3 16.1 12.9 16.1

10.8 10.8 10.8 10.8 12.4 12.4 12.4 12.4 12.8 11.6 12.8

18.7 18.7 18.7 18.7 21.5 21.5 21.5 21.5 22.2 20.1 22.2

- - -
Mo  2-3

-
Mo  2-3 Mo  3-4 Mo  3-4

Ti 5xC Min - *

45

15900

45

17500

50

24500

45

24000

110

78

1.02

1850

8.3

8.0

45

15900

110

78

1.02

1850

8.3

8.0

121

78

1.01

1900

8.0

8.0

45

17500

121

78

1.01

1900

8.0

8.0

169

74

1.02

1600

8.9

9.4

50

24500

169

74

1.02

1600

8.9

9.4

165

74

1.02

1600

8.9

9.4

45

24000

165

74

1.02

1600

8.9

9.4

45

18000

72

124

1.02

1600

9.3

9.3

45 45

- 19300

- 133

102 73

7.5 9.3

1.01 1.02

2100 1600

9.3 9.3

18.7 18.7 18.7 18.7 21.5 21.5 21.5 21.5 22.2 20.1 22.218.7 18.7 18.7 18.7 21.5 21.5 21.5 21.5 22.2 20.1 22.2

10.8 10.8 10.8 10.8 12.4 12.4 12.4 12.4 12.8 11.6 12.810.8 10.8 10.8 10.8 12.4 12.4 12.4 12.4 12.8 11.6 12.8

13.8 13.8 13.8 13.8 16.3 16.3 16.3 16.3 16.1 12.9 16.113.8 13.8 13.8 13.8 16.3 16.3 16.3 16.3 16.1 12.9 16.1

8.08.0 8.08.0 8.0

18.0 18.0 17.5 17.5 18.2 18.2 18.5 18.5 19.3 18.2 19.118.0 18.0 17.5 17.5 18.2 18.2 18.5 18.5 19.3 18.2 19.1

10.0 10.0 9.7 9.7 10.1 10.1 10.3 10.3 10.7 10.1 10.610.0 10.0 9.7 9.7 10.1 10.1 10.3 10.3 10.7 10.1 10.6

14.9 14.9 14.4 14.4 16.0 16.0 16.0 16.0 16.7 16.7 16.714.9 14.9 14.4 14.4 16.0 16.0 16.0 16.0 16.7 16.7 16.7

8.0 8.0 8.98.9

1061 1063 1149 1149 926 926 926 926 926 1149 9261061 1063 1149 1149 926 926 926 926 926 1149 926

1950 1950 2100 2100 1700 1700 1700 1700 1700 2100 17001950 1950 2100 2100 1700 1700 1700 1700 1700 2100 1700

1008 1008 1036 1036 871 871 871 871 871 1149 8711008 1008 1036 1036 871 871 871 871 871 1149 871

16001600 16001600 16001600

1.02 1.021.02 1.02

74 7474 7474

1.9x105 1.9x101.9x105 1.9x101.9x10

28.0x106 28.0x1028.0x106 28.0x1028.0x1066

165 165 124124

- 19300- 193002400024000 1800018000

182 182 165 165 182 182 182 182 182 325 182182 182 165 165 182 182 182 182 182 325 182182 182 165 165 182 182 182 182 182 325 182182 182 165 165 182 182 182 182 182 325 182182 182 165 165 182 182 182 182 182 325 182

135 135 110 110 135 135 135 135 135 240 135135 135 110 110 135 135 135 135 135 240 135135 135 110 110 135 135 135 135 135 240 135135 135 110 110 135 135 135 135 135 240 135135 135 110 110 135 135 135 135 135 240 135

85858084

170 170 170 170 149 149 163 163 160 150 160170 170 170 170 149 149 163 163 160 150 160170 170 170 170 149 149 163 163 160 150 160170 170 170 170 149 149 163 163 160 150 160170 170 170 170 149 149 163 163 160 150 160

4545

655 655 655 655 579 558 621 621 621 586 655655 655 655 655 579 558 621 621 621 586 655655 655 655 655 579 558 621 621 621 586 655655 655 655 655 579 558 621 621 621 586 655

95000 95000 95000 95000 84000 81000 90000 90000 90000 85000 9500095000 95000 95000 95000 84000 81000 90000 90000 90000 85000 9500095000 95000 95000 95000 84000 81000 90000 90000 90000 85000 9500095000 95000 95000 95000 84000 81000 90000 90000 90000 85000 95000

310 310 310 310 290 269 276 276 241 290 276310 310 310 310 290 269 276 276 241 290 276310 310 310 310 290 269 276 276 241 290 276310 310 310 310 290 269 276 276 241 290 276

45000 45000 45000 45000 42000 39000 40000 40000 35000 42000 4000045000 45000 45000 45000 42000 39000 40000 40000 35000 42000 4000045000 45000 45000 45000 42000 39000 40000 40000 35000 42000 4000045000 45000 45000 45000 42000 39000 40000 40000 35000 42000 40000
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400 Series - Selection of Stainless Steel

Considering Physical and Mechanical Properties

403 409 410 416*

0.15 0.08 0.15 0.15

Analysis - % 1.0 max 1 1 1.25

Chemistry 0.040 0.040 0.040 0.060

value is 0.030 0.030 0.030 0.15 Max*

maximum 0.5 1.0 1.0 1.0

except where 11.5-13 10.5-11.75 11.5-13.5 12-14

range or - - - -

minium is Ti Mo

shown. 6 x C Min 0.6

0.75 max (Optional)

psi 40000 35000 45000 83000††

Mpa 276 241 310 572†

psi 75000 65000 70000 105000††

MPa 517 448 483 724††

Elongation% in

2" (100 min)

Brinell BHN 153 150 150 225

Rockwell B 82 75 80 97

ft.-lbs. 110 16 110 21

J 165 21 165 28

Creep Strength-1% psi

flow in 10,000 hrs at 1000°F

at 1000°F (540°C)

Modlus of Elasticity psi 29.0x106 29.0x106 29.0x106 29.0x106

in tension MPa 2.0x105 2.0x105 2.0x105 2.0x105

Electrical Resistivity

-Microhm-Cm

at 68°F (20°C)

Magnetic Permeability

at 200H

Maximum Operating

Temperature- °F

Intermittent Services °C 815 774 815 760

Continuous Sevice °F 1300 1400 1300 1250

°C 704 760 704 677

Expansion-

(in./in./°Fx10-6) 32°-212°F

(cm/cm/°Cx10-6) 0°-100°C 9.9 11.7 9.9 9.9

32°-1200°F 6.5 7.2 6.5 6.5

0°-650°C 11.7 13 11.7 11.7

Conductivity

(B.T.U./ft./hr/°F/ft) at 212°F

(J/m'/S/°C/m) at 100°C 24.9 24.9 24.9 24.9

at 932°F 16.6 16.6 16.6 16.6

at 500°C 28.7 28.7 28.7 28.7

416MX 416MF 416MN 4MX

*typical sulphur analysis 0.33 0.20 0.29 0.40†

† or as required

typical cold finished

properties for optimum

machinability

ATLAS/AISI TYPE

Silicon

Chromium

Nickel

Other

Atlas/Aisi Type

Hardness

Yield Strength

(0.2% offset)

Ultimate Strength

Mechanical
Properties
(Annealed):

Carbon

Manganese

Phoshorous

Sulphur

- -

 Thermal 
Expansion:

Thermal
Conductivity:

Impact Charpy

MPa at 540°C

Electrical
Properties
(Annealed):

Heat Resistance:

35 25 25 20

57

9000

62

-

1500

10500 12000

72 83

- -

12000

83

59 57 57

-

1475 1500 1400

5.5 6.5 5.5 5.5

14.4 14.4 14.4 14.4

0.6

(Optional)(Optional)

40000 35000 45000 83000††40000 35000 45000 83000††

276 241 310 572†276 241 310 572†

75000 65000 70000 105000††75000 65000 70000 105000††

517 448 483 724††517 448 483 724††

153 150 150 225153 150 150 225

82 75 80 9782 75 80 97

ft.-lbs. 110 16 110 21ft.-lbs. 110 16 110 21

165 21 165 28

Creep Strength-1% psi

flow in 10,000 hrs at 1000°Fflow in 10,000 hrs at 1000°F

Modlus of Elasticity psiModlus of Elasticity psi

in tension MPaMPa

Electrical Resistivity

-Microhm-Cm

at 68°F (20°C)at 68°F (20°C)

Magnetic PermeabilityMagnetic Permeability

at 200Hat 200H

Maximum OperatingMaximum Operating

Temperature-Temperature-

Intermittent Services °CIntermittent Services °C

Continuous Sevice °FContinuous Sevice °F

- -- -

 Thermal  Thermal 
Expansion:Expansion:

MPa at 540°CMPa at 540°C

Heat Resistance:Heat Resistance:

35 25 25 2035 25 25 20

1200012000
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400 Series - Selection of Stainless Steel

Considering Physical and Mechanical Properties

420 430 & 430F 431 440C 445

0.15 Min 0.12 0.2 0.95-1.20 0.2

1 1.25 1 1 1.5

0.040 0.040 0.040 0.040 0.040

0.030 0.15 0.030 0.030 0.030

1.0 1.0 1.0 1.0 1.0

12-14 16-18 15-17 16-18 23-27

- - 1.25-2.50 - 0.25

Cu Cb + Ta Cu Cb + Ta

Mo +2.5- 0.15 - 3.0- 0.15-

0.75 4.5 0.45 5.0 0.45

50000 50000 95000 65000 50000

345 345 655 448 345

95000 75000 125000 110000 80000

655 517 862 758 552

192 163 262 223 153

92 85 103 97 82

31 21 37 4 16

42 28 50 6 22

29.0x106 29.0x106 29.0x106 29.0x106 29.0x106

2.0x105 2.0x105 2.0x105 2.0x105 2.0x105

- 871 976 - 1176

- 1500 1600 - 2000

- 815 871 - 1093

10.3 10.4 10.1 10.1 9.7

6.8 6.6 6.5 - 6.4

12.2 11.9 117 - 11.5

24.9 26.1 20.2 24.2 21.6

16.8 15.2 13.2 14.2 14.1

29 26.3 22.8 24.6 24.4

13.1

22.6

17.8

13.1

22.6

10.3 10.6

12.6

13.1

330

10.8

6.9

10.8

7

6.0

-

-

-

35 Rc

-

-

-

30

-

- -

29.0x106

2.0x105

34

330

35 Rc

30

34

-

-

77 80

1.0

15.5-17.5

3.0-5.0

15 15

130000

896

160000

1103

130000

0.07

1

0.040

0.030

1103

12.1

29.0x106

2.0x105

20

-

-

-

6.0

12.4

0.07

1

0.040

0.030

35-5.5

14.4 15.1 11.7 14

5.45.7 5.8

896

160000

5.6 5.6

1600 1700 - 2150-

67

- - - - -

83 - 42

55 60 72 60

11400 8600

79 59

12000 - 6100

25 25 20 14

S15500 S17400

- * - -

1.0

14.0-15.5

- 871 976 - 1176- 871 976 - 1176

- 1500 1600 - 2000- 1500 1600 - 2000

- 815 871 - 1093

1600 1700 - 21501600 1700 - 2150-

- - - - -- - - - -

55 60 72 6055 60 72 60

2.0x105 2.0x105 2.0x102.0x10

29.0x106 29.0x106 29.0x1029.0x106

83 - 4283 - 42

12000 - 610012000 - 6100

42 28 50 6 2242 28 50 6 22

303031 21 37 4 1631 21 37 4 16

35 Rc35 Rc92 85 103 97 8292 85 103 97 82

330330192 163 262 223 153192 163 262 223 153

1520

11031103

160000160000160000160000

896896896

130000130000130000130000

Cu Cb + Ta Cu Cb + TaCu Cb + Ta Cu Cb + Ta

+2.5- 0.15 - 3.0- 0.15-+2.5- 0.15 - 3.0- 0.15-

4.5 0.45 5.0 0.45

Cu Cb + Ta Cu Cb + TaCu Cb + Ta Cu Cb + Ta

+2.5- 0.15 - 3.0- 0.15-+2.5- 0.15 - 3.0- 0.15-

4.5 0.45 5.0 0.454.5 0.45 5.0 0.454.5 0.45 5.0 0.45

3.0-5.03.0-5.0

15.5-17.515.5-17.5





303 MX (UNS S30300)

This grade represents the optimum in machinability 
among the 300 Series stainless steels. It is primarily 
used when parts production involves extensive 
machining in automatic screw machines.  The 
sulphur addition which is responsible for the 
improved machining and galling characteristics of 
Type 303 MX marginally lowers its corrosion 
resistance properties to slightly below that of Type 
304. 

Machinability Rating (B1212) 78% 

Corrosion Resistance: Excellent resistance to 
mildly corrosive atmospheres… slightly less than 
Type 304 due to sulphur addition. 

Heat Resistance: Good oxidation resistance in 
intermittent service to 1600°F. 
Continuous use in 800-1575°F range not 
recommended but often performs well in 
temperatures fluctuating above and below this range. 

25

Heat Treatment: Annealing - heat to 1850-2050°F.  
Cool rapidly.  These grades cannot be hardened by 
thermal treatment. 

Welding: Not generally recommended but, if 
unavoidable, use Type 308, 310 or 312 electrodes.  
Welds must be annealed for maximum corrosion 
resistance.

Typical applications:
Nuts and bolts. 
Bushings. 
Shafts. 
Aircraft fittings. 
Highway sign studs. 
Electrical switchgear components. 
Gears.
Fluid handling fittings. 
Thermocouple fittings. 

C Mn P S Si Cr Ni Se

303MX 
15

max 
2.0  
max 

.20  
max .15 Min 

1.0  
max 

17.0 to 
19.0 

8.0 to 
10.0 

A.I.S.I 
Analysis 

303Se
15

max 
2.0  
max 

.20  
max 

.06  
max 

1.0  
max 

17.0 to 
19.0 

8.0 to 
10.0 .15 Min 

Hardness 

Yeild
Strength 
2%Offset 

psi

Ultimate 
Strength 

psi
Elongation 

% in 2' ' Rb BHN

Impact 
Charpy
ft.-lbs. 

Modulus of Elasticity in Tension 
- psi 

Typical 
Mechanical 
Properties 
Annealed 350,000 90,000 50 84 160 92 28.0 x 106

Thermal 
Conductivity BTU-

Ft.²/Hr./°F/Ft. 
Creep Strength 1% 

Flow in 10,000 hrs. at 
1000°F psi 

Magnetic 
Permeability at 200 

H-Annealed 

Electrical 
Resistivity-
Microhm-

Cm at 
68°F

Coefficient of 
Thermal Expansion 
(In/In/°F x 106) 32°-

212°F at 
212°F

at 
932°F

Other 
Properties 

1.02 72 9.6 9.4 12.4 

Electrical switchgear components. Electrical switchgear components. 

Fluid handling fittings. Fluid handling fittings. 
Thermocouple fittings. Thermocouple fittings. 

Mn Mn P SS

max 
2.0  2.0  
max max 

.20  .20  
max max 

15
max 

2.0  2.0  
max max 

.20  
max 

Yeild
Strength 
2%Offset 2%Offset 

psipsi

Ultimate Ultimate 
Strength Strength 

psipsi
Elongation 

Mechanical Mechanical 
Properties Properties 
AnnealedAnnealed 350,000 350,000 90,000 90,000 

Creep Strength 1% Creep Strength 1% 
Flow in 10,000 hrs. at 

Other Other 
Properties Properties 
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304, 304L (UNS S30400, UNS S30403

This is the most versatile, and one of the most 
widely applied of the 300 Series stainless steels.  
It has excellent forming and welding 
characteristics.  The carefully controlled analysis 
of Type 304 enables it to be deep drawn more 
severely than Types 301 and 302 without in-
termediate heat softening ... a characteristic that 
has made this grade dominant in the  
manufacture of drawn stainless parts such as 
sinks, and saucepans. It is readily brake or roll 
formed into a variety of other parts for application 
in the industrial, architectural, and transportation 
fields.  

Type 304 also has outstanding welding 
characteristics.  Post-weld annealing is not re-
quired to restore the excellent performance of this 
grade in a wide range of mildly corrosive 
conditions. 

Type 304L does not require post-weld annealing 
and finds extensive use in heavy gauge com-
ponents, where freedom from carbide weld 
precipitation is often required.  

Corrosion Resistance: Excellent ... exceeding 
that of Type 302 in a wide variety of corrosive 
media including hot petroleum products, steam 
combustion gasses.  

Heat Resistance: Good oxidation resistance in 
intermittent service to 1600°F and In continuous 
service to 1700°F. Continuous use of 304 in 800-
1575°F range not recommended but often 
performs well in temperatures fluctuating above 
and below this range. Type 304L is more resistant 
to carbide precipitation and can be used in the 
above temperature range.  

Heat Treatment: Annealing - heat to  
1850-2050°F and cool rapidly.  These grades 
cannot be hardened by thermal treatment.  

Welding: Excellent.  All standard methods.  Use 
type 308 rods or electrodes.  Heavy welded 
sections in Type 304 may require post-weld 
annealing for maximum corrosion resistance.  
This is not required if Type 304L is used.  

Typical Applications:
The list of applications for this general purpose 
grade is very extensive and includes:  
Beer barrels 
Bulk milk coolers 
Food processing equipment Fire extinguisher 
parts  
Wine storage tanks 
Tube skelp 
Chemical containers  
Heat exchangers 
Winding wire 

C Mn P S si Cr Ni

304
.08  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

18.0 to 
20.0 

8.0 to 
10.5 A.I.S.I Analysis 

304L
.030  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

18.0 to 
20.0 

8.0 to 
12.0  

Hardness 
Yeild

Strength 
.2% offset 

psi

Ultimate 
Strength 

psi

Elongation 
% in 2' '  

Rb BHN

Impact 
Charpy 
ft.-lbs. 

Modulus Of 
Elasticity in 

Tension - psi 

Typical 
Mechanical 
Properties 
Annealed

35,000 84,000 55 80 149 135 28.0 x 106

Thermal 
Conductivity 

BTU/Ft.²/Hr./°F/Ft. Creep Strength 1% Flow 
in 10,000 hrs. at 1000°F 

psi

Magnetic 
Permeability 

at 200 H-
Annealed

Electrical 
Resistivity 

-
Microhm-

Cm at 
68°F

Coefficient Of 
Thermal 

Expansion 
(In/In°F x106)

32°-212°F 
at 

212°F
at 

932°F

Other 
Properties 

17,300 1.02 72 9.6 9.4 12.4

media including hot petroleum products, steam 

 Annealing - heat to  
1850-2050°F and cool rapidly.  These grades 1850-2050°F and cool rapidly.  These grades 
cannot be hardened by thermal treatment.  cannot be hardened by thermal treatment.  

Excellent.  All standard methods.  Use Excellent.  All standard methods.  Use 
type 308 rods or electrodes.  Heavy welded type 308 rods or electrodes.  Heavy welded 
sections in Type 304 may require post-weld sections in Type 304 may require post-weld 
annealing for maximum corrosion resistance.  annealing for maximum corrosion resistance.  
This is not required if Type 304L is used.  This is not required if Type 304L is used.  

Typical ApplicationsTypical Applications::
The list of applications for this general purpose The list of applications for this general purpose 
grade is very extensive and includes:  grade is very extensive and includes:  
Beer barrels Beer barrels 
Bulk milk coolers Bulk milk coolers 
Food processing equipment Fire extinguisher Food processing equipment Fire extinguisher 
parts  parts  
Wine storage tanks Wine storage tanks 
Tube skelp Tube skelp 
Chemical containers  Chemical containers  
Heat exchangers Heat exchangers 
Winding wire Winding wire 

C

304304A.I.S.I Analysis A.I.S.I Analysis 

304L304L

Typical Typical 
Mechanical Mechanical 
Properties Properties 
AnnealedAnnealed



27316, 316L (UNS S31600, UNS S31603)

Type 316 and Type 317 (described on the 
following page) are molybdenum bearing grades.  
This addition, slightly higher in Type 317, gives 
these grades better overall corrosion resistance 
properties than types 301 and 304 . . . and higher 
creep strength at elevated temperatures.  Type 316 
gives useful service at room temperature in 
sulphuric acid of concentration lower than 15% 
and higher than 85%.  It also resists chloride at-
tack and is often selected for use in marine 
atmospheres.  

Type 316L with its .03 maximum carbon content 
is used in applications where it is not possible to 
anneal after welding and where maximum cor-
rosion resistance is required 

 Corrosion Resistance: Good resistance to a 
wider range of chemicals than Type 304.  Highly 
resistant to the complex sulphur compounds used 
in Pulp & Paper processing.  Also resists attack of 
marine and corrosive industrial atmospheres.  

Heat Resistance: Good oxidation resistance in 
intermittent service to 1600°F and in continuous 
service to 1700°F.  Continuous use of 316 In 800° 
-1575° F range not recommended but often 
performs well in temperatures fluctuating above 
and below this range.  Type 316L is more resis-
tant to carbide precipitation and can be used in the 
above temperature range.  

Heat Treatment: Annealing - heat to 1850-2050°F and 
cool rapidly.  These grades cannot be hardened by 
thermal treatment.  

Welding: Good characteristics suited to all standard 
methods.  Use Type 316Cb, 316L or 309Cb tiller rods 
or electrodes depending on application.  Welded 
sections in Type 316 require postweld annealing for 
maximum corrosion resistance.  This is not required if 
Type 316L is used.  

Typical applications:
Pulp & paper equipment.  
Heat exchangers. 
Dyeing equipment.  
Photographic developing equipment.  
Propeller shafts.
Fittings
Exterior architectural components in marine  
coastal areas.

.

C Mn P S Si Cr Ni Mo 

316
.08  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

16.0 to 
18.0 

10.0 to 
14.0 

2.0 to 3.0 
A.I.S.I Analysis 

316L
.03  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

16.0 to 
18.0 

10.0 to 
14.0 

2.0 to 3.0 

Hardness 
Yeild

Strength 
.2% 

offset 
psi

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact 
Charpy 
ft.-lbs. 

Modulus Of Elasticity in Tension - psi Typical Mechanical 
Properties Annealed 

42,000 84,000 50 80 149 135 28.0 x 106

Thermal Conductivity 
BTU/Ft.²/Hr./°F/Ft. 

Creep Strength 1% 
Flow in 10,000 hrs. 

at 1000°F psi 

Magnetic 
Permeability 

at 200 H-
Annealed

Electrical 
Resistivity 

-
Microhm-

Cm at 
68°F

Coefficient Of 
Thermal Expansion 
(In/In°F x106) 32°-

212°F
at 

212°F
at 932°F 

Other Properties 

24,500 1.02 74 8.9 9.4 12.4

316 In 800° 

performs well in temperatures fluctuating above 
and below this range.  Type 316L is more resis-and below this range.  Type 316L is more resis-
tant to carbide precipitation and can be used in the tant to carbide precipitation and can be used in the 

Photographic developiPhotographic developing equipment.  ng equipment.  

Exterior architectural components in marine  Exterior architectural components in marine  
areas.

CC Mn 

316316
.08  .08  
max max 

316L316L
.03  .03  
max max 

Yeild
Strength Strength 

.2% .2% 
offset 

psi

Typical Mechanical Typical Mechanical 
Properties Annealed Properties Annealed 
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317, 317L (UNS S31700, UNS S31703)

This grade, with its molybdenum content slightly 
higher than Type 316 is the most corrosion resistant of 
the 300 series alloys and possesses the highest tensile 
and creep strength properties at elevated temperatures.  
It is designed for use in pharmaceutical, chemical and 
pulp and paper processing equipment to reduce 
product contamination to a minimum.  
Type 317L with its .03 maximum carbon content is 
used in applications where it is not possible to anneal 
after welding and where maximum corrosion 
resistance is required  

Corrosion Resistance: Improved resistance over Type 
316.  Often successfully applied where Type 316 has 
given only moderate performance.  

Heat Resistance: Good oxidation resistance in 
intermittent service to 166°F and in continuous service 
to 1700°F.  Continuous use of 317 in 800°-1575°F 
range is not recommended but often performs well in 
temperatures fluctuating above and below this range.  
Type 317L is more resistant to carbide precipitation 
and can be used in the above temperature range.  

Heat Treatment: Annealing-heat to 1850-2050°F and 
cool rapidly for maximum corrosion resistance.  These 
grades cannot be hardened by any form of thermal 
treatment.  

Welding” Good welding characteristics suited to all 
standard methods.  Use 317L or 309Cb filler rods or 
electrodes.  Welded sections in Type 317 require post 
weld annealing for maximum corrosion resistance.   

Typical Applications: 
Sodium sulphate evaporators 
Starch size containers  
Insulation strapping 
Acetic acid distillation columns and condensers  
Pulp and paper machinery 
Ink manufacturing and dyeing equipment  

C Mn P S Si Cr Ni Mo 

317
.08  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

18.0 to 20.0 11.0 to 15.0 3.0 to 4.0 A.I.S.I Analysis 

317L
.03  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

18.0 to 20.0 11.0 to 15.0 3.0 to 4.0 

Hardness 
Yeild

Strength 
2%Offset 

psi

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact 
Charpy 
ft.-lbs. 

Modulus of Elasticity in Tension - psi Typical Mechanical 
Properties 
Annealed

40,000 90,000 45 85 163 135 28.0 x 106

Thermal Conductivity BTU-
Ft.²/Hr./°F/Ft. Creep Strength 1% 

Flow in 10,000 hrs. at 
1000°F psi 

Magnetic 
Permeability at 200 

H-Annealed 

Electrical 
Resistivity-
Microhm-

Cm at 
68°F

Coefficient of Thermal 
Expansion (In/In/°F x 

106) 32°-212°F 

at 212°F at 932°F 

Other Properties 

24,000 1.02 74 8.9 9.4 12.4

Acetic acid distillation columns and condensers  Acetic acid distillation columns and condensers  
Pulp and paper machinery Pulp and paper machinery 
Ink manufacturing and dyeing equipment  Ink manufacturing and dyeing equipment  

PP S SiSi

2.0  
max max 

.045  
max 

.030  
max max 

2.0  2.0  
max 

.045  .045  
max max 

.030  .030  
max 

2%Offset 
psi

Ultimate Ultimate 
Strength Strength 

psipsi

Elongation 
% in 2" 

40,000 40,000 90,000 90,000 45

Creep Strength 1% Creep Strength 1% 
Flow in 10,000 hrs. at Flow in 10,000 hrs. at 

1000°F psi 1000°F psi Other Properties Other Properties 



321 (UNS S32100)

Type 321 is basic 1818 steel stabilized by a titanium 
addition. It is not sensitive to intergranular corrosion 
when heated within the carbide precipitation range 
of 800-1600°F and can be used in this temperature 
range in corrosive environments. 

Corrosive Resistance: Excellent. Equivalent to 
Types 302 or 304 in the annealed condition. . and 
superior if a weldment in these grades has not been 
post-weld annealed or if the application involves 
service in the 800-1600°F range. 

Heat Resistance: Good oxidation resistance in 
intermittent service to 1600°F and in continuous 
service to 1700°F. Performs as well as any of the 
heat resisting stainless steels in the 800-1600°F 
range where serious corrosive conditions are present.  
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Heat Treatment: annealing – Heat to 1750-2050°F 
and cool rapidly for maximum corrosion resistance.   
Stabilizing – Heat to 1550-1650°F for 1 hour per 
inch of thickness and air cool.   
Stress Relief – Heat to 1300°F for 1 to 2 hours and 
air cool. 
This grade cannot be hardened by thermal treatment 

Welding: Good characteristics suited to all standard 
methods.  Use Type 347 filler rod or electrodes.   

Typical applications: 
Aircraft exhaust manifolds. 
Expansion joints 
Bellows
Furnace parts 
Heating element tubing 

C Mn P S Si Cr Ni Ti 
A.I.S.I 

Analysis .08  
max 

2.0  
max 

.045  
max 

.030  
max 

1.0  
max 

1.0  
max 

17.0 
to 

19.0 

9.0 to 
12.0 

5xC 
Min 

Hardness 
Yeild

Strength 
2%

Offset 
psi

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact 
Charpy 
ft.-lbs. 

Modulus of Elasticity in 
Tension - psi Typical 

Mechanical 
Properties 
Annealed

350000 90000 45 84 160 135 28.0 x 106

Thermal 
Conductivity 

BTU-
Ft.²/Hr./°F/Ft. 

Creep Strength 1% 
Flow in 10,000 hrs. 

at 1000°F psi 

Magnetic 
Permeability at 200 

H-Annealed 

Electrical 
Resistivity-
Microhm-

Cm at 
68°F

Coefficient of 
Thermal 

Expansion 
(In/In/°F x 106)

32°-212°F at 
212°F

at 
932°F

Other 
Properties 

18,000 1.02 72 9.3 9.3 12.8

 Good characteristics suited to all standard 
methods.  Use Type 347 filler rod or electrodes.   methods.  Use Type 347 filler rod or electrodes.   

Aircraft exhaust manifolds. Aircraft exhaust manifolds. 

Heating element tubing Heating element tubing 

P SS

.045  
max 

.030  
max max 

1.0  1.0  
max max 

Hardness Ultimate 
Strength 

psi

Elongation Elongation 
% in 2" % in 2" 

350000350000 90000 4545

Creep Strength 1% Creep Strength 1% 
Flow in 10,000 hrs. Flow in 10,000 hrs. 

at 1000°F psi at 1000°F psi Other Other 
Properties 



347, 348 (UNS S34700, UNS S34800

These grades are chromium-nickel stainless steels 
containing columbium and tantalum.  The 
columbium serves to produce a stabilized type of 
stainless steel which is immune to chromium 
carbide precipitation. The grades are thus 
recommended for parts fabricated by welding 
which cannot be subsequently annealed or for 
parts which must operate in service between 800-
1600° F. Type 348 has the lower tantalum and 
cobalt contents of the two steels, making it 
suitable for use where the steel is subjected to 
nuclear irradiation.  

Corrosion Resistance: Excellent. Equivalent to 
Type 304 and superior to Types 302 or 304
where unannealed weldments are involved or 
service temperatures in the 800 to 1600°F range. 
Where service is both corrosive and at elevated 
temperatures, these grades are superior to Type 
321. 

Heat Resistance: Good oxidation resistance in 
intermittent service to 1600°F and in continuous 
service to 1700°F. Best suited to service in the 
800 to 1600°F range. 

Heat Treatment: Annealing - Heat to 1850-
2050°F and cool rapidly for maximum corrosion 
resistance.
Stabilizing - Heat to 1500 to 1650°F for 1 hour 
per inch of thickness, then air cool. 
Stress Relief After fabrication, hold for 1 to 2 
hours at 1300°F and air cool.  

Welding: Good characteristics suited to all stan-
dard methods. Use Types 347 or 348 filler rod or 
electrodes. Post-weld annealing is not required.  

Typical applications:
Radioactive systems. 
Jet engine parts. 
Furnace pans. 
Welding rods. 
Heat exchangers.

Hardness 
Modulus Of 
Elasticity in 

Tension - psi 
Yeild

Strength .2% 
offset psi 

Ultimate 
Strength 

psi

Elongation % 
in 2" 

Rb BHN

Impact 
Charpy ft.-

lbs.
Typical 

Mechanical 
Properties 
Annealed

40,000 95,000 45 85 160 135
28.0 x 106

Creep 
Strength 1% 

Flow in 
10,000 hrs. at 

1000°F psi 

Magnetic Permeability at 200 
H-Annealed 

Electrical 
Resistivity 

-
Microhm-

Cm at 
68°F

Coefficient Of 
Thermal 

Expansion 
(In/In°F x106) 32°-

212°F

Thermal Conductivity 
BTU/Ft.²/Hr./°F/Ft. 

at 212°F 
at 

932°F

Other Properties 

19,300 1.02 7473 9.3
9.3 12.8

30

 Good characteristics suited to all stan-
or or 348348 filler rod or filler rod or 

electrodes. Post-weld annealing is not required.  electrodes. Post-weld annealing is not required.  

Radioactive systems. 

Welding rods. Welding rods. 
Heat exchangers.Heat exchangers.

Ultimate 
Strength 

psi

Elongation % Elongation % 
in 2" in 2" 

40,000 95,00040,000 95,00040,000 95,000

Creep Creep 
Strength 1% Strength 1% 

Flow in Flow in 
10,000 hrs. at 10,000 hrs. at 

1000°F psi 1000°F psi 

Magnetic Permeability at 200 Magnetic Permeability at 200 

Other Properties 

19,30019,300



403, 410 (UNS S40300, UNS S41000)

This is the basic grade in the group of 400 Series 
alloys that can be hardened by heat treatment.  It, 
and its companion grade, Type 403, contain a 
minimum of 11.5 per cent chromium ... just 
sufficient to give them corrosion resistance pro-
perties. Both achieve maximum corrosion resistance 
when they have been hardened and then polished. 
While Type 403 is designed for a specific field of 
applications, Type 410 is a general purpose grade 
often supplied in the hardened, but still machinable 
condition for applications where high strength and 
moderate heat and corrosion resistance are required. 

Corrosion Resistance: Resists dry atmosphere, 
fresh water, mild alkalies and acids, steam and hot 
gasses.  Must be hardened for maximum heat and 
corrosion resistance, Less corrosion resistant than 
300 Series grades and ferritic 400 Series alloys such 
as Type 430.  
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Heat Resistance: Good resistance to scaling in 
intermittent service to 1500°F and in continuous 
service to 1300°F.  

Heat Treatment: Hardened by heating to 1700-
1850°F, quenching in oil or air and tempering to 
obtain a wide variety of hardness values and 
mechanical properties as indicated in the 
accompanying table and graph.  
NOTE: THE TEMPERING RANGE 750 to 1075°F 
SHOULD BE AVOIDED.  

Welding: Readily welded by all standard methods ... 
but a pre-heat of 300-S00'F and post-weld annealing 
treatment is required to reduce the possibility of 
cracking.  Use Type 410 welding rod if post 
hardening and tempering is involved.  If parts are to 
be used in the "as welded" condition, a ductile joint 
can be achieved by using Type 308 or 309 filler rod.

Typical applications:
Bolts, nuts, screws.  
Bushings.  
Pump pans and shafts.  
Petroleum fractioning towers.  
Mine ladder rungs.  
Valves.  

C Mn P S Si Cr
A.I.S.I 

Analysis .15  
max 

1.0  
max 

.040  
max 

.030  
max 

1.0  
max 

11.5 to 13.5 

Hardness 
Yeild

Strength 
.2% 

Offset 
psi

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact 
Charpy ft.-

lbs.

Modulus of 
Elasticity in 

Tension - psi 

Typical 
Mechanical 
Properties 
Annealed

45,000 70,000 25 80 150 110 29.0 x 106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. Creep Strength 1% 

Flow in 10,000 hrs. 
at 1000°F psi 

Coefficient of 
Thermal 

Expansion 
(In/In/°F x 106)

32°-212°F 

Electrical 
Resistivity-
Microhm-

Cm at 68°F 
at 

212°F
at 932°F 

Other 
Properties 

12,000 5.5 57 14.4 16.6

NOTE: THE TEMPERING RANGE 750 to 1075°F NOTE: THE TEMPERING RANGE 750 to 1075°F 

: Readily welded by all standard methods ... : Readily welded by all standard methods ... 
but a pre-heat of 300-S00'F and post-weld annealing but a pre-heat of 300-S00'F and post-weld annealing 
treatment is required to reduce the possibility of treatment is required to reduce the possibility of 
cracking.  Use Type 410 welding rod if post cracking.  Use Type 410 welding rod if post 
hardening and tempering is involved.  If parts are to hardening and tempering is involved.  If parts are to 
be used in the "as weldedbe used in the "as welded" condition, a ductile joint " condition, a ductile joint 
can be achieved by using Tycan be achieved by using Type 308 or 309 filler rod.

Typical applications:Typical applications:
Bolts, nuts, screws.  Bolts, nuts, screws.  
Bushings.  Bushings.  
Pump pans and Pump pans and shafts.  shafts.  
Petroleum fractioning towers.  Petroleum fractioning towers.  
Mine ladderladder rungs.  rungs.  
Valves.  

C Mn P

.15  .15  
max max 

1.0  
max max 

YeildYeild
Strength Strength 

.2% .2% 
Offset Offset 

psipsi

Typical Typical 
Mechanical Mechanical 
Properties Properties 
Annealed



403, 410
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(Continued) 

TYPICAL MECHANICAL PROPERTIES OF 1” SECTION TYPE 410 OIL HARDENED FROM 1750°F AND 
TEMPERED AT VARIOUS TEMPERING TEMPERATURES FOR 1 HOUR. 

Hardness BHN

0

50000

100000

150000

200000

250000

338 325 401 321 255 225

Due to associated low 
impact values this steel 
should not be used 
when tempered in the 
range of 750-1075°F 

Ultimate Tensile Strength 

Yield Strength 

0

10

20

30

40

50

60

70

80

90

400 600 800 1000 1100 1200

Tempering Temperatures °F

% Elongation 

Charpy ft. - lbs. 

% Reduction in Area 

Tempering Temperature °F

400 600 800 1000 1100 1200
Ultimate Tensile Strength 
psi 190200 180000 204000 143000 126400 109500

.2% Yeild Strength 154000 139000 138000 106000 98000 83200

Elongation % 16 14 16 16 20 23

Reduction of Area % 52 54 55 56 57 60

Hardness BHN 338 325 401 321 255 225

Charpy impact Ft.-lbs. 30 36
Due to associated low impact 

values this steel should not be used 
when tempered in the range of 750-

1075°F 

39 80

321321

0

1010

20

3030

% Elongation % Elongation 

Charpy ft. - lbs. 

% Reduction in Area 
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416, 416MX, 416 MF, 416MH, 4MX (UNS S41600) 

TYPE 416 SUPER FREE MACHINING GRADE FAMILY
TYPE 416MX – This grade with a typical sulphur content of 
.33, possess excellent machinability, provides a fine surface 
finish on the machined parts has uniform hardness in !he "as 
supplied" condition and can be hardened to 35Rc minimum 
... characteristics that make this grade particularly suited for 
use in automatic screw machining operations.  
Machinability Rating (612.12) 90%  

TYPE 416MH - A modification of Type 416MX, with a 
typical sulphur content of .29, combining the capacity of 
being heat treated to 40Rc minimum with excellent 
machinability.  Machinability Rating (61212) 85%  

TYPE 416MF - A second modification 01 Type 416MX 
having a typical sulphur content of .20 and combining 
formability and response to heat treatment with good 
machinability.  Machinability Rating (BI212) 80%  

TYPE 4MX - Developed to provide the ultimate in free 
machining, this grade is custom melted to meet specific 
application requirements. The Alias Metallurgical 
Department should be contacted for detailed information.  
Machinability Rating (61212) 95%  

Corrosion Resistance: Good resistance to dry atmospheres, 
fresh water and mild alkalise and  
acids, but less resistant than the 300 Series  
grades.  Maximum resistance in the hardened  
and tempered condition. 

Heat Resistance: Fair resistance to scaling in intermittent 
service to 1400°F and to 1250°F in continuous service.   

Heat Treatment: Annealing - Heal to 1500-1650°F hour per 
inch of thickness, Cool at 50°F per hour maximum to 1100°F 
and air cool.  
Hardening – Hardened by heating to 1700-1850°F, 
quenching in oil, and tempering to suit the mechanical 
requirements.  See accompanying table and chart.   
NOTE: THE TEMPERING RANGE 750-1075°F SHOULD 
BE AVOIDED. 

Welding: If welding is necessary ... use Type 410 low 
hydrogen electrodes. Pre-heat to 400-600oF.  Follow 
immediately with annealing or re-hardening . . . or a stress 
relief at 1200-1250°F.  

Typical applications:  
Valve parts 
Motor shafts 
Bolt,s nuts, studs, gears. 
Automatic screw machined parts 
Washing machines 

Typical Analysis and Properties for Atlas Type 416 Free Machining Grades 
A.I.S.I Analysis 

C Mn P S Si Cr Mo

416MX 0.15 max 1.25 max 0.06 max 0.33* 1.0 max 12.0 to 14.0 0.60 max †† 

416MF 0.15 max 1.25 max 0.06 max 0.20* 1.0 max 12.0 to 14.0 0.60 max †† 

416MH 0.15 max 1.25 max 0.06 max 0.29* 1.0 max 12.0 to 14.0 0.60 max †† 

4MX 0.15 max 1.25 max 0.06 max 0.40† 1.0 max 12.0 to 14.0 0.60 max †† 

A.I.S.I 416 
0.15 max 1.25 max 0.06 max 0.15 min 1.0 max 12.0 to 14.0 0.60 max †† 

Hardness 
Yeild

Strength 
.2% 

Offset psi 

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact Charpy ft.-
lbs.

Modulus of 
Elasticity in 
Tension - 

psi

Typical 
Mechanical 
Properties 
Annealed

83,000 105,000 20 97 225 21 29.0 x 106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. Creep Strength 1% 

Flow in 10,000 hrs. at 
1000°F psi 

Coefficient of 
Thermal Expansion 
(In/In/°F x 106) 32°-

212°F

Electrical 
Resistivity-

Microhm-Cm at 
68°F at 

212°F
at 932°F 

Other 
Properties 

9,000 5.5 57 14.4 16.6

* Typical Sulfur Analysis    † or as required    ††optional

A.I.S.I 416 A.I.S.I 416 

416MH 416MH 0.15 max 0.15 max 

 If welding is necessary ... use Type 410 low  If welding is necessary ... use Type 410 low 
hydrogen electrodes. Pre-heat to 400-600hydrogen electrodes. Pre-heat to 400-600ooF.  Follow F.  Follow 
immediately with annealing or immediately with annealing or re-hardening . . . or a stress re-hardening . . . or a stress 
relief at 1200-1250°F.  

Typical applications:  Typical applications:  
Valve parts Valve parts 
Motor shafts Motor shafts 
Bolt,s nuts, studs, gears. Bolt,s nuts, studs, gears. 
Automatic screw machined parts Automatic screw machined parts 
Washing machines Washing machines 

Typical Analysis and Properties for Atlas Type 416 Free Machining Grades Typical Analysis and Properties for Atlas Type 416 Free Machining Grades 
CC Mn

0.15 max 0.15 max 1.25 max 1.25 max 

416MF 0.15 max 0.15 max 

4MX 4MX 0.15 max 0.15 max 

0.15 max 



416, 416MX, 416MF, 416MH, 4MX
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(Continued) 

Typical mechanical properties of 1” section - Type 416MX / 416MH / 416MF oil hardened from 1750°F and 
tempered at various tempering temperatures for 1 hour. 

416MH/416MF

0

50000

100000

150000

200000

250000

388 388 401 321 240 223

psi

Due to associated low impact 
values this steel should not be 
used when tempered in the range 
of 750-1075°F 

Ultimate Tensile Strength 

Yield Strength 

416MX

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

200000

400 600 800 1000 1100 1200

Due to associated low impact 
values this steel should not be 
used when tempered in the range 
of 750-1075°F 

Ultimate Tensile Strength 

Yield Strength 

0

10
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400 600 800 1000 1100 1200

Tempering Temperatures °F

% Elongation 

Charpy ft. - lbs. 

% Reduction in Area 

0

10
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40

50

60

400 600 800 1000 1100 1200

Tempering Temperatures Degrees F

% Elongation 

Charpy ft. - lbs. 

% Reduction in Area 

Tempering 
Temp.°F 

Ultimate 
Tensile 

Strength psi 

.2% Yeild 
Strength psi 

Elongation 
%

Reduction of 
Area % 

Hardness 
BHN Charpy Impact Ft.-Lbs 

400 180000 141300 10 40 375 13

600 181400 144200 11 38 375 12

800 188000 148600 9 37 375

1000 140000 110200 9 36 -

Due to the associated 
low impact values this 

steel should not be used 
when tempered in the 

range 750-1075°F 

1100 118000 95600 16 46 241 18

1200 105000 81300 17 49 217 24

Tempering 
Temp.°F 

Ultimate 
Tensile 

Strength psi 

.2% Yeild 
Strength psi 

Elongation % 
Reduction of 

Area % 
Hardness BHN 

Charpy Impact 
Ft.-Lbs 

400 194000 152000 11 42 388 15

600 196000 153700 12 41 388 16

800 204000 161300 11 41 401

1000 145000 115300 13 48 321

Due to the 
associated low
impact values 

this steel 
should not be 

used when 
tempered in 

the range 750-
1075°F

1100 122000 102000 19 51 240 20

1200 109000 83600 20 53 223 28

Tempering Tempering 
Temp.°F 

Ultimate Ultimate 
Tensile 

321 240 223223

psi

0

10

20

400 600600

% Elongation % Elongation 

Charpy ft. - lbs. Charpy ft. - lbs. 

% Reduction in Area 

.2% Yeild 
Strength psi 

Elongation Elongation 
%%

Reduction of Reduction of 

141300 1010

144200144200 11

188000188000 148600148600

140000140000 110200110200

1100 118000118000

12001200 105000105000

Strength psi 
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420 (UNS S42000)

This grade has good ductility in the annealed 
condition but is capable of being hardened up to 
50 Rc ... the highest hardness of the 12 per cent 
chromium grades. Best corrosion resistance for 
this grade III achieved when the metal is 
hardened, surface ground, or polished.  

Corrosion Resistance: Good resistance in the 
hardened condition to the atmosphere, foods, 
fresh water, and mild alkalies or acids. Corrosion 
resistance is very low in the annealed condition.  

Heat Resistance: Not recommended for use in 
temperatures above 700°F.  

Heat Treatment: Annealing - Heat to 1550-
1650°F, slow furnace cool to 1100°F and then air 
cool. Sub-Critical Anneal - Heat to1350·1450°F 
and air cool.  

Hardening - Heat to 1800-1900°F and air or oil 
cool. Oil quenching is necessary for heavy sec-
tions. Temper to obtain a wide variety of hardness 
values and mechanical properties as indicated in 
the accompanying table and graph. NOTE: THE 
TEMPERING RANGE 800 TO 1100°F SHOULD 
BE AVOIDED.  

Welding: Pre-Heat at 300-600°F and post-heat at 
1125-1400°F. Type 420 coaled welding rods 
recommended for high strength joints. Types 309 
and 310 can be used if ductile weld required.  

Typical Applications: 
Cutlery
Knife blades 
Surgical instruments 
Needle valves 
Shear blades 

C Mn P S Si Cr
A.I.S.I 

Analysis .15  
max 

1.0  
max 

.040  
max 

.030  
max 

1.0  
max 

12.0 to 14.0 

Hardness 
Yeild

Strength 
.2% 

Offset 
psi

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact 
Charpy ft.-

lbs.

Modulus of 
Elasticity in 

Tension - psi 

Typical 
Mechanical 
Properties 
Annealed

50,000 95,000 25 92 192 31 29.0 x 106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. Creep Strength 1% 

Flow in 10,000 hrs. 
at 1000°F psi 

Coefficient of 
Thermal 

Expansion 
(In/In/°F x 106)

32°-212°F 

Electrical 
Resistivity-
Microhm-

Cm at 68°F 
at 

212°F
at 932°F 

Other 
Properties 

11,400 5.7 55 14.4 16.8

1125-1400°F. Type 420 coaled welding rods 
recommended for high strength joints. Types 309 recommended for high strength joints. Types 309 
and 310 can be used if ductile weld required.  and 310 can be used if ductile weld required.  

Surgical instruments Surgical instruments 
Needle valves 
Shear blades Shear blades 

MnMn P SS

1.0  
max 

.040  .040  
max max 

YeildYeild
Strength Strength 

.2% .2% 
Offset Offset 

psipsi

Ultimate 
Strength Strength 

psipsi

Elongation Typical 
Mechanical 
Properties 
AnnealedAnnealed

50,000 50,000 

Other Other 
Properties Properties 
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420
(Continued) 

Typical mechanical properties of 1” section Type 420 oil hardened from 1750°F and tempered at various 
tempering temperatures for 1 hour. 

Hardness BHN

0

50000

100000

150000

200000

250000

444 444 461 375 302 262

Tempering Temperature °F 

400 600 800 1000 1100 1200
Ultimate Tensile Strength 
psi 232200 229000 235000 189000 150000 130000

.2% Yield Strength psi 197000 198000 206000 159000 117500 99000

Elongation % 12 14 10 15 18 20

Reduction of Area % 38 40 34 32 52 55

Hardness BHN 444 444 461 375 302 262

Charpy Impact Ft.-Lbs. 15 14

Due to associated 
low impact values 
this steel should 

not be used when 
tempered in the 
range of 800-

1000°F 16 31

0

10

20

30

40

50

60

400 600 800 1000 1100 1200

Tempering Temperatures °F 

375375 302302

00

1010

400
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430, 430F (UNS S43020)

Type 430 is a straight chromium, non-hardenable 
grade combining good corrosion resistance and 
formability characteristics with useful mechanical 
properties. Its ability to resist nitric acid attack 
permits its use in specific chemical applications 
but automotive trim represents its largest field' of 
applications. 

Type 430F is the free-machining version 01 this
grade designed for use in parts produced in 
automatic screw machines. 

AISI Type 434 is the molybdenum bearing 
version of Type 430 and has the same useful com-
bination of properties. Its molybdenum addition 
improves corrosion resistance particularly to road 
salt attack in automotive trim applications.  

AISI Type 436 is another version of 430. It 
contains columbrium, as well as the molybdenum 
addition, to improve the surface appearance of 
stretched and drawn parts.  

Corrosion Resistance: Good resistance to a wide 
variety of corrosive media including nitric acid 
and some organic acids.  It attains its maximum 
corrosion resistance when in the highly polished 
or buffed condition.   

Heat Resistance: Resists oxidation in intermittent 
service up to 1600°F and to 1500°F in continuous 
service.  This grade may become brittle at room 
temperature after prolonged heating in the 750-
100°F range.  This can be eliminated by 
annealing.  

Heat Treatment: Annealing – Heat to 1500 to 
1550°F, hold for ½ hour per inch of thickness, 
slow furnace cool to 1100°F and then quickly air 
cool.   

Sub-critical Anneal – Heat to 1400-1500°F and 
then air cool.
This grade is not hardenable by thermal treatment.  

Welding: If welding is necessary  . . . preheat at 
300-400°F.  Embrittlement in the weld metal and 
heat affected zone can be relieved by a post-
anneal but grain refinement will not occur.  Use 
type 430,308 or 310 filler rod.   

Typical applications: 
Automotive trim 
Lashing wire 
Element supports  
Stove trim rings 
Chimney liners  

C Mn P S Si Cr Mo 

430
.12  
max 

1.0  
max 

.040  
max 

.030  
max 

1.0  
max 

16.0 to 
18.0 

A.I.S.I 
Analysis 

430F

.12  
max 

1.25  
max 

.040  
max .15 Min 

1.0  
max 

16.0 to 
18.0 

.60 max   
Optional 

Hardness 
Yeild

Strength .2% 
Offset psi 

Ultimate 
Strength 

psi

Elongation 
% in 2" 

Rb BHN

Impact 
Charpy ft.-

lbs.

Modulus of Elasticity 
in Tension - psi 

Typical 
Mechanical 
Properties 
Annealed

50,000 75,000 25 85 163 21 29.0 x 106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. Creep Strength 1% Flow 

in 10,000 hrs. at 1000°F 
psi

Coefficient of 
Thermal 

Expansion 
(In/In/°F x 106)

32°-212°F 

Electrical 
Resistivity-
Microhm-

Cm at 
68°F at 

212°F
at 932°F 

Other 
Properties 

8,600 5.8 60 15.1 15.2

 Resists oxidation in intermittent  Resists oxidation in intermittent 
service up to 1600°F and to 1500°F in continuous service up to 1600°F and to 1500°F in continuous 
service.  This grade may become brittle at room service.  This grade may become brittle at room 
temperature after prolonged heating in the 750-temperature after prolonged heating in the 750-
100°F range.  This can be eliminated by 

300-400°F.  Embrittlement in the weld metal and 
heat affected zone can be relieved by a post-heat affected zone can be relieved by a post-
anneal but grain refinement will not occur.  Use anneal but grain refinement will not occur.  Use 
type 430,308 or 310 filler rod.   type 430,308 or 310 filler rod.   

Typical applications: 

Element supports  Element supports  
Stove trim rings Stove trim rings 
Chimney liners  Chimney liners  

CC Mn Mn 

430430
.12  .12  
max max 

A.I.S.I A.I.S.I 
Analysis Analysis 

430F430F

.12  .12  
max 

Typical Typical 
Mechanical Mechanical 
Properties Properties 
AnnealedAnnealed
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431 (UNS S43100)

This heat treatable, nickel bearing grade has the 
best corrosion resistance properties of all the 
straight chromium types.  It has excellent tensile 
and torque strength, and good toughness . . . 
making it ideally suited to shafting and bolt 
applications.  Because of its high yield strength, 
this grade is not recommended for use in 
operations such as cold heading, bending, deep 
drawing or spinning.   

Corrosion Resistance:  Excellent resistance to a 
wide variety of corrosive media.  Good resistance 
to salt water in northern waters but less resistant 
than Type 316 in tropical waters.   

Heat Resistance: Resists scaling in intermittent 
service to 1700°F and continuous service to 
1600°F 

Heat Treatment:  Annealing – Heat to 150-
1225°Ffor 12 to 24 hours and air cool.   
Hardening – hardened by heating to 1800-1900°F, 
quenching in oil and tempering to suit mechanical 
requirements.  See accompanying table and chart.  
NOTE: THE TEMPERING RANGE 800 TO 
1100°F SHOULD BE AVOIDED. 

Welding: A pre-heat of 500°F is recommended 
prior to welding.  Type 410 filler rod can be used, 
but Types 308,309 or 310 will provide more 
ductile welds.  Post-weld anneal at 1150-1225°F. 

Typical applications:
Nut and bolts 
Propeller shafting  
Beater bars 
Marine hardware  

C Mn P S Si Cr Ni

A.I.S.I Analysis 
.20  
max 

1.0  
max 

.040  
max 

.15  
max 

0.03  
max 

15.0 to 
17.0 

1.25 to 
2.50 

Hardness 
Yeild Strength 
.2% Offset psi 

Ultimate 
Strength 

psi

Elongation 
% in 2 ' ' 

Rb BHN

Impact 
Charpy ft.-

lbs.

Modulus 
of 

Elasticity 
in

Tension - 
psi

Typical 
Mechanical 
Properties 
Annealed

95,000 
125,000 20 103 262 37

29.0 x 
106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. 

Creep Strength 
1% Flow in 

10,000 hrs. at 
1000°F psi 

Coefficient of Thermal 
Expansion (In/In/°F x 

106) 32°-212°F 

Electrical Resistivity-
Microhm-Cm at 68°F 

at 212°F at 932°F 
Other 

Properties 

12,000 
5.6 72 11.7 13.2

410 filler rod can be used, 
but Types 308,309 or 310 will provide more but Types 308,309 or 310 will provide more 
ductile welds.  Post-weld anneal at 1150-1225°F. ductile welds.  Post-weld anneal at 1150-1225°F. 

Marine hardware  

P SS SiSi

max 
.040  
max max 

.15  .15  
max max 

Yeild Strength 
.2% Offset psi 

Ultimate Ultimate 
Strength Strength 

psipsi

Elongation Elongation 
% in 2 ' ' % in 2 ' ' 

95,000 95,000 
125,000

Creep Strength Creep Strength 
1% Flow in 1% Flow in 

10,000 hrs. at 10,000 hrs. at 
1000°F psi 1000°F psi 

Coefficient of Thermal Coefficient of Thermal 
Expansion (In/In/°F x Expansion (In/In/°F x 

Properties Properties 

12,000 12,000 
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431
(Continued) 

Typical mechanical properties of 1” section Type 431 oil hardened from 1800°F and tempered at various 
tempering temperatures for 1 hour. 

Hardness BHN

0

50000

100000

150000

200000

250000

388 375 388 321 293 277

0

10

20

30

40

50

60

70

400 600 800 1000 1100 1200

Tempering Temperatures °F 

Tempering Temperature °F 

400 600 800 1000 1100 1200

Ultimate Tensile Strength psi 195000 188000 196000 165000 147000 139000

.2% Yeild Strength 153000 150000 157000 140000 112000 101000

Elongation % 20 19 19 19 20 20

Reduction of Area % 58 58 57 60 58 60

Hardness BHN 388 375 388 321 293 277

Charpy impact Ft.-lbs. 37 39

Due to associated low impact 
values this steel should not be 
used when tempered in the 
range of 750-1075°F 47 62

293 277277

400 600600 800

Ultimate Tensile Strength psi Ultimate Tensile Strength psi 

.2% Yeild Strength .2% Yeild Strength 

Elongation %Elongation %

Reduction of Area % Reduction of Area % 

Hardness BHN Hardness BHN 
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440C (UNS S44004) 

This grade is capable of attaining, after heat 
treatment, the highest strength and wear resistant 
properties of all the stainless alloys. Its relatively 
high carbon content is responsible for these 
strength wear characteristics which make Type 
440C particularly suited to such applications as 
ball bearings and valve parts 

Corrosion Resistance: Good resistance to the 
atmosphere, fresh water, foods, alkalies and mild 
acids when in the hardened, tempered and 
passivated condition. 

Heat Resistance: Not recommended for use 
above 700°F. 

Heat Treatment: Hardened by heating to 1850-
1950°F, cooling in oil and tempering to 

suit mechanical conditions as indicated in the 
accompanying table and graph. 
Annealing: Heat to 1550-1650°F and slow cool. 
Sub Critical Anneal: heat to 1350- 
1450°F and air cool. NOTE: TEMPERING 
ABOVE 700°F IS TO BE AVOIDED. 

Welding: If welding is necessary preheat at 
500°F and follow with a full anneal. Types 
420, 309 and 310 filler rods can be used following 
this pre-heat and post-annealing procedure. 

Typical Applications: 
High grade cutlery. 
Surgical tools. 
Bearings and races.

C Mn P S Si Cr Ni

A.I.S.I Analysis 

.95 to 1.20 
1.0  
max 

.040  
max 

.030  
max 

1.0   
max 

16.0 to 
18.0 

.75  
max 

Hardness 
Yeild Strength 
.2% Offset psi 

Ultimate 
Strength 

psi

Elongation 
% in 2” 

Rb BHN

Impact 
Charpy ft.-

lbs.

Modulus 
of 

Elasticity 
in

Tension - 
psi

Typical 
Mechanical 
Properties 
Annealed

65,000 
110,000 14 97 223 4

29.0 x 
106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. 

Creep Strength 
1% Flow in 

10,000 hrs.  at 
1000°F psi 

Coefficient of Thermal 
Expansion (In/In/°F x 

106) 32°-212°F 

Electrical Resistivity-
Microhm-Cm at 68°F 

at 212°F at 932°F 
Other 

Properties 

5.6 60 14.0 14.2

500°F and follow with a full anneal. Types 500°F and follow with a full anneal. Types 
420, 309 and 310 filler rods can be used following 420, 309 and 310 filler rods can be used following 
this pre-heat and post-annealing procedure. this pre-heat and post-annealing procedure. 

Typical Applications: 
High grade cutlery. 

Bearings and races.Bearings and races.

MnMn P S

1.0  1.0  
max max 

.040  .040  
max max 

Yeild Strength Yeild Strength 
.2% Offset psi .2% Offset psi 

Ultimate 
Strength 

psi

65,000 65,000 

Creep Strength Creep Strength 
1% Flow in 1% Flow in 

10,000 hrs.  at 10,000 hrs.  at 
1000°F psi 1000°F psi 

Other 
Properties 
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AL-6XN® Alloy (UNS NO8367 

The AL-6XN alloy (UNS N08367) Is the most 
corrosion resistant austenlllc stainless alloy produced 
by Allegheny Ludlum Corporation at this tme. The 
alloy is resistant to a broad range of very corrosive 
environments and is readily available from stock in a 
wide range of product forms, including thick plate that 
is suitable for multi-pass welding during field 
fabrication. The high strength and corrosion resistance 
of the AL-6XN alloy make it a better choice than the 
conventional duple~ stainless steels and a cost 
effective alternate to more expensive nickel base 
alloys in applications where excellent formability, 
weldability, strength and corrosion resistance are 
essential. It Is also a viable alternative to less 
expensive alloys, such as Type 316, that do not have 
the strength required for certain applications. 
The AL-6XN alloy is a low carbon, high purity, 
nitrogen bearing "super·austenitic" stainless alloy. The 
alloy represents the highest levels of chromium, nickel 
and molybdenum available in the austenitic class of 
stainless alloys. 
The high nickel and molybdenum contents provide 
excellent resistance to chloride stress corrosion 
cracking. Copper (Cu) has been intentionally kept to a 
residual level for improved performance in seawater 
and to minimize the precipitation of deleterious 
secondary phases. The high alloy composition of the 
AL-6XN alloy resists crevice corrosion and pitting in 
oxidizing chloride solutions to a degree previously 
achieved only by nickel-base alloys and titanium. 
AL·6XN alloy is well suited for such applications as: 

Chemical process tanks and pipelines
Process systems for offshore oil and gas
platforms
Condensers. heat exchangers and piping
containing seawater or crude oil
Filter washers, vats and press rolls in pulp
bleaching plants
Power plant flue gas scrubbe, environments
Tall oil distillation columns and pecking
Reverse osmosis desalination equipment and
pumps
Service water piping systems for nuclear
power plants

AL-6XN alloy offers the following distinct 
advantages:

Corrosion Resistance - The intrinsic
corrosion resistance of the AL-6XN alloy in
both acidic and alkaline environments
provides protection against metallic
contamination of process streams and rapid
degradation of components made of the
alloy.
Cost Effectiveness - The AL-6XN alloy is a
viable alternative to non-metallic materials
that provide high levels of corrosion
resistance but are costly to install and

maintain. AL·6XN alloy is significantly less 
costly than most nickel-base alloys.  
Workability - The toughness and ductility
of the AL-6XN alloy provide for relative
ease of fabrication. The formability and
weldability of the AL-6XN alloy are much
better than that of high alloy ferritc stainless
steels that demonstrable comparable
resistance to corrosion
As-Welded Properties - The low carbon
and high nitrogen contents minimize the
precipitation of carbides and secondary
phases that can occur during welding so that
aswelded assemblies can be placed in
service, provided that a suitable over-
matched filler metal is used and the
assembly is properly cleaned.
Wide Range of Product Forms - AL·6XN
alloy is readily available in a wide range of
product forms, such as lube, pipe, sheet,
plate, bar, billet and forgings. Components
such as pumps, valves, fittings, fasteners and
castings are also available.

Chemical Composition 
The typical and specified chemical compositions of 
AL-6XN alloy are presented in Table 1. The 
chromium, nickel and molybdenum contents are 
significantly higher in the AL-6XN alloy than in the 
standard Type :104L, 316L and 317L grades. The 
alloy has been registered with the Society of 
Automotive Engineers (SAE) with the designation 
UNS N08367 and is included in nine different 
standards in the American Society for Testing and 
Materials (ASTM) annual book 01 standards. ASTM 
has classified AL·6XN alloy with the nonferrous 
alloys in the "B" specification because the alloy 
contains slightly less than 50% iron. The alloy is listed 
with an "N" in the Unified Number System (UNS) for 
the same reason. The low carbon content of AL-6XN 
alloy distinguishes it as an "L" grade, providing high 
resistance to intergranular corrosion in the as welded 
condition. 

achieved only by nickel-base alloys and titanium. 
AL·6XN alloy is well suited for such applications as: AL·6XN alloy is well suited for such applications as: 

Chemical process tanks and pipelines
Process systems for offshore oil and gasProcess systems for offshore oil and gas

Condensers. heat exchangers and pipingCondensers. heat exchangers and piping
containing seawater or crude oilcontaining seawater or crude oil
Filter washers, vats and press rolls in pulpFilter washers, vats and press rolls in pulp
bleaching plantsbleaching plants
Power plant flue gas scrubbe, environmentsPower plant flue gas scrubbe, environments
Tall oil distillation columns and peckingTall oil distillation columns and pecking
Reverse osmosis desalination equipment andReverse osmosis desalination equipment and
pumpspumps
Service water piping systems for nuclearService water piping systems for nuclear
power plantspower plants

AL-6XN alloy offers the following distinct AL-6XN alloy offers the following distinct 

aswelded assemblies can be placed inaswelded assemblies can be placed in
service, provided that a suitable over-service, provided that a suitable over-
matched filler metal is used and thematched filler metal is used and the
assembly is properly cleaned.assembly is properly cleaned.
Wide Range of Product Forms -Wide Range of Product Forms -
alloy is readily available in a wide range ofalloy is readily available in a wide range of
product forms, such asproduct forms, such as lube, pipe, sheet,
plate, bar, biplate, bar, billet and forgings. Componentsllet and forgings. Components
such such as as pumps, valves, fittings, fasteners andpumps, valves, fittings, fasteners and
castings are also available.castings are also available.

Chemical Composition Chemical Composition 
The typical and specified chemical compositions of The typical and specified chemical compositions of 
AL-6XN alloy are presented in Table 1. The AL-6XN alloy are presented in Table 1. The 
chromium, nickel and molybdenum contents are chromium, nickel and molybdenum contents are 
significantly higher in the AL-6XN alloy than in the significantly higher in the AL-6XN alloy than in the 
standard Type :104L, 316L and 317L grades. The standard Type :104L, 316L and 317L grades. The 
alloy has been registered with the Society of alloy has been registered with the Society of 
Automotive Engineers (SAE) with the designation Automotive Engineers (SAE) with the designation 
UNS N08367 and is included in nine different UNS N08367 and is included in nine different 
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ALLOY 20 (UNS N08020) 

General

Alloy 20 stainless is the alloy designed specifically to withstand sulfuric 
acid. Its nickel, chromium, molybdenum and copper levels all provide 
excellent corrosion resistance. At 33% nickel, Alloy 20 has practical 
immunity to chloride stress corrosion cracking. This alloy is often chosen 
to solve SCC problems which may occur with 316 stainless. Restricted 
carbon plus columbium stabilization permits welded fabrications to be 
used in corrosive environments, normally without post-weld heat 
treatment. Alloy 20 stainless finds extensive use processing 
pharmaceuticals, food, plastics, explosives and synthetic fibers. 

Features
Excellent resistance to hot sulfuric acid 

Resistant to intergranular corrosion in the as-
welded condition 

Chloride stress corrosion cracking resistance 

Applications

Flue gas scrubbing systems 
Sulfuric acid pickling tanks, racks, and heating 
coils

Mechanical Properties 
Minimum Room Temperature Properties: 

Phosphate coating drums and racks 
Heat exchangers 
Bubble caps 
Process piping 
Mixing tanks 
Chemical and petroleum process equipment 

Chemical Composition % 

Min. Max

Nickel 32.50 35.00

Chromium 19.00 21.00

Carbon - 0.06

Molydbenum 2.00 3.00

Copper 3.00 4.00

Manganese - 2.00

Phosphorus - 0.035

Sulfur - 0.035

Silicon - 1.00

Cb + Ta 8 x C 1.00

Iron Remainder

Tensile 
Strength, psi 

0.2% 
Yeild

Strength, 
psi

Elong. In 2" 
or 4D, % 

Hardness 
Rockwell 

B

80,000 35,000 30
84

Typical Room Temperature Properties: 

Tensile 
Strength, psi 

0.2% Yeild 
Strength, psi 

Elong. 
%

Reduction 
Of Area, 

%

Hardness 
Brinell 

91,000 48,000 45 67
174

used in corrosive environments, normally without post-weld heat 
treatment. Alloy 20 stainless finds extensive use processing treatment. Alloy 20 stainless finds extensive use processing 

xplosives and synthetic fibers. xplosives and synthetic fibers. 

nimum Room Temperature Properties: nimum Room Temperature Properties: 

21.00

0.060.06

3.003.00

4.004.00

2.002.00

0.0350.035

0.035

- 1.001.00

8 x C 8 x C 

RemaiRemaindernder

Tensile 
Strength, psi Strength, psi 

0.2% 0.2% 
Yeild

Strength, 
psi

Elong. In 2" 
or 4D, % 

80,000 35,000

Typical Room Temperature Properties: Typical Room Temperature Properties: 

Tensile Tensile 
Strength, psi Strength, psi 

91,00091,000
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17-4 PH Precipitation Hardening Stainless (UNS S17400)

This 17Cr/4Ni precipitation hardening stainless 
steel has a combination of high hardness and 
strength after suitable heat treatment. It also has 
similar corrosion and heat resistance to Type 304.  

Corrosion Resistance: Excellent resistance to 
the same range of corrosive environments as Atlas 
Type 304 stainless steel.  

Heat Resistance: Good oxidation resistance. To 
preserve mechanical properties and hardness do 
use above 900°F.  

Heat Treatment: Solution anneal-heat at 1900°F 
for 1/2 hour and cool to 90°F maximum in air. Oil 
quenching may be used for small non - intricate 
sections.  

Hardening: A single low temperature process is 
employed.  Heat to 900°-1150°F 1 to 4 hours and 
air cool.  Typical hardness values after hardening 
are:

A decrease in size (shrinkage) takes place during 
the hardening process, and this change must be 
allowed for in prior manufacturing operations. 
The magnitude of the size change is temperature 
dependent-  
 900°F - .0005" approx. 
1150°F -. 001"   approx.  

Welding: Can be successfully welded by all 
standard methods. Preheating is not necessary.  
Properties comparable to those of the parent metal 
may be achieved in the weld metal by appropriate 
post-weld heat treatment. Somewhat low weld 
metal ductility may give rise to notch sensitivity. 
Precaution should be taken in design and welding 
procedures to avoid concentration of weld melt 
stresses.

Typical applications:
Gears
Valves
Power Plant 
Plastic molding dies 
High Strength shafts 
Engine parts 

Hardening 
Temperature 

(°F) 

Typical 
Hardness 

Rockwell C 

900 44

925 42

1025 38

1075 36

1100 35

1150 33

C Mn P S Si Cr Ni Cu
Cb +
Ta

A.I.S.I Analysis 
.07  
max 

1.0  
max 

.040  
max 

.030  
max 

1.0  
max 

14.0 to 
15.5 

3.5 to 
5.5 

2.5 to 
4.5 

0.15 to 
0.45 

Hardness Yeild
Strength 

.2% 
Offset 

psi

Ultimate 
Strength 

psi

Elongation 
% in 2 ' ' 

Rb BHN

Impact Charpy ft.-
lbs.

Modulus of 
Elasticity in 

Tension - psi 

Typical 
Mechanical 
Properties 
Annealed

130,000 160,000 15 35 330 30 28.5 x 106 

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. Creep Strength 1% 

Flow in 10,000 hrs. 
at 1000°F psi 

Coefficient of 
Thermal Expansion 

(In/In/°F x 106)  
32°-212°F 

Electrical 
Resistivity-

Microhm-Cm at 
68°F at 

212°F
at 932°F 

Other 
Properties 

23 6 77 10.3 13.1

Properties comparable to those of the parent metal Properties comparable to those of the parent metal 
may be achieved in the weld metal by appropriate may be achieved in the weld metal by appropriate 
post-weld heat treatment. Somewhat low weld post-weld heat treatment. Somewhat low weld 
metal ductility may give rise to notch sensitivity. metal ductility may give rise to notch sensitivity. 
Precaution should be taken Precaution should be taken in design and welding in design and welding 
procedures to avoid concentration of weld melt procedures to avoid concentration of weld melt 

Typical applications:Typical applications:

Valves
Power Plant Power Plant 
Plastic molding dies Plastic molding dies 
High Strength shafts High Strength shafts 
Engine parts Engine parts 

C

A.I.S.I Analysis A.I.S.I Analysis 
.07  .07  
max max 

Yeild

Typical Typical 
Mechanical Mechanical 
Properties Properties 
AnnealedAnnealed



15-5 PH Percipitation Hardening Stainless (UNS S15500)
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This 15Cr/5Ni precipitation hardening stainless steel is 
similar to S17400 (17Cr/4Ni) offering the same excellent 
combination of high hardness and strength in addition to 
the corrosion and heat resistance of Type 304. The 
chemical balance of 15Cr/5Ni PH reduces the delta ferrite 
content enhancing the traverse ductility and impact pro-
perties. 15Cr/5Ni PH is produced by vacuum arc remelting 
and meets the most stringent cleanliness requirements (e.g. 
for aerospace applications). 

Corrosion Resistance: Excellent - Similar to Type 304. 

Heat Resistance: Good oxidation resistance. To preserve 
mechanical properties and hardness do use above 900°F.  

Heat Treatment: Solution anneal-heat at 1900°F for 1/2.
hour and cool to 90°F maximum in air. Oil quenching may 
be used for small non-intricate sections.  

Hardening: A single low temperature process is 
employed. Heat to 900°-1150°F 1 to 4 hours and air cool.  
Typical hardness values after hardening are:  

A decrease in size (shrinkage) takes place during the 
hardening process, and this change must be allowed for 
in prior manufacturing operations. The magnitude of 
the size change is temperature dependent-  

900"F -. 0005" approx. 
1150"F - .001"    approx. 

Welding: Can be successfully welded by all standard 
methods. Preheating is, not necessary. Properties 
comparable to those of the parent metal may be 
achieved in the weld metal by appropriate post weld 
heat treatment. Somewhat low weld metal ductility may 
give rise to notch sensitivity. Precaution should be 
taken in design and welding procedures to avoid 
concentration of weldmelt stresses. 

Typical applications:
Aircraft and aerospace components.  
Nuclear applications.
Chemical and paper processing equipment.  
Valves, shafts, gears.  
Engine parts.  

C Mn P S Si Cr Ni Cu

Cb
+

Ta 

A.I.S.I 
Analysis 

.070  
max 

1.0  
max 

.040  
max 

.030  
max 

1.0  
max 14.0 to 15.5 

1.25 to 
2.50 

2.5 
to 

4.5 0.45 

Hardness 
Yeild Strength 
.2% Offset psi 

Ultimate 
Strength 

psi
Elongation 
% in 2 ' ' Rb BHN

Impact 
Charpy ft.-

lbs.
Modulus of Elasticity in 

Tension - psi 
Typical 

Mechanical 
Properties 
Annealed 95,000 125,000 20 103 262 37 29.0 x 106

Thermal Conductivity    
BTU-Ft.²/Hr./°F/Ft. 

Creep 
Strength .1% 
Flow in 1,000 
hrs. at 900°F 

psi

Coefficient of Thermal 
Expansion (In/In/°F x 

106) 32°-212°F 

Electrical 
Resistivity-

Microhm-Cm at 
68°F at 212°F at 932°F 

Other 
Properties 23 6.0 77 10.3 13.1

methods. Preheating is, not necessary. Properties methods. Preheating is, not necessary. Properties 
comparable to those of the parent metal may be comparable to those of the parent metal may be 
achieved in the weld metal by appropriate post weld achieved in the weld metal by appropriate post weld 
heat treatment. Somewhat low weld metal ductility may heat treatment. Somewhat low weld metal ductility may 
give rise to notch sensitivity. Precaution should be give rise to notch sensitivity. Precaution should be 
taken in design and welding procedures to avoid taken in design and welding procedures to avoid 
concentration of weldmelt stresses. concentration of weldmelt stresses. 

Typical applications:Typical applications:
Aircraft and aerospace components.  Aircraft and aerospace components.  
Nuclear applications.Nuclear applications.
Chemical and paper processing equipment.  Chemical and paper processing equipment.  
Valves, shafts, Valves, shafts, gears.  gears.  
Engine parts.  Engine parts.  

Mn P

.070  .070  
max max 

1.0  
max 

.040  .040  

Yeild Strength Yeild Strength 
.2% Offset psi .2% Offset psi 

Ultimate 
Strength 

Mechanical Mechanical 
Properties Properties 
AnnealedAnnealed 95,000 95,000 

Creep Creep 
Strength .1% Strength .1% 
Flow in 1,000 
hrs. at 900°F hrs. at 900°F 

Other Other 
Properties Properties 



49
E-BRITE®* Alloy

Features
Freedom from chloride stress corrosion 
cracking
Highly resistant to organic acids, 
oxidizing acids, caustics and many 
chlorine and ammonia compounds
Resistant to pitting and crevice corrosion
low thermal expansion and high thermal 
conductivity

Applications
Heat exchanger tubing 
Petroleum refining
overhead condensers
reboilers 
feed heaters
Pulp and paper liquor heaters
Organic acid heaters and condensers
Nitric acid cooler condensers
Urea stripper tubing 

Chemical Composition, % 

General

E·BRITE is a high chromium specialty alloy which has 
proven itself over the past decade as an excellent material at 
construction where stress corrosion cracking, pitting, and 
crevice corrosion are at ajar concern.  

E-BRITE has very good general corrosion resistance in most 
oxidizing acids, organic acids, and caustics. It has been 
specified for heat exchanger tubing in a variety at industrial 
applications, including pulp liquor heaters, bleach equipment, 
urea strippers, most petroleum refinery oberhead condensers, 
MEA and DEA reboilers, after-coolers, and feed heaters.  

In general, E-BRITE serves best in all at the above where 
brackish or high chloride water must be used for either 
heating or cooling the process stream. Being a ferritic alloy, 
E-BRITE has both a high thermal conductivity and a low 
coefficient of thermal expansion relative to the 300 series 
stainless steels.

Stress Corrosion Cracking Resistance: 
(42% Boiling MgCI2)

*Registered trademark of Allegheny
Ludlum Steel Corporation. 
UNS S44627 

specified for heat exchanger tubing in a variety at industrial 
heaters, bleach equipment, heaters, bleach equipment, 

urea strippers, most petroleum refinery oberhead condensers, urea strippers, most petroleum refinery oberhead condensers, 
MEA and DEA reboilers, after-coolers, and feed heaters.  MEA and DEA reboilers, after-coolers, and feed heaters.  

In general, E-BRITE serves best in all at the above where In general, E-BRITE serves best in all at the above where 
brackish or high chloride water must be used for either brackish or high chloride water must be used for either 
heating or cooling the process heating or cooling the process stream. Being a ferritic alloy, stream. Being a ferritic alloy, 
E-BRITE has both a high thermal conductivity and a low E-BRITE has both a high thermal conductivity and a low 
coefficient of thermal expansion relative to the 300 series coefficient of thermal expansion relative to the 300 series 
stainless steels.stainless steels.

Stress Corrosion Cracking Resistance: Stress Corrosion Cracking Resistance: 
(42% Boiling MgCI(42% Boiling MgCI

*Registered trademark of Allegheny*Registered trademark of Allegheny
Ludlum Steel Corporation. Ludlum Steel Corporation. 
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ASA ALLOY 309

Features
Oxidation resistance to 2000°F 
Moderate strength at high temperature 
East of fabrication 
Availability
Low cost 

Applications
Burner parts 
Heat exchanges & combustion chambers 
Kilns
Annealing covers & boxes 
Incinerators 
Muffles, retorts 
Radiant tubes 
Power boiler tube hangers 
Anchor bolts 
Brazing fixtures 
Glass forming equipment 
Chemical plant equipment 
Furnace fans, shafts & housings 
Thermowells
Paper mill equipment
Neutral salt pots 

Composition 
UNS S30908 

Chromium 22.00 - 24.00 
Nickel 12.00 - 15.00 
Carbon 0.08 max 
Silicon 1.00 max 
Manganese 2.00 max 
Phosphorus 0.045 max 
Sulfur 0.030 max
Iron  balance 

General 

309 is an austenitic heat resistant alloy with 
useful oxidation resistance to 2000°F under 
constant temperature conditions. When 
frequent heating and cooling is involved the 
alloy is resistant to about 1850°F.  

309 is particularly suited for oxidizing 
environments involving constant temperature 
or mild cycling with slow rates of heating or 
cooling. Because of its relatively high rates of 
thermal expansion the alloy is not suggested 
for applications involving severe thermal 
cycling, such as liquid quenching. 

The high chromium and relatively low nickel 
contents of 309 make it the preferred choice 
among the austenitic grades for high 
temperature sulfur bearing atmospheres. 
Under the most severe conditions, however, 
alloys completely free of nickel may be 
required.

309 is one of the most commonly used heat 
resisting alloys in the range of 1500-2000°F 
under oxidizing conditions. 

Carburization 
309 has a degree of resistance to carbon 
absorption in some environments. Low cost, 
good sulfidation and moderate carburization 
resistance combine to make 309 the most 
widely used alloy for carbon saggers.

Carbon 0.08 max 
Silicon 1.00 max 
Manganese 2.00 max 
Phosphorus 0.045 max 
Sulfur 0.030 max
Iron  balance 

alloy is resistant to about 1850°F.  

309 is particularly suited for oxidizing 309 is particularly suited for oxidizing 
environments involving constant temperature environments involving constant temperature 
or mild cycling with slow rates of heating or or mild cycling with slow rates of heating or 
cooling. Because of its relatively high rates of cooling. Because of its relatively high rates of 
thermal expansion the alloy is not suggested thermal expansion the alloy is not suggested 
for applications involving severe thermal for applications involving severe thermal 
cycling, such as liquid quenching. cycling, such as liquid quenching. 

The high chromium and relatively low nickel The high chromium and relatively low nickel 
contents of 309 make it the preferred choice contents of 309 make it the preferred choice 
among the austenitic grades for high among the austenitic grades for high 
temperature sulfur bearing atmospheres. temperature sulfur bearing atmospheres. 
Under the most severe conditions, however, Under the most severe conditions, however, 
alloys completely free of nickel may be alloys completely free of nickel may be 
required.required.

309 is one of the most commonly used heat 309 is one of the most commonly used heat 
resisting alloys in the range of 1500-2000°F resisting alloys in the range of 1500-2000°F 
under oxidizing conditions. under oxidizing conditions. 
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ASA ALLOY 310

Features
Oxidation resistance to 2100°F 
Moderate strength at high 
temperature
Resistance to hot corrosion 
Low magnetic permeability
Strength and toughness at 
cryogenic temperatures 
Availability

Applications
Kilns
Heat exchangers 
Radiant tubes 
Muffles, retorts, annealing 
covers
Saggers
Tube hangers for petroleum 
refining and steam boilers
Coal gasifier internal 
components
Burners, combustion chambers
Refractory anchor bolts
Lead pots 
Fluidized bed coal combustor 
internals

Composition 
UNS S31008 

Nickel 24.00 - 26.00 
Carbon 19.00 - 22.00 
Silicon  0.08 max 
Manganese 0.75 max
Phosphorus 2.00 max
Sulfur 0.040 max 
Molybdenum 0.75 max 
Copper  0.50 
Iron balance

General 

310 is an austenitic heat resisting alloy with 
excellent resistance to oxidation under mildly 
cyclic conditions to 2100°F. Rapid thermal 
cycling increases the rate of metal wastage 
somewhat by spalling of the protective oxide 
scale. The oxidation resistance of 310 is 
significantly better than that of 309.  

Because of its high chromium and medium 
nickel contents 310 has good resistance to 
hot corrosion in a variety of environments. 
310 has useful resistance to high 
temperature environments containing 
moderate amounts of sulfur. However, 
sufficiently high concentrations of sulfur may 
dictate the use of materials free of nickel. 

310 is widely used in moderately carburizing 
atmosphere such as encountered in 
petrochemical environments. 310 does not 
possess sufficient resistance to carbon and 
nitrogen absorption for service in the highly 
carburizing atmospheres of industrial heat 
treating furnaces. 330 or 333 are better 
suited to this latter environment. 

The chromium content of 310 provides 
resistance to aqueous corrosion under 
oxidizing conditions. 310 is susceptible to 
chloride ion stress corrosion cracking but is 
superior in this respect to the lower alloy 
stainless 304 and 316. 310 has fair 
resistance to polythionic acid attack. 
Resistance to intergranular attack of material 
intended for service in the 850-1000°F range 
may be improved by thermal stabilization at 
1500-1550°F for four hours.

bustor 

24.00 - 26.00 
19.00 - 22.00 

Silicon  0.08 max 
nganese 0.75 max

Phosphorus 2.00 max
0.040

Molybdenum 0.75 max 
Copper  0.50 
Iron

cyclic conditions to 2100°F. Rapid thermal 
cycling increases the rate of metal wastage cycling increases the rate of metal wastage 
somewhat by spalling of the protective oxide somewhat by spalling of the protective oxide 
scale. The oxidation resistance of 310 is scale. The oxidation resistance of 310 is 
significantly better than that of 309.  significantly better than that of 309.  

Because of its high chromium and medium Because of its high chromium and medium 
nickel contents 310 has good resistance to nickel contents 310 has good resistance to 
hot corrosion in a variety of environments. hot corrosion in a variety of environments. 
310 has useful resistance to high 310 has useful resistance to high 
temperature environments containing temperature environments containing 
moderate amounts of sulfur. However, moderate amounts of sulfur. However, 
sufficiently high concentrations of sulfur may sufficiently high concentrations of sulfur may 
dictate the use of materials free of nickel. dictate the use of materials free of nickel. 

310 is widely used in moderately carburizing 310 is widely used in moderately carburizing 
atmosphere such as encountered in atmosphere such as encountered in 
petrochemical environments. 310 does not petrochemical environments. 310 does not 
possess sufficient resistance to carbon and possess sufficient resistance to carbon and 
nitrogen absorption for service in the highly nitrogen absorption for service in the highly 
carburizing atmospheres of industrial heat carburizing atmospheres of industrial heat 
treating furnaces. 330 or 333 are better treating furnaces. 330 or 333 are better 
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GeneralFeatures
Oxidation resistance to 2200°F 
Resistant to carburization and 
nitriding
Resistant to thermal shock 
Good strength at elevated 
temperature
Metallurgical stability 
Chloride ion stress corrosion 
cracking resistance

Applications
Furnace containers-carburizing, 
carbonitriding, annealing, 
malleablizing 
Muffles, retorts 
Quenching fixtures 
Bar frame heat treating baskets 
Heat exchangers 
Radiant tubes 
Salt pots, both neutral and cyanide 
Gas turbine parts 
Petrochemical furnace 
components
Furnace fans and shafts 
Conveyors
Hot pressing platens 

Composition 

Chromium  18.00 - 20.00 
Nickel 34.00 - 37.00 
Carbon  0.08 max 
Silicon 1.00 - 1.50a

Manganese 2.00 max
Phosphorus 0.030 max
Sulfur 0.030 max 
Copper  1.00 max 
Iron balance

Specifications 
UNS N08330 
ASTM B 511, B 512, B 535, 
B 536, B 546, B 710, B 739 
ASME SB-511, SB-535, SB-536 
SB-710 
AMS 5592, 5716 

a All product forms except welded pipe and 
tube, silicon 0.75 - 1.50 

330 is an authentic heat and corrosion resistant 
alloy offering an exceptional combination of 
strength and resistance to carburization, 
oxidation and thermal shock. Carburization and 
oxidation resistance to 2200°F are enhanced by 
a nominal 1.25% silicon addition. 330 finds 
wide application in high temperature industrial 
environments where good resistance to the 
combined effects of carburization and thermal 
cycling is a prime requisite. 330 remains fully 
austenitic at all temperatures and is not subject 
to embrittlement from sigma formation. 

Sizes and Availability 

330 is available from stock in a greater variety 
of items and product forms than any other heat 
resisting alloy composition. Refer to current 
stock list for details. Special shapes, sizes or 
quantities may be mill produced promptly. 

Welding 

330 is readily welded using 330-04 weld fillers 
of matching composition. 330-04DO lime type 
electrodes are available from stock in popular 
sizes. 330-04 bare welding wire is available in 
straight lengths for GTA welding or spooled 
for GMA welding. For best results do not 
preheat, keep interpass temperature low and 
use reinforced bead contours.

34.00 - 37.00 
Carbon  0.08 max 

1.00 - 1.50a

Manganese 2.00 max
Phosphorus 0.030 max

0.030
Copper  1.00 max 

on balance

Specifications 
UNS N08330 
ASTM B 511, B 512, B 535, 
B 536, B 546, B 710, B 739 
ASME SB-511, SB-535, SB-536 

gh temperature industrial gh temperature industrial 
environments where good resistance to the environments where good resistance to the 
combined effects of carburization and thermal combined effects of carburization and thermal 
cycling is a prime requisite. 330 remains fully cycling is a prime requisite. 330 remains fully 
austenitic at all temperatures and is not subject austenitic at all temperatures and is not subject 
to embrittlement from sigma formation. to embrittlement from sigma formation. 

Sizes and Availability Sizes and Availability 

330 is available from stock in a greater variety 330 is available from stock in a greater variety 
of items and product forms than any other heat of items and product forms than any other heat 
resisting alloy composition. Refer to current resisting alloy composition. Refer to current 
stock list for details. Special shapes, sizes or stock list for details. Special shapes, sizes or 
quantities may be mill produced promptly. quantities may be mill produced promptly. 

Welding Welding 

330 is readily welded using 330-04 weld fillers 330 is readily welded using 330-04 weld fillers 
of matching composition. 330-04DO lime type of matching composition. 330-04DO lime type 
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Features
Outstanding resistance to carburization 
Resistance to combined carburization and sulfidation (better than T310, T330 and a cobalt-base alloy) 
Good oxidation resistance 
Good fabric ability 
Weldable with matching combination filler metal 
Better hot strength than T309, T310 and 600

Applications
Heat treating fixtures and bar frame baskets
Molten salt hangers for austempering
Sleeves and saggers fro baking carbon products 
Radiat tubes 
Waste incineration 
Fluidized beds 
Combustion nozzles 

Composition, % 
Nickel 14.5
Chromium 18.5
Silicon 3.5
Aluminum 1.0
Carbon 0.20
Manganese 0.5 
Iron Remainder

*Registered trademark of Rolled Alloys, Inc. 

General

RA85H is a fully austenitic heat resistant alloy modified with high silicon and aluminum. RA85H is annealed to 
provide good high temperature strength combined with excellent resistance to thermal fatigue. The addition of 
silicon for RA85H provides exceptional resistance to carburization. This property is critical in a variety of 
applications including heat treating and waste incineration. 

*Registered trademark of Rolled Alloys, Inc. 

RA85H is a fully austenitic heat resistant alloy modifiedRA85H is a fully austenitic heat resistant alloy modified
provide good high temperature strength combined with exprovide good high temperature strength combined with ex
silicon for RA85H provides exceptional resilicon for RA85H provides exceptional resistance to carburization. This property is critical in a variety of sistance to carburization. This property is critical in a variety of 
applications including heat trapplications including heat treating and waste incineration. eating and waste incineration. 



      HR-120TM Alloy  
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GeneralFeatures
Outstanding strength up to 2000°F
Good resistance to carburizing and 
sulfidizing atmospheres
Oxidation resistance
Good fabricability
Weldable with 556' alloy filler wire and 
MUL TIMET'" covered electrodes

Applications
Heat treating fixtures and bar frame baskets
Wire mesh furnace belts and basket liners
Cast link belt pins
Waste incinerators
Recuperators
Fluidized bed components

Chemical Composition 
(Weight %) 

Nickel 37

Chromium 25

Cobalt 3 max

Molybdenum 2.5 max 

Tungsten 2.5 max

Columium 0.7

Manganese 0.7

Silicon 0.6

Nitrogen 0.2

Aluminum 0.1

Carbon 0.05

Boron 0.004

Iron balance

HR-120 alloy, produced by Haynes 
International and supplied by roiled Alloys, is a 
solid-solution strengthened heat-resistant alloy 
that provides excellent strength of elevated 
temperatures combined with very good 
resistance to carburizing and sulfidizing 
environments. Its oxidation resistance is 
comparable to other widely used Fe-Ni-Cr 
materials, such as 800 HT. The strength of HR-
120 alloy is what sets it apart from the others. 
This improved strength allows for thinner 
cross-sectional construction in certain 
applications which can lead to greater thermal 
efficiency. For example, a heat treat basket 
constructed from 3/8" diaeter HR-120 alloy 
bar can provide equivalent or superior 
performance to one constructed from 1/2
diameter 330 alloy, with a 43% reduction in 
weight. Having a maximum service 
temperature of 2000°F, HR·l20 alloy is quickly 
becoming accepted as a standard material of 
construction in many high temperature 
applications.  

0.1

0.05

Boron

Iron

resistance to carburizing and sulfidizing 
environments. Its oxidation resistance is environments. Its oxidation resistance is 
comparable to other widely used Fe-Ni-Cr comparable to other widely used Fe-Ni-Cr 
materials, such as 800 HT. The strength HT. The strength 
120 alloy is what sets it apart from the others. 120 alloy is what sets it apart from the others. 
This improved strength allows for thinner This improved strength allows for thinner 
cross-sectional construction in certain cross-sectional construction in certain 
applications which can lapplications which can lead to greater thermal 
efficiency. For example, a heat treat basket efficiency. For example, a heat treat basket 
constructed from constructed from 3/8" diaeter HR-120 alloy diaeter HR-120 alloy 
bar can provide equivabar can provide equivalent or superior lent or superior 
performance to one constructed from 1/2performance to one constructed from 1/2
diameter 330 alloy, with a 43diameter 330 alloy, with a 43
weight. Having a maximum service weight. Having a maximum service 
temperature of 2000°F, HR·l20 alloy is quickly temperature of 2000°F, HR·l20 alloy is quickly 
becoming accepted as a standard material of becoming accepted as a standard material of 
construction in many high temperature construction in many high temperature 
applications.  applications.  
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HR -120™ ALLOY 
(Continued)  

Physical Properties 

Density  
0.291 lb/in3

(8.07 gm/cm3)
Thermal Expansion (iin/in °F)

9.7 x 10-6 (70-1600°F)
Melting Range  2375-2600°F

(1300-1425°C) 

Dynamic Modulus at Elasticity (Room Temperature):  28.6 x 106 psi

Average Room Temperature Tensile Properties  

Ultimate Tensile Strength (ksi) 0.2% Yield Strength (ksi) 

106 45

Stress to Produce Rupture in 10,000 Hours (1600°F)  

Elongation (in 2 In.) 

50%

HR-120TM

800HT®800HT®

RA253MA®

'"  

Fabrication  

Welding: HR·120 alloy is readily wieldable by Gas Tungsten Arc (TIG), Gas Metal Arc (MIG), and 

Shielded Metal Arc (SMAW) welding processes using 5561 alloy filler wire or MULTIMET®

electrodes. Many of the alloy's welding characteristics are similar to those for nickel alloys and the 
same precautions apply. Any start/stop cracking should be removed by grinding prior to further 

welding. Do not attempt remelt or "wash out" welding cracks.  

Machining: HR·120 alloy can be readily machined using conventional techniques. Generally, the 

same practices are employed as those used with the 300 series austenitic stainless steels. Some 
minor adjustments may be required to obtain optimum results.  

HR-120 & 556 are trademarks and MULTIMFT is a reregistered trademark of Havnes International 
Inc.

ElonElongation (in 2 In.) gation (in 2 In.) 

50%

Fabrication  Fabrication  

WeldingWelding: HR·120 alloy is readily wieldable by Gas Tungsten Arc (TIG), Gas Metal Arc: HR·120 alloy is readily wieldable by Gas Tungsten Arc (TIG), Gas Metal Arc

Shielded Metal Arc (SMAW) welding processes using 556Shielded Metal Arc (SMAW) welding processes using 556

electrodes. Many of the alloy's welding characteristics are similar to those for nickel alloys and the electrodes. Many of the alloy's welding characteristics are similar to those for nickel alloys and the 
same precautions apply. Any start/stop cracking should be removed by grinding prior to further same precautions apply. Any start/stop cracking should be removed by grinding prior to further 

welding. welding. DoDo

MachiningMachining

same practices are employed as those used with the 300 series austenitic stainless steels. Some same practices are employed as those used with the 300 series austenitic stainless steels. Some 



Alloy 446
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Features
Oxidation resistance to 2200°F 
Sulfidation resistance 
Availability
Resists attack by molton 
copper alloys 

Applications
Recuperators 
Combustion chambers
Soot blowers 
Neutral salt pot electrodes 
Oil burner components 
Spouts for conveying molten 
copper alloys 
Kiln linings 
Thermocouple protection tubes 
Stack dampers 
Boiler baffles 
Gas-injection nozzles for 
various molten compounds
Flame rods

Composition 

Chromium  23.00 27.00 
Carbon  0.15 max 
Nitrogen  0.25 max 
Manganese 1.50  max
Silicon  1.00 max 
Phosphorus 0.040 max
Sulfur 0.030 max 
Iron  balance 
UNS S44600 

General

446 is a high chromium ferritic heat resisting 
alloy with excellent resistance to oxidation 
and to various forms of hot corrosion. The 
alloy is most commonly used for service 
between 1500 and 2200°F (815 and 1200°C) 
although its elevated temperature strength is 
quite low. 

446, in common with other high chromium 
ferritics, embrittles severely when held in, or 
cooled slowly through the 700-1000°F (370- 
540°C) temperature range. This phenomenon 
is referred to as 885°F (475°C) embrittlement. 
446 should not be used in this temperature 
range unless near complete loss of room 
temperature ductility may be tolerated. 
446 is also subject to room temperature 
embrittlement from sigma phase formation 
after long time service in the 1000-1300°F 
(540-700°C) temperature range. Both 885°F and 
sigma phase embrittlements are reversible and 
ductility may be restored by annealing. 

Molten Metal Corrosion 

Unlike austenitic stainless or nickel alloys, 
446 resists intergranular penetration by molten 
copper or silver alloys. 446, like other metals, is 
not particularly resistant to molten aluminum. 

 balance 

446, in common with other high chromium 446, in common with other high chromium 
ferritics, embrittles severely when held in, or ferritics, embrittles severely when held in, or 
cooled slowly through the 700-1000°F (370- cooled slowly through the 700-1000°F (370- 
540°C) temperature range. This phenomenon 540°C) temperature range. This phenomenon 
is referred to as 885°F (475°C) embrittlement. is referred to as 885°F (475°C) embrittlement. 
446 should not be used in this temperature 446 should not be used in this temperature 
range unless near complete loss of room range unless near complete loss of room 
temperature ductility may be tolerated. temperature ductility may be tolerated. 
446 is also subject to room temperature 446 is also subject to room temperature 
embrittlement from sigma phase formation embrittlement from sigma phase formation 
after long time service in the 1000-1300°F after long time service in the 1000-1300°F 
(540-700°C) temperature range. Both 885°F and (540-700°C) temperature range. Both 885°F and 
sigma phase embrittlements are reversible and sigma phase embrittlements are reversible and 
ductility may be restored by annealing. ductility may be restored by annealing. 

Molten Metal Corrosion Molten Metal Corrosion 

Unlike austenitic stainless or nickel alloys, Unlike austenitic stainless or nickel alloys, 
446 resists intergranular penetration by molten 446 resists intergranular penetration by molten 
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Alloy 276 (UNS N10276)

Alloy 276 is a nickel-chrome alloy with high 
moly and tungsten but low iron and silicon 
contents, which provides superior corrosion 
resistance to a wide variety of environments. The 
composition is specially formulated to maintain 
corrosion resistance, even in the weld heataffected 
zone, thus making Alloy 276 suitable even in the 
as welded condition. The alloy has excellent 
resistance to general pitting and stress corrosion 
cracking and resists oxidation up to approximately 
1900°F. Alloy 276 has found wide acceptance in 
the chemical and petro-chemical process industry, 
flue gas desulfurization systems and the pulp and 
paper industries. It shows exceptional resistance 

to ferric and cupric chlorides, hot contaminated 
mineral acids, solvents, chlorine and chlorine-
contaminated media, dry chlorine, formic acid, 
acetic acid acetic anhydride, sea water and brine. 
Alloy 276 is one of the few materials that resists 
wet chlorine gas, hypochlorite and chlorine 
dioxide solutions. The alloy has shown 
remarkable corrosion resistance in the especially 
corrosive areas of flue gas desulfurization 
systems, such as outlet ducting leading to the 
stack. It has also been used to solve corrosive 
problem areas in municipal sewage treatment 
plants. 

Chemical Composition (nominal analysis) 

Carbon, max. 0.020% 

Manganese, max. 1.00

Sulfur, max. 0.015

Chromium 14.5-16.5 

Iron 4.0-7.0

Molybdenum 15.0-17.0 

Tungsten  3.0-4.5

Silicon, max. 0.08

Cobalt, max. 2.5

Vanadium, max. 0.35

Nickel Balance 

corrosive areas of flue gas desulfurization 
systems, such as outlet ducting leading to the systems, such as outlet ducting leading to the 

used to solve corrosive used to solve corrosive 
pal sewage treatment pal sewage treatment 

Chemical Composition (nominal analysis) Chemical Composition (nominal analysis) 

0.020% 0.020% 

1.001.00

0.015

14.5-16.5 14.5-16.5 

4.0-7.04.0-7.0

15.0-17.0 

Silicon, max. 

Cobalt, max. 

Vanadium, max. Vanadium, max. 

NickelNickel
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(Continued) 

Room Temperature Mechanical Properties (minimum) 

Tensile Strength, psi 100,000 

Yield Strength (0.2% offset), psi 41,000 

Elongation in 2 in., % 40

Short - Time Elevated-Temperature Tensile Properties of Plate, 0.75 in. 

(Heat Treated at 2100°F, water quenched) 

Test Tensile Yield Strength Elongation 

Temperature Strength (0.2% Ofset) (2 in.) 

°F psi psi %

Room 114000 52000 70

400 102000 44000 71

800 94000 34000 75

1200 87000 33000 73

1600 64000 30000 92

1800 39000 27000 127

Physical Properties 

Density, lb/cu. In. 0.321 

Gm./cu. Cm 8.89 

Melting range, °F 
2415-
2500

Thermal coef. Expansion/°F 

75 to 200°F 
6.2 x 10-

6

75 to 1000°F 
7.4 x 10-

6

75 to 1700°F 
8.8 x 10-

6

Thermal conductivity, Btu/sq. ft.hr. °F/in. 

-270°F 50

0°F 65

100°F 71

1000°F 132

1400°F 159

2000°F 195

Electrical resistivity, ohms/cir. Mil. Ft. 779

Specific heat, Btu/lb./°F 0.102 

Modulus of elasticity, psi (dynamic) 

Room temperature 
29.8 x 
10-6 

1000°F
25.5 x 
10-6 

Avaliability 

Plate 3/16 inches and thicker Dimensions of 72x320 inches max. 

Plate Shapes Variety of plate shapes available, including Abrasive cut bar 

127

0.321 0.321 

8.89 
2415-
2500

6.2 x 10-6.2 x 10-
6

7.4 x 10-
66

8.8 x 10-8.8 x 10-
6

Thermal conductivity, Btu/Thermal conductivity, Btu/sq. ft.hr. °F/in. sq. ft.hr. °F/in. 

100°F

1000°F

1400°F

2000°F

Electrical resistivity, ohms/cir. Mil. Ft. Electrical resistivity, ohms/cir. Mil. Ft. 

Specific heat, Btu/lb./°F Specific heat, Btu/lb./°F 

Modulus of elasticity, psi (dynamic) Modulus of elasticity, psi (dynamic) 

Room temperature Room temperature 

1000°F1000°F
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Alloy 400

GeneralFeatures
Resistant to hydrofluoric acid 
Freedom from chloride stress 
corrosion cracking 
Useful resistance to dry chlorine,
fluorine, hydrogen chloride and
hydrogen fluoride gases
Good strength and toughness over 
a wide temperature range 

Applications
Caustic evaporators 
Hydrofluoric acid production 
Chemical processing equipment
Salt protection equipment 
Crude oil distillation towers 
Marine components
Valve and pump components

Chemical Composition, % 

Max.  Min.
Nickel  63.0 70.0 
Copper  28.0 34.0 
Iron - 2.5 
Carbon  - 0.3 
Manganese - 2.0
Sulfur - 0.024 
Silicon  - 0.5 

UNS N04400 

Alloy 400 is a ductile nickel-copper alloy with 
resistance to a wide range of corrosive environments. 
This grade is often chosen to handle sulfuric acid under 
reducing conditions. Alloy 400 possesses useful 
resistance to hydrochloric acid up to about 10% 
concentration at room temperature. The alloy has 
excellent resistance to sea or brackish water under 
high velocity conditions. Alloy 400 is one of the few 
materials with good resistance to hydrofluoric acid.  

The Curie point of Alloy 400 is near room temperature, 
and is affected by small variations in chemical 
composition. For this reason, some heats of Alloy 400 
are magnetic at room temperature while others are not.

Mechaical Properties 

Minimum Room Temperature Properties: 

Tensile 
0.2% 
Yield

Elongation 
in

Strength, psi 
Strength, 

psi
2" or 4D, 

%

70,000 28,000 35

Typical Room Temperature Property Range: 

Tensile 
0.2% 
Yield Elongation Hardness 

Strength, psi 
Strength, 

psi % Brinell

70,000- 28000- 35-50 110-140

85,000 50,000

Effect of Oxygen on Corrosion of RA 400 in 

Hydrofluoric Acid 

Vol. % Oxygen 
Corrosion Rate, mils per 

year 

in Hydrogen 

Purge Gas Liquid Vapor 

0 11 1

0.1 21 2

1 75 12

Air Blanket (No Hydrogen) 22 1000

Laboratory Test: 1000 hours (41.5 days) 

40% Hydrofluoric Acid Boiling - 266°F(130°C). 

excellent resistance to sea or brackish water under 
high velocity conditions. Alloy 400 is one of the few high velocity conditions. Alloy 400 is one of the few 
materials with good resistance to hydrofluoric acid.  materials with good resistance to hydrofluoric acid.  

The Curie point of Alloy 400 is near room temperature, The Curie point of Alloy 400 is near room temperature, 
and is affected by small variations in chemical and is affected by small variations in chemical 
composition. For this reason, some heats of Alloy 400 composition. For this reason, some heats of Alloy 400 
are magnetic at room temperature while others are not.are magnetic at room temperature while others are not.

Mechaical Properties Mechaical Properties 

Minimum Room Temperature Properties: Minimum Room Temperature Properties: 

Tensile Tensile 

Strength, psi Strength, psi 

70,00070,000

Typical Room Temperature Property Range: Typical Room Temperature Property Range: 
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Alloy 600 (UNS N06600)

Alloy 600 is a nickel-chromium-iron alloy for use Features
Resistant to hot, dry, chlorine gas 
More resistant to sulfur attack 
than RA 200 and RA 201
Good oxidation resistance to 
2000°F

Applications
Jacketed heat exchangers
Chlorination equipment up to 
1000°F
Paper mill alkaline digesters 
Vegetable and fatty acid vessels
Chemical and food processing
equipment
Heat treating muffles and retorts

Chemical Composition, % 

Min. Max. 
Nickel 72.0 -
Chromium 14.0 17.0 
Iron  6.0 10.0 
Carbon - - 
Copper - 0.5 
Manganese - 1.0 
Sulfur - 0.015
Silicon - 0.5 

UNS N06600 

in environments requiring resistance to heat and 
corrosion. The high nickel content of this alloy 
makes it resistant to corrosion by a number of 
organic and inorganic compounds, and gives it 
excellent corrosion resistance to chloride-ion 
stress-corrosion cracking. Its chromium content 
gives the alloy resistance to sulfur compounds 
and various oxidizing environments. 
In addition Alloy 600 has excellent mechanical 
properties and a combination of high strength 
and good workability. The alloy performs well in 
applications with temperatures from cryogenic to 
more than 2000°F. 

Various corrosive and high temperature applications 
for Alloy 600 include chemical and food processing, 
heat treating and aircraft/aerospace. 

Mechanical Properties 
Minimum Room Temperature Properties 

Tensile Strength, 
psi

0.2% Yeild 
Strength, psi 

Elongation in 
2' ' or 4D, % 

80,000 35,000 30

Typical Room Temperature Property Range 

Tensile 
Strength, psi 

0.2% Yeild 
Strength, psi 

Elong. % 
Hardness 

Brinell 

80,000-
105,000 

35,000-
50,000 

30-55 

130-180 

Corrosion in Dry Chlorine 

In addition Alloy 600 has excellent mechanical In addition Alloy 600 has excellent mechanical 
properties and a combination of high strength properties and a combination of high strength 

lloy performs well in lloy performs well in 
applications with temperatures from cryogenic to applications with temperatures from cryogenic to 

Various corrosive and high temperature applications Various corrosive and high temperature applications 
for Alloy 600 include chemical and food processing, for Alloy 600 include chemical and food processing, 
heat treating and aircraft/aerospace. heat treating and aircraft/aerospace. 

Mechanical Properties Mechanical Properties 
Minimum Room Temperature Properties Minimum Room Temperature Properties 

Tensile Strength, Tensile Strength, 
psipsi

80,00080,000

Typical Room Temperature Property Range Typical Room Temperature Property Range 
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ALLOY 625 (UNS N06625)

625 is a nickel-molybdenum-columbium alloy 
well suited for applications where strength and 
corrosion resistance are required. The alloy 
exhibits exceptional fatigue strength and superior 
strength and toughness at temperatures 
ranging from cryogenic to 2000°F. It is resistant 
to oxidation, general corrosion, pitting and 
crevice corrosion and is virtually immune to 
chloride-ion stress-corrosion cracking. These 
properties are derived from additions of 
molybdenum and columbium to the alloy’s basic 
nickel-chromium composition. In addition, 625 is 
readily fabricated by standard industry practices. 

The combination of strength, corrosion resistance 
and fabricabilty make 625 suitable for a variety of 
applications. These include components such as 
heat exchangers, bubble caps, reaction vessels, 
distillation columns and valves for chemical 
processing plants, sea water applications, 
aerospace applications, nuclear reactor 
components and flue gas desulfurization 
systems. 

Chemical Composition (nominal analysis) 

Carbon , max. .10%

Manganese, max. .50

Phosphorus, max. 0.015

Sulfur, max. 0.015

Silicon, max. .50

Chromium 20.0-23.0

Nickel, min. 58.0

Molybdenum 8.0-10.0

Iron, max. 5.0

Cobalt, max. (if determined) 1.0

Columbium + Tantalum 3.15-4.15

Aluminum, max. 0.40

Titanium, max. 0.40

.10%.10%

.50.50

0.015

0.015

Cobalt, max. (if determined) Cobalt, max. (if determined) 

Columbium + Tantalum 

Titanium, max. Titanium, max. 
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ALLOY 625
(Continued) 

Room Temperature Mechanical Properties (minimum) 

Code Case 1409 

Tensile Strength, psi 120,000 100,000 

Yield Strength (0.2% offset), psi 60,000 40,000 

Elongation, % 30 30

Reduction of Area, % 25 40

Physical Properties 
Density, grams per cu.cm. 8.44 

lb.per cu.in. 0.305 
Melting Range, °F 2350-2460 
Specific Heat at 70°F 

Btu per lb.per °F 0.098 
Magnetic Permeability (75°F, 200 oersted)  1.0006 
Curie Temperature, °F <-320 
Modulus of Elasticity at 70°F, 106 psi 

Tension 30.1 
Torsion 11.8 

Mean Coefficient Of Thermal Expansion 
106 inches per inch per °F 

70° to 200°F 7.1 
70° to 400°F 7.3 
70° to 600°F 7.4 
70 ° to 800°F 7.6 
70° to 1000°F 7.8 
70° to 1200°F 8.2 
70° to 1400°F 8.5 
70° to 1600°F 8.8 
70° to 1700°F 9

Electrical Resistivity, 
Ohm per Circ.mil.per ft. 

70°F 776
100°F 780
200°F 794
400°F 806
600°F 812
800°F 818

1000°F 830
1200°F 830
1400°F 824
1600°F 818
1700°F - 
1800°F 812
2000°F 806

Availability 
Plate 

3/16 inches and thicker Dimensions of 72 X 320 
inches max. 

Plate Shapes 
Variety of plate shapes available, including Abrasive 
Cut Bar 

2350-2460 2350-2460 

0.098 
1.0006 
<-320 <-320 

30.1 
11.8 11.8 

7.1 7.1 
7.3 7.3 
7.4 7.4 
7.6 7.6 

70° to 1400°F 
70° to 1600°F 70° to 1600°F 
70° to 1700°F 70° to 1700°F 

Ohm per Circ.mil.per ft. Ohm per Circ.mil.per ft. 
70°F70°F

100°F100°F
200°F200°F
400°F400°F
600°F600°F
800°F800°F

1000°F1000°F
1200°F1200°F
1400°F
1600°F
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ALLOY 825 (UNS N08825)

825 is a nickel-iron-chromium- molybdenumcopper 
alloy for use in extremely corrosive environments. 
The nickel content of this alloy makes it resistant to 
chloride-ion stress-corrosion cracking. Additions of 
molybdenum and copper give 825 resistance to 
pitting and to corrosion in reducing acid 
environments such as sulfuric or phosphoric acid 
solutions. The alloy’s chromium content gives it 
resistance to various oxidizing environments, such as 
nitrates, nitric acid solutions and oxidizing salts.  

In addition, 825 offers excellent resistance to 
corrosion by sea water and resists intergranular 
corrosion after being heated in the sensitizing 
temperature range ( 1200-1400°F).  

The many corrosion resistant properties of 825 make 
the alloy a suitable choice for a variety of difficult 
applications. Possible uses include fabricated 
equipment found in chemical and petro-chemical 
processing, pulp and paper manufacturing, flue gas 
desulfurization systems and metal pickling 
operations. 

Chemical Composition (nominal analysis) 

Carbon, max. 0.05%

Manganese, max. 1.0

Sulfur, max. 0.03

Silicon, max. 0.5

Chromium 19.5-23.5

Nickel (plus Cobalt) 38.0-46.0

Iron, min. 22.0

Molybdenum 2.5-3.5

Copper 1.5-3.0

Aluminum, max. 2.0

Titanium 0.6-1.2

manufacturing, flue gas manufacturing, flue gas 
desulfurization systems and metal pickling desulfurization systems and metal pickling 

Chemical Composition (nominal analysis) Chemical Composition (nominal analysis) 

0.05%0.05%

1.01.0

0.030.03

0.50.5

19.5-23.519.5-23.5

Nickel (plus Cobalt) Nickel (plus Cobalt) 38.0-46.0

Iron, min. 

MolybdenumMolybdenum

Copper

Aluminum, max. Aluminum, max. 

TitaniumTitanium
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(Continued) 

Room Temperature Mechanical Properties (minimum) 

Tensile Strength, psi 85,000 

Yield Strength (0.2% offset), psi 35,000 

Elongation in 2in., % 30

Physical Properties 
Density, grams per cu.cm. 8.14 

lb.per cu.in. 0.294 
Magnetic Permeability (70°F, 200 oersted) 1.005 
Curie Temperature, °F <-320 
Modulus of Elasticity in Tension (Dynamic), psi 

80°F 28,300,000.00
500°F 26,400,000.00

1000°F 23,800,000.00
1200vF 22,700,000
1350°F 21,700,000
1500°F 20,300,000
1600°F 19,400,000
1700°F 18,300,000
1800°F 17,300,000

Melting Range, °F 2500-2550 
Mean Coefficient of Thermal Expansion 

106 inches per inch per °F 
80° to 200°F 7.8 
80° to 400°F 8.3 
80° to 600°F 8.5 
80° to 800°F 8.7 
80° to 1000°F 8.8 
80° to 1200°F 9.1 
80° to 1400°F 9.5 
80° to 1600°F 9.7 

Electrical Resistivity, 
Ohm per circ.mil. Per ft. 

78°F 678
100°F 680
200°F 687
400°F 710
600°F 728
800°F 751

1000°F 761
1200°F 762
1400°F 765
1600°F 775
1800°F 782
2000°F 793

Availability 
Plate 

3/16 inches and thicker Dimensions of 
84 X 320 inches max. 

Plate Shapes 
Variety of plate shapes available, 
including Abrasive Cut Bar 

23,800,000.0023,800,000.00
22,700,00022,700,000
21,700,000
20,300,000
19,400,00019,400,000
18,300,00018,300,000
17,300,00017,300,000
2500-2550 2500-2550 

7.8 7.8 
8.3 8.3 
8.5 8.5 
8.7 8.7 

80° to 1600°F 

Ohm per circ.mil. Per ft. Ohm per circ.mil. Per ft. 
78°F

100°F100°F
200°F200°F
400°F400°F
600°F600°F
800°F800°F

1000°F1000°F
1200°F1200°F
1400°F
1600°F
1800°F1800°F
2000°F2000°F

Availability Availability 
Plate Plate 
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AQUATECH 17

Aquatech 17 is a chromium-nickel-copper 
alloy product that is precipitation hardened 
during the manufacturing process to give it 
uniform tensile, yield strengths and superior 
hardness. These three qualities combine to 
create a strong, very corrosion resistant boat 
shaft regardless of size that is also very cost 
effective. The superior strength of Aquatech 17 
allows boat builders to to reduce the size of 
of underwater components resulting in reduced 
weight and drag and therefore superior 
performance. 
Aquatech 17 is used in military patrol craft, 
offshore crew and supply vessels, commercial 

fishing boats, ferry boats, excursion boats and 
pleasure craft. Aquatech 17 boat shafting is 
ground and polished to a 64 RMS finish, 
precision straightened and protected during 
shipping and storage by fibre tubing. Aquatech 
17 may be weld-repaired in worn bearing areas 
provided that a post-weld heat treat at 1150º for 
four hours be performed. Aquatech 17 exhibits 
good corrosion resistance in both salt and 
brackish water. To avoid galvanic corrosion, 
cathodic protection is recommended. Navy 
grade zinc anodes properly installed, should 
provide satisfactory protection against galvanic 
corrosion.

Typical Chemical Composition Aquatech 17 

Elements     % 
Carbon, max. . . . . . . . . . . . . . . . . . . . . .    070 
Manganese, max. . . . . . . . . . . . . . . . . . .   1.00 
Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 
Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 
Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 
Chromium. . . . . . . . . . . . . . . . . .    15.00-17.00 
Nickel. . . . . . . . . . . . . . . . . . . . . .      3.50-5.00 
Copper. . . . . . . . . . . . . . . . . . . . . .     3.00-5.00 
Columbium & Tantalum. . . . . . . .      0.15-0.45 

cathodic protection is recommended. Navy cathodic protection is recommended. Navy 
grade zinc anodes properly installed, should grade zinc anodes properly installed, should 
provide satisfactory protection against galvanic provide satisfactory protection against galvanic 

    %     % 
Carbon, max. . . . . . . . . . . . . . . . . . . . . .    070 Carbon, max. . . . . . . . . . . . . . . . . . . . . .    070 
Manganese, max. . . . . . . . . . . . . . . . . . .   1.00 Manganese, max. . . . . . . . . . . . . . . . . . .   1.00 
Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 
Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 
Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 
Chromium. . . . . . . . . . . . . . . . . .    15.00-17.00 Chromium. . . . . . . . . . . . . . . . . .    15.00-17.00 
Nickel. . . . . . . . . . . . . . . . . . . . . .      3.50-5.00 Nickel. . . . . . . . . . . . . . . . . . . . . .      3.50-5.00 
Copper. . . . . . . . . . . . . . . . . . . . . .     3.00-5.00 Copper. . . . . . . . . . . . . . . . . . . . . .     3.00-5.00 
Columbium & Tantalum. . . . . . . .      0.15-0.45 Columbium & Tantalum. . . . . . . .      0.15-0.45 
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Aquatech 19 boat shafting is an 18-8 stainless 
alloy with nitrogen added to increase both 
strength and corrosion resistance, while 
maintaining ductility and, like austenitic stainless 
steels, it is non-magnetic.  
Aquatech 19 is more resistant to corrosion than 
Aquatech 17. Under certain conditions it may 
exhibit crevice attack, but can be protected by use 
of navy grade, properly installed, zinc anodes. 
Aquatech 19 is used in commercial fishing 

boats and pleasure boats and occasionally in work 
boats where higher speeds and more frequent 
starting and stopping occurs. Aquatech 19 boat 
shafting is ground and polished to close tolerances 
and surface finish, precision straightened and 
protected during shipping and handling by fibre 
tubing. Aquatech 19 exhibits equal strength to 
Aquatech 17 up to 2” in diameter.

Typical Chemical Composition Aquatech 19 

Elements    % 
Carbon, max. . . . . . . . . . . . . . . . . . . . . .    0.08 
Manganese, max. . . . . . . . . . . . . . . . . . .   2.00 
Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 
Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 
Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 
Chromium. . . . . . . . . . . . . . . . . .    18.00-20.00 
Nickel. . . . . . . . . . . . . . . . . . . . . .    8.00-10.50 
Nitrogen . . . . . . . . . . . . . . . . . . . .      20.0-0.30 

Carbon, max. . . . . . . . . . . . . . . . . . . . . .    0.08 
Manganese, max. . . . . . . . . . . . . . . . . . .   2.00 Manganese, max. . . . . . . . . . . . . . . . . . .   2.00 
Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 
Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 
Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 
Chromium. . . . . . . . . . . . . . . . . .    18.00-20.00 Chromium. . . . . . . . . . . . . . . . . .    18.00-20.00 
Nickel. . . . . . . . . . . . . . . . . . . . . .    8.00-10.50 Nickel. . . . . . . . . . . . . . . . . . . . . .    8.00-10.50 
Nitrogen . . . . . . . . . . . . . . . . . . . .      20.0-0.30 Nitrogen . . . . . . . . . . . . . . . . . . . .      20.0-0.30 
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AQUATECH 22 & 22HS

Aquatech 22 boat shafting is a non magnetic, 
alloy of chromium, nickel and manganese with 
molybdenum, nitrogen, columbium and vanadium 
added to create the highest degree of strength and 
corrosion resistance while maintaining ductility 
and machinability. Aquatech 22 is used in yachts 
and other vessels that require more corrosion 
resistant shafting due to conditions such as 
running time versus docking time, extreme water 
temperatures or pollution. 
Aquatech 22 boat shafting is produced with 
careful control of raw materials, chemistry, 
melting, rolling and heat treating. Aquatech 22 is 
ground and polished to specified tolerances, 
precision straightened and protected by fibre 
tubing for shipping and handling. Aquatech 22 
provides the highest degree of resistance to pitting 
and crevice corrosion in all marine environments.  
Never the less, catholic protection is 
recommended using zinc anodes to prevent 
galvanic corrosion. 

Auatech 22HS (High Strength) boat shifting is 
manufactured similarly to Aquatech 22 with 
additional steps taken to achieve increased tensile 
and yield strengths. Aquatech 22HS is used in 
high horsepower luxury yachts and special 
purpose military vessels. Aquatech 22 HS 
combines strength similar to Aquatech 17 with 
greater corrosion resistance. It is available in 
diameters ranging between 2-1/2” and 6”. 

Typical Chemical Composition Aquatech 22  

Elements    % 
Carbon, max. . . . . . . . . . . . . . . . . . . . . .    0.06 
Manganese, max. . . . . . . . . . . . . .     4.00-6.00 
Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 
Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 
Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 
Chromium. . . . . . . . . . . . . . . . . .    20.50-23.50 
Nickel. . . . . . . . . . . . . . . . . . . . . .   11.00-13.50 
Nitrogen . . . . . . . . . . . . . . . . . . . .       20.0-0.40 
Molybdemun . . . . . . . . . . . . . . . .   1.50-3.00 
Columbium & Tantalum . . . . . . .    0.10-0.30 
Vanadium. . . . . . . . . . . . . . . . . . .       0.10-0.30 

Typical Chemical Composition Aquatech 22  Typical Chemical Composition Aquatech 22  

Carbon, max. . . . . . . . . . . . . . . . . . . . . .    0.06 Carbon, max. . . . . . . . . . . . . . . . . . . . . .    0.06 
Manganese, max. . . . . . . . . . . . . .     4.00-6.00 Manganese, max. . . . . . . . . . . . . .     4.00-6.00 
Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 Phosphorus, max. . . . . . . . . . . . . . . . . . .   0.04 
Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 Sulfur, max. . . . . . . . . . . . . . . . . . . . . . .    0.03 
Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 Silicon, max. . . . . . . . . . . . . . . . . . . . . . .   1.00 
Chromium. . . . . . . . . . . . . . . . . .    20.50-23.50 Chromium. . . . . . . . . . . . . . . . . .    20.50-23.50 
Nickel. . . . . . . . . . . . . . . . . . . . . .   11.00-13.50 Nickel. . . . . . . . . . . . . . . . . . . . . .   11.00-13.50 
Nitrogen . . . . . . . . . . . . . . . . . . . .       20.0-0.40 Nitrogen . . . . . . . . . . . . . . . . . . . .       20.0-0.40 
Molybdemun . . . . . . . . . . . . . . . .   1.50-3.00 Molybdemun . . . . . . . . . . . . . . . .   1.50-3.00 
Columbium & Tantalum . . . . . . .    0.10-0.30 Columbium & Tantalum . . . . . . .    0.10-0.30 
Vanadium. . . . . . . . . . . . . . . . . . .       0.10-0.30 Vanadium. . . . . . . . . . . . . . . . . . .       0.10-0.30 











HARDNESS CONVERSION TABLE  
(Approximate) 

Brinell 
Hardness 

Rockwell 
B Scale 

Rockwell 
C Scale 

Approximate  
Tensile 

Lbs., p.s.i.

Brinell 
Hardness 

Rockwell 
B Scale 

Approximate  
Tensile

Lbs., p.s.i.
 

653  62 324,000 217 96 103,000 
627  60 311,000 212 96 103,000 
601  59 306,000 207 95 101,000 
578  57 290,000 202 94 98,000 
555  56 284,000 197 93 96,000 
534  54 270,000 192 92 93,000 
514  53 263,000 187 91 91,000 
495  51 250,000 183 90 89,000 
477  50 243,000 179 89 87,000 
461  49 236,000 174 88 85,000 
444  47 223,000 170 87 83,000 
429  47 217,000 166 86 81,000 
415  45 211,000 163 85 80,000 
401  42 194,000 159 84 78,000 
388  41 188,000 156 83 77,000 
375  40 182,000 153 82 76,000 
363  38 171,000 149 81 75,000 
352  37 166,000 146 80 74,000 
331  36 162,000 143 79 73,000 
321  34 153,000 140 78 71,000 
311  33 148,000 137 77 70,000 
302  32 144,000 134 76 69,000 
293  31 140,000 131 74 67,000 
285  30 136,000 128 73 66,000 
277  29 132,000 126 72 65,000 
269  28 129,000 124 71 63,000 
262  27 126,000 121 70 62,000 
255  25 120,000 118 69 61,000 
248  24 117,000 116 68 60,000 
241 100 23 115,000 114 67 59,000 
235 99 22 112,000 112 66 58,000 
229 98 21 110,000 109 65 57,000 
223 97 20 108,000 107 64 55,000 
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Fractional Inches Converted to  
Decimal Inches and Millimeters

Fraction Decimal(in.) mm  Fraction Decimal(in.) mm 
1/64 0.0156 0.3969  33/64 0.5156 13.0969 
1/32 0.0313 0.7938  17/32 0.5313 13.4938 
3/64 0.0469 1.1906  35/64 0.5469 13.8906 
1/16 0.0625 1.5875  9/16 0.5625 14.2875 
5/64 0.0781 1.9844  37/64 0.5781 14.6844 
3/32 0.0938 2.3813  19/32 0.5938 15.0813 
7/64 0.1094 2.7781  39/64 0.6094 15.4781 
1/8 0.1250 3.1750  5/8 0.6250 15.8750 

9/64 0.1406 3.5719  41/64 0.6406 16.2719 
5/32 0.1563 3.9688  21/32 0.6563 16.6688 

11/64 0.1719 4.3656  43/64 0.6719 17.0656 
3/16 0.1875 4.7625  11/16 0.6875 17.4625 

13/64 0.2031 5.1594  45/64 0.7031 17.8594 
7/32 0.2188 5.5563  23/32 0.7188 18.2563 

15/64 0.2344 5.9531  47/64 0.7344 18.6531 
1/4 0.2500 6.3500  3/4 0.7500 19.0500 

17/64 0.2656 6.7469  49/64 0.7656 19.4469 
9/32 0.2813 7.1438  25/32 0.7813 19.8438 

19/64 0.2969 7.5406  51/64 0.7969 20.2406 
5/16 0.3125 7.9375  13/16 0.8125 20.6375 

21/64 0.3281 8.3344  53/64 0.8281 21.0344 
11/32 0.3438 8.7313  27/32 0.8438 21.4313 
23/64 0.3594 9.1281  55/64 0.8594 21.8281 

3/8 0.3750 9.5250  7/8 0.8750 22.2250 
25/64 0.3906 9.9219  57/64 0.8906 22.6219 
13/32 0.4063 10.3188  29/32 0.9063 23.0188 
27/64 0.4219 10.7156  59/64 0.9219 23.4156 
7/16 0.4375 11.1125  15/16 0.9375 23.8125 

29/64 0.4531 11.5094  61/64 0.9531 24.2094 
15/32 0.4688 11.9063  31/32 0.9688 24.6063 
31/64 0.4844 12.3031  63/64 0.9844 25.0031 

1/2 0.5000 12.7000  1" 1.0000 25.4000 
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