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INCONEL® alloy 603XL (patent applied for) is a Ni-Cr Physical Properties
alloy with the addition of silicon, molybdenum and rare

earth elements. The outstanding characteristics of
INCONEL alloy 603XL are its resistance to high
temperature oxidation and nitridation. The alloy has high

. . . . Melting Range, °F .....c.ooo e 2516-2552
mechanical strength and is readily formed, machined and 1380-1400
welded. o . Electrical Resistivity, ONM GIrc Mil/ft.......ccccccccccccrrccerrrrreree 698

The unique combination of high temperature  gunem. 116
properties make the alloy suitable for many thermal d
processing applications such as furnace muffles, fixtures,
radiant tubes, strand annealing tubes, furnace mesh belts .
and refractory anchors. Thermal Pl'Opef'tleS

The excellent resistance to oxide spalling make
INCONEL alloy 603XL an excellent choice for  1emper- |  Specific Thermal Coefficient

o . . ature Heat Conductivity of Expansion
applications where oxide contamination can not be
tolerated such as the electronics, glass and ceramics / °F Btwlb-°F | BTU-in/ ft*-hr-°F in./in./°F X10°
tableware industries. Its excellent resistance to nitridation 200 0.113 74.453 713
can provide a longer service life in high temperature 400 0.116 83.949 7.46
nitrogen based atmospheres, such as in furnace mesh 600 0.119 95.836 7.70 a
belts utilized in the powder metal sintering industry and 800 0.126 108.284 791

. .. 1000 0.135 123.010 8.17
other thermal processing applications.
1200 0.143 139.308 8.49
1400 0.148 155.214 8.86 |
Table 1 - Chemical Composition, wt % 1600 0.151 168.683 9.24
] 1800 0.154 178.752 9.59
Nickel s Balance 2000 0.160 186.716 9.98
Chromium ... 15-23 2100 0.163 197.294 _
Molybdenum.........cccociiiiiiiiie e 4.0 max. 2900 0.167 219.804 _
THANIUM e 0.5 max.
AIUMINUM .ot es s 0.5 max. °C J/kg-°C W/m-°C HmM/m/°C
CarDON ... 0.3 max. 23 439 11 -
MaNGANESE ......eeieiieeeeee e 0.3 max. 100 467 12 12.87
SHlICON 1.t 2.0 max. 200 491 14 13.42
Rare earths ... 0.1 max. 300 506 15 13.79
400 SIS 17 14.14
*Reference to the ‘balance’ of a composition does not guarantee this 500 524 18 14.56
is exclusively of the element mentioned but that it predominates and 600 608 23 14.98
others are present only in minimal quantities. 700 610 o4 15.59
800 623 25 16.15
900 625 26 16.80
Product Forms 1000 655 28 17.37
1100 673 30 18.01
ial Metals.
Contact Special Metals 500 560 5 _
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INCONELE® alloy 603XL

Mechanical Properties

Young's Shear Poisson's Young's Shear Poisson's
Temperature, Modulus, Modulus, Ratio Temperature, Modulus, Modulus, Ratio
°F 108 psi 108 psi °C GPa GPa
72 31.8 11.9 0.33 22 218.6 81.9 0.33
200 31.3 11.7 0.33 100 215.3 80.7 0.33
400 30.5 114 0.34 200 210.2 78.7 0.34
600 29.5 11.0 0.34 300 204.4 76.3 0.34
800 28.5 10.5 0.36 400 198.2 73.7 0.34
1000 27.5 10.2 0.35 500 191.5 71.0 0.35
1200 26.1 9.6 0.36 600 184.4 68.1 0.35
1400 24.7 9.1 0.36 700 176.3 64.9 0.36
1600 23.2 8.5 0.36 800 166.8 61.4 0.36
1800 20.7 8.1 0.36 900 155.1 57.2 0.36
1900 18.9 = = 1000 137.9 — -
2000 171 - - 1100 115.2 — -
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Figure 1. Tensile Properties.
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INCONELE® alloy 603XL

High Temperature Corrosion

Oxidation Resistance

INCONEL alloy 603XL has excellent oxidation resistance to 1250°C (2282°F) with the alloying additions promoting
excellent oxide scale adherence and reducing the rate of mass change in both static and cyclic conditions.
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Figure 2. Mass Change After Exposure to Air + 5% Water Vapor at 1100°C.
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Figure 3. Mass Change After Exposure to Air + 5% Water Vapor at 1200°C.




INCONELE® alloy 603XL
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Figure 4. Mass Change After Cyclic Exposure in Oxygen at 1200°C.
(One cycle = 2 hrs at temperature + 10 mins cooling to ambient temperature.)
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Figure 5. Depth of Oxidation After Cyclic Exposure in Oxygen at 1200°C.
(One cycle = 2 hrs at temperature + 10 mins cooling to ambient temperature.)




INCONELE® alloy 603XL

Nitridation Resistance

8

INCONEL alloy 603XL has excellent resistance to
nitridation up to 1180°C (2150°F). Lacking the alloying AISI 314
elements such as Nb or Al that form internal nitrides & 6 [
INCONEL alloy 603XL exhibits freedom from S
microstructural degradation in nitrogen based atmospheres. £
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Figure 6. Nitridation Resistance at 1121°C.

Carburization Resistance
INCONEL alloy 603XL possesses

admirable resistance to both oxidizing- 30
carburizing and reducing-carburizing AISI 310
conditions, by virtue of its high nickel 25 -
content and its scale-forming additions. € INCONEL
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Figure 7. Mass Change After Exposure in H,-1%CH, at 1000°C.
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Figure 8. Mass Change After Exposure in H,-5.5%CH;-4.5%CO, at 1000°C.




INCONELE® alloy 603XL

Stress Rupture

10
INCONEL alloy
601 : 1093°C
INCONEL alloy
@ - 603XL : 1100°C
- 1 e —
@
o
2 | INCONEL alloy -
—601 : 1177°C INCONEL alloy
603XL : 1177°C
0.1
100 1000 10000
Rupture Life, hrs
Creep Rupture Life
100 i
INCONEL
}></ alloy 601
INCONEL
10 alloy 617
3 - AISI 314
g S INCONEL |
& ~— alloy 603XL
1 y 7
0.1
35 40 45 50 55 60

LMP=(T+460)(20+log(rl)) x 10-3, T in °F, rl in hours

65




INCONELE® alloy 603XL

Heat Treatment

INCONEL alloy 603XL is typically annealed between 1100 °C to 1175 °C followed by air cooling or equivalent.

Joining

INCONEL alloys are generally joined with the gas tungsten arc welding (GTAW) process; however, other methods are
applicable, such as electron beam. Metallurgical factors and characteristics must be considered when selecting any joining
process. When using the GTAW process with filler metal additions, the recommended shielding gases are argon or helium or
a mixture of the two. Small quantities (<5 %) of hydrogen can be added (to argon) to increase welding penetration and speed
for single pass welding. Material should be fabricated with low to moderate heat input levels. Interlayer/pass oxidation must
be removed to reduce the potential of weld defects. Direct current, straight polarity is the common choice when GTA welding,
however alternating current can be used to help reduce excessive oxidation. Successful weldments have been fabricated with
INCONEL alloy 603XL using INCONEL Filler Metal 617.

Thin material is generally joined without filler metal (autogenous) using the Gas Tungsten Arc Welding (GTAW) or
Plasma Arc Welding (PAW) processes. Additions of nitrogen (2-5%) to the argon shielding gas have produced acceptable
welds in INCONEL alloy 603XL when using the GTAW process. High speed welding using the GTAW process, requires
magnetic arc deflection to maintain the arc in proper relation to the torch. While thin gauges can be welded at high speeds,
the weld grain structure will be coarse and not exhibit the highest ductility. For optimum ductility, travel speed must be slow
enough to produce an elliptical weld puddle rather than the tear-drop shape which results from high speed welding (see figure,
below). The solidification direction in elliptical puddles is constantly changing relative to grains, producing a competitive
solidification and a resultant finer structure. This in turn will produce the highest as-welded ductility.

Additional guidelines for joining can be found in the Special Metals publication "Joining" on the website,
www.specialmetals.com.
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Figure 11 - Grain Structure as a function of welding speed. High welding speed is illustrated on the left.
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Special Metals Corporation

Billet, rod & bar, flat

& tubular products

3200 Riverside Drive

Huntington, WV 25705-1771

Phone  +1 (304) 526-5100
+1 (800) 334-4626

Fax +1 (304) 526-5643

Billet & bar products

4317 Middle Settlement Road

New Hartford, NY 13413-5392

Phone  +1 (315) 798-2900
+1 (800) 334-8351

Fax +1 (315)798-2016

Atomized powder products
100 Industry Lane
Princeton, KY 42445

Phone  +1 (270) 365-9551
Fax +1 (270) 365-5910

Shape Memory Alloys

4317 Middle Settlement Road
New Hartford, NY 13413-5392
Phone  +1 (315) 798-2939
Fax +1 (315) 798-6860

United Kingdom

Special Metals Wiggin Ltd.
Holmer Road

Hereford HR4 9SL

Phone  +44 (0) 1432 382200
Fax +44 (0) 1432 264030

Special Metals Wire Products
Holmer Road

Hereford HR4 9SL

Phone  +44 (0) 1432 382556
Fax +44 (0) 1432 352984

China

Special Metals Pacific Pte. Ltd.
Room 1802, Plaza 66

1266 West Nanjing Road
Shanghai 200040

Phone  +86 21 3229 0011

Fax +86 21 6288 1811

Special Metals Pacific Pte. Ltd.
Room 910, Ke Lun Mansion
12A Guanghua Road

Chaoyang District

Beijing 100020

Phone  +86 10 6581 8396

Fax +86 10 6581 8381

France

Special Metals Services SA

17 Rue des Fréres Lumiere
69680 Chassieu (Lyon)

Phone  +33 (0) 4 72 47 46 46
Fax +33 (0) 4 72 47 46 59

Germany

Special Metals Deutschland Ltd.

Postfach 20 04 09
40102 Diisseldorf
Phone  +49 (0) 211 38 63 40
Fax +49 (0) 211 37 98 64

Hong Kong

Special Metals Pacific Pte. Ltd.
Unit A, 17th Floor, On Hing Bldg
1 On Hing Terrace

Central, Hong Kong

Phone  +852 2439 9336

Fax +852 2530 4511

India

Special Metals Services Ltd.
No. 60, First Main Road, First
Block

Vasantha Vallabha Nagar
Subramanyapura Post
Bangalore 560 061

Phone  +91 (0) 80 2666 9159
Fax +91 (0) 80 2666 8918

Italy

Special Metals Services SpA
Via Assunta 59

20054 Nova Milanese (MI)
Phone  +390 362 4941

Fax +390 362 494224

The Netherlands

Special Metals Service BV
Postbus 8681

3009 AR Rotterdam

Phone  +31 (0) 10 451 44 55
Fax +31 (0) 10 450 05 39

Singapore

Special Metals Pacific Pte. Ltd.
24 Raftles Place

#27-04 Clifford Centre
Singapore 048621

Phone  +65 6532 3823

Fax +65 6532 3621

Affiliated Companies

Special Metals Welding

Products

1401 Burris Road

Newton, NC 28658, U.S.A.

Phone  +1 (828) 465-0352
+1 (800) 624-3411

Fax +1 (828) 464-8993

Canada House

Bidavon Industrial Estate
‘Waterloo Road
Bidford-On-Avon
Warwickshire B50 4JN, U.K.
Phone  +44 (0) 1789 491780
Fax +44 (0) 1789 491781

Controlled Products Group
590 Seaman Street, Stoney Creek
Ontario L8E 4H1, Canada

Phone  +1 (905) 643-6555

Fax +1 (905) 643-6614

A-1 Wire Tech, Inc.

A Special Metals Company

4550 Kishwaukee Street

Rockford, IL 61109, U.S.A.

Phone  +1 (815) 226-0477
+1 (800) 426-6380

Fax +1 (815) 226-0537

Rescal SA

A Special Metals Company
200 Rue de la Couronne des Prés
78681 Epdne Cédex, France
Phone  +33 (0) 1 30 90 04 00
Fax +33(0) 1309002 11

DAIDO-SPECIAL METALS
Ltd.

A Joint Venture Company

Daido Shinagawa Building

6-35, Kohnan 1-chome

Minato-ku, Tokyo 108-0057, Japan
Phone  +81 (0) 3 5495 7237
Fax +81 (0) 3 5495 1853



