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INCONEL alloy C-276 (UNS N10276/W.Nr. 2.4819) is
known for its corrosion resistance in a wide range of
aggressive media. The high molybdenum content
imparts resistance to localized corrosion such as pitting.
The low carbon minimizes carbide precipitation during

Table 1 - Limiting Chemical Composition, %

NICKEL ..t Balance
MOolybdenum .......cooiiiieieee e 15.0-17.0
(@1 317 1 21 85 s PSR SRRN 14.5-16.5

welding to maintain resistance to intergranular attack in | s 4.0-7.0
.. . . TUNGSTEN .. 3.0-4.5
heat-affected zones of welded joints. It is used in
. ] ) (0701 o - 1| S USRS 2.5 max.
chemical processing, pollution control, pulp and paper MENGANESE ..ot eeese s en e een s 1.0 max.
production, industrial and municipal waste treatment — CarboN ........coooceeeeeeeessreeeseeeesssseseeessseesssssseeee 0.01 max.
and the recovery of “sour” natural gas. Applications in VaNAdIUM ..o 0.35 max.
air pollution control include stack liners, ducts, PROSPNOIUS ..ot 0.04 max.
dampers, SCI‘ubbeI‘S, StaCk-gaS I‘e—heaterS, fanS and fan ESTU (U RO 0.03 max.
. . . . Silicon ....0.08 max.
housings. In chemical processing, the alloy is used for
components including heat exchangers, reaction
vessels, evaporators and transfer piping.
Phy3|ca| PrOpertleS Table 2 - Physical Properties
Temperature | COEfficient of | Electrical Young’s Temperature | COSTcient of [ Electrical Young’s
P Expansion?® Resistivity Modulus P Expansion® Resistivity Modulus
°F 10® in/ine°F | ohmecmil/ft 10° ksi °C pum/me°C uQecm GPa
77 - 739.2 29.8 25 - 122.9 205
200 6.8 743.8 29.5 100 12.2 123.7 203
400 7.0 749.3 28.6 200 12.4 124.5 198
600 7.2 757.7 27.8 300 12.9 125.7 192
800 7.4 760.3 26.7 400 13.2 126.0 186
1000 7.5 772.5 25.7 500 13.5 127.7 180
1200 7.7 781.5 24.8 600 13.6 129.9 178
1400 8.1 773.9 23.5 700 141 129.7 167
1600 8.5 768.3 22.0 800 14.8 128.2 159
1800 - 766.2 20.6 900 - 127.4 150
2000 = 757.7 CAI 1000 - 1271 141
@Mean coefficient of linear expansion between 77°F (25°C) and temperature shown. Table 3 - Physical Constants
DenSity, I6/iN%.....cvveeeeeeeeeeeeeee et 0.321
Publication Number SMC-019 g/cm3 ...................................................................... 8.89
Copyright © Special Metals Corporation, 2002 (Sept 02)
Melting Range, °F ..o 2415-2500
INCONEL, INCO-WELD, INCOLOY, MONEL and OSSO 1325-1370

686CPT are trademarks of the Special Metals Corporation
group of companies.

The data contained in this publication is for informational
purposes only and may be revised at any time without prior
notice. The data is believed to be accurate and reliable, but
Special Metals makes no representation or warranty of any
kind (express or implied) and assumes no liability with
respect to the accuracy or completeness of the information
contained herein. Although the data is believed to be
representative of the product, the actual characteristics or
performance of the product may vary from what is shown in
this publication. Nothing contained in this publication
should be construed as guaranteeing the product for a
particular use or application.
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Figure 1. Tensile properties of annealed plate.
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Figure 2. Effect of cold work on the yield strength of

annealed plate.

Table 4 - Typical Room-Temperature Tensile Properties of Annealed Material

Tensile Strength Yield Strength (0.2% Offset) Elongation Hardness
Product Form
ksi MPa ksi MPa % Rb
Tubing 105.4 727 45.4 313 70 92
Plate 107.4 741 50.3 347 67 89
Bar 110.0 758 52.6 363 62 88
Sheet 115.5 796 54.6 376 60 86

Temperature, °C
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Figure 3. Tensile properties of 33.5% cold-worked tubing.
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Corrosion Resistance

INCONEL alloy C-276 is resistant to general corrosion, stress-
corrosion cracking, pitting and crevice corrosion in a broad range
of severe environments. Its resistance to carbide precipitation
during welding maintains corrosion resistance in the heat-affected
zones of welded joints.

It has exceptional resistance to sulfuric acid and hydrochloric

acid. It resists many of the most severe media encountered in
chemical processing, including reducing and oxidizing acids,
highly oxidizing, neutral, and acid chlorides, solvents, formic and
acetic acids, acetic anhydride, wet chlorine gas, hypochlorites, and
chlorine solutions. It has excellent resistance to phosphoric acid. At
all temperatures below the boiling point and at concentrations
lower than 65 wt %, tests have shown corrosion rates of less than 5
mpy (0.13 mm/y).
INCONEL alloy C-276 exhibits excellent resistance to corrosion
by seawater especially under crevice conditions which induce
attack in other commonly used materials such as 316 stainless steel,
MONEL" alloy 400, and INCONEL alloy 625.

See Special Metals publication SMC-026, “Resistance to
Aqueous Corrosion,” for more corrosion data.
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Table 5 - Corrosion Rates in Acid Solutions®

Temperature Corrosion Rate, mpy (mm/a)
Solution o oG INCONEL INCONEL INCONEL INCONEL
alloy C-276 alloy 622 alloy 625 alloy 686
10% H,SO, Boiling Boiling 20 (0.51) 22 (0.56) 17 (0.43) 3(0.08)
20% H,SO, 176 80 3 (0.08) 1 (0.03) 1 (0.03) -
40% H,SO, 176 80 5(0.13) 10 (0.25) 5(0.13) -
80% H,SO, 176 80 4 (0.10) 9 (0.23) 6 (0.15) 4 (0.10)
5% HpSO4 + Boiling Boiling 22 (0.56) 24 (0.61) - -
0.1% HCI
10% HpSO, + Boiling Boiling 70 (1.78) 201 (5.11) 465 (11.68) -
1% HCI
10% H,S0, + Boiling Boiling 138 (3.51) 281 (7.14) - 132 (3.35)
2% HCI
10% H,SO, + Boiling Boiling 256 (6.50) 456 (11.58) - -
5% HCI
40% H,SO, +
10% HCl 176 80 26 (0.66) 32 (0.81) - -
2% HCI Boiling Boiling 43 (1.09) 52 (1.32) - 6 (0.15)
5% HCI 140 60 10 (0.25) - 46 (1.17) 1.2 (0.30)
20% HCI 212 100 154 (3.91) 269 (6.83) 385 (9.78) -
5% HCl + 158 70 18 (0.46) 40 (1.02) 102 (2.59) -
2% HF
85% H,PO, Boiling Boiling 5-25 (0.13-0.64) 23 (0.58) >180 (>4.57) 16 (0.41)
10% HNO, + Boiling Boiling 95 (2.41) 23 (0.61) 28 (0.71) -
3% HF
2168 h tests.
Table 6 - Corrosion Rates in Hydrochloric, Phosphoric and Acetic Acids®
Temperature Corrosion Rate, mpy (mm/a)
Solution oF oC INCONEL INCOLOY® INCONEL INCONEL
alloy C-276 alloy 25-6MO alloy 622 alloy 686
0.2% HCI Boiling Boiling 0.60 (0.02) <0.1 (<0.003) <0.1 (<0.003) 0.20 (0.005)
1% HCI Boiling Boiling 13.3 (0.34) 119 (3.02) 2.7 (0.07) 2.0 (0.05)
194 90 6.6 (0.17) 37.0 (0.94) - -
158 70 0.74 (0.02) 0.02 (<0.001) - -
5% HCI 158 70 13.2 (0.34) 142 (3.61) 18.8 (0.48) 9.8 (0.25)
122 50 3.7 (0.09) 43.4 (1.10) 4.7 (0.12) 1.7 (0.04)
85% HyPO, Boiling Boiling 10.4 (0.26) 114 (2.90) 13.0 (0.33) 16.2 (0.41)
194 90 0.20 (0.005) 10.6 (0.27) 0.21 (0.005) 0.18 (0.005)
80% CH;COOH Boiling Boiling 0.15 (0.004) <0.1 (<0.003) <0.1 (<0.003) <0.1 (<0.003)

4192 h tests.




Table 7 - Corrosion Rates in Various Media®

Temperature Corrosion Rate
Solution

°F °C mpy mm/a
10% HNO4 Boiling | Boiling 15° 0.38°
10% HNOj3; + 3% HF 140 60 113 2.87
15% HNO3 + 3% HF 140 60 179 4.55
20% HNO3 + 2% HF 140 60 215 5.46
3% HF 176 80 53 1.35

10% HF 75 24 2 0.05
10% HF 176 80 28 0.71
Concentrated HF 75 24 1 0.03
Concentrated HF 176 80 34 0.86
20% H3PO, Boiling Boiling <1 <0.03
60% H3PO, Boiling Boiling 1 0.03
85% H3PO, 212 100 5 0.13
85% H3PO, Boiling Boiling 121 3.07
ggf?ﬁ;ﬁé?H Boiling | Boiling <1 <0.03
50% NaOH Boiling Boiling 1 0.03
10% HBr 176 80 <1 <0.03
10% HBr Boiling Boiling <1 <0.03
10% NH;Br 176 80 0 0.00
10% NH3Br Boiling Boiling 0 0.00

#Test duration of 168 h except as noted.
PTest duration of 24 h.

Corrosion Resistance -
Flue Gas Desulfurization

INCONEL alloy C-276 is useful for flue gas desulfurization
(FGD) systems to control air pollution from electric power
plants. The alloy is used for various applications including
scrubbers, ducting and stack liners.

Scrubber liquors and gas condensates generally contain
chlorides and the chloride level often determines the
corrosion behavior of the materials. INCONEL alloy C-
276 has been shown to withstand higher chloride content
than other alloys before the onset of localized corrosion in a
simulated scrubber environment.

INCONEL® alloy C-276

The performance of INCONEL alloy C-276 in a severe test
for susceptibility to intergranular attack (ASTM G 28) is
shown below in Table 8. The base corrosion rates listed are
representative of typical production material. Rates
significantly higher than these indicate susceptibility to
intergranular attack. This test is designed to verify mill
production only and not to compare alloys for use in
applications such as flue gas desulfurization.

Table 8 - ASTM G28 Tests for Intergranular Attack

Method A® Method B
Alloy Corrosion Rate Corrosion Rate
mpy mm/y mpy mm/y
INCONEL alloy C-276| 210 5.33 40 1.02
“Boiling ferric sulfate/50% sulfuric acid.
PBoiling 23% H,S0O, + 1.2% HCI + 1% FeCl; + 1% CuCl,.
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Figure 10. A summary iso-corrosion chart for 20 mpy (0.51 mm/a)
data in hydrofluoric acid.

Table 10 - Corrosion Rates?® in Simulated FGD Mixed-Gas
Condensate Solutions

Temperature Corrosion Rate, mpy (mm/a)
Solution o | oc | INCONEL | INCONEL [ INCONEL
alloy C-276 | alloy 622 alloy 625
Solution 1°| 185 | 85 | 82 (2.08) | 20 (0.51) | 14 (0.36)
Solution 2°| 176 | 80 | 42(1.07) | 50 (1.27) | 126 (3.20)

#168 h test.
®60% H,SO, + 0.5% HCI + 0.1% HF + 0.1% HNOj.
°60% H,S0, + 2.5% HCI + 0.2% HF + 0.5% fly ash.
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Table 10 - Maximum Pitting or Crevice Attack, mils (mm), in FGD Scrubber Slurry®

Alloy Quencher Absorber Absorber Outlet Outlet Duct Bypass Duct
AISI 316L 22 (0.56) 21 (0.53) 35 (0.89)° 35 (0.89)° 12 (0.30)
AISI 317LM 20 (0.51) 22 (0.56) 29 (0.74) 33 (0.84) 29 (0.74)
INCOLOQY alloy 825 15 (0.38) 33 (0.84) 39 (0.99) 50 (1.27)° 10 (0.25)
INCONEL alloy 625 <2 (<0.05) 10 (0.25) 11 (0.28) 7(0.18) nil
INCONEL alloy C-276 nil nil <2 (<0.05) nil nil
36-month exposure at 126°F (52°C), pH 5.5, 5000 ppm chlorides.
®Perforated.
Table 11 - Maximum Pitting or Crevice Attack, mils (mm), in Scrubber Slurry®
Alloy Scrubber Bottom Under Spray Nozzles Scrubber Outlet Hold Tank
AlISI 316 5(0.13) 7 (0.18) 49 (1.24)° 2 (0.05)
INCOLOY alloy 825 <2 (<0.05) 1.2 (0.03) 49 (1.24)° nil
INCONEL alloy 625 nil nil 26 (0.66) nil
INCONEL alloy C-276 nil nil nil nil

#3-month exposure at 120°F (49°C), pH 5.8-6.1, 10,000 ppm chlorides.

®Perforated.

Corrosion Resistance -
Oilfield Applications

INCONEL alloy C-276 is one of the premier materials for recovery and handling of “sour” natural gas, which contains
hydrogen sulfide and usually carbon dioxide and chlorides. The gas can be extremely corrosive to carbon and alloy steels, and
may cause brittle failure of many alloys by sulfide stress cracking (hydrogen embrittlement) or stress-corrosion cracking. The
high levels of nickel, chromium, and molybdenum in INCONEL alloy C-276 make the alloy resistant to sour environments
even at high temperatures in deep wells. The alloy is used for tubing and a variety of other downhole and surface components.

Table 12 - C-Ring Tests in NACE Solution?

Yield Strength . :
Material Condition Simulated Well Age (0-2% Offset) Hardness, Duration, | Sulfide S_ﬂress
- Rockwell C Days Cracking
ksi MPa
Cold Worked 600°F (315°C)/1000 h 126.6 873 32 43 No
Cold Worked 600°F (315°C)/1000 h 155.1 1069 38 43 No
Cold Worked 600°F (315°C)/1000 h 166.8 1150 35 43 No
Cold Worked 600°F (315°C)/1000 h 188.7 1301 43 43 No

@Room-temperature tests at 100% of yield strength in 5% NaCl plus 0.5% acetic acid saturated with H,S. All specimens were coupled to carbon steel.

Heat Treatments

Hot forming should be between 1600 and 2250°F (870 and 1230°C), with all heavy forming above 2000°F (1090°C).
INCONEL alloy C-276 is normally annealed at 2100-2150°F (1150-1175°C) and rapidly cooled such as by water quenching.




INCONEL® alloy C-276

Joining
INCONEL alloy C-276 has good weldability and can
be used as-welded for most applications. INCO-
WELD" filler metal and welding electrode 686CPT"
can be used to “overmatch” INCONEL alloy C-276
where enhanced corrosion resistance is required.
Information on joining is available in the Special
Metals publication “Joining” or on our website,
www.specialmetals.com.

Table 13 - Recommended Welding Products

Gas Tungsten Arc Welding,
Gas Metal Arc Welding

INCONEL welding electrode C-276 INCONEL filler metal C-276
INCO-WELD welding electrode 686CPT| INCO-WELD filler metal 686CPT

Shielded Metal Arc Welding

Table 14 - Corrosion Resistance of Weldments in INCONEL alloy C-276

Maximum Pitting Depth of Attack, mm
Average Results for Duplicate Specimens
. Base Metal Alloy .
Environment (5-6 mm thickness) Weld Filler Metal GTAW Process GMAW Pulsed Process
Base Metal | Weld Metal | Base Metal | Weld Metal
INCONEL alloy C-276 INCONEL filler metal C-276 0 6.2 0 3.4
Green Death*
INCONEL alloy C-276 | INCO-WELD filler metal 686CPT 0 0 0 0
INCONEL alloy C-276 INCONEL filler metal C-276 0 0 0 0
ASTM G48C
INCONEL alloy C-276 | INCO-WELD filler metal 686CPT 0 0 0 0
*11.9% H,SO,4 + 1.3% HCI + 1% FeCl; + 1% CuCl, boiling at 103°C for 72 h.
Machining Fabricating

Information on machining is available in the
Special Metals publication “Machining” or on our
website, www.specialmetals.com.

Information on fabricating is available in the
Special Metals publication “Fabricating” or on our
website, www.specialmetals.com.

Available Products and
Specifications

INCONEL alloy C-276 is designated as UNS N10276 and Werkstoff Nr. 2.4819. It is listed in NACE MRO0175 for oil and
gas service. Alloy C-276 is available as pipe, tube, sheet, strip, plate, round bar, flat bar, forging stock, hexagon and wire.

INCONEL alloy C-276 is approved as a material of construction by the ASME Boiler and Pressure Vessel Code. Allowable
stresses for Section III construction up to 800°F, Section VIII, Division 1 construction up to 1250°F, and Section VIII, Division
2 construction up to 800°F are contained in Tables 1B and 2B of ASME Section II, Part D.

Rod, Bar, Wire and Forging Stock - ASTM B 564 & ASME SB 564 (Forgings), ASTM B 574 & ASME SB 574 (Rod, Bar
and Wire), ISO 9723 (Rod and Bar), ISO 9724 (Wire), ISO 9725 (Forgings), DIN 17752, DIN 17753, DIN 17754, VdTUV
400/12.98

Plate, Sheet and Strip - ASTM B 575/B 906 & ASME SB 575/SB 906, ISO 6208, DIN 17750, VdTUV 400/12.98

Pipe and Tube - ASTM B 622/B 829 & ASME SB 622/SB 829 (Seamless Tube), ASTM B 626/B 751 & ASME SB 626/SB
751 (Welded Tube), ASTM B 619/B 775 & ASME SB 619/SB 775 (Welded Pipe), ISO 6207 (Seamless Tube), DIN 17751,
VdTUV 400/12.98

Welding Products - INCONEL Filler Metal C-276 - AWS AS5.14 / ERNiCrMo-4, INCONEL Welding Electrode C-276 - AWS
A5.11 / ENiCrMo-4

Others - ASTM B 366 & ASME SB 366 (Fittings), DIN 17744 (chemical composition)




SPECIAL
METALS

www.specialmetals.com

1SO 9002

I1SO/TS 16949

U.S.A.

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 6288 1878
Fax +86 10 6288 1811

Special Metals Pacific Pte. Ltd.
Room 118, Ke Lun Mansion
12A Guanghua Road

Choa Yang 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 Diusseldorf
Phone  +49 (0) 211 38 63 40
Fax +49 (0) 211 37 98 64

Hong Kong
Special Metals Pacific Pte. Ltd.

Room 1110, 11th Floor
Tsuen Wan Industrial Centre

220-248 Texaco Road, Tsuen Wan

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 491 (0) 80 666 9159
Fax +91 (0) 80 666 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.
50 Robinson Road

06-00 MNB Building, Singapore
068882

Phone  +65 6222 3988

Fax +65 6221 4298

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

Regal Road
Stratford-upon-Avon
Warwickshire CV37 0AZ, UK.
Phone  +44 (0) 1789 268017
Fax +44 (0) 1789 269681

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

840 39th Avenue

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 Epone Cédex, France
Phone  +33 (0) 130 90 04 00
Fax +33(0) 1309002 11

DAIDO-SPECIAL METALS
Ltd.

A Joint Venture Company
Daido Building

7-13, Nishi-shinbashi 1-chome
Minato-ku, Tokyo 105, Japan
Phone  +81 (0) 3 3504 0921
Fax +81 (0) 3 3504 0939



