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Notes on
Product Handbook Data

Property data contained in this
publication are typical of the materials
described but are not suitable for
specifications unless given as
limiting. Values for properties are
expressed in both U.S. customary
units and the International System
of Units (SI). Values may have been
measured in either system or may
be rounded conversions from those
or other systems.

Mechanical properties are for
usual product sizes and may not
represent large or small sections.
Some rupture-strength values were
derived from the Larson-Miller
parameter and may not be the
results of actual tests under
stated conditions.

Property data are room-
temperature values unless
otherwise noted.

Publication No. SMC-035

Copyright © 2008
by Special Metals Corporation

BRIGHTRAY, CORRONEL, DEPOLARIZED,
DURANICKEL, FERRY, INCOBAR,

INCOCLAD, INCO-CORED, INCOFLUX,
INCOLOY, INCONEL, INCOTEST,
INCOTHERM, INCO-WELD, KOTHERM,
MAXORB, MONEL, NILO, NILOMAG,
NIMONIC, NIOTHERM, NI-ROD, NI-SPAN-C,
RESISTOHM, UDIMAR, UDIMET,

625LCF, 686CPT, 718SPF, 725NDUR and 800HT are
trademarks of the Special Metals Corporation
group of companies.

Special Metals Corporation is the world's leading
developer and manufacturer of nickel alloys. We

offer the industry's widest range of products, all backed
by over 100 years of experience in nickel alloy technology.
Most of our products are used for corrosion-resistance

or strength at high temperatures. Some are specified for
physical properties such as electrical resistance, controlled
thermal expansion or magnetic characteristics. This
publication outlines the availability of over 90, mostly
nickel base, alloy compositions, of which over 80% were
created in our own laboratories.

Manufacturing

Alloying processes include electric arc, air induction and
vacuum induction melting. A few of our most specialized
superalloys are made by the mechanical alloying process.
Refining facilities include AOD and vacuum refining, and
vacuum arc and electroslag remelting. Hot working
includes forging, hot rolling and extrusion. Cold working
covers rolling, drawing and pilgering. For technical assis-
tance, please contact any SMC Marketing Department
location to review your specific alloy application.

Quality Standards

All of our operations, in the U.S.A. and Great Britain,
work to quality management standards audited and certi-
fied to ISO 9001, to produce alloy compositions and forms
to national and internationally recognized standards, or
to customers' own specifications.

Distribution

Available direct from the manufacturer, most of our
products are also supplied from distributor stocks in most
of the industrialized countries of the world. For a list of
SMC worldwide distributors, please contact any SMC
location or office.

Additional Information

Comprehensive product data sheets and bulletins on
Special Metals High-Performance Alloys are available via
phone or fax from the offices listed on the back cover and
are also posted on our website www.specialmetals.com.
Technical and commercial inquiries may be entered on the
website as well.



ﬂﬁ%’ﬂ- Nickel 200 Nickel 201

Am wsws Company

Commercially pure (99.6%) wrought nickel with ~ Commercially pure (99.6%) wrought nickel

good mechanical properties and resistance to a essentially the same as Nickel 200 but with a
range of corrosive media. Good thermal, electri- lower carbon content to prevent embrittlement
cal, and magnetostrictive properties. Used for by intergranular carbon at temperatures over
a variety of processing equipment, particularly 600°F (315°C). Lower carbon content also re-
to maintain product purity in handling foods, duces hardness, making Nickel 201 particularly
synthetic fibers, and alkalies. suitable for cold-formed items.
Standard Pipe, tube, sheet, strip, plate, round bar, flat bar, Pipe, tube, sheet, strip, plate, round bar, flat bar,
Product Forms forging stock, hexagon and wire. forging stock, hexagon and wire.
UNS N02200 ASME Code Case 2249 UNS N02201 ASME Code Case 2249
BS 3072 - 3076 (NA11) DIN 17740, 17750 — 17754 BS 3072 - 3074 (NA12) SAE AMS 5553
. ASTM B 160 - B 163, B 366, Werkstoff Nr. 2.4060, 2.4066 ASTM B 160 - B 163, B 366, DIN 17740, 17750 — 17754
Ma] 0.1" . B 564, B 725, B 730, ISO 6207, 6208, 9723 — 9725 B 725,B 730, B 751, Werkstoff Nr. 2.4061, 2.4068
Specifications B 751,B 775, B 829 B 775, B 829 VdTUV 345
ASME SB-160 — SB-163, ASME SB-160 - SB-163, ISO 6207, 6208, 9723 — 9725
SB-366, SB-564, SB-725, SB-366, SB-725, SB-730,
SB-730, SB-751, SB-775, SB-829 SB-751, SB-775, SB-829
leltl.ng Ni@ ... 99.0 min.  Mn....0.35max. S...... 0.01 max. Ni# ... 99.0 min.  Mn.....0.35 max. S.... 0.01 max.
Chemlcal Cu.....0.25max. C....... 0.15 max. Cu....0.25max. C....... 0.02 max.
COIIIPOSitiOII Fe....0.40 max. Si...... 0.35 max. Fe....0.40 max. Si...... 0.35 max.
/A
% @Plus Co. @Plus Co.
Density, ID/iN3 ......ooiiiii e 0.321 Density, 1b/iN® .......ooiii e 0.321
GICMB e 8.89 GICM3 e 8.89
Melting Range, °F.......cccccooiiiiiiiiiiecs 2615-2635 Melting Range, °F.........cccooiiiiiiiiiiiiiies 2615-2635
. OC ettt 1435-1446 OC ittt 1435 -1446
Physmal Specific Heat, BtU/ID «°F ..........oooovereeeeeeeeesreeeeens 0.109 Specific Heat, BU/D *°F ........o.ovvoveeeeeeeereeeeeeen 0.109
Constants KRG *°C o 456 JIKG *C ot 456
nd Thermal Curie Temperature, °F ........cooovviereneeeneeeseeeeens 680 Curie Temperature, °F ........ccooereiieieneee e 680
;r(c)l erteies a OC it 360 OC it 360
P Permeability...........cccooeiiiiiiiiii Ferromagnetic Permeability...........ccccooiiiiiiii, Ferromagnetic
Coefficient of Expansion, 70 - 200°F, 10% in/in «°F ....7.4 Coefficient of Expansion, 70 — 200°F, 106 in/in « °F ....7.3
21-93°C, um/m+°C ....... 13.3 21-93°C, um/m+°C ....... 13.1
Thermal Conductivity, Btu « in/ft2sh+°F ..........cccccee. 487 Thermal Conductivity, Btu * in/ft2sh+°F ............ccccueee 550
W/M=°C..coveiiiiiiiieiee 70.2 WIMe°C ..o 79.3
Electrical Resistivity, ohmecirc mil/ft..............ccccceenie. 58 Electrical Resistivity, ohmecirc mil/ft............ccccoooieiiis 51
J7E O o I 0.096 PO M e 0.085
(Annealed) (Annealed)
Tensile Strength, ksi Tensile Strength, KSi.......cccovveeveeeereeceeeesesesenienens 58.5
MPa MP......oooorrrrrressseseeeeseeeeeeeeesssneneee 403
Yield Strength (0.2% Offset), ksi Yield Strength (0.2% OffSet), KSi .....ccrvveeerrrrereeeene 15
MPa...ccooiiieie, 103
Typlcal . EIONGAtON, %o ..ovvvvoiiciiii 47 EIONGALON, % ..o 50
II\,/[echan.lcal 0 100 200 300 4g§mg§:)atutrs§b C700 800900 1000 0 100 200 300 4ggmgzgatUg%b C7°° 800900 1000
I rt1 \ | — \ I - I I \ 120 —1 ] — \ \ | — \ ]
Operties [ Nickel 200 (Amneatec) K | Nickel 201 (Anneled) 800
2100 ’ | 700 0100 | 700
S , S
s ¢’ | e00 5 ~{ 600
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[IT) ‘\ = z 400 ¢ uw o > Elongation 1 400 g
-1 ) 2
2 w0 * Hs005 | 2,0 = \\ — 300 &
%) - ~ " a
§ \(((I)eg’/osg?fggtt;] S ~ Tonsile Strength | 200 g eld Strength \ ] 200
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~-__:.~. — 100 | 100
o o= =a], 0 ‘ ‘ 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, °F Temperature, °F
5 - Typical usage range




RN N Nickel 270

Am wsws Company

Wrought nickel strengthened with an addition A high-purity grade of nickel made by powder
of manganese. Used for electrical and electronic ~ metallurgy. It has a low base hardness and high
applications such as lead wires, supporting com-  ductility. Its extreme purity is useful for compo-

ponents in lamps and cathode-ray tubes, and nents of hydrogen thyratrons. It is also used for
electrodes in glow-discharge lamps. electrical resistance thermometers.
Wire. Strip, round bar and wire.
Standard
Product Forms

g DIN 17741,17750 — 17753 UNS N02270 Werkstoff Nr. 2.4050
Major Werkstoff Nr. 2.4110 ASTMF 3
Specifications
Limiting Ni¢ ....97.0 min. C....010max. Mg...0.20 max. | Ni#...99.9min. Mn...0.003 max. Ti......0.005 max.
Chemical Mn......1.5-2.5  Cu.....0.20 max. Cu...0.01 max. C....002max. Mg....0.005max.
Composition’ Fe....0.25 max.  Si.....0.20 max. Fe....0.05 max. S.....0.003max. Si.....0.005 max.
% aplus Co. *Plus Co.

Density, 1b/iN® .....coooiiiii 0.320 Density, 1b/in® ....coooiiii 0.322
/ PP PPPPRPPTN 8.86 /

Melting Range, °F ....2615-2635

R O 1435 - 1446
. Specific Heat, Btu/lb+°F ......ccccoiiiiiiiieee, 0.103 Specific Heat, Btu/lb «°F.........cccooiiiiiiiiieeee 0.110
Physical e R C T 430 e R C O 460
Constants Coefficient of Expansion, 68 —212°F, 106 in/in «°F ...7.2 Permeability.........cccooiiiiiiiiiiies Ferromagnetic
and Thermal 20-100°C, pm/m +°C.....12.9 Coefficient of Expansion, 70 — 200°F, 10 in/in +°F ...7.4

. Th | Conductivity, Btu « in/ft2*h«°F .............coee.... 305 20-95°C, um/m +°C ....... .
Pl‘OpEl‘tlES ermal Conductivity, Wl./Jm.IDC s . . pum/m 13.3
"""""""""" : Thermal Conductivity, Btu « in/ft<h+°F .......................595
Electrical Resistivity, ohmecirc mil/ft............cccccoceeeriis 66 W/M*°C .o, 86
HELEM s 0.109 Electrical Resistivity, ohmecirc mil/ft..............ccccceeiie. 45
[0 o L 0.075
(Annealed)

g Tensile Strength, KSi ......ccoooiiiiiiiiiie 50
Typical S
Mechanical . .

P t Yield Strength (0.2% Offset), KSi .....cccevveiieeriiriieennnn. 16
roper 1€s MPa...cccoooieeeieeeie 110
Elongation, % .......cccceiciiiiiiiiii e 50
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DURANICKELP® alloy 301

An age-hardened alloy that combines the excellent
corrosion resistance characteristics of Nickel 200
with the added advantages of greater strength and
hardness. The alloy is used for springs requiring
high electrical conductivity, parts of equipment
requiring good thermal conductivity, and magne-
tostrictive units which are operated under stress
conditions for which the fatigue strength of Nickel
200 is inadequate.

MONEL? alloy 400

A nickel-copper alloy with high strength and
excellent corrosion resistance in a range of
media including sea water, hydrofluoric acid,
sulfuric acid, and alkalies. Used for marine
engineering, chemical and hydrocarbon process-
ing equipment, valves, pumps, shafts, fittings,
fasteners, and heat exchangers.

Standard Round bar and wire. Pipe, tube, sheet, strip, plate, round bar, flat bar,
|E e forging stock, hexagon and wire.
UNS N03301 UNS N04400 AECMA Pr EN 2305
BS 3072 - 3076 (NA13) SAE AMS 4544, 4574,
ASTM B 127, B 163 - B 165, 4675, 4730, 4731, 7233
Maj or B 366, B 564, B 725, B 730, DIN 17743, 17750 — 17754
afe e B 751, B 775, B 829 Werkstoff Nr. 2.4360,
Specifications ASME SB-127, SB-163— SB-165, 24361
SB-366, SB-564, SB-725, VdTUV 263
SB-730, SB-751, SB-775, QQ-N 281
SB-829 NACE MR-0175/ISO 15156
leltll‘lg Ni@ ..... 93.0 min. Cu....0.25max. Si...... 1.00 max. Ni2 ..... 63.0 min. Mn....... 20max. Si........ 0.5 max.
Ch el Mn.....0.50 max. Fe....0.60max. S....... 0.01 max. Cu...28.0-34.0 C......... 0.3 max.
‘ el Ti...0.25-1.00 C.....0.30max. Al...4.00-4.75 | Fe....25max. S...0.024 max.
omposition
7 p v 2Plus Co. 2plus Co.
0
Density, Ib/in®(g/cm3) .....ccooveiiiiiiiiiireeee 0.296 (8.19) Density, I6/iN3 ..o 0.318
Melting Range, °F (°C) ............... 2550 — 2620 (1400 — 1440) G/OMP i 8.80
Specific Heat, Btu/lb «°F (J/kg * °C) ..ccvevvvvivireninne 0.104 (435) Melting Range, °F.......ccccooviniiiiiiiiiieee, 2370 - 2460
Curie Temperature?, °F (°C) 200 (95) B O 1300 -1350
Permeability at 200 Oersted” (15.9 KA/M) .......ccovveenee. 10.58 Specific Heat, Btu/lb *°F............ccccccooiiiiiiiiiii 0.102
COefﬁCient Of EXpanSiOnA, 106 in/in . oF (#m/m . oC) J/kg ° C .............................................. 427
70-200°F (21-93°C) ............. 7.2 (13.0) Curie Temperature, :F ....................................... 70-120
Physical 70_5000F (21—260°C) ........... 77 (139) C ........................................ 20 - 50
70-800°F (21=427°C) .o 8.0 (14.4 Coefficient of Expansion, 70 - 200°F, 10 in/in «°F ....7.7
Ukl 70-1000°F( (21—538%) ......... 8.2 §14.8; 21-93°C, ym/m +°C.......13.9
and Thermal L oPE (o1 Thermal Conductivity, Btu * in/ftzeh=F w.....ooooccorrce. 151
. 70-1200°F (21-650°C) ......... 8.5(15.3) W/m=C 218
Properties 70-1400°F (21-760°C) ........8.8 (15.9) _ o L '
Thermal Conductivity®, Btu « in/ftz+h=°F (W/m-°C) ..... 165(23.8) Electrical Resistivity, ogr.?r-]cwc Mil/ft. . Ogig
Electrical Resistivity”, ohm « circ mil/ft (uQ + m) ...255 (0.424) RS e '
Young's Modulus? 10° psi (GPa).........cccccevrvruennne. 30.0 (207)
Poisson's Ratio? ...........ccciiiiiiiiniriiiceeeee 0.31
Hardness?®, HRC .........cocoviveieiiiecceeeeeeee e 30-42
ARoom temperature, as aged.
Temperature, °C (Annealed)
9100 200 300 40 500 600 700 00 Tensile Strength, KSi ...
200 P O\V w01l 1a00 MPa ..o
180 | = N 1200 Yield Strength (0.2% Offset), k,\ii
1% s N \Tensile Strength oo E|ongati0n %
. © i T
5 " — v —{ 900 0 100 200 300 AZZmZT);Jmu;eoG C7oo 800 900 1000
éwzo - _ Jeoo Kl 120 [T ‘x x‘ x‘ T T T T T T ]
Typical g EESGRE TN 2 B i o 800
) Y100 : |70 8 100 700
Mechanical T, | | fed g || wsesiom oo
Properties g i 1 £ ) ¢
p @ 60 ‘\ \ ] 400 W 60 | Elongation \ ~ - - ADOZ
2 AR ]300 3 N 4= ] %
. El ||.ga|; n \\\5‘ 0o gm — —:‘><\ AZZZ
S 7 |S @20 Yield Strength NS H 100
S - (0.2% Offset) ~ ==

0 0
0 200 400 600 800 1000 1200 1400 1600
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MONEL® alloy R-405

The free-machining version of MONEL alloy
400. A controlled amount of sulfur is added to
the alloy to provide sulfide inclusions that act
as chip breakers during machining. Other
characteristics are essentially the same as those
of MONEL alloy 400. Used for meter and valve
parts, fasteners, and screw-machine products.

MONEL® alloy K-500

A precipitation-hardenable nickel-copper alloy
that combines the corrosion resistance of
MONEL alloy 400 with greater strength and
hardness. It also has low permeability and is
nonmagnetic to temperatures as low as -150°F
(-101°C). Used for pump shafts, oil-well tools
and instruments, doctor blades and scrapers,
springs, valve trim, fasteners, and marine pro-
peller shafts.

Standard Round bar, hexagon and wire. Pipe, tube, sheet, strip, plate, round bar, flat bar,
Product Forms forging stock, hexagon and wire.
UNS N04405 SAE AMS 4674, 7234 UNS N05500 Werkstoff Nr. 2.4375
Mai NACE MR-01-75 QQ-N 281 BS 3072 - 3076 (NA18) QQ-N 286
apr ASTM B 164 MIL-N-894 ASTM B 865 NACE MR-0175/1S0 15156
Spec1ﬁcat10ns ASME SB-164 SAE AMS 4676 ISO 6208, 9723 — 9725
DIN 17743, 17752 -17754 ASME Code Case 1192
Limitin Ni# ..... 63.0 min. S...0.025-0.060 Si........ 0.5 max. Nia ..... 63.0 min.  Ti....... 0.35-0.85 Mn....... 1.5 max.
" & Cu...28.0-34.0 Mn....... 2.0 max. Cu...27.0-33.0 Fe....... 20max. S.... 0.01 max.
Chemical Fe....25max. C......0.3 max. Al...230-815 C.....025max. Si.......0.5 max.
COmPOSItlony aplus Co. aplys Co.
%
Density, Ib/iN3 ....ooiiiiie 0.318 Density, ID/iN3 ......ooiiii e 0.305
GICME L 8.44
Melting Range, °F... .... 2400 - 2460
OC ittt 1315-1350
. Specific Heat, BIU/D +°F ............ccoooeeeievicceererrrrres 0.102 | Specific Heat, BU/D 3 F oo 0100
Physical JIKG*°C T 427 . Jkg-°C
Constants Curie Temperature, °F ........cccooiiieniiiiieiicee. 70-120 Curie Temperature, 05
%nd Tlltgrmal Cosfisiont of £ c e 2F° ‘752 Permeability at 200 Oersted (15.9 KA/M) ............. 1.002
roperties oefficient of Expansion, 70 - 200°F, 10 in/in - °F ....7. - ; _o00° 6 0
P 21-93°C, umim +°C ... 13,7 | Coefficient of Expansion, 2(1) —Sggcl,:';}rg/ir;n-/% Fé?
Thermal Conductivity, Btu - in/ft<h-°F Thermal Conductivity, Btu * in/f2*h«°F .............cc........ 121
W/m-°C........... W/m-°C ............ ..17.5
Electrical Resistivity, ohmecirc mil/ft.... Electrical Resistivity, ohmecirc mil/ft.. .370
PO M i 0.510 puQem ... .0.615
Young's Modulus at RT, 108KSi........cccoeeeiiiiiiiieiieeen. 26
(Annealed) (Precipitation Hardened)
Tensile Strength, KSi........ccoovieiiiiiiiiic e 80 | Tensile SrEngth, KSi.........ooveeeveeeereeeereeseeeesseeeseeeeees 160
MPa.....ooiii e 550 (Y= 1100
Typlcal El tion, % 40 El i 20
Mechanical oNgation, % .....coooovviiiiiiiii ONGALION, Y0 ..eeiiiiiiiiiiie i
. Temperature, «C
Propertles 0 100 200 300 400 500 600 700 800 900 1000

I T T T T T
I | I LI I 1600
MONEL alloy K-500 (Precipitation Hardened)
2 200 —11400
H 1200
5160 Tensile S h e
= ensile Strengtl —110000°
5 N =
w120 (N 800 ¢
o - 3
2 Yield Strength SR ~|e00 &
5 80 (0.2% Offset) N re
® A PRGNS 1LY
& a0 B
Elongation N ~ {200
- -~
0 = — - -

0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, «F

- Typical usage range
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INCONEL® alloy 600

A nickel-chromium alloy with good oxidation
resistance at high temperatures and resistance

to chloride-ion stress-corrosion cracking, corro-
sion by high-purity water, and caustic corrosion.

Used for furnace components, in chemical and

food processing, in nuclear engineering, and for

sparking electrodes.

INCONEL® alloy 601

A nickel-chromium alloy with an addition of
aluminum for outstanding resistance to oxidation
and other forms of high-temperature corrosion.

It also has high mechanical properties at elevated
temperatures. Used for industrial furnaces; heat-
treating equipment such as baskets, muffles, and
retorts; petrochemical and other process equip-
ment; and gas-turbine components.

Standard Pipe, tube, sheet, strip, plate, round bar, flat bar, Pipe, tube, sheet, strip, plate, round bar, flat bar,
Product Forms | forging stock, hexagon, wire and extruded section. forging stock, hexagon and wire.
UNS N06600 SAE AMS 5540, 5580, UNS N06601 ASME Code Case 1500
BS 3072 - 3076 (NA14) 5665, 5687 ASTM B 166 - B 168, B 751, DIN 17742, 17750 — 17754
ASTM B 163, B 166 — B 168, DIN 17742, 17750 — 17754 B 775, B 829 Werkstoff Nr. 2.4851
B 366, B516, B 517,B 564, Werkstoff Nr. 2.4816 ASME SB-166 — SB-168, EN 10095
Maj or B 751,B 775, B 829 VdTuV 305 SB-751, SB-775, SB-829 ISO 6207, 6208, 9723-9725
spr  _ge ASME SB-163, SB-166 — SB-168, NACE MR-01-75
Specifications SB-366, SB-516, SB-517,  QQ-W 390
SB-564, SB-751, SB-775, EN 10095
SB-829 ISO 6207, 6208, 9723 —9725,
ASME Code Cases 1827, N-20, 4955A
N-253, N-576
leltll‘lg N ....72.0min. C.....0.15max. Si....... 0.5 max. Ni...58.0-63.0 Fe...Remainder  Si......0.50 max.
Chemical Cr...14.0-17.0 Mn....... 1.0max. Cu.... 0.5 max. Cr..21.0-250 C ... 0.10 max. S ....0.015 max.
. Fe...6.0-10.0 S....0.015 max. Al ... 1.0-1.7 Mn....1.0max. Cu .....1.0 max.
Composition,
7 @Plus Co.
0
Density, ID/in® ..o 0.306 Density, ID/iN3 ..o 0.293
GICM3 e 8.47 GICM® e 8.1
Melting Range, °F.... ...2470 - 2575 Melting Range, °F... .... 2480 - 2571
PC ittt 1354 -1413 °Cuvrrne ... 1360 -1411
Specific Heat, Btu/lb «°F........cccoooeviiiiiiiiieiee 0.106 Specific Heat, Btu/lb «°F.........ccooiiiiiiiiiiceee 0.107

Physi cal JIKG *OC i 444 JIKG 2 OC i
Curie Temperature, °F Curie Temperature, °F .......cccoooiiiiiiieieeeeeee,
Constants °C oc
and Thermal Permeability at 200 Oersted (15.9 KA/M) ............... 1.010 Permeability at 200 Oersted (15.9 kKA/M) ............... 1.003
Properties Coefficient of Expansion, 70 - 200°F, 10 in/in «°F ...7.4 Coefficient of Expansion, 70 — 200°F, 10 in/in «°F ...7.60
21-93°C, um/m +°C ....... 13.3 20 - 100°C, ym/m+°C.....13.75
Thermal Conductivity, Btu « in/ft2sh+°F ............cccoe..e. 103 Thermal Conductivity, Btu « in/ft?*h+°F ......................... 78
W/me . W/m+°C .
Electrical Resistivity, ohm «circ mil/ft... Electrical Resistivity, ohm«circ mil/ft.............c.cceeeee 717
PN e 1.03 HQM i 1.19
(Annealed) (Solution Annealed)
Tensile Strength, KSi......cccooiiiiiiiiiiie e, 95 Rupture Strength (1000 h) ksi MPa
MPa....oiiiieccee e, 655 1200°F / 650°C..cccccuiieeiiiieccieee e 28.0 195
. . . 1400°F / 760°C .... . 91 63
Yield Strength (0.2% Offset), KSi ......ccccerireirienennene. 45 1600°F / 870°C..... .43 30
MPa....ccooeeeeeeeeee. 310 1800°F / 980°C..... v 2.1 14
EloNgation, % ....cc.eoveiiiieeieee e 40 2000°F 710957 C vvsvvvesvvvssvvnss s 1.0 7
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 ? 1?0 2?° 3?° 4?0 5?° 60‘0 7‘70 80‘0 90‘0 10?0
] 1 1 | 1 1 1 1 1 1 1 1 120 -
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i (02 9"521) \§ ;oo :ggaﬁ?\ ?1':'1?afe%1) \§ 100
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SPECIAL
METALS

Am wsws Company

INCONEL® alloy 617

INCONEL® alloy 625

A nickel-chromium-cobalt-molybdenum alloy
with an exceptional combination of metallurgical
stability, strength, and oxidation resistance at high
temperatures. Resistance to oxidation is enhanced
by an aluminum addition. The alloy also resists a
wide range of corrosive aqueous environments.
Used in gas turbines for combustion cans, duct-
ing, and transition liners; for petrochemical pro-
cessing; for heat-treating equipment; and in nitric
acid production.

A nickel-chromium-molybdenum alloy with an
addition of niobium that acts with the molyb-
denum to stiffen the alloy's matrix and thereby
provide high strength without a strengthening
heat treatment. The alloy resists a wide range of
severely corrosive environments and is espe-
cially resistant to pitting and crevice corrosion.
Used in chemical processing, aerospace and ma-
rine engineering, pollution-control equipment,
and nuclear reactors.

Standard Pipe, tube, sheet, strip, plate, round bar, flat bar, Pipe, tube, sheet, strip, plate, round bar, flat bar,
Product Forms forging stock, hexagon, wire and extruded section. forging stock, hexagon, wire and extruded section.
UNS N06617 ASME Code Cases 1956, UNS N06625 SAE AMS 5581, 5599, 5666,
g ASTM B 166, B 168, B 546, B 564 1982 ASTM B 366, B 443, B 444, 5837, 5869, MAM 5599
Major ASME SB-166, SB-168, SB-546,  Werkstoff Nr. 2.4663a B 446, B 564, B 704, BS 3072, 3074, 3076 (NA21)
Spec1ﬁcatlons SB-564 VdTUV 485 B 705, B 751,B775,B829 DIN 17744, 17750 — 17754
SAE AMS 5887 — 5889 ISO 6207, 6208, 9724 ASME SB-366, SB-443, SB-444, Werkstoff Nr. 2.4856
DIN 17744, 17750-17754 SB-4486, SB-564, SB-704, NACE MR-0175/1SO 15156
. e Ni....445min. C...005-0.15 Ti.....0.6 max. SB-705, SB-751, SB-775,  VdTUV 499, EN 10095
Limiting Cr. 200-240 Fe ...30max. Cu .. 0.5 max SB-829 1SO NW6625, 1SO 6207,
Chemical C0..100-150 Mn.....1.0max. B . 0.006max. | ASME Code Case 1935 6208, 9723 — 9725, 4955A
Composition, o 80109 Sl 1.0 max Ni.....580min. Fe ...50max. Al ....0.40 max.
% ....... . . -0 max. Cr..20.0-23.0 C...... 0.10 max.  Ti...... 0.40 max.
Mo....8.0-10.0 Mn...0.50 max. P ....0.015 max.
DENSHY, ID/IN? oo seeeeeeeeeeeeseseeeeeeeeeeeseee 0302 | Nb*..315-415 Si...0.50max. Co®....1.0 max.
GICMZ e 8.36 aPlus Ta. S.....0.015 max. bIf determined.
Melting Range, °F........ccccoooiiiiniiiiiicen. 2430-2510 . .
oc T " 13301380 Density, Igb/gr;;3 ......................................................... 0.8322
. | Specific Heat, Bj%{qb-.:c':;"" """""" 0200 | Melting Range, °F ......ccovovvvve 2350 - 2460
P ysica """"""""""""""""""""""""""" OC i 1290 - 1350
Coefficient of Expansion, 78 —200°F, 10€in/in « °F ....6.4 | Specific Heat, BIU/Ib *°F .........c....omrrveerreeerrriennnne. 0.098
Constants 20 - 100°C, ym/m +°C .....11.6 P JIKG+°C oo 410
and The.!rmal Thermal Conductivity, Btu * in/ft2sh=°F ........cccoooovvvvvenen, 94 | Curie Temperature, °F ..... <320
Propertles W/M°C i 13.6 °C ... ..<196
Electrical Resistivity, ohmecirc mil/ft.............c..ccoceee. 736 Permeability at 200 Oersted (15.9 kKA/m) ............. 1.0006
HO Mo 1.22 Coefficient of Expansion, 70 — 200°F, 10 in/in + °F ....7.1
21-93°C, um/m+°C ....... 12.8
Thermal Conductivity, Btu « in/ft2<h+°F ............ccoceenee. 68
W/m-°C ............ .9.8
Electrical Resistivity, ohm-circ mil/ft... 776
QM e 1.29
(Solution Annealed) (Solution Annealed)
Rupture Strength (1000 h) ksi MPa Rupture Strength (1000 h)
1200°F / B50°C..cccveiiiiiiiieeiieiieeiee e 320 1200°F / 650°C......c.ccoviiiiiiiiene
1400°F / 760°C .... 150 1400°F / 760°C ...oovvvviiieiieeieeine
1600°F / 870°C..... 58 1600°F / 870°C ....vvueriereereirriereenes
1800°F / 980°C..... N 25 1800°F /980°C.......cucuiciciricinieae
2000°F /1095°C.....ueieiiieeiiiee e . 10 . ure o
o emperature,
Temperature, °C 0 100 200 300 400 500 600 700 800 900 1000
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SPECIAL
METALS

Am wsws Company

INCONEL® alloy 625LCF®

INCONEL® alloy 686

A nickel-chromium-molybdenum alloy that
was developed as a fatigue-resistant bellows-
quality version of INCONEL alloy 625. Alloy-
ing, melting and processing of this alloy are
specially designed and controlled to provide
a sheet product with optimum resistance to
low-cycle and thermal fatigue at temperatures
up to 1200°F (650°C). Used in aircraft exhaust
and automotive flexible coupling bellows, and
expansion joints in various types of process or
transport piping.

An alloy designed for outstanding corrosion-re-
sistance in a wide range of severe environments.
The alloy is used in the most severe environ-
ments encountered in chemical processing, pol-
lution control, pulp and paper production, and
treatment of industrial and municipal wastes.
Chemical processing uses include heat exchang-
ers, reaction vessels, evaporators, and transfer
piping. Air pollution control applications are
stack liners, ducts, dampers, scrubbers, stack-gas
re-heaters, fans, and housings.

Standard Sheet and strip. Pipe, tube, sheet, strip, plate, round bar, forging stock,
Product Forms hexagon and wire.

. UNS N06625, N06626 ASME Code Case 2276 UNS N06686 ASME SB-163, SB-564,
Ma] or ASTM B 443 W.Nr. 2.4856 ASTM B 163, B 462, B 564, SB-574, SB-575, SB-619,
Specifications | ASME SB-443 BS 3072 (NA21) B574,B575,B619,B622,  SB-622, SB-626, SB-751,

SAE AMS 5879 B 626, B 751, B 775, B 829, SB-775, SB-829, SB-906
B 906, F 467, F 467M, F 468, VdTUV 515
F 468M NACE MR-0175/ISO 15156
DIN 17744,17750 — 17754 SAE/AMS J2295, J2271, J2655,
Werkstoff Nr. 2.4606 J2280, J2485
ASME Code Case 2198
Limiti Ni....... 58.0 min. Fe....... 5.0 max. S....0.015 max. Cr..19.0-23.0 Fe....... 1.0max. Si...... 0.08 max.
1mi ll'lg Cr...20.0-23.0 C...... 0.03 max. Al...... 0.40 max. Mo...15.0-17.0 C ..... 0.01 max. P.... 0.04 max.
Chemical Mo....8.0-10.0  Si....0.15max. Ti.......0.40 max. W.....30-44 Mn...0.75max. Ni .. Balance
Composition, Nb?.3.15-4.15 N...... 0.02 max. P....0.015 max. Ti....0.02-0.25 S ..... 0.02 max.
Mn.....0.50 max. Co....... 1.0 max.
7 aPlus Ta.
0
Density, 10/iN3 ......c.oiiieeeeeeeeeeeee e 0.305 Density, Ib/in® ... 0.315
GICM3 8.44 9ICM® i 8.73
Melting Range, °F........cccooiiiiiiiiiiiiis 2350 - 2460 Melting Range, °F........ccccooiiiiniiiiis 2440 -2516
°C .. ....1290 - 1350 °C e reveeene.. 1338 - 1380
. Specific Heat, Btu/lb «°F.........ccccooevieieieiceceeienne 0.098 Specific Heat, Btu/lb «°F... ST 0.089
Physical JIKG *°C v 410 JIKG*°C oo ..373
Constants Curie Temperature, °F ..... <320 Permeability at 200 Oersted (15.9 KA/M) ............... 1.001
and Thermal | == 0% o <196 Coefficient of Expansion, 70 — 200°F, 10 in/in « °F ...6.67
Properties Permeability at 200 Oersted (15.9 kKA/m) ............. 1.0006 20 -100°C, pm/m +°C.....11.97
Coefficient of Expansion, 70 — 200°F, 10% in/in « °F ...7.1 Electrical Resistivity, ohmecirc mil/ft........................ 744.4
20-100°C, pm/m +°C .....12.8 PO M e 1.237
Thermal Conductivity, Btu « in/ft2<h«°F ............cccocuvenne. 68
W/M*C oo 9.7
Electrical Resistivity, ohme<circ mil/ft.. ... 776
PO M 1.29
(Annealed) (Solution Annealed)
Tensile Strength, KSi ...c.cccvreceeeeeneeeeeeesnens 130 Tensile Strength, ll\(/lsl-i’ ..................................................
- TSR
Yield Strength (0.2% Offset), ksi Yield Strength (0.2% Offset), II\(/ISFI>z.a. ........
. EloNgation, % .......coceviiiiiiiiiieiec e
Elongation, %
Hardness (HRB) ......ccccvveiiiieeeiiee e
140 T - Temperature, °C
Typical ;f:;;?:;?a{?gg%st:ngtz; 00 o ? 1“00 ZTO 3?0 40‘0‘ SC‘bO‘ GC‘IO ‘70‘0 80‘0 90‘0 10?0 .
Mechanical 130 \ 900 - 1200°F (480 - 650°C) INCONEL alloy 686 (Solution Annealed)
i 120 N N 2100 N\ Tensile Slength e
Properties \\ \ Jow g < ~l | -~ o Hew
E L \ = g% M TS T Hswe
¢ e \\ INCONEL a s _ ‘ N D R~
5 100 \\ alloy 625LCF 700 = : 60 Ny Elongation . | 400 g
g \\ é ”m —~— 1 — 1 Rk
® 9 \\ & é Yield Strength T ] 200
. Alloy 625 \\ — 600 B 20 (0.2% Offset) \\\;7 o0
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SPECIAL
METALS

Am wsws Company

INCONEL® alloy 690

INCONEL alloy 690 is a high-chromium nickel
alloy having excellent resistance to many cor-
rosive aqueous media and high-temperature
atmospheres. The alloy's high chromium
content gives it excellent resistance to aque-
ous corrosion by oxidizing acids (especially
nitric acid) and salts, and to sulfidation at
high-temperatures. In addition to its corrosion
resistance, alloy 690 has high strength, good
metallurgical stability, and favorable fabrica-
tion characteristics.

INCONEL® alloy 693

A nickel-chromium-aluminum alloy offering the
best resistance to metal dusting of any available
conventional alloy. Alloy 693 also offers excep-
tional resistance to oxidation and carburization
at temperatures up to 2100°F (1150°C) with
excursions to even higher temperatures. The
alloy’s ability to resist metal dusting is especially
useful in systems used to reform hydrogen and
generate synthesis gas for various industries in-
cluding gas to liquid fuel production. Alloy 693
is protected by U.S. Patent Number 4,882,125.

Standard Pipe, tube, plate, round bar and forging stock. Plate, sheet, strip, bar, seamless tubes and pipes.
Product Forms
UNS N06690 ASME SB-163, SB-166 — UNS N06693
ASTM B 163, B 166 — B 168, SB-168, SB-564, SB-829 ASTM B 166, B 167, B 168
B 564, B 829 Werkstoff Nr. 2.4642 ASME SB 166, SB 167, SB 168
Maj or ASME Code Cases 2083, ISO 6207, 6208, 9723
Speciﬁcations N-20, N-525 1SO NW6690
Limitin Ni@ ..... 58.0 min.  Mn.....0.50 max. Ni...Remainder® Nb......... 0.5-2.5 Si...... 0.50 max.
3 g Cr....27.0-31.0 S.... 0.015 max. Cr...27.0-31.0 Mn....... 1.0 max. C....... 0.15 max.
Chemical Fe...7.0-11.0 Si.....0.50 max. Fe . 256.0 Ti........ 1.0max. S....0.015 max.
Composition, C....0.05max. Cu.....0.50 max. Al 2540 Cu....0.50 max.
% @Plus Co. 2Element determined arithmetically by difference.
Density, Ib/in® (9/cmM®) ..o 0.296 (8.19) Density, Ib/in® (Q/CMB) .......ccoveveeereerereeieens 0.280 (7.77)
Melting Range, °F (°C) ......... 2450 - 2510 (1343 - 1377) Melting Range, °F (°C) ......... 2403 - 2493 (1317 - 1367)
Specific Heat, Btu/lb +°F (J/kg *°C) ....cvvvvv. 0.107 (450) Specific Heat, Btu/lb +°F (J/kg * °C) ....vvveeeee 0.109 (455)
Permeability at 200 Oersted (15.9 kA/m) ............... 1.001 Permeability at 200 Oersted.............cccoovrvevrennn
Physical Coefficient of Expansion, 106 in/in « °F (um/m < °C) ; istivityA . oi ;
C y 70— 200°F (21 — 93°C) ........... 7.80 (14.0) ELGCtr'CT'CResd'St“’.'tY ,Aogm _C.'“jﬂT_':]/ff,;“'
onstants 70 — 1000°F (21 — 538°C) ... 8.53 (15.4) ermal Conductivity*, Btu + in .
and Thermal 70 — 1600°F (21 — 970°C) ....... 9.38 (16.9) WIMSOC s 9.1
. Thermal Conductivity, Btu « in/ft?-h-°F 84 Coefficient of Expansion, 10 in/in * °F (um/m +°C)
Propertles W/me°C ........ 1241 70-200°F (21-93°C)....7.22 (13.04)
Electrical Resistivity”, ohm-«circ mil/ft....................... 691 Young's Modulus?, 10% ksi (GPa)..................... 28.5 (197)
HOTM 115 Shear Modulus®, 10° ksi (GPa) 11.0 (76)
Young's Modulus?, 10° psi (GPa).................... 30.6 (211) Poisson's RatioA‘ ....................................................... 0.30
Poisson's Ratio? .........cccooiiiiiiiiieiieee e 0.29 N
Room temperature.
Hardness®, HRB ...........coooiiiiiiie e 85
ARoom temperature, as annealed.
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 21 649 704 760 816 871 927 982 1093
o ———L— LT T T T T ] 160 : : ; 1100
INCONEL alloy 65‘30 (Sol‘ution Annealed) | 8oe 140 INCONEL alloy 693 Elongation ’\ 1000
2100 S Torsie Strengin Ik % / s
s — /f 1 600 S / - 800
g 80 I S 100 N L 700 §
. S 2 Tensile Strength | 3
Typical 2 6 | S i I~ il w2
M h . 1 — Elongation \ g B \ I 500 5
echanica 2, e —— ; \\ {300 & = 60 N / 400 G
. g B ! 5 0.2% Yield Strength N |
Properties £ e Stengh — ] 200 I B Zgg
20 (0.2% Offset) 100 20 Y, L o0
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ﬂﬁ%ﬂ- INCONEL® alloy 706 INCONEL® 718 & 718SPF™

Am wsws Company

INCONEL alloy 706 is a precipitation-harden- A precipitation-hardenable nickel-chromium
able nickel-iron-chromium alloy that provides  alloy also containing significant amounts of
high mechanical strength in combination with ~ iron, niobium, and molybdenum along with
good fabricability. The properties of the alloy are lesser amounts of aluminum and titanium. It
similar to those of INCONEL alloy 718 (N07718) combines corrosion resistance and high strength
except that alloy 706 is more readily fabricated, ~ with outstanding weldability including resistance
particularly by machining. Primary uses of the  to post-weld cracking. The alloy has excellent
alloy are aerospace and land-based gas turbine  creep-rupture strength at temperatures to 1300°F

parts and components requiring resistance to (700°C). Used in gas turbines, rocket motors,
creep and stress rupture up to 1300°F (704°C), spacecraft, nuclear reactors, pumps, and tooling.
oxidation resistance, and good fabricability. INCONEL alloy 718SPF is a special version of
INCONEL alloy 718, designed for superplastic
forming.
Standard Round bar and forging stock. Pipe, tube, sheet, strip, plate, round bar, flat bar, forg-
Product Forms ing stock, hexagon, wire and extruded section.
UNS N09706 UNS N07718, N07719 ASME Code Cases 1993, 2206,
SAE AMS 5605, 5606, 5701 - 5703 ASTM B 637, B 670 2222, N-62, N-208, N-253
. ASME SB-637, SB-670 NACE MR-0175/ISO 15156
Ma]OI' DIN 17744, 17750-17754 AECMA Pr EN 2404,
Speciﬁcaﬁons SAE AMS 5589, 5590, 5596, 2405, 2407, 2408,
5597, 5662 — 5664, 5832, 2952, 2961, 3219, 3666
5914, 5950, 5962 ISO 6208, 9723 - 9725
Werkstoff Nr. 2.4668
. .. Nie ..39.0-44.0 Ti........ 1.5-2.0 S....0.015 max. Nie ..50.0-55.0 Ti.....0.65-1.15 Si ..... 0.35 max.
leltmg Cr...145-175 Al..... 0.40 max. Si...... 0.35 max. Cr..170-21.0 Al ..0.20-0.80 P ....0.015 max.
Chemical Fe...Remainder C....... 0.06 max. P.....0.020 max. Fe...Remainder ~Co°...1.0max. S ...0.015 max.
oge Nb° ....25-3.3 Cu.....0.30 max. B.....0.006 max. Nb° ..475-550 C....... 0.08 max.
Composition B ....0.006 max.
7 p 7 *Plus Co. "Plus Ta. Mn....0.35 max.  Co.....1.00 max. Mo ...2.80-3.30 Mn...0.35max. @y ...0.30 max.
0 aPlus Co.  °PlusTa.  °If determined.
Density, Ib/in® (9/cmM?®) ...c.oovviiiiiiccce 0.291 (8.05) Density, 1b/iN® ... 0.296
3
Meltlng Range, °F (oc) ........... 2434 — 2499 (1334 _ 1371) g/Cm .......................................................... 8.19
- 0 .o Melting Range, °F......cccccooiiiiieiiiieeeinn. 2300 - 2437
Spe.cmc Heat, Btu/Ib0 FO(J/kg (O} FRRR 0.106 (444) og 1960 — 1336
Curie Temperature, °F (°C)....oeevvsvvsserrseres <-109(-78) Specific Heat, BEUMD +F ...ooooooccoeoooeroeoeeeeeoee 0.104
Permeability at 200 Oersted (15.9 KA/M) ........cccuenee. 1.011 J/kg+°C ... ....435
Coefficient of Expansion, 10 in/in « °F (um/m +°C) Curie Temperature, °F ... ..-170
Physica] 70 — 200°F (21 = 93°C) ....coevucee. 7.40 (13.3) OC ettt -112
70 — 500°F (21 — 260°C) ............ 8.25 (14.9) p bility at 200 Oersted (15.9 KA/ 1.0011
Constants 70 — 800°F (21 — 427°C) .. 8.57 (15.4) ermeapiity & ersted (15.9 kA/m) ...........1.00
and Thermal 70 — 1000°F (21 — 538°C) ......... 8.73 (15.7) Coefficient of Expansion, 70 — 200°F, 10 in/in *°F ....7.2
T - 70 — 1200°F (21 — 650°C) ......... 8.97 (16.2) 21-93°C, pm/m -°C .......13.0
P Thermal Conductivity?, Btu « in/ft?+h+°F .. Thermal Conductivity, Btu « in/ft2<h=°F ............cccccueenne. 79
W/MeC it . W/M+°C i 1.4
Electrical Resistivity®, ohm=circ mil/ft.............ccccceceeneee Electrical Resistivity, ohm«circ mil/ft.............c.ccccee.. 751
J71O L ¢ 0.985 PO M 1.25
Young's Modulus?, 10° psi (GPa)..........cccvrveunne. 30.4 (210) (Precipitation Hardened)
A .
Shear Modulus?, 108 psi (GPa)..........ccoccevrernnenne 11.0 (76) Rupture Strength (1000 h)
Poisson's Ratio” ..........cccccocrvirriniicniccc 0.382 1100°F / 595°C oo
Hardness?, HRC ........cooeeivineeceeese e 36 — 42 1200°F / 650°C.....coooiiieieieecce
ARoom temperature, as aged. 1300°F /705°C....
1400°F / 760°C ..ooeeiiieeiiee e
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 S00 600 700 800 900 1000
240 T “ “ “ “ T T ‘ T T T T 240 1 ‘\ ‘\ 1 \‘ 1 ! 1 ! 1 1 1 1 1600
INCONEL alloy 706 (Precipitation Hardened) | 1600 INCONEL alloy 718 (Precipitation Hardened)

: * 200 } 1400 | 0200 1 1 — 1400
Typlcal -Og — Tensile Strength {1200 _§ 6 T2rgle Strenath 1200
Mechanical X iy ~. oo | 5 N il "
Properties i€ 120 > o A icidiStengiy A\ >
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SPECIAL
METALS

INCONEL® alloy 725 INCONEL® alloy 740

187> Company
A nickel-chromium-molybdenum-niobium alloy A nickel-chromium-cobalt superalloy age
that is highly resistant to corrosion and is age hardened by the precipitation of a gamma prime
hardenable for extremely high strength. The second phase. Alloy 740 exhibits excellent high
strength of this alloy is developed by heat treat-  temperature strength in the age-hardened
ment to achieve high ductility and toughness. condition up to 1500°F (815°C). With its high
The alloy is resistant to hydrogen embrittlement  contents of chromium and cobalt, alloy 740
and stress-corrosion cracking. Used for hang- offers excellent resistance to oxidation, carbur-
ers, landing nipples, side pocket mandrels and  ization, and sulfidation at elevated tempera-
polished bore receptacles in sour gas service. tures. Alloy 740 is targeted for use as advanced
Also used for high-strength fasteners in marine  power production boiler tubes.
applications.
Standard Round bar and wire. Bar, seamless tubes.
Product Forms
UNS N07725 SMC HA91 Contact Special Metals
ASTM B 805
. ASME Code Case 2217
Ma]or NACE MR-0175/ISO 15156
Specifications
Limiting Ni ..55.0-59.0 Ti.......1.0-17 Si....0.20 max. Nominal
g Cr...19.0-225 Al ..... 0.35 max. P.....0.015 max.
Chemlca.l . Mo....... 70-95 C..... 0.03 max. S ...0.010 max.
Composition, | nb...275-40 Mn...035max. Fe..... Balance
%
Density, ID/iN® ........coeveveveeececeeeee e 0.300 Density, Ib/|n3 ......................................................... 0.291
GICM® i 8.31 L 8.05
Melting RANGE, °F .....vvvveeeeeeeevereeeeesreeee 2320 - 2449 Melting Range = 123802488
L G 1271-1343 Specific Heat, Btu/lb +°F (J/kg *°C) .......... 0.108 (449)
Permeability at 200 Oersted (15.9 KA/m) ............. <1.001 Electrical Resistivity, ohm «circ milft....
Coefficient of Expansion, 70 — 200°F, 10° in/in « °F ...7.22 B 1168
20— 100°C, ym/m+°C....... 13.0 Thermal Conductivity, Btu |cr’1c/;ft2 heF e, Z%g
. Thermal Conductivity, Btu * in/ft2*he°F ..o 78.8 | a0 e '
’ ° Coefficient of Expansion, 106 infin °F °C
Phy81cal W/me=°C............. P 70-200°F g‘éoc 6. 8‘)1 (12 38)
Constants Electrical Resistivity, ohmecirc mil/ft.... Young's Modulus?, 10° ksi (GPa) 32 (221)
and Thermal HQM Shear Modulus®, 10° ksi (GPa)..... .. 115 (79)
Pl‘OpEl‘tieS Poisson's Ratio® ..........ccccoeeiiiieiiiieeeeeceeee 0.35
Magnetic Permeability ............c.ccociiiiniinin < 1.005
ARoom temperature.
Yield Strength, Room Temperature, Aged, ksi .......... 115
Tensile Strength, Room Temperature, Aged, ksi ....... 178
Temperature, °C Elongation, AQed, % ...ccovreeerereeueiereireeeseeeeeeeeee s 33
0 100 200 300 400 500 600 700 800 900 1000
— T T T T T T T T T 7 Temperature, ° C
240 ! I I 1600 0 100 200 300 400 500 600 700 800 900 1000
INCONEL alloy 725 (Aged)
0200 ‘ 1400 2200 | | } \‘ \‘ | : | | | | |
e ‘ = ~_INCONEL alloy ?40 (Aged) 1200
5 Tensile Strength —{1200 2160 ‘ Tensile Strength
%160 —— 3 - o
Typical g N |1000& s Yield Strength T N 1000°¢
. s 0 R = w120 | (0.2% Offset) S =
Mechanical oL T e e [T RN o0 &
9 2 Yield Strength s N e | = j 80 n
Propertles 5 80| (0:2%Offse) T 600 @ N L i N ; H 400
g A NN —{400 @ 40 = S
» 40 ’ ~ == N —{ 200
—{200 o N s 0
0 0 0 200 400 600 800 1000 1200 1400 1600 1800 2000
0 200 400 600 800 1000 1200 1400 1600 1800 2000 Temperature, ° F
Temperature, °F .
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SPECIAL
METALS

Am wsws Company

INCONEL® alloy X-750 INCONEL? alloy 751

A nickel-chromium alloy similar to INCONEL
alloy 600 but made precipitation hardenable by
additions of aluminum and titanium. It has good
resistance to corrosion and oxidation along with
high tensile and creep-rupture properties

at temperatures to 1300°F (700°C). Its excellent
relaxation resistance is useful for high-temper-
ature springs and bolts. Used in gas turbines,
rocket engines, nuclear reactors, pressure
vessels, tooling, and aircraft structures.

A nickel-chromium alloy similar to INCONEL
alloy X-750 but with increased aluminum con-
tent for greater precipitation hardening. This
alloy was designed for use as exhaust valves in
internal-combustion engines. In that applica-
tion, the alloy offers high strength at operating
temperatures, high hot hardness for wear resis-
tance, and corrosion resistance in hot exhaust
gases containing lead oxide, sulfur, bromine,
and chlorine.

Standard Sheet, strip, plate, round bar, flat bar, forging stock, Round bar.
Product Forms hexagon, wire, tubing and extruded section.
UNS N07750 SAE AMS 5542, 5582, 5583, UNS N07751
BS HR 505 5598, 5667 — 5671, 5698,
Maj or ASTM B 637 5699, 5747
S fticati ASME SB-637 EN 10269
PECIICAtIONS | \yerstoff Nr. 2.4669 SO 6208, 9723 - 9725
NACE MR-0175/ISO 15156
Limiting
L1m1t1ng Nia...... 70.0 min. Al ...040-1.00 Si...... 0.50 max. Ni@ ... 70.0 min.  Ti......... 20-26 Mn..... 1.0 max.
Chemical Cr..14.0-17.0 Nb°..0.70-1.20 S ..... 0.01 max. Cr...14.0-17.0 Al....... 09-15 Si.... 0.5 max.
ope Fe....... 50-9.0 C ... 0.08 max. Cu ....0.50 max. Fe....... 5.0-9.0 Nb°....0.7-12 S.... 0.01 max.
Composition, | 1 555575 Wn..100max.  Go . 1.00max. b C.....0.10 max.  Cu.......0.5 max.
% aPlus Co. 5Plus Ta. °If determined. “Plus Co.  ®Plus Ta.
Density, 1b/iN® .......ooiiiii e 0.299 Density, 1b/iN® ......oooviiiiiiee e 0.297
GICMB 8.28 GICM® i 8.22
Melting Range, °F.. .... 2540 - 2600 Melting Range, °F... .... 2540 - 2600
OC ittt 1390 - 1430 OC ittt 1390 - 1430
. Specific Heat, Btu/lb «°F ..o, 0.103 Specific Heat, Btu/lb «°F.......cccooiiiiiiiiiiieeceeeee 0.103
Physical JIKG * °Coverreeeeeee e 431 JIKG * °Coverrreeeeeeeee e 431
Constants Curie Temperature, °F .......cccccvererieeieneeeseeeeee -193 Curie Temperature, °F .......ccccceveiinienineeieeeeee -193
and Thermal C o 125 | %0 -125
Properties Permeability at 200 Oersted (15.9 KA/m) ............. 1.0035 Permeability at 200 Oersted (15.9 KA/m) ............. 1.0035
Coefficient of Expansion, 70 — 200°F, 10 in/in *°F ....7.0 Coefficient of Expansion, 70 - 200°F, 10 in/in «°F ...7.0
21-93°C, um/m+°C ....... 12.6 21-93°C, pum/m+°C ....... 12.6
Thermal Conductivity, Btu * in/ft2*h+°F ...........cccoeennne. 83 Thermal Conductivity, Btu « in/ft2sh+°F ............cccenne 83
W/MeC ..o 12.0 WIMeC ..o 12.0
Electrical Resistivity, ohmecirc mil/ft...................ccc..... 731 Electrical Resistivity, ohmecirc mil/ft.............c.ccoeeeee. 731
PO M i 1.22 PQPM e 1.22
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 h) Rupture Strength (1000 h)
1100°F /595°C ....ooeoieeeeeceeee e 92 630 1200°F / 650°C.....ooieiiiiieeceeeceeee
1200°F / B50°C ...oooiiiiiiieiiieiie e 68 470 1350°F / 730°C...
1850°F / 730°C...evee e eeee s 37 260 1500°F / 815°C oo
1500°F / 815°C...uviiiiiiiiiiiiieie e 16 110
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
240 1 ‘\ ‘\ \‘ \‘ \‘ 1 ! 1 ‘\ 1 1 240 1 ‘\ ‘\ \‘ \‘ \‘ 1 ! 1 1 1 1
T ical INCONEL alloy X-750 (Precipitation Hardened) e INCONEL alloy 751 (Precipitation Hardened) e
yp . 0200 } } {1400 0200 } {1400
MeChanlcal ;—; ~—— Tensile Strength 1200 og" —— Tensile Strength 1200
Properties g e oo | B e 10008
S S = S N =
120 N {800 5;; W 120 === = =S 1800 g)f
g R 5|z Yield Strength T 5
2 e 3 N I I S : 1™
° ‘ 400 ] 400
B 40 Elongation oo D 40 Eiongaion ooo
0 [~~--- 0 0 | S =l- 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, °F Temperature, °F
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SPECIAL
METALS

Am wsws Company

INCONEL® alloy 783

An oxidation resistant low coefficient of thermal
expansion (low CTE) superalloy developed for gas
turbine applications. The alloy is strengthened by a

precipitation-hardening heat treatment made possible
by additions of niobium and aluminum. In addition,
the aluminum content provides excellent resistance to
oxidation at high temperature. The alloy's density is
5% less than those of superalloys such as INCONEL

alloy 718. The combination of low expansion, high

strength and excellent resistance to oxidation makes
the alloy especially useful for gas turbine and steam

turbine components. The low expansion enables

closer control of clearances and tolerances for greater

power output and fuel efficiency.

INCONEL® alloy 22

By virtue of its contents of chromium, molybde-
num, and tungsten and controlled iron, this alloy
exhibits excellent resistance to both oxidizing
and reducing acid environments as well as
those containing mixed acids. It is particularly
useful for resistance to pitting and crevice
corrosion in acid-halide environments. Applica-
tions include the chemical processing, pollution
control, flue gas desulfurization, waste incinera-
tion, and pulp and paper processing industries.

Standard Sheet, round bar, wire and extruded section. Sheet, strip, plate, round bar, flat bar,
Product Forms forging stock, hexagon and wire.
SAE AMS 5940 ASTM B 366, B 462, B 564, B 574, N-621
Maior B 575, B 619, B 622, B 626, Werkstoff Nr. 2.4602
J e . B 751, B 775, B 829, B 906 I1SO 6207, 6208, 9723,
Specifications ASME SB-366, SB-564, SB-574, 9724
SB-575, SB-619, SB-622, DIN 17744, 17750-17754
SB-626, SB-751, SB-775,
SB-829, SB-906
leltlng Ni...26.0-30.0 Cr..... 25-3.5 Mn....0.50 max. Ni....Remainder W........ 25-35 V... 0.35 max.
Chemical Fe..24.0-27.0 Ti......... 01-04 P...0.015max. Cr..20.0-225 Co....... 25max. S ... 0.02 max.
.. Co...Remainder B..0.003-0.012 S.....0.005 max. Mo...12.5-145 C....0.015max. Si...... 0.08 max.
Composition, | ai...50-60 C... 0.3max. Si......0.50 max. Fe ....20-6.0 Mn...0.50 max. P.....0.02 max.
% Nb....25-35 Cu.....0.50 max.
Density, 1b/in® (g/CM3) .....ooveiiiiiiieece 0.282 (7.81) Density, Ib/in® (g/cm?3) .....ccooiiiiiiiiin, 0.311 (8.61)
Melting Range, °F (°C)........ 2437 — 2565 (1336 — 1407) Melting Range, °F (°C) ......... 2464 - 2529 (1351 - 1387)
Specific Heat, Btu/lb «°F (J/kg . oC) _______________ 0.109 (455) Specific Heat, Btu/lb «°F (J/kg . OC) ............... 0.091 (381)
Coefficient of Expansion, 10° in/in « °F (um/m «°C) g::ﬁ;:gﬁft’e':‘tt;fd OFer(Sg L oe s <820 (:1 1:(?1)
Physical 70 — 200°F (21 — 93°C).......... 5.60 (10.08) cabilty , AR st
C t t 70 — 500°F (21 _ 26000) ...... 5.74 (1094) Coefficient of EXpanSlOn, 10€in/in «°F (I.lm/m . C)
onstants 70 — 800°F (21 — 427°C) ..... 6.08 (10.67) 70 — 200°F (21 — 93°C) ......... 6.90 (12.42)
and Thermal 70 — 1000°F (21 — 538°C) ..... 6.57 (11.83) 70 — 1000°F (21 — 538°C) ..... 7.46 (13.43)
Properties 70 — 1200°F (21 — 650°C) ..... 7.15 (12.87) 70 — 1800°F (21 —982°C) ..... 7.84 (14.11)
Thermal Conductivity”, Btu « in/ft2sh+°F .................... 70.9 Thermal ConductivityA, Btu « in/ft2sh+°F..............cc........ 91
W/M°C v 10.2 W/Me°C..oovieesieeeeee e 13.2
Electrical Resistivity”, ohmecirc mil/ft.............c..co....... 615 Electrical Resistivity*, ohm « circ mil/ft (uQ-m) .730.7 (1.215)
HQem Young's Modulus?, 10° psi (GPa)...........c........ 30.3 (209)
Young's Modulus*, 10 psi (GPa)...........c........ 26.8 (185) Shear Modulus?, 106 psi (GPa)...........ccccueuen. 11.0 (75.8)
Shear Modulus?, 10° psi (GPa)............cccceuene... 9.7 (67) Poission's Ratio? .........ccooveiiiiiiiieieiiecee e 0.30
P0iSSON's RAtio? .........c.ccueeveueieieeeeeceeeeee e 0.38 Hardness®, HRB ... 86
Hardness®, HRC.........cccooiiiiiiiieccee e, 30-38 ARoom temperature, as annealed.
ARoom temperature, as aged.
(Precipitation Hardened)
Temperature, °C
Temperature, °C 0 100 200 300 400 500 600 700 800 900 1000
0 100 200 300 400 500 600 700 800 900 1000 I I l I I I I I T T T
aob———— 1] s00 20 INCONEL alloy 622 I
INCONEL alloy 783 (Precipitation Hardened) v |
Typi C al 0200 } 11400 2200 1400
. = o s {1200
MEChanlcal }‘3}160 P — Tensile Strength 1200 ) "%160 | e
Propertles 5 Yield Strength \ 10008 120 =
W20 (0.2% Offset) \ {800 g ~ Tensile Strength {800 ﬁ
[ — =
% " \\ eoo & _‘f 8 \‘\ {600 &
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“© Elongation 200 “I" ietd strongm 200
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INCONEL? alloy C-276

A nickel-molybdenum-chromium alloy with an
addition of tungsten having excellent corrosion
resistance in a wide range of severe environ-
ments. The high molybdenum content makes
the alloy especially resistant to pitting and
crevice corrosion. The low carbon content
minimizes carbide precipitation during welding
to maintain corrosion resistance in as-welded
structures. Used in pollution control, chemical
processing, pulp and paper production, and
waste treatment.

INCONEL® alloy G-3

A nickel-chromium-iron alloy with additions

of molybdenum and copper. It has good
weldability and resistance to intergranular
corrosion in the welded condition. The low
carbon content helps prevent sensitization and
consequent intergranular corrosion of weld
heat-affected zones. Used for flue-gas scrubbers
and for handling phosphoric and sulfuric acids.

Standard Pipe, tube, sheet, strip, plate, round bar, flat bar, Pipe and tube.
Product Forms forging stock, hexagon and wire.
UNS N10276 ASME SB-366, SB-564, UNS N06985 ASME SB-366, SB-581, SB-582,
ASTM B 366, B 462, B 564, B 574,  SB-574, SB-575, SB-619, | ASTM B 366, B 581, B 582, SB-619, SB-622, SB-626,
Ma] or B 575, B 619, B 622, B 626, SB-622, SB-626, SB-751, B 619, B 622, B 626, SB-751, SB-775, SB-829
Speciﬁcations B 751, B 775, B 829 SB-775, SB-829 B 751, B 775, B 829 DIN 17744, 17750 - 17752
DIN 17744, 17750 — 17754 ASME Code Case 1924 NACE MR-0175/ISO 15156 ~ Werkstoff Nr. 2.4619
Werkstoff Nr. 2.4819 NACE MR-0175/1SO 15156 ISO 6207, 6208, 9724
VdTUV 400 ISO 6207, 6208, 9723 — 9725
leltl}‘lg Ni ...Remainder W........ 30-45 V.... 0.35 max. Ni ...Remainder ~ Nb?...0.50 max. Mn....... 1.0 max.
Chemical Mo....15.0-17.0 Co....... 25max. P.... 0.04 max. Cr...21.0-235 C...0.015max. P ... 0.04 max.
COIIIPOSitiOII Cr....145-165 Mn....... 1.0max. S.... 0.03 max. Fe..18.0-21.0 W..... 1.5max. S.... 0.03 max.
(7 ! Fe...... 40-70 C..... 0.01 max. Si...... 0.08 max. Mo ...... 6.0-80 Si...... 1.0max. Co...... 5.0 max.
© Cu.....1.5-25 4PlusTa.
Density, ID/iN® ..o 0.321 Density, 1b/iN® ......ooiiii 0.294
GICM3 8.89 GICM® L 8.14
Melting Range, °F.........cccooiiiiiiiiiiiics 2415-2500 Melting Range, °F........cccccoiiiiiiiiiiiiis 2300 - 2450
. °C.n. ..1325-1370 P ittt 1260 - 1340
Physmal Specific Heat, BU/D *°F ........c.ovveveeeeeeeeeeeeeeeereeenn 0.102 | Specific Heat, BtU/D *°F ...........vveeeeeeeeereereeerees 0.108
Constants JIKG * °C it 427 JIKG *°C e 452
and Thermal Coefficient of Expansion, 75 — 200°F, 10 in/in « °F ....6.8 Coefficient of Expansion, 75 - 212°F, 10 in/in « °F ....8.1
. 24 -100°C, ym/m +°C .....12.2 24-100°C, ym/m +°C .....14.6
Properties g . g .
Thermal Conductivity, Btu « in/ft2sh«°F...................... 67.9 Thermal Conductivity, Btu « in/ft2<h«°F ............ccoceenee. 69
W/Me°C oot 9. W/MeC it 10.0
Electrical Resistivity, ohmecirc mil/ft........................ 739.2
PO M i 1.229
Permeability at 200 Oersted (15.9 kKA/m) ............. 1.0002
(Annealed) (Annealed)
Tensile Strength, ksi
MPa
Yield Strength (0.2% Offset), ksi
Elongation, % .......ccceoiiiiiiiec e 62 Elongation, % .......cocveeiiieiiieceee e 50
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
— — T T T T T T I P S ) S
Typical 0 INCOI\‘IEL allo‘y C-276 (Annealed) | | 80 INCbNEL e‘xlloy G-3 (Annealed) 800
9 d00 [N | 700 100 [N | 700
Mechanlcal B \\ Tensile Strength e \\ T 1
Properties £ 5 o~ - I E™ ~—__ | TersleSwengh | ¢ e
P 5 RN Hsof | B ~ 4 | 500 &
2 60 —— \ 5 L e P b 2
~ Elongation e g W eo = Eeloatel N | 400 g
':’. 40 \\\\ | 300 & % w0 D | 3003
5 20 Yield Strengih— 1 1 € | viw stengin— === s 4 1™
(0.2% Offset) -] 100 @ 20 |- (02% OﬁsT) s :\ il PP
00 200 400 600 800 1000 1200 1400 1600 1800 2000 0 0 ] 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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INCONEL® alloy N06230

SPECIAL

Am wsws Company

A nickel-chromium-iron-molybdenum alloy A carbide strengthened nickel-chromium-tungsten
with outstanding strength and oxidation resis- alloy with an exceptional combination of strength,
tance at temperatures to 2200°F (1200°C). Matrix stability, and resistance to corrosion at very high

. . . temperatures. Alloy N06230 offers particularly good
stlffemng pr0V1ded by the molybdenum content resistance to oxidation at temperatures greater than

results in high strength in a solid-solution alloy 1800°F (980°C). It also offers good resistance to
having good fabrication characteristics. Used in carburization and nitridation. Potential applications
gas turbines, industrial furnaces, heat-treating for this alloy include equipment and components for
equipment, and nuclear engineering. land—baged gas turblr}es, thermal anc.l Petrochemlcal
processing, heat treating, and ore refining.

Standard Sheet, strip, plate, round bar, flat bar, forging stock, Contact Special Metals.
Product Forms hexagon, wire and extruded section.
UNS N06002 SAE AMS 5536, 5587, 5588, | UNS N06230 ASME SB 435, SB 564,
ASTM B 366, B 435, B 572, 5754, 5798 W. Nr. 2.4733 SB 572, SB 619,
Major B 619, B 622, B 626, Werkstoff Nr. 2.4665 ASTM B 366, B 435, B 564, SB 622, SB 626
ofe . B 751, B 775, B 829 NACE MR-0175/ISO 15156 B 572, B 619, B 622, B 626 SAE/AMS 5839, 5878, 5891
Specifications | ¢\ e sg 65 s5435, SB-572, AEOMAPrEN 2182 - 2185
SB-619, SB-622, SB-626, BS HR 6, HR 204
SB-751, SB-775, SB-829 ISO 6207, 6208, 9723 — 9725
DIN 17744, 17750-17754
Limiting Ni....Remainder Co......0.5-2.5 Mn....... 1.0 max. Ni ...Remainder W...... 13.0-15.0 S.....0.015 max.
Ch . l Cr...205-23.0 W....... 02-10 P.... 0.04 max. Fe....... 30max. C....... 0.05-0.15 Al........ 0.20-0.50
el Fe..170-200 C...005-0.15 S....003max. | Cr...20.0-240 Si....025075 La..0.005-0.050
COInpOSltIOII, Mo....8.0-10.0 Si........ 1.0 max. Co....... 50max. Mn....0.30-1.00 B.....0.015 max.
% Mo......... 1.0-30 P.... 0.030 max.
Density, Ib/iN3 ......oooiiii e 0.297 Density, ID/iN3 ..o 0.322
GICMB e 8.22 GICME e 8.91
Melting Range, °F ..........coovvooovveeooreeeeeennne, 2300-2470 | Melting Range, °F.. ... 2480 - 2570
Phvsical G, ..1260 - 1355 OC ittt ....1360 — 1410
Coﬁstants Specific Heat, BtU/ID *°F .........c..covvveeereeereeeereennns 0.110 Permeability at 200 Oersted (15.9 KA/M) .........ccoeveee. 1.002
G+ %Ciiiiii 461 Coefficient of Expansion, 70 — 600°F, 10 in/in + °F......... 6.9
and Thgrmal Permeability at 200 Oersted (15.9 KA/M) ............ 1.0110 20 - 316°C,10° cm/cm +°C... 12.4
Properties Coefficient of Expansion, 70 - 200°F, 10 infin «°F ....7.4 | Electrical Resistivity, ﬁgfg;ﬁ"c Ui snesn e
20-100°C, ymim =°C ... 133 | HOOMe
, 3 Lo
Thermal Conductvty, Bt * VAN .............. O T —
W/M=°C..oooiieeeieeeee e 1.6
_ o et Shear MOGUILS, 10° KSioovor oo 11.4
Electrical Resistivity, ohmecirc mil/ft..............ccceeeeee 698 GPa.. ..788
HEUM oo 1.16 P0OISSON’S RALIO......cveeeieeieeeriesie e 0.34
(Solution Annealed) (A“"_ea'ed) _
Rupture Strength (1000 h) e v v — 2T
1400°F / 760°C...ccceiiieeciie e
1500°F / 815°C ..ooeiiieeeeieeeceeeeeeee
1600°F / 870°C...cciiciieeeiiee e e )
1700°F / 925°C.... Elongation, % ......ccveivirieiiiieecreeeee e 44-48
1800°F / 980°C....ccecvveeeciee e
. Temperature, °C Temperature, °C
Typlcal (‘J 1?0 200 3?0 4(‘)0 E?O 6?0 70‘0 80‘0 90‘0 10?0 0 100 200 300 400 500 602) 700 800 900 1000
9 120 o
IIYIeCha?.lcal \\\ INCOI‘\IEL alk‘;y HX ‘Solutie,‘n Anne‘aled) 800 1o INC(‘)‘NEL ;"0‘ 2‘30 ! ‘ ‘ ‘ ‘ ‘ ‘ | 900
l‘opel‘ 1€S 100 T~ —{ 700 \0120 —{ 800
'*‘§ 80 Tensile Strength \\ | 600 §100 [ Sm—\_—-\ /\ | 700
2 | 500 & S 600
ﬁ . . \\ nEi Ll_g.l 80 Yield Strength / \\— 500 n§.~
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2 wl= a iz f a0 @
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Temperature, °F . Temperature, °F
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INCOLOY?® alloy 800

A nickel-chromium alloy with good strength
and excellent resistance to oxidation and car-
burization in high-temperature atmospheres. It

also resists corrosion by many aqueous environ-

ments. The alloy maintains a stable, austenitic
structure during prolonged exposure to high
temperatures. Used for process piping, heat
exchangers, carburizing equipment, heating-

element sheathing, and nuclear steam-generator

INCOLOY® alloys 800H & 800HT®

Nickel-iron-chromium alloys having the same
basic composition as INCOLOY alloy 800

but with significantly higher creep-rupture
strength. The higher strength results from close
control of the carbon, aluminum, and titanium
contents in conjunction with a high-tempera-
ture anneal. Used in chemical and petrochemi-
cal processing, in power plants for super-heater
and reheater tubing, in industrial furnaces, and

- Typical usage range

tubing. for heat-treating equipment.
Standard Pipe, tube, sheet, strip, plate, round bar, Pipe, tube, sheet, strip, plate, round bar,
Product Forms | flat bar, forging stock, hexagon and wire. flat bar, forging stock, hexagon and wire.
UNS N08800 ASME SB-163, SA-240, UNS N08810, N08811 ASME Code Cases 1325,
BS 3072 - 3076 (NA15) SB-366, SB-407 — SB-409, BS 3072, 3073, 3074, 3075, 1949, 1983, 2339,
ASTM B 163, A 240, B 366, SA-480, SB-514, SB-515, 2%7T6N§'/“\A21453 7480, B 163 DINNfT’ Nfa“
B407-B409,A480, B514,  SB-564, SB-751, SB-775, , A 480, B 163, 7459, 17460
B 366, B 407 — 409, Werkstoff Nr. 1.4876, 1.4958,
Major B 515, B 564, B 751, SB-829 B 514, B515, B 564, 1.4959
e B775,B829 ASME Code Cases 1325, B 751, B 775, B 829 VdTUV 412, 434
peciications | pin 470 1949, 2339, N-20 ASME SA-240, SA-480, EN 10028-7, 10095
Werkstoff Nr. 1.4876 SAE AMS 5766, 5871 SB-163, SB-366, ISO 4955A, 6207, 6208,
VATUV 412 NACE MR-0175/1SO 15156 ggg% _3385229'3387'214' 9723, 9725
ISO 9723 - 9725, 6207, 6208 SB-775: SB-829 ’
Ni ..30.0-35.0 Mn....1.50 max. Al....0.15 - 0.60 Ni ..30.0-350 C....0.05-0.10 Ti.....0.15-0.60
Limiting Fe.. . .395min. S..0015max. Ti. 015-060 |800H Fe...39.5min. Al...0.15-0.60 AlTi...0.30-1.20
Chemical Cr...19.0-23.0 Si...... 1.0 max. Cr...19.0-23.0
el C....0.l0max.  Cu.....0.75 max. Ni ...30.0~35.0 C....0.06—0.10 Ti.....0.25 - 0.60
Composition, 800HTFe ......39.5 min. Al...0.25—0.60 Al+Ti...0.85-1.20
% Cr...19.0-23.0
*By special agreement, this product can be supplied with
aluminum + titanium limited to 0.4 — 0.7%.
Density, 1b/in® ..o 0.287 Density, Ib/iN® .....c.ooiiii e 0.287
GICMB s 7.94 glem?® ...... e 7.94
Melting Range, °F... ... 2475 - 2525 Melting Range, °F ..... ... 2475 - 2525
OC commeeeeeeeeeeee e 1357 - 1385 °C....... ... 1357 -1385
. Specific Heat, BIUMD *°F ........vveeeeeeeeeeeeeeeeeeeseee 0.11 Specific Heat, Btu/lb -°F... s 0.11
Physical Jkg+°C 460 curo T ;J/kg - FC ..............................................
e Curie Temperature, °F ...... 175 urie Temperature, L
R 118 L T —— .
and Thermal - Permeability at 200 Oersted (15.9 kA/m)
P X Permeability at 200 Oersted (15.9 KA/m) ............... 1.014 Coefficient of Expansion, 70 - 200°F, 10° in/in + °F ...7.9
l‘Opertles Coefficient of Expansion, 70 — 200°F, 10 in/in < °F ...7.9 20-100°C, um/m +°C .....14.4
20-100°C, pm/m -°C .....14.4 Thermal Conductivity, Btu « in/ftz-h-°F
Thermal Conductivity, Btu * in/ft2sh+°F ...........cccoeevvee. 80 W/m-°C................
W/m+°C.............. .
Electrical Resistivity, ohmecirc mil/ft...
7231 O 0.989
(Annealed) (Annealed)
Rupture Strength (1000 h) ksi MPa Rupture Strength (1000 h)
1000°F / 540°C ...vvvvvvvvrverrormimiveieeeeeeneeneen 48 | 330 1200°F /650°C..covvvvvvvinsssssssnnssnsssssssssns
1100°F / 595°C 220 | 1300°F/705°C.
1200°F / 650°C 145 1600°F / 870°C
. 1300°F / 705°C ..ovvvieeeeeeccieeeee e 1 75 ° o~
T lcal 1800°F /980°C ..ovvveeeeeeeivieee e
yp . Temperature, °C Temperature, °C
MeChanlcal ? 1?0 2?0 3?0 4?() 5["0 50‘0 70‘0 80‘0 90‘0 10?0 0 100 200 300 400 500 600 700 800 900 1000
. 1 1 I 1 1 1 1 1 1 1 1
Propertles "1 wGoLox aioys00 e 1 "*1" INGOLOY allys B00H and 800HT (Annealec) e
x100 } } I 2100 | 700
_g’ " Tensile Strength '/ | 600 5 sol ~ | Tenste stengin y | e00
I3 — — | 500 & 5 B / | 500 &
W 6o \\/ | 400 ¢ W 60 S / | 400 g
i g - i . 8
%40 Elongm‘il/<\ | 300 & ‘3.40 4o Flongation - '\l i .-
g ? T ~ | 200 o T~d S - 200
= Yield Strength e— & -
@ 20 2% Off 20 " - ]
(UT/ s‘et) \ 100 \((Oe-‘gésg?f‘rs\gi;] \\\ 100
00 200 400 600 800 1000 1200 1400 1600 1800 2000 0 00 200 400 600 800 1000 1200 1400 1600 1800 2000 0
16 Temperature, °F Temperature, °F
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ﬂﬁ%ﬂ- INCOLOY?® alloy 803 INCOLOY?® alloy 825

Am wsws Company

Designed for use in petrochemical, chemical A nickel-iron-chromium alloy with additions
and thermal processing applications, the alloy of molybdenum and copper. It has excellent re-
provides an exceptional level of high-temperature sistance to both reducing and oxidizing acids, to

corrosion-resistance in oxidation, sulfidation,
carburization and nitridation environments. In
addition to thermal stability characteristics required

stress-corrosion cracking, and to localized attack
such as pitting and crevice corrosion.

to prevent thermal distortion and embrittlement, The alloy is especially resistant to sulfuric and
it exhibits excellent stress—ruﬁture strengths. These PhOSPhOI'IC acids. US?d for chemlcal processing,
characteristics, along with a high resistance to pollution-control equipment, oil and gas well pip-

carburization and cyclic oxidation, make this alloy  ing, nuclear fuel reprocessing, acid production, and
the material of choice for many severe a]ﬁplicatlons pickling equipment.

including ID-finned pyrolysis tubing in high-
severity ethylene furnaces.
Standard Pipe, tube, sheet, strip, plate, round bar, flat bar, forg- Pipe, tube, sheet, strip, plate, round bar, flat bar, forg-
Product Forms ing stock, ID finned tube and wire. ing stock, hexagon and wire.
UNS S35045 UNS N08825 ASME SB-163, SB-366,
ASTM A 182, A 213, A 240, A 249, A 480 BS 3072 - BS 3074, 3076 (NA16) SB-423 — SB-425, SB-564,
. ASME Code Case 2304 ASTM B 163, B 366, SB-704, SB-705, SB-751,
Major ASME SA 182, SA 213, SA 240, SA 249, SA 480 B 423 - B 425, B 564, B 704, SB-775, SB-829
Specifications B705,B751,B775,8829  ASME Code Cases 1936, N-572
Werkstoff Nr. 2.4858 DIN 17744,17750 — 17754
VdTUV 432 ISO 6207, 6208, 9723 — 9725
NACE MR-0175/ISO 15156
leltlng Ni ..32.0-37.0 Mn....1.50 max. Al....0.15-0.60 Ni ..38.0-46.0 Cu....... 15-30 S.... 0.03 max.
Chemical Fe...Remainder S....0.015max. Ti....0.15-0.60 Fe...... 22.0 min.  Ti......... 06-12 Si....... 0.5 max.
. Cr...25.0-29.0 Si....... 1.0 max. Cr...195-235 C....... 0.05max. Al........ 0.2 max.
Composition, C...0.06-0.10 Cu....0.75 max. Mo.....2.5-35 Mn......1.0 max.
%
Density, 1b/in® (9/CM3) ..o 0.284 (7.86) Density, Ib/iN3 ....oooiiii 0.294
Melting Range, oF (oC) ............ 2490 — 2555 (1365 _ 1400) el F?/CI’T\3 F ..................................................... 8.14
- o o elting Range, °F ... 2500 - 2550
Specific Ijl.eat, Btu/lb «°F (J/KG *°C) ..o, 0.114 (479) oI 1370 - 1400
Permeability at 200 Oersted (15.9 KA/M) .....ccccevveee 1.001 Specific Heat, BEU/D *F ......vv..ceeeeeeeeeeeeeeresssseeeeen 0.105
Coefficient of Expansion, 10 in/in « °F (um/m < °C) JIKG *°C i 440
0 70 — 200°F (21 —93°C) ....oeveneeee. 8.31 (15.0) Curie Temperature, °F ........cccovoeninicneneceneees <-320
Physical 70 — 800°F (21 — 427°C) .......... 9.14 (16.5) OC <196
Constants 70— 1200°F (21 ~649°C) .........9.48 (17.1) | Permeability at 200 Oersted (15.9 KA/M)............... 1.005
and Thermal Thermal Conductivity, BIU * iAtZen-F ocvvesevevvnnn 78 | Coefficient of Expansion, 70 - 200°F, 10° in/in °F ...7.8
Pro erties . o W/m- C .................................. 1.3 21— 9300, um/m C. 14.0
P Electrical Resistivity, ohg.-cwc Ml 1682 Thermal Conductivity, Btu * in/f2+he°F ..........coovvvee.n. 76.8
R o : W/MOC oo, 11.1
Young's Modulus”, 10° psi (GPa).......cccvveosisiciis 28.3 (195) Electrical Resistivity, ohm«circ mil/ft.............cccc..cc...... 678
Shear Modulus”, 108 psi (GPa)..........cccvevreenene 10.7 (73.8) PO M e 1.13
PoissON's RAtio” ........cvevieereieeeee e 0.32

ARoom temperature, as solution annealed.

(Solution Annealed) (Annealed)
Tensile Strength, ksi
MPa
Yield Strength (0.2% Offset), ksi
MPa...coooeeeeeiiiieeee, 310
EloNGation, Y6 ....c.veviiiieiiiee e 45
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
0 I I T I I I I I I I I T T T T T T T T T T T
Typi l 120 T 1 T T T T H 120 T T -
ypica . INCOLOY alloy 803 (Solution Annealed) 800 INCOLOY alloy 825 (Annealed) , 800
Mechanical 100 \ J700 | Liool~ | ] 700
o % ‘ B NS Tensile Strength ,
Propertles 5 ~ Tensile Strength / ] 600 S I ~ Vs [ IS
% 80 ~a o 7 < | T80 ST ©
o bl i) R p |s0g | @ 4 | 500 &
ks ~ 5 s oS ‘I‘ s
w 0 | w go \ o -
_ Elongation A » ) 400 % Elongation \ 400 %
A LF EELEEE T L S Hoos | 2, | > LINEERN H 500 &
g b B =g R N N g : 4 \
g Yield Strength S~o \ ] 200 I RN | 200
] o ~ & Yield Strength SN
4] ~ g
20 (0.2% Offset) \\7 100 @ 20 (0.2% Offset) ST - 100
| ~ || sLEF
0 0 0 ==y
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, °F Temperature, °F
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ASPECIAL

METALS

Am wsws Company

INCOLOY® alloy 864

INCOLOY® alloy 865

A new high-performance and cost-effective alloy INCOLOY alloy 865 (UNS 535115) is an economi-

specifically developed for automotive exhaust

system flexible couplings and potentially useful

for exhaust gas re-circulation tubes and other
fabricated exhaust system components.

cal, high performance corrosion resistant alloy.
Developed from the technology of INCOLOY alloy
864, it improved strength, ductility and fatigue
resistance at a reduced cost. The alloy was de-
signed for automotive applications such as flexible
couplings and exhaust gas recirculation (EGR)
components. However, with its excellent combi-
nation of strength and corrosion resistance, alloy
865 may be evaluated for chemical processing and
marine applications.

Standard Sheet, strip and wire. Sheet and strip.
Product Forms
UNS S35135 UNS S35115, ASTM A240/A480
Maj or ASTM A 240, A 480
Specifications
Limiting Ni .30.0-38.0 Mo.....4.0-4.8 Mn....1.0 max. Ni.....10.0-22.0  N......0.20-0.30  P.....0.045 max.
Ch oAl Fe...Remainder C....... 0.08 max. S.....0.015 max. Cr...... 23.0-25.0 Mn....... 1.0max. S....0.015 max.
c el Cr..20.0-250 Si.....06-10 Ti....0.4-1.0 Mo.... 1.50-250  C.....0.020 max.
omposition,
%
Density, 1b/in® (9/cmM3) ....coeviiiiiiieree 0.290 (8.02) Density, ID/iN® ..o 0.276
Melting Range, °F (°C) ............ 2467 — 2539 (1353 — 1393) M s 7.64
Permeability at 200 Oersted (15.9 KA/M) .................. 1.004 Melting Range, E fgg‘z‘ - fggg
= i D N TR
Coefficient of Expansion, 10° in/in - °F (um/m - °C) Permeability at 200 Oersted (15.9 KA/M) ............. 1.002
Physical et g] - 227% ------------- g1 ﬂ gg; Electrical Resistivity, ONMeCIrG Milft....................... 553
- g A : : Mico-ohm/cm ........cccoeviiinennn. 92
Constants 70 — 1200°F (21 — 649°C) .......... 9.21 (16.4) ‘ _ _
and Thermal Thermal Conductivity®, Btu * in/ftzsh+°F Young's (Tensile) Modulus.......... 287 x 10° ksi (195 GPa)
5 L (R
Propertles Electrical Resistivity®, ohmecirc mil/ft...........c.ccccvevrnne
PQ M 1.04
Young's Modulus?, 108 psi (GPa)........c.ccceeeennene 28.3 (195)
ARoom temperature, as annealed.
(Solution Annealed) (Annealed)
Tensile Strength, KSi .......ccooiiiiiiiii s 94 Tensile Strength, KST e 110
MP ..o 648 MPa................. ....758
i o ; Yield Strength (0.2% Offset), KSi .....cocovvvvevviiiiineennnn. 54
Yield Sti th (0.2% Offset), KSi .....ccoovriririninininenciescee 40
el Strenath = I\;;Da .......................................... 276 MPa.. 372
o Elongation, % .....cccccveeeviiiiiiiic 50
Elongation, % .......ccccooiiiiiiiii 44 RedUCHON OF AT€A, %o 44
HAardness .......oooiiiiiiiieeeee e 88 HRB
9 Fatigue Properties at 1000°F (538°C),
TyplCal Temperature, °C Longitudinal Strain Controlled
Mechanical 0 100 200 300 400 500 600 700 800 900 1000 on
N T T T T T T T ] :
Propertles INCOLOY alloy 864 (Sol‘ution A‘nneale(‘j) 800 INCOLOY alloy 865
n\0100 } } —{ 700
_g \\ Tensile Strength —{ 600 °
5 8 s| P
= —] 500 a_ <
5 60 \\ / =l & oo \
| 400 § g °
—_ = (2]
2 i —{ 300 & =
p 40 ] Elongation £ T—— 865
§ \\i\ / —{ 200 = 864 )
@ 20 Yield Strength \ ~{ 100 P (1112°)
ey \\ 321 (1112°F)
00 200 400 600 800 1000 1200 1400 1600 1800 2000 0 0.001
Temperature, °F 1000 10000 100000 1000000 10000000
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INCOLOY® alloy 907

SPECIAL

Am wsws Company

A nickel-iron-cobalt alloy with additions of nio- A nickel-iron-cobalt alloy with additions of
bium, titanium, and aluminum for precipitation niobium and titanium for precipitation harden-
hardening. The alloy combines high strength ing. It has the low coefficient of expansion and
with a low and constant coefficient of thermal high strength of INCOLOY alloy 903 but with
expansion at temperatures to about 800°F improved notch-rupture properties at elevated
(430°C). It also has a constant modulus of temperatures. Used for components of gas tur-
elasticity and is highly resistant to thermal bines including seals, shafts, and casings.

fatigue and thermal shock. Used in gas
turbines for rings and casings.

Is)tafclldalt'ci:‘ Sheet, plate, rod, bar and forging stock. Round bar and forging stock.

roduct Forms

Major UNS N19903 UNS N19907

Specifications

Limiting Ni ..36.0-40.0 Co0..13.0-17.0 Ti....1.00-1.85 Ni...35.0-40.0 Nb....43-52 Al.....0.2 max.

Chemical Fe..Remainder ~ Al...0.30-1.15 Nb...2.40 - 3.50 Fe ..Remainder Ti....... 1.3-18 §i...0.07-0.35
ore Co..12.0-16.0

Composition,

%

Density, ID/iN3 ........cooueeeeeeeeeeee e 0.298 Density, ID/iN® ... 0.301
GICM3 e 8.25 GICMB s 8.33
Melting Range, °F ..........ccoviuvrurireieineiniinnnns 2405 - 2539 Melting Range, °F ... 2440 - 2550
R SR, 1318 -1393 R SR, 1335 - 1400
1 Specific Heat, Btu/lb *°F.........cccccovevrvinieseiceen 0.105 Specific Heat, Btu/lb «°F........ccccooiiiiiiiiiie, 0.103
IéhYSItcal . JKG°C e 442 L o 431
DB Curie Temperature, °F .........ccccoveerieiririeriienennnn 780 — 880 Curie Temperature, °F ...... ....750 — 850
and Thermal OC oo 415 - 470 OC oo 400 — 455
Properties Coefficient of Expansion, 77 — 800°F, 10 in/in « °F .....4.0 Coefficient of Expansion, 77 —800°F, 10 in/in - °F ...4.3
25— 427°C, um/m +°C.......... 7.2 25-427°C, pm/m +°C ....... 7.7
Thermal Conductivity, Btu * in/ft2«h°F ..............cco..... 116 Thermal Conductivity, Btu « in/ft2sh<°F ....................... 103
W/m-°C......... ...16.7 WIM=°C ..o 14.8
Electrical Resistivity, onmecirc mil/ft..............cccene... 379 Electrical Resistivity, ohmecirc mil/ft...............cccoeereeee. 419
PO e 0.650 PO M i 0.697
(Precipitation Hardened) (Precipitation Hardened)
Tensile Strength, KSi ......cccooviieiiiiieieeee 190 Rupture Strength (1000 h)
MPa....oiiieieee e 1310 1000°F / 540°C ..o
Yield Strength (0.2% Offset), KSi ....cccovvvevvrienirienne 160 1100°F / 595°C ..ooivieiveeie e
MPa......cooevviiieienn, 1100 1200°F / B850°C....cccieeiieiieeieeeieeiee e
Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000
. ) e s e e s P s e s et ey
Typlcal INCOLOY alloy 907 (Precipitation Hardened) 600
i 2200 {1400
MeChan.lcal 2: \\ Tensile Strength 1200
Properties £ 100 =S
5 \ 1000 &
s s
w120 Yield Strength N\ Jso0 @
_ (0.2% Offset) \ g
i 80 600 &
® {400
@ 40 200
Elongation N
0 | — 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature, °F




SPECIAL
METALS

Am wsws Company

INCOLOY® alloy 909

A nickel-iron-cobalt alloy with a silicon addition
and containing niobium and titanium for pre-
cipitation hardening. It is similar to INCOLOY
alloys 903 and 907 in that it has low thermal ex-
pansion and high strength. However, the silicon
addition results in improved notch-rupture and
tensile properties that are achieved with less-
restrictive processing and significantly shorter
heat treatments. Used for gas-turbine casings,
shrouds, vanes, and shafts.

INCOLOY?® alloy 925

A precipitation-hardenable nickel-iron-chro-
mium alloy with additions of molybdenum
and copper. It combines the high strength of a
precipitation-hardenable alloy with the excel-
lent corrosion resistance of INCOLQY alloy
825. The alloy has outstanding resistance to
general corrosion, pitting, crevice corrosion,
and stress-corrosion cracking in many aque-
ous environments including those containing
sulfides and chlorides. Used for surface and
down-hole hardware in sour gas wells and for
oil-production equipment.

Standard Round bar, forging stock and hot-rolled profile. Tube, round bar, flat bar, forging stock and wire.
Product Forms
Major UNS N19909 UNS N09925 ASME Code Case 2218
Speciﬁcations SAE AMS 5884, 5892, 5893 NACE MR-0175/ISO 15156
leltlng Ni....35.0-40.0 Nb....... 43-52 Al... 0.15 max. Ni ...42.0 — 46.0 Mo....... 25-35 Al..... 0.1-05
h 5 1 Fe ..Remainder Ti ........ 1.3-18 C....... 0.06 max. Fe...Remainder Cu....... 1.5-3.0 C..... 0.03 max.
C eancas Co..12.0-16.0 Si...0.25-0.50 Cr...19.5-225 Ti....1.90 — 2.40
Composition,
%
Density, Ib/iN3 ..o 0.296 Density, 1b/iN® ..o 0.292
GICM® 8.19 GICM® 8.08
Melting Range, °F......ccocoiiiiieiiiciiceieee, 2540 -2610 Melting Range, °F........cccccoiiiiiiinien, 2392 -2490
OC ittt 1395 - 1430 OC ittt 1311 - 1366
Specific Heat, Btu/lb «°F..........ccoooiiiiiiiii, 0.102 Specific Heat, Btu/lb «°F.........cccoiiiiiiiiiciiece 0.104
Physical JIKG *°C e 427 Jkg-°C ....435
Constants Curie Temperature, °F ......cccooeierieeieneneienne 750 — 850 Permeability at 200 Oersted (15.9 KA/m) ............... 1.001
and Thermal C st 400 -455 Coefficient of Expansion, 77 — 200°F, 10® in/in *°F .....7.8
. Coefficient of Expansion, 77 —800°F, 10 in/in « °F ...4.3 25-93°C, um/m+°C........ 13.2
PI'OPertleS 25-427°C, pm/m +°C ....... .7 Electrical Resistivity, ohmecirc mil/ft...............c..oo...... 701
Thermal Conductivity, Btu « in/ft2<h«°F ............c.cccee.. 103 J71 O R 4 LU 1.17
W/M<°C..oooviiierieeeeeeeeeen, 14.8
Electrical Resistivity, ohmecirc mil/ft..............c....cec... 438
J71 O X 1 L 0.728
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 h) Tensile Strength, KSi .....ccccoiviriiiiiiiiee 176
1000°F / 540°C MPa. ..o 1210
1100°F / 595°C Yield Strength (0.2% Offset), KSi .....ccocovvrvviriicennnnnn. 118
1200°F / 650°C MPa....coooiieeiiecieei, 810
ElONGatioN, Y6 ..cccuveeiiiieeceiee e 24
Typlcal Temperature, °C
Mechanical Temperature, °C 0 100 200 300 400 500 600 700 800 900 1000
N : D77 1 S S ) S S S
PI‘OPEI‘tleS ” g 1% 0 o® S SO S 0 S0 o INCOLOY alloy 925 (Precipitation Hardened) 1600
INC‘OLOY[aIon 909 (Precipitation Hardened) |reee 2200 | } 1400
2200 - l . l . {1400 H ; Tensile Strength {1200
— 2
s e enswiengt 1200 S 60 - 10008
=160 \\ ol S Yield Strength ES s
g \ - 1000% w120 |- (0.2% Offset) {800 ¢
o 1 N _ -=o o
e e N WL [
g Heo0 & | 8 400
- 80 = .
a N 40 Elongation
g —]400 L ] o == 1200
@ w0 Elongation — 200 0 ‘ 0
i 0 200 400 600 800 1000 1200 1400 1600 1800 2000
%0 200 400 600 800 1000 1200 1400 1600 1800 2000 Temperature, °F
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SPECIAL
METALS
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INCOLOY® alloy 945

INCOLOY alloy 945 (UNS N09945) is a corrosion-resis-
tant, high strength, age hardenable nickel-iron-chromium
alloy. Its nickel content provides resistance stress corro-
sion cracking. Its combination of nickel, molybdenum
and copper gives it outstanding resistance to attack by
reducing media while its high chromium content provides
resistance to oxidizing environments. Molybdenum and
niobium provide resistance to localized attack such as
pitting and crevice corrosion. Niobium, titanium and alu-
minum react upon heat treatment to precipitate gamma
prime and gamma double prime phases that give the
alloy its high strength. With this highly desirable
combination of properties, alloy 945 is suitable for many
demanding applications in oil and gas service. With its
resistance to sulfide-induced stress corrosion cracking
and corrosion in hydrogen sulfide, alloy 945 is ideal for
fabrication of down-hole and surface well equipment

INCOLOY® alloy DS

A nickel-iron-chromium alloy with an addition of
silicon. It has good high-temperature strength and
excellent resistance to oxidation and carburization.
The silicon content makes the alloy resistant to internal
oxidation in high-temperature atmospheres that vary
between oxidizing and reducing. Used in industrial
furnaces and for heat-treating baskets, trays,

and fixtures.

including tubular products, valves, hangers, landing
nipples, tool joints and packers. When cold worked and
aged, the alloy provides the properties required for

Pipe, tube, sheet, strip, plate, round bar,
forging stock, hexagon and wire.

fasteners, pump shafting and high strength piping.

BS 3072 - BS 3076 (NA17)
Werkstoff Nr. 1.4862

Standard Bar, forging stock, tubes. Ni¢ ..345-410 Si.... 19-26 Cu....0.50 max.
Product Forms Fe ....Remainder Mn....... 08-15 Ti.... 0.20 max.
Cr....17.0-19.0 C...... 0.10 max. S...... 0.03 max.

. 2Plus Co.

Major UNS N09945
Speciﬁcations NACE MR0175 (Approved to Level VI)
Density, Ib/iN3 ..o 0.284
v e GICM® 7.86
lelt{ng Ni ...450-550 Nb.....25-45 Mn......1.0 max. Melting Range, °F... ... 2430 - 2550
Chemical Cr..195-230 Ti.......05-25 Si.....0.5 max. °C... ... 1330 - 1400
COIIIPOSitiOII, Fe ... Balance  Al...... 0.01-0.7 P... 0.03 max. Specific Heat, BIUMD *°F ..o, 0.108
7 Mo....... 3.0-4.0 C..0.005-0.04 S.....0.030 max. JIKG *°C i 452
0
Cu...... 15-30 Permeability at 200 Oersted (15.9 kA/m) ............... 1.038
Coefficient of Expansion, 68 - 212°F, 10 in/in « °F ...8.3
Density, I0/in® (Q/CM) oo 0.281 (7.777) ~ 20-100°C, pm/m +*C .....15.0
Melting Range, °F (°C) 2317 — 2510 (1270 — 1377) Thermal Conductivity, Btu « |°n/ft2-h-°F ..... ...83.2
Permeability at 200 Oersted.........ccccovevrieciririciinnns 1.003 WmM=eC.ovvenne. 120
Physical Coefficient of Expansion, 108 in/in < °F (um/m < °C) Electrical Resistivity, ohmecirc mil/ft... ....650
Constants 70 — 200°F (21 — 9300) ......... 7.88 (1419) IJQ‘m ....................................... 1.08
70 — 800°F (21 — 427°C) .......... 8.40 (15.12)
and Thermal 70 — 1200°F (21 — 649°C) ........ 8.85 (15.93)
Propertles Young's (Tensile) Modulus...........cccccuevevnnne. 28.3 x 10°ksi (Solution Annealed)
Shear Modulus ~-108x10°ksi | Rypture Strength (1000 h) ksi  MPa
P0isSSON'S RatiO........coveriiiieieeicece e 0.31 1380°F / 750°C e 71 49.0
1560°F / 850°C ..ooiiieeeeieeeee e 3.8 26.0
1740°F /' 950°C ...t 2.2 15.0
(Annealed + Aged) 1920°F / 1050°C......oieceiiiiieciieeee e 0.97 6.7
Tensile Strength, KSi.........cccoveeviieiiiicce 172.0 Tomperature, °C
MPaL...oooooooooocece e 1186 o 100 200 300 400 00 800 700 800 00 1000
Yield Strength (0.2% Offset), KSi ........cccccvvvrruennens 136.5 o ——L Lt
MPa oo 941 INCOLOY alloy DS (Solution Annealed)

. ~2100 o —{ 700
Typical EIONGALON, % oo 22 |% / 1.
Mechanical Reduction of Area, %.......cccvevevereereseeieseese e 44 2 80|\ '

. HardNeSs ..o 41HRC |2 Bl / |50 g
o
Pl‘Opel'tleS Impact Strength (CVN @ - 75°F), ft. IDS ........cveveuennnee. 64 |Weo — N\ 1400 &
— Elongation\ / 4
Joules ... 87 g, x‘ i -
g ~ N= | 200
= \\
o2 Yield Strength T N - [] 100
(0.2% Offset) ~=
OO 200 400 600 800 1000 1200 1400 1600 1800 2000 0

Temperature, °F
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INCOLOY® alloy 20

A nickel-iron-chromium alloy with additions of
copper and molybdenum. It also contains nio-
bium for stabilization against sensitization and
resultant intergranular corrosion. The alloy has
excellent resistance to general corrosion, pitting,
and crevice corrosion in chemicals containing
chlorides and sulfuric, phosphoric, and nitric
acids. Used for tanks, piping, heat exchangers,
pumps, valves, and other process equipment.

INCOLOYP® alloy 28

INCOLOY alloy 28 (UNS N08028) is a highly corro-
sion-resistant austenitic alloy offering resistance to
a variety of media. The alloy resists attack in reduc-
ing media due to its contents of nickel, copper and
molybdenum and is resistant to oxidizing species
due to its high level of chromium. Alloy 28 offers
resistance to general, localized and stress-induced
corrosion by chlorides and hydrogen sulfides.
Thus, it is widely used in oilfield applications.
Tubes are cold worked to high levels of strength
for downhole service in deep sour gas wells. With
its excellent combination of strengti and corro-
sion resistance, alloy 28 also finds applications in
the process industries. It is especially useful for
handling phosphoric acid. Due to its resistance to
chlorides, alloy 28 tubes may be used in the marine
industry for seawater-cooled heat exchangers.

Standard Pipe, tube, sheet, strip, plate, round bar, flat bar, forg- | Tube.
Product Forms ing stock, hexagon and wire.
UNS N08028 Werkstoff Nr. 1.4563
UNS N08020 ASME SA-240, SA-480, SB-366,
ASTM B 668, B 709, B 829 NACE MR-01-75
. ASTM A 240, A 480, B 366, SB-462 — SB-464, ASME SB-668. SB-709. SB-829
Major B 462 — 464, B 468, SB-468, SB-471 — SB-475, ’ ’
Speaﬁcatlons B 471 -B 475,B 729, B 751, SB-729, SB-751, SB-775,
B 775, B 829, B 906 SB-829, SB-906 Ni ...30.0-34.0 Fe..... Balance S.....0.030 max.
DIN 17744, 17750-17754 ISO 6207, 6208, 9723 - 9725 | Cr...26.0-28.0 Mn....2.50 max. Si...... 1.00 max.
— Mo....... 3.0-4.0 C.....0.030 max.
leltlng Ni ...320-38.0 Nb+Ta..8xC-1.0 Mn.....2.0max. | Cu....06-1.4 P...0.030 max.
g Fe...Remainder Mo......... 2.0-3.0 P.....0.045 max.
Chemlca.l g Cr...19.0-21.0 Nb......... 1.0 max. S.....0.035 max.
Composition, Cu.....80-4.0 C.......0.07Max. Si.....1.0MaX. | Density, I0/iN% ...oovovvooooeeeoeeeseeeseeseeeeeseeeesessessees e 0.29
% 9/CM® o 8.0
Density, I6/iN3 .......cooeeeeeeeee e 0.292 Specific Heat, Btu/lb «°F........coccooiiiiiieieeee, 0.105
GICMN® oo 8.08 JIKG 2 OC i (450)
Specific Heat, Btu/lb «°F..........cccooevieiiiiieierieieenne 0.12 Coefficient of Expansion, 10 in/in + °F (um/m +°C)
BRTSicl JIKG 2 %C i 500 75-200°F (21 -93°C).....ccuvenee. 8.3 (15.0)
ysica - . o ams i o 75 -500°F (21 -260°C)............. 8.8 (15.9)
Coefficient of Expansion, 77 —212°F, 10 in/in « °F ....8.2 o o
Constants 25-100°C, ym/m +°C ....14.7 75-800°F (21 - 427°C).......... 9.3 (16.8)
and Thermal Thermal Conductivity, Btu * in/ft2+hoF ......c.....covr... g5 | Thermal Conductivity?, Bl - IIETF ..o e
Properties R 123 Electrical Resistivity®, ohm-circ mil/ft 594
Electrical Resistivity, ohmecirc mil/ft.............cccccoeveee. 651 Yo Q-m e O 09
PO M oo 1.08 FREM o :
Young's Modulus?, 108 PSi ......cccevirrieeieeiiieiieeieee 29.0
GPa e 200
ARoom temperature, as annealed.
(Annealed) (Annealed)
Tensile Strength, KSi ..o 90 Tensile Strength, KSi........ccovevveveieiierecereee e
MPa. .o 620 MPa@..ciiiiieee e
Yield Strength (0.2% Offset), kSi ........cccceiiiiiiiininnne 45 Yield Strength (0.2% Offset), ksi ...
MPa....ccooiieeieceeie, 300 MPa
ElONGAtioN, Y6 ..coiueeiiiieee e 40 Elongation, % ......cccceeevererieieianns
1 Temperature, °C Hardness (HRB) ........oooviiiiiiiiiiieeecccceeee e
Typlcal . 0 100 200 300 400 500 600 700 800 900 1000 ( )
Mechanical tpop—p—p—r— I (Cold Worked)
Properties INCOLOY alloy 020 (A""Ta'ed) Tensile Strength, KSi.......cocereeeercrncenceseeseeas
2100 ‘ | 700 MPa
£ ~ Tortle Stiongth o, | MR
2 8o Yield Strength (0.2% Offset), KSi ........ccooveveeviiernnnne.
2 S / | 500 & MPa.. .
= S ’ =
w60 ) S |« g | Elongation, %.....
g | o~ | e - aos | Hardness (HRC) ..o
@ 40 el ~
8 S~ b | 200
& 20 Yield Strength =~ -
(0.2% Offset) ~{ 100
|
00 200 400 600 800 1000 1200 1400 1600 1800 2000 0
Temperature, °F
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INCOLOY? alloy 330

A nickel-iron-chromium alloy with an addition
of silicon for enhanced oxidation resistance.

It has good strength at high temperatures and
excellent resistance to carburizing and oxidizing
atmospheres. The alloy's austenitic microstruc-
ture remains stable during long-time exposure to
high temperature. Used in industrial heating for
furnace muffles, retorts, and conveyor systems
and for heat-treating baskets and fixtures.

INCOLOY?® alloy 25-6MO

A super-austenitic containing 6% molybede-
num and offering excellent corrosion-resistance
to neutral and acidic environments containing
chlorides or other halides such as are found in
air pollution control and flue gas desulfurization
systems. The molybdenum and nitrogen content
provide resistance to pitting and crevice corro-
sion, while copper enhances resistance to sulfuric
acid. The alloy is especially suited for service

in high-chloride environments such as brackish
water, seawater, caustic chlorides and pulp mill
bleach systems.

Standard Tube, sheet, strip, plate, round bar, forging stock, Pipe, tube, sheet, strip, plate, round bar,
Product Forms | hexagon, wire, and wire rod. forging stock and wire.
UNS N08330 ASME SB-366, SB-511, SB-512, | UNS N08925, N08926 ASME SA-240, SA-480, SB-366,
. ASTM B 366, B 511, B 512, SB-535, SB-536, SB-546, ASTM A 240, A 480, B 366, SB-472, SB-625, SB-649,
Maj we B 535, B 536, B546,B710,  SB-710, SB-739, SB-829 B 472, B 625, B 649, B SB-673, SB-674, SB-677,
Spec1ﬁcat10ns B 739, B 829 Werkstoff Nr. 1.4886 673, B 674, SB-751, SB-775, SB-804,
SAE AMS 5592, 5716 B 677,B 751, B 775, SB-829
B 804, B 829 ASME Code Cases 2120,
W. Nr. 1.4529 N-453, N-454, N-455
Limiting Ni ..34.0-37.0 Si...0.75-1.50 P.....0.030 max. Ni....24.0-26.0 Cu....... 05-15 P.... 0.03 max.
h Tl Fe...Remainder C....... 0.08 max. S.....0.030 max. Fe...Remainder N....0.15-0.25 S...... 0.01 max.
C el Cr...17.0-20.0  Mn......2.0 max. Cr....190-21.0 C.....0.02max. Si....... 0.5 max.
Composition, % Mo.......6.0-7.0  Mn.......2.0 max.
Density, 10/iN® .......c.oeeoeeeeeeeeeee e 0.292 Density, 1b/iN® ... 0.290
GICM e 8.08 GICMP e, 8.03
Melting Range, °F ..........coovvcmrrvverrrrerrnnnens 2520 - 2590 Melting Range, °F .. - 2410-2550
eHing Fange, Lo 380 - 1420 °Crmomooeooeee e 1320 - 1400
" l Specific Heat, BIU/D *°F .....vvvvvevveeeeeeesesseeseseseeeeee 0.11 Specific Heat, ?/tﬁg”bOE:F ............................................ 05(1)3
P ysica JIKG *°C i 460 L SIS M
Constants Permeability at 200 Oersted (15.9 KA/M) ....covrr...... 102 | Permeability at 200 Oersted (15.9 kKA/M) ..c....cc.... 1.005
- . P o Coefficient of Expansion, 10 in/in « °F (um/m - °C)
and Thermal Coefficient of Expansion, 10 in/in « °F (um/m «°C) 5 .
0 75— 200°F (24 - 93°C)............... 8.3 (14.9) 70-200°F (21 - 93°C) ........... 8.42 (15.2)
Properties - . 70 — 800°F (21 — 427°C) ........ 9.12 (16.4)
Thermal COﬂdUCtIVIty, \%\t/l;n; :rg/ét *he F1282 70 — 1200°F (21 _ 649°C) _______ 9.41 (169)
) o oo ' Thermal Conductivity?, Btu « in/ft2+h+°F .................... 79.8
Electrical Resistivity, ohmecirc mil/ft........................... 612 W/Me°Caroo .
QUM v 1.017 Electrical Resistivity”, ohm-circ mil/ft...
puQem .
Young's Modulus?*, 108 psi (GPa)...........c........
ARoom temperature, as annealed.
(Annealed) (Annealed)
Rupture Strength (1000 h) Tensile Strength, II\(/ISIID .................................................. (1588
1400°F / 760°C .cvvvvveeeeeeeeerccennnns e
1600°F / 870°C ...oooriviiiiiieieeeecee Yield Strength (0.2% Offset), KSi .....ccoovveerveiniiriieennne 48
1800°F / 980°C .... MPa....ccooiririiiiee 330
2000°F 7H098°C oo Elongation % .......cccccoviiiiiiiiiiii e, 42
Temperature, °C Temperature, °C
Typical 0 100 200 300 400 500 600 700 800 900 1000 ? 1?0 200 3?0 4?0 5?0 60‘0 7?0 80‘0 90‘0 10?0
. 120 1 1 | 1 1 1 1 1 1 1 1 120 T T T T o
Mechanical INCOLOY alloy 330 (Annealed) e AN xgr%;%)a"oy 25-6MO 800
PrOPerties ®100 } } N e TN _Tensile Strength |
s Tensile Strength | 600 _5 TS —| 600
5 80 s[5 S 500 &
o — B \ B g
0 60 AN // - 400§‘ Y Elongation A | 400 &
_ - Elongation 3 . e \ e
HE=E_=E RN
g e oo | Yield Sgengt . PN :\ | 200
@ 20 : T a @ 20 T Shs — 100
Wy x| 3.
00 200 400 e(;o 8(‘)0 1000 1200 1400 1600 1800 2000 0 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature, °F

Temperature, °F
- Typical usage range
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INCOLOY? alloy 25-6HN

INCOLOY alloy 25-6HN is a super-austenitic stainless
steel containing 6% molybdenum and with properties
enhanced by its content of nitrogen. Its high content

of nickel results in thermal stability and resistance to
stress corrosion cracking. Designated as UNS N08367,
alloy 25-6HN directly competes with alloy AL6XN®™.
The same ASTM, ASME, and NACE specifications cover
the alloys. Alloy 25-6HN offers significantly improved
strength and corrosion resistance in most environments
over conventional austenitic stainless steels such as AISI
304 or 316L. Typical applications include welded tubes
for heat exchangers for chemical processing and marine
applications and for desalination systems, flue gas des-
ulfurization equipment for coal-fired power plants, and
reaction vessels for pharmaceutical production.

"“AL6XN” is a registered trademark of Allegheny Lud-
lum Corporation.

INCOLOY?® alloy 27-7MO

An advanced 7% molybdenum super-austenitic
stainless steel offering corrosion resistance in
most environments superior to 6% molybde-
num super-austenitic stainless steels. In many
environments, alloy 27-7MO offers resistance
approaching or exceeding that of much more
highly alloyed materials such as INCONEL
alloys 625, 22 and C-276. Applications for this
alloy are found in the pollution control, power,
marine, chemical processing, pulp and paper,
pharmaceutical, and oil and gas industries.

24

Standard Sheet, strip, plate, round bar, wire rod and forging stock. Sheet, plate, bar and wire.
Product Forms
UNS N08367 ASME SB688, SA240, SB691, UNS S31277 ASME Code Case 2458
Mai ASTM B688, A240, B691, B564, SB564, SB472, SB676, ASTM A 182, A 213, A 240,
ajor B472, B676, B675, B804, SB675, B804, SB462, A249,A312,A479
Speaﬁcatlons B462, B366 SB366 ASME SA 182, SA 213,
SA 240, SA 249, SA 312
SA 479
Limiting Ni ..2350-2550 N...0.18-0.25 Si...1.00max. | Ni..260-280 N..... 0304 S.....0.01 max.
Chemical Cr..20.00-22.00 Cu...0.75max. P....0.040 max. Cr..205-230 Fe..Remainder Si......0.5 max.
Composition Fe....... Balance C....... 0.03 max. S.....0.030 max. Mo....... 6.5-8.0 Mn....3.00 max. C.....0.020 max.
7 4 Mo...... 6.00-7.00 Mn.....2.00 max. CU....c.. 0.5-1.5 P.... 0.03 max.
0
Density, ID/iN®........ooiiiiiice e 0.291 Density”, 1b/in3 (g/cmM?3) ..cceviviiiiiiiieieie 0.289 (8.02)
GICM® o 8.06 Specific Heat, Btu/lb +°F (J/Kg *°C) ...oevvvvveerrirnnnne. 0.109 (454)
Phvsical Melting Range, °F ..., 2470 — 2550 Permeability* at 200 Oersted (15.9 KA/M) ........cooeevrenncen. 1.004
y i 1320 — 1400 Coefficient of Expansion, 10 in/in «°F (um/m «°C)
Constants PermPTa.biIity at 200 Oer.sted s 1.003 70 - 200°F (21 —93°C) ........... 8.33 (15.0)
and Thermal | Coefficient of Expansion, 10¢ in/in « °F Thermal Conductivity?, Btu « infiEh+ °F (W/m - K) ... 69.8 (10.1)
Properties 70=200°F oo 8.66 Electrical Resistivity®, 0NM *Girc Mil/ft .............ccooovevvvecrrneen 604
P 70 - 800°F O CMeiie e 100
70-1200°F Young's Modulus®, 10° psi (GPa). .27.7 (191)
Shear Strength, 10° psi (GPa) .........couevvrnicrrrireinnne 10.8 (74)
POISSON’S RALO......cvieceeiieieieie e 0.29
Melting Range, °F (°C) .vvvvvveveeeeererree 2460-2530 (1350-1390)
(Annealed) (Annealed)
Tensile Strength, KSi ... Tensile Strength, KSi ......cccoooiiiiiiiiiiice 120
MPa...... MPa e e e 827
Yield Strength (0.2% Offset), ksi ...... Yield Strength (0.2% Offset), KSi .....cccoovvercvieiiiiiienen. 60
MPa.... MPa....oooiiieiieeen 414
Elongation, % ........cccceiviiiiiiiiiiiic Elongation % ........cccviviiiiiiiiii 50
0 HAardness ......ocveieiiiieiiie e
Typlcal Effect of Cold Work on flat INCOLOY alloy 27-7Mo products
MeChaIl.lcal o0 INCO‘NEL allo‘ 27-7M6 /._ —{ 1600
Propertles °\°_250 Tensile Strength ,///’ —{ 1400
S ~ 1200
-
o —{ 1000
Sl e w0 8
100 ~ N
% 50 \/ -] 400
\\ Elongation 200
0 — 0
0% 10% 20% 30% 40% 50% 60% 70% 80%

Cold Rolling %
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INCOLOY® alloy A-286

An alloy that is precipitation hardenable for
high mechanical properties. The alloy maintains
good strength and oxidation resistance at tem-
peratures up to about 1300°F (700°C). The alloy's
high strength and excellent fabrication charac-
teristics make it useful for various components
of aircraft and industrial gas turbines. Applica-
tions include blades, vanes, shafts, tail cones,
afterburners, springs, and fasteners. This alloy is
also used for automotive applications.

NIMONIC?® alloy 75

A nickel-chromium alloy with good mechani-
cal properties and oxidation resistance at high
temperatures. Used for sheet-metal fabrications
in gas-turbine engines, for components of
industrial furnaces, for heat-treating equip-
ment and fixtures, and in nuclear engineering.

Standard Sheet, strip, plate, round bar, flat bar, forging stock, Sheet, strip, plate, round bar, forging stock,
Product Forms hexagon and wire. wire and extruded section.
UNS S66286 BS HR 51, HR 52, HR 650 UNS N06075 AECMA Pr EN 2293, 2294,
Mai ASTM A 453, A 638 AECMA Pr EN 2119, BS HR5, HR203, HR403, HR504 2302, 2306 — 2308,
a] 0.1‘. . ASME SA-453, SA-638 2171 - 2175, 2303, 2304, DIN 17742, 17750 — 17752 2402, 2411
Speaﬁcatlons SAE AMS 5525, 5726, 2398, 2399, 2417, 3510 Werkstoff Nr. 2.4951, 2.4630
5731, 5732, 5734, 5737, NACE MR-0175/ISO 15156 ISO 6207, 6208, 9723-9725
5858, 5895, 7235 W. NR. 1.4980
leltl.ng Ni ..240-27.0 Mo.....1.0~15 Si.......1.0 max. Ni....Remainder C....0.08-0.15 Fe......5.0 max.
Chemical Cr...135-16.0 V...0.10-0.50 Al......0.35 max. Cr..18.0-21.0 Si ...... 1.0max. Mn.....1.0 max.
Composmon, Fe ... Balance C.......0.08 max. S.....0.030 max. T 02-0.6 Cu......0.5 max.
% Ti....1.90-2.35 Mn....... 2.0max. B...0.001-0.01
Density, 1b/in® (g/M3) ...cooviiiiiiins 0.287 (7.94) Density, ID/iN® ........oeveeeveeeeeeceeeee e 0.302
Melting Range, °F (°C)........ 2500 — 2600 (1370 — 1430) GICM? o 8.37
Specific Heat, Btu/lb «°F (J/kg * °C) ............... 0.100 (419) Melting Range, :F ........................................ 2440 - 2520
Phsical Permeability at 200 Oersted (15.9 KA/M) ............... 1.007 - Conenen .. 1340 - 1380
y Coefficient of Expansion, 10 in/in « °F (um/m « °C) Specific Heat, ?/tlil/'b;g:---- ----------- 041123?
Constants 70 — 200°F (21 -93 °C)........... 9.09 (16.4) 97 M
and Thermal 70 — 800°F (21 — 427°C) ......... 9.61 (17.3) Coefficient of Expansion, 68 - 212°F 10 in/in « °F.....6.1
Properties 70 — 1400°F (21 —760°C) ....... 9.67 (17.4) 20-100°C pm/m+°C .....11.0
P Thermal Conductivity, Btu « in/ft2« °F (W/m+ °C)..88 (12.7) Thermal Conductivity, Btu « in/ft2<h=°F ...................... 81.1
Electrical Resistivity, ohm «circ mil/ft........................ 547 WIM=°C o 1.7
HQoM 0.910 Electrical Resistivity, ohmecirc mil/ft..............c.coco....... 656
Young's Modulus*, 10° psi (GPa) ...29.1 (201) HOPM e 1.09
Hardness?, HRC.........cccoovii i 31
ARoom temperature, as aged.
(Precipitation Hardened) (Annealed)
Temperature, °C Rupture Strength (1000 h)
0 100 200 300 400 500 600 700 800 900 1000 1400°F / 760°C ...ceeiiieeeiiee e
o — L] 1500°F / 815°C ..
INCOLOY alloy A-286 (Precipitation Hardened) 1600°F / 870°C .o
200 e 1700°F / 925°C ....ooocvererrreeeereeerrsserenn,
kel []1200 1800°F /980°C....ceiiiiieeiiieeeiee e
. %160 S~——__ Tensile Strength 10008 Temperature, °C
Typlcal . w 120 — o 1800 z— 0 100 200 300 400 500 600 700 800 900 1000
Mechanical 3 ~ N 8 120 =1 7 e
. & 80| Yield Strengtt —— =l > < |60 @ NIMONIC alloy 75 (Annealed)
Properties z (0.2% Offsen ~— | 700
2 {400 0100 ~
D 40 °. Tensile Strength
—_— Elongation {200 & —{ e00
00 200 400 600 800 1000 1200 1400 1600 1800 2000O _g /\\ 500 %
Temperature, °F W eo | ~ — 400 %5
- Typical usage range 2 w0 T'ongauon J/\ \ | 500 %
% 20 Yield Stren‘gth \\‘\ 1
(0.2% Offset) % | 100
| [
o0 200 400 600 800 1000 1200 1400 1600 1800 2000 0

Temperature, °F
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NIMONIC® alloy 80A

A nickel-chromium alloy similar to NIMONIC
alloy 75 but made precipitation hardenable by
additions of aluminum and titanium. The alloy
has good corrosion and oxidation resistance

and high tensile and creep-rupture properties

at temperatures to 1500°F (815°C). Used for gas-
turbine components (blades, rings, and discs),
bolts, tube supports in nuclear steam generators,
die-casting inserts and cores, and exhaust valves
in internal-combustion engines.

NIMONIC® alloy 86

A nickel-chromium-molybdenum alloy with a
rare-earth (cerium) addition. It combines good
formability and weldability with exceptional
resistance to oxidation and scaling at tempera-
tures to 1920°F (1050°C). Used in gas turbines
for sheet-metal fabrications such as combustion
chambers and afterburners and in heat-treating
furnaces.

Standard Sheet, round bar, flat bar, forging stock, hexagon, Sheet, strip, plate, round bar, forging stock,
Product Forms wire, extruded section and plate. extruded sections and wire.
UNS N07080 DIN 17742
Major BS 3076 (NA20), HR1, Werkstoff Nr. 2.4952, 2.4631 None applicable.
S o HR201, HR401, HR601 AECMA Pr EN 2188 — 2191,
pecifications ASTM B 637 2396, 2397
AIR 9165-37
leltlng Ni ...Remainder  Si........ 1.0max. B ...0.008 max. Nominal
Chemical Cr...18.0-21.0 Cu....... 0.2max. Zr.... 0.15 max. Ni s 65 Mo.............. 100 Cueeeeeens 0.05
o L 1.8-27 Fe..... 3.0max. S....0.015 max. Cluveeeeeeein, 250 Ce€ e, 0.03
Composition, Al ....1.0-18 Mn.....1.0 max.
% Cons 0.10 max. Co....... 2.0 max.
Density, ID/iN® .......ccooiviiieieeieece e 0.296 Density, ID/iN? ... 0.309
GICMB et 8.19 GICMB e 8.54
Melting Range, °F...... ....2410-2490 Young's Modulus, 108 PSi .......ccoceeveerieieenenieneneene 30.5
°Coveerenn. ....1320-1365 GPa oo 210
, Specific Heat, Btu/lb *°F........ccoooiiiiiiiiiiieeeeiieee 0.107 Coefficient of Expansion, 68 - 212°F 10 in/in « °F.....7.1
Physical L 448 20 - 100°C pym/m +°C ......12.7
Constants Permeability at 200 Oersted (15.9 KA/m) ............. 1.0006
Coefficient of Expansion, 68 - 212°F 10 in/in « °F.....7.1
and Thermal 20— 100°C pmim -+ 27
R Thermal Conductivity, Btu « in/ft2sh+°F ......................
W/m-°C ...........
Electrical Resistivity, ohm«circ milfft....
[0 X O 1.24
(Precipitation Hardened) (Solution Annealed)
Rupture Strength (1000 h) Rupture Strength (1000 h)
1100°F / 595°C 1500°F / 815°C....oveceeieeeeeceeeeeeee
1200°F / 650°C 1600°F / 870°C ...
1300°F / 705°C 1700°F / 925°C....
1400°F / 760°C 1800°F / 980°C.....coeeueeireeeieceeie e
1500°F / 815°C
Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 Temperature, °C
. l N i ‘\ ‘\ \‘ T : T : T : T T T T 0 100 200 300 400 500 600 700 800 900 1000
Typlca NIMONIC aIonBOA(PrecipilatiTn Harc‘iened) e 240 | Nl‘r\‘AONI(i | “S(S‘I‘t' ‘A‘ ‘I (") ‘ ‘ ‘ ‘ 1600
1 iaco alloy olution Anneale
Mecharpcal 2200 o o 200 400
Properties 5 = — {20 < 1200
© ~ =
g Yield Stren‘gth \ i 1°°°§ §160 10008
RPY) S— (0.2% Offset) \ N P s R =
_ o \\ ' 3 120N Tensile Strength 800 §
2 & N o R IR I 00 &
% \ VI Haco a Elongation |
& 40 Elongation L /‘§ < % 0 i ~— | |400
ﬁ NI P T 200
S Ylel‘d Strquth (0.?% Ofﬂset) S~——
0 0
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NIMONIC?® alloy 90

A precipitation-hardenable nickel-chromium-

cobalt alloy having high stress-rupture strength

and creep resistance at temperatures to about
1700°F (920°C). The alloy also has good resis-

tance to high-temperature corrosion and oxida-

tion. Used for blades and discs in gas turbines,

NIMONIC?® alloy 105

A precipitation-hardenable nickel-cobalt-
chromium alloy with an addition of molyb-
denum for solid-solution strengthening. The
relatively high aluminum content enhances
both strength (through greater precipitation
hardening) and oxidation resistance. The

alloy has high creep-rupture properties at
temperatures to about 1740°F (950°C). Used
in gas turbines for blades, discs, and shafts.

hot-working tools, and springs.

Standard Sheet, strip, plate, round bar, flat bar, forging stock, Round and extruded section.
Product Forms | wire and extruded section.
. UNS N07090 AECMA Pr EN BS HR3 AECMA Pr EN 2179 — 2181
Ma]or BS HR2, HR202, HR402, 2295 — 2299, 2400, Werkstoff Nr. 2.4634
Speaﬁcatlons HR501 — HR503 2401, 2669, 2670
Werkstoff Nr. 2.4632
v Limiting
leltl.ng Ni....Remainder C....... 0.13max. B....... 0.02 max. Ni....Remainder Al........ 45-49 Mn.... 1.0 max.
Chemical Cr..180-21.0 Si....1.0max. S ...0.015max. Co0..180-220 C....0.12max. S....0.010 max.
Composition Co ..15.0-21.0 Cu....... 0.2max. Zr .. 0.15 max. Cr..14.0-157 Si........ 1.0 max. B ..0.003-0.010
% 4 T, 20-30 Fe.... 1.5 max. Mo......45-55 Cu.....0.2max. Zr ....0.15 max.
© Al ... 1.0-2.0 Mn....1.0 max. L 09-15 Fe ....1.0 max.
Density, 1b/iN3 ......ooiiii e 0.296 Density, 1b/iN® .......ooiiiii 0.289
GICME e 8.18 GICM3 o 8.01
Melting Range, °F.........cccocoiiiiiiiii 2390 - 2500 Melting Range, °F.........ccccciiiiiiiiniiis 2350 - 2450
R USRS 1310-1370 R R, 1290 - 1345
Specific Heat, Btu/lb «°F.........ccooiiiiiiiiiieeeeen 0.107 Specific Heat, Btu/lb «°F........cccoiiiiiiiiiiiieeeee, 0.100
Physi cal JIKG *°C o 446 JIKG *°C i 419
Constants Permeability at 200 Oersted (15.9 kKA/m) ............. 1.0706 Permeability at 200 Oersted (15.9 kKA/m) ............. 1.0007
Coefficient of Expansion, 68 - 212°F 106 in/in - °F.....7.1 Coefficient of Expansion, 68 - 212°F 10 in/in * °F.....6.8
and Thgrmal 20 -100°C pm/m +°C .....12.7 20 -100°C ym/m +°C .....12.2
Propertles Thermal Conductivity, Btu « in/ft2«h=°F ...................... 79.7 Thermal Conductivity, Btu « in/ft2<h<°F .................... 75.51
W/m-°C....... ..11.5 W/Me°C.....ooovvrrvrreeeeeerrennn. 10.89
Electrical Resistivity, ohmescirc mil/ft... ...710 Electrical Resistivity, ohmescirc mil/ft... ....788
PO M i 1.18 PO M 1.31
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 h) ksi MPa Rupture Strength (1000 h)
1300°F / 705°C ....ooecciieeeeiee e 52 360 1380°F / 750°C..cuvieeeeeeeeciiieeeee e
1400°F / 760°C ...oveeieeeeeeeee e eieee s 35 240 1500°F / 815°C ..eovieiiiiiiieeiiecie e
1500°F / 815°C.... 22 150 1600°F / 870°C....
1600°F / 870°C....oveeeeeeeecieeeeiieeeeieee s 11 75 1725°F /940°C....
: 1800°F /980°C...cccevveeecieeeeee e
Typlcal Temperature, °C Temperature, °C
Mechanjcal a0 ? “?0 ETO 3("‘0 ‘“"0‘ 5‘70‘ 6f‘>° ‘730 80‘0 90‘0 10?0 - . ? 1?0 2?0 3?0 4?0 5?0 60‘0 70‘0 so‘o 90‘0 10?0
Propertles NIMONIC alloy 90 (Precipitation Hardened) 1600 NIMONIC alloy 105 (Precipitation Hardened) 1%
2200 } } e 0200 } {1400
'15; 160 Ten‘slle Stenan This © 5160 Teqsile Str‘englh 1 1200
g {10000 © 1| ©
120 f}f‘z‘if{;?,’;g{;‘ \\ 1800 i g Yield Strength \\ I 1000%
— — ! 3 W20 (0.2% Offset) 111800 4
2. \\ ] 600 & . ! §
g \\,’ 400 o 80 \ Tl e
& 40 EIonPation >§ g \ I 400
T\\_/ DU @ 40 Elongation /\‘:
0 O 0 - - N ~ 200
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ‘ ‘ ~ Q 0
Temperature, °F 00 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, °F
- Typical usage range - Typical usage range




ﬂﬁ%ﬂ- NIMONIC® alloy 115 NIMONIC® alloy 263

Am wsws Company

A precipitation-hardenable nickel-chromium- A precipitation-hardenable nickel-chromium-
cobalt alloy with an addition of molybdenum cobalt alloy with an addition of molybdenum
for solid-solution strengthening. It is similar to for solid-solution strengthening. It has high

NIMONIC alloy 105 but has higher levels of alu-  strength and corrosion resistance along with
minum and titanium for increased strengthening ~ good formability and high-temperature ductil-

by precipitation hardening. The alloy has high ity in welded structures. The alloy is especially
strength and creep resistance at temperatures to suitable for sheet applications. Used in gas
about 1850°F (1010°C). Used for turbine blades turbines for rings, casings, and various sheet
in aircraft gas turbines. fabrications.
Standard Round and extruded section. Sheet, strip, plate, round bar, flat bar,
Product Forms forging stock, wire and extruded section.
Mai BS HR4 AECMA Pr EN 2196, 2197 UNS N07263 AECMA Pr EN
ajor Werkstoff Nr. 2.4636 BS HR10, HR206, HR404 2199 - 2203, 2418
Specifications SAE AMS 5872 Werkstoff Nr. 2.4650
DIN 17744, 17750-17754
Limitin Ni....Remainder Al........ 45-55 Mn... 1.0 max. Ni ...Remainder Al...... 0.60 max. S.....0.007 max.
h Tl Cr...140-160 C ..... 0.12-0.2 S....0.015 max. Cr....19.0-21.0 Ti+Al..24-28 B.....0.005 max.
C EHnicaly Co ..130-155 Si...... 1.0max. B ..0.01-0.025 Co0...19.0-210 C...0.04-0.08 Cu....0.20 max.
Composition, Mo.....3.0-5.0 Cu.....0.2max. Zr ...0.15 max. Mo......5.6 =6.1  Si....0.40 max. Fe......0.7 max.
% T 35-45 Fe ... 1.0 max. L - 1.9-24 Mn....0.60 max.
Density, 1b/iN® ......cooiii e 0.284 Density, ID/iN® ......ocovrieeieiee e 0.302
GICMB 7.85 G/CM® o 8.36
Melting Range, °F........cccocoiiiiiiiiiiiiiies 2300 - 2400 Melting Range, °F........ccccoooiviiiiiiiiiiieen, 2370-2470
PhySiCﬁl ] C.ns ....1260-1315 C s 1300 - 1355
pecific Heat, Btu/lb «°F ..o 0.106 Specific Heat, Btu/lb «°F..........cccoviiiiiiiciiieee 0.110
Constants IIKG*°C oo 444 Jlkg+°C 461
and The.rmal Coefficient of Expansion, 68 — 212°F 10 in/in + °F ....6.7 Permeability at 200 Oersted (15.9 KA/M) ............. 1.0008
Propertles 20 -100°C ym/m +°C ..... 120 Coefficient of Expansion, 68 —212°F 10¢ in/in « °F.....5.7
Thermal Conductivity, Btu « in/ft2+h°F .................... 73.5 20-100°C ym/m +°C ...... 10.3
W/M#©C v 10.6 i, . .
Thermal Conductivity, Btu « in/ft2<h+°F ...................... 81.1
Electrical Resistivity, ohmecirc mil/ft.............ccccoeeneee. 836 WIMeC ..o 1.7
HOEM s 1.39 Electrical Resistivity, ohmecirc mil/ft.............c.cccocceeee. 692
PQEM e 1.15
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 h) ksi MPa Rupture Strength (1000 h)
1400°F / 760°C 450 T110°F /600°C ..ooviiiieeeeeee e
1500°F / 815°C 310 1290°F / 700°C ...
1600°F / 870°C 210 1470°F / 800°C....
Tvoi l 1700°F / 925°C 130 1560°F / 850°C....
ypical 1800°F / 980°C 80 1650°F / 900°C ....ovvveeeeeseseeeereeee
MeChan'lcal Temperature, °C Temperature, °C
Propertles 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
1T T T T T T T ] s T T T T T T 1
NIMONIC alloy 115 (Precipitation Hardened) 1600 NIMONIC alloy 263 (Precipitation Hardened) 180
2200 1400 0200 1400
z:; ~ Tensile Strength 1200 ‘:g oo
%160 “\ < | Z160 ©
= —11000 o 2 X —]1000 a_
& 120 Yield Strength (0.2% Offset) N\ = s 120 SN Tensile Strength s
— \ —1800 § i i —1800 %
Lu N (2w — eS| N\ o
8 \\~ 400 © [ B )
N N . ——
e Elongation | -{200 @0 E'Tngatio‘n N 200
. 3
OO 200 400 600 800 1000 1200 1400 1600 1800 20000 00 200 400 600 800 1000 1200 1400 1600 1800 20000
Temperature, °F Temperature, °F
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SPECIAL
METALS

Am wsws Company

NIMONIC? alloy 901

NIMONIC® alloy PE11

A nickel-iron-chromium alloy precipitation
hardened by titanium and aluminum and
solid-solution strengthened by an addition

of molybdenum. It was developed as a high-
strength sheet alloy for use at temperatures to
1020°F (550°C). The high iron content provides
good workability and also relatively high
tensile ductility, especially after welding.

Used for components of gas turbines.

A nickel-iron-chromium alloy containing tita-
nium and aluminum for precipitation hardening
and molybdenum for solid-solution strength-
ening. The alloy has high yield strength and
creep resistance at temperatures to about 1110°F
(600°C). A substantial iron content enables the
alloy to combine high strength with good forg-
ing characteristics. Used in gas turbines for discs
and shafts.

Standard Flat or round bar, extruded section and forging billet. Sheet, plate, round bar, flat bar, forging stock
Product Forms and wire.
Ma] or BS HR55 Werkstoff Nr. 2.4662
Speciﬁcations SAE AMS 5660, 5661 ISO 9723, 9725
leltlng Ni@ ...40.0 —_45.0 Ti....... 28-31 Cu.... 0.5 max. Ni ..37.0-410 Al....... 07-10 Co....... 1.0 max.
Chemical Fe ..Remainder Al.....0.35 max. ~ Mn.......0.5 max. Fe...Remainder C....0.03-0.08 B.....0.001 max.
el Cr..11.0-140 C.....01max. Co ....1.0 max. Cr...17.0-19.0 Si.....05max. Zr...0.02—0.05
Composmon, Mo.....5.0-6.5 Si .. 0.4max. S ....0.03 max. Mo...4.75-575 Cu.....0.5max. S....0.015 max.
% @Plus Co. T 22-25 Mn.... 0.2 max.
Density, 1b/in® ..o 0.294 Density, Ib/iN3 .......ooiiiii e 0.290
GICM® e 8.14 GICM e 8.02
Melting Range, °F......cccccooiieiiiieiiieceen 2335 -2455 Melting Range, °F.......ccccoviiiiiiciiiieeen. 2340 - 2460
OC it 1280 - 1345 R OSSR UR 1280 - 1350
Physical Specific Heat, BEUMD *F ..o 0.103 Specific Heat, BEU/MD *F ... ooceooooeoeoeeoeee 0.104
Constants J/kg L O 431 J/kg 00 436
and Thermal Permeability at 200 Oersted (15.9 KA/m) ............... 1.013 Permeability at 300 Oersted (23.9 kA/m) ............... 1.021
Pr 1t Coefficient of Expansion, 68 —212°F 10° in/in « °F.....7.5
ope ties 20-100°C yum/m+°C ...... 13.5
Electrical Resistivity, ohm«circ mil/ft............cccccocceeee. 674
PN e 112
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 h) Rupture Strength (1000 h)
1000°F 7 540°C .o 1200°F / B50°C.....ooiiiiiieiiiiieeeieeeee e
1100°F / 595°C .. 1300°F /705°C ...
Typlcal 1200°F / 650°C... 1400°F / 760°C.....coiiiiiiieieeeiee e
el 1300°F / 705°C...
Mechanica 1400°F / 760°C ..o Temperature, °C
Properties Temperature, °C 0 100 200 300 400 500 600 700 800 900 1000
0 100 200 300 400 500 600 700 800 900 1000 240 \‘ —L— ‘ =2 : : 1600
saoF I T I T T T T T T T NIMONIC alloy PE11 (Precipitation Hardened
NIMONIC alloy 901 (Precipitation Hardened) % |20 i i 1400
2200 } {1400 § Tensile Strength 1200
'~§160 ~__Tensile Strength {1200 %160 e - N 1000§
S —~ . 10008 | @120 b 800 4
I-I_c-l>120 =~ N 800 z s = Qo g
) ~ N ] 2 |2 _ | VYield Strength ~ 600 @
— Ylelc'laStrength ~ o 5 80 0%
f» w (0.2% Offsat) \\\“ ) o & g (0.2% Offset) in
4 \\ 14 {400 @ 40 Elongation 0o
B 40 b S
Elongation RN {200 0 W o
o 4? i -- Q 0 200 400 600 800 1000 1200 1400 1600 1800 2000
0 200 400 600 800 1000 1200 1400 1600 1800 20000 Temperature, °F
Temperature, °F = Typical usage range
- Typical usage range




NIMONIC® alloy PK33

SPECIAL

Am wsws Company

A precipitation-hardenable nickel-iron-chro- A nickel-chromium-cobalt alloy that is precipi-
mium alloy with an addition of molybdenum tation hardenable and also contains a relatively
for solid-solution strengthening. It has good high (7%) level of molybdenum for solid-
strength and oxidation resistance at tempera- solution strengthening. It has an exceptional
g p g g p
tures to about 1380°F (750°C). The alloy is combination of high-temperature strength,
designed to provide a precipitation-hardened creep resistance, and ductility when welded.
material having excellent hot-working, cold- The alloy is especially suitable for welded
working, and welding characteristics. Used sheet structures. Used in gas turbines for flame
for gas-turbine components and in nuclear tubes and other components.
reactors.
Standard Sheet, plate, round bar, flat bar, forging stock, Sheet, plate, round bar, flat bar, forging stock,
Product Forms and extruded section. and extruded section.
Major BS HRS55, HR207 None applicable.
Specifications
Limiting Ni* . 42.0-450 Ti....A1-13 Mn....0.2max. | Ni..Remainder Al.....17-25 Mn.....0.5max.
Chemical Fe ..Remainder Al........ 11-13 Co....20max. [ Cr..16.0-200 C.....0.07max. S....0.015max.
agl Cr....1565-175 C....0.04-0.08 B ....0.005 max. Co...12.0-16.0 Si........ 0.5max. B.....0.005 max.
Composition, Mo.....28-38 Si ....05max. Zr...002-004 | Mo....50-9.0 Cu....0.2max. Zr....0.06 max.
% aplys Co. Cu....... 0.5max. S ...0.015 max. T 1.5-3.0 Fe..... 1.0 max.
Density, ID/iN® ......oooiiiiii e 0.289 Density, ID/iN3 ..o 0.297
GICM3 8.00 GICM® 8.21
Melting Range, °F......cccccooviiiiiiiiiieeeenn 2390 -2470 Melting Range, °F.......ccccoiiiiiiiiiiieeceee, 2340 - 2450
. R U OURRRRR 1310-1355 OC it 1300 -1345
Physical » . o .
Specific Heat, Btu/lb «°F.........cccoiiiiiiiiiiieeeeen 0.130 Specific Heat, Btu/lb «°F.......cccccoviveeiiieeiiee e 0.100
Constants Jkg +°C 544 J/kg+°C
and Thermal Permeability at 200 Oersted (15.9 KA/M) .....vvveernne.... 1.4 Permeability at 200 Oersted (15.9 KA/m) ............ 1.0005
Properties Coefficient of Expansion, 68 —212°F 10 in/in « °F.....7.7 Coefficient of Expansion, 68 —212°F 10¢ infin « °F.....6.7
20-100°C pm/m «°C ...... 13.8 20-100°C pm/m «°C ...... 121
Thermal Conductivity, Btu « infft2<h=°F ................... 81.26 Thermal Conductivity, Btu « in/ft2+h+°F ..................... 78.3
W/Me°C..ooieeeeeeeeee e 11.72 WIM=C..oviiiiiiiieeeeie 11.3
Electrical Resistivity, ohmecirc mil/ft...............ccceeeeeee 662 Electrical Resistivity, ohmecirc mil/ft............c....ccceee 758
PO M i 1.10 PO M i 1.26
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 h) Rupture Strength (1000 h)
1290°F / 700°C 1300°F / 705°C ...
1380°F / 750°C 1400°F / 760°C....
1500°F / 815°C..ceiiiiiiiiiiiieeeeeeeee e
. o 1600°F / 870°C....ceiiiiieiiieeieeeieeseeee
Temperature, ° C
Typlcal . 0 100 200 300 400 500 600 700 800 900 1000 Temperature, °C
Mechanlcal 120 \\\ 1 1 1 1 1 1 1 1 0 100 200 300 400 500 600 700 800 900 1000
| 800 I I T I I I I I I I I
. 240 -
Pl‘OpEl‘tlES 100 T~ i [ NIMONIC alloy PK33 (Precipitation Hardened) 1600
& N ’ 0 200 ‘ | e
5 Tensile Strength \ Y —{ e00 C ‘ ; ‘
g 80 Vield Strength \ 7 N P 5 150 — Tenlsne Str}ength {1200
U—SJ ~_ (0.2% Offset) (N ) | | 10008
60 T~ — — s | & i
- i N\ ,’ 4OO§ 0120 — \(((Iflzci/us g?f'égi? ‘\ 1800 2
PRl \’\‘ ) e g RIS {600 5
. — :\ I g% Y
@ 20 Elongation O N g . NN e 400
NIMONIC alloy PE16 ~ :: —| 100 &b 40 Elongation \\(\4
o (Preqipitaﬁop Hardgned) 0 - L7 LGN N B
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 hs 0
Temperature, ° F 0 200 400 600 800 1000 1200 1400 1600 1800 2000
. Temperature, °F
- Typical usage range —— Typical usage range
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ﬂﬁ%ﬂ- BRIGHTRAY® alloy B BRIGHTRAY® alloy C

Am wsws Company

A nickel-iron-chromium electrical-resistance A nickel-chromium electrical-resistance alloy
alloy for use at operating temperatures up to for use at operating temperatures up to 2100°F
2010°F (1100°C). It contains rare-earth additions (1150°C). It contains rare-earth additions for
for increased oxidation resistance, especially increased oxidation resistance, especially un-
under conditions of frequent switching or wide der conditions of frequent switching or wide
temperature fluctuations. The alloy has a rela- temperature fluctuations. The alloy has a low
tively high temperature coefficient of resistance. ~ temperature coefficient of resistance, making it
Used for heating elements in domestic suitable for control resistors. Used for heating
appliances and industrial equipment. elements in domestic appliances and industrial
equipment.
Standard Sheet, strip and wire. Wire.
Product Forms
Major UNS N06004 Werkstoff Nr. 2.4867 UNS N06003
SpeCiﬁcationS DIN 17742 Werkstoff Nr. 2.4869
o ey Limiting® Limiting®
Limiting N . . . .
h R l Ni® ..... 57.0min. Si..... 0.75-16 S.. 0.01 max. Ni®...Remainder Fe....... 1.0 max. S ... 0.01 max.
C el Fe...Remainder ~ Mn.......1.0 max. Cr e 19-21  Mn.....1.0 max.
Composition, | Cr... 14-18  C.....0.15max. Si ...0.75-1.6  C......0.15 max.
% *As in UNS N06004. Also contains rare-earth additions. °Plus Co. 2As in N0B003. Also contains rare-earth additions. °Plus Co.
Density, Ib/iN® ......ooiiii e 0.302 Densit -3
Y, IDAIN3 e 0.308
g/cm3 .......................................................... 8.36 g/cms ........................ 8.53
Melting Range, °F.......cccconiiiiiiiiiiiiiee, 2550 - 2590 ; ° _
L — 14001420 | MEHNGRANGE: (e 00
. Specific Heat, Btu/lb «°F......c..ooviiieeeieeeee e 0.110 Specific Heat. Btu/lb «°F 0.100
Physical Jkg°C g e 419
Constants Permeability at 200 Oersted (159 kA/m) ................. 1.68 Pel’meabilily at 200 Oersted (1 5.9 kA/m) ............. 1.0005
and Thermal Coefficient of Expansion, 68 -212°F, 10® in/in - °F ...6.9 Coefficient of Expansion, 68 - 212°F, 10 in/in « °F ...6.9
Properties 20-100°C, pm/m - C... 12.5 20 -100°C, Hm/m G ... 125
Electrical Resistivity, ohm-circ mil/ft..............ccc......... 662 Electrical Resistivity, ohmecirc mil/ft..............c.c..co...... 650
PO M 1.10 POMT 108
Temp. Coefficient of Resistance, Temp. Coefficient of Resistance
68 — 932°F, 10° ohm/ohm +°F ...100 _ oF 106 .o
20 - 500°C. LQ/Q°C 180 68 - 932°F, 10 ohm/ohm «°F .....78
- P HRARETL 20 -500°C, pQ/Q+°C ................. 140
(Annealed) (Annealed) .
Tensile SUENGN, KSi.....v.oveeeeeereeeee e 90 Tensile Strength, KSi .......ccooiiiiiiiiiieee 110
MPL.. oo 620 MP&. i 760
Yield Strength (0.2% Offset), KSi..........cocverevreverreennn 30 Yield Strength (0.2% Offset), KSi .........oocvinininiiiis 48
1 210 MPa..iiinns 330
Temperature, °C Temperature, °C
Typical 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
9 P L S S S B B B S gy 120 F— _— 800
MeChanlcal BRIGHTRAY alloy B (Annealed) 800 BRIGH‘TRAY alloy C (Annealed)
PI'O erties 100 ‘ ‘ | 700 100 F " - 700
p N TenLiIe Stangth 600 \\Te TR | s00
80 80 AN .
5 | 500 n‘\'_’ ‘D ] 500 o_
~ =< =
4 60 \\ = 4002 g \ (14§
= s |5 Yield Strength | 00 &
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SPECIAL
METALS

Am <ows Company

BRIGHTRAY?® alloy F

A nickel-iron-chromium electrical-resistance
alloy for use at temperatures up to 1920°F

(1050°C) under continuous operating conditions.

Its high iron content and relatively low level of
nickel make it particularly resistant to internal
oxidation in atmospheres that alternate between
oxidizing and reducing or carburizing. The alloy
has a high temperature coefficient of resistance.
Used for heating elements in industrial furnaces.

BRIGHTRAY?® alloy S

A nickel-chromium electrical-resistance alloy
for use at temperatures up to 2100°F (1150°C)
under continuous operating conditions. It

is similar to BRIGHTRAY alloy C but does
not contain rare-earth additions. It has good
resistance to oxidizing, neutral, and reducing
atmospheres. The alloy has a low temperature
coefficient of resistance. Used for heating ele-
ments in industrial furnaces.

Standard Sheet, strip and wire. Strip and wire.
Product Forms
) None applicable. UNS N06003
Major DIN 17742
Speciﬁcations Werkstoff Nr. 2.4869
Limiting Nominal Limiting
i NI 370 Cloi, 180  Mnoooooo...... 12 | Ni.Remainder S.....0.01max. C.....0.15 max.
Chemlca.l. FE oo 420 Si.c. 23 Cocccceo. 005 | Cr..19.0-21.0 Fe....1.0max.
Composition, Si...075-1.75 Mn......1.0 max.
% @Plus Co.
Density, Ib/iN® .......ooiii e 0.286 Density, 1b/iN® ..o 0.305
GICME e 7.92 GICMB s 8.44
Melting Range, °F........cccoceiiiiiiiiiiice 2430 - 2550 Melting Range, °F.......ccccccovvineiiiniincnices 2550 - 2590
R O R, 1330 - 1400 PC ittt 1400 -1420
Specific Heat, Btu/lo *°F ... 0.107 Specific Heat, BIu/l *°F .........cccvrriniiieieinenesenee 0.100
Physical L o 450 JIKG*°C oo 419
Constants Permeability at 200 Oersted (15.9 kA/m) ............... 1.038 Coefficient of Expansion, 68 — 212°F, 10 in/in + °F ...6.9
and Thermal Coefficient of Expansion, 68 —212°F, 10 in/in « °F ...8.3 20-100°C, pm/m -°C .....12.5
PI‘O erties 20-100°C, um/m+°C .....15.0 Electrical Resistivity, ohmecirc mil/ft.............cccccocveee. 662
p Electrical Resistivity, ohmecirc mil/ft..............ccocceereee. 650 HOEM s 1.10
PO M 1.08 Temp. Coefficient of Resistance,
Temp. Coefficient of Resistance, 68 -932°F, 10° ohm/ohm - °F .....33
68 — 932°F, 10 ohm/ohm *°F ...160 20 -500 C, HQ/Q' [ O, 60
20-500°C, pQ/Q-°C....ccceuvenee. 290
(Annealed) (Annealed)
Tensile Strength, ksi .... Tensile Strength, 70°F, KSi uvvveeeeeeeeeeiieeeeeeees 106.5
MPa..i e 20°C, MPa .....coooiieiiieeeees 734
Yield Strength (0.2% Offset), kSi ....cocvviveiierieeiiieen, 54 1110°F, KSi..vevieieeeieciee e 72.8
MPa....cooiee 370 600°C, MPa .....cccceevieiiieiieen, 502
1470°F, KSi.eeoviieeiiieeeeiee e 30.3
Temperature, °C 800°C, MPa .....ccceveiieriieieeenn 209
. 0 100 200 300 400 500 600 700 800 900 1000
Typlcal 120 \ \ \ S — ——— — 1
Mechanic al BRIGHTRAY ‘alloy F (Annealed) 800
. | 700
Properties N \
. ~_ Tensile Strength ] 800
E \ —] 500 %
@ 60 - -] 400 &
g \ Ylelcl° Strength $
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S, SpeciaL
METALS

Am s Company

BRIGHTRAY® alloy 35

A nickel-iron-chromium electrical-resistance
alloy for use at operating temperatures up to
1920°F (1050°C). It is similar to BRIGHTRAY
alloy F but with rare-earth additions for greater
resistance to oxidation under conditions of
frequent switching or wide temperature fluctua-
tions. The alloy has a high temperature coeffi-
cient of resistance. Used for heating elements in
domestic appliances and industrial equipment.

NILO® alloy 36

A nickel-iron low-expansion alloy contain-

ing 36% nickel. It maintains nearly constant
dimensions over the range of normal atmo-
spheric temperatures, and has a low coefficient
of expansion from cryogenic temperatures to
about 500°F (260°C). The alloy also retains good
strength and toughness at cryogenic tempera-
tures. Used for standards of length, measuring
devices, laser components, bi-metal thermostat
strip, thermostat rods, and tanks and piping for
storing and transporting liquefied gases.

Standard Wire. Pipe, tube, sheet, plate, round bar, forging stock
Product Forms and wire.
Major None applicable. UNS K93600, K93601
Specifications DIN 385, 1715
P Werkstoff Nr. 1.3912
T E Ni2 ........ 34-37 Si........ 1.0-3.0 S ... 0.01 max. Ni ..35.0-38.0 P....0.025max. Mo.....0.50 max.
1m1t1pg Fe ..Remainder Mn ...... 1.0 max. Fe ...Remainder S....0.025max. Co....... 1.0 max.
Chemical Crene. 18-21 C......0.15 max. C.....0.10 max.  Si......0.35 max.
Composition, ap|us Co. Mn.....0.60 max.  Cr......0.50 max.
% Also contains rare-earth additions.
Density, It;/ina3 ......................................................... 0.301 Density, Ib/iN® ..o 0.293
G/CM® L 8.33
Melting Range, °F.........cccciiiiiiiiiiiiiis 2440 - 2520
OC it 1340 -1380
Physical Specific Heat, BtU/ID *°F ..........c.cccoveveeerererereerennns 0.125
JIKG *C et 523
Constants 3 g
Permeability at 200 Oersted (15.9 KA/m) ............... 1.026 .
and Thermal - . - W/m+°C 10.0
P rt. Coefficient of Expansion, 68 - 212°F, 10€in/in+°F ...7.2 |  TH M '
roperties 20-100°C, ypm/m +°C .....12.9 Coefficient of Expansion, 68 — 212°F, 10 in/in « °F ....0.83
Electrical Resistivity, ohmecirc mil/ft..............c.co......... 614 20-100°C, gm/m +°C.......... 1.5
PN i 1.02 68 — 392°F, 10¢ infin *°F...... 1.4
Temp. Coefficient of Resistance, 20 -200°C, pm/m +°C-......... 26
68 — 932°F, 10 ohm/ohm «°F ...180 Electrical Resistivity, ohmecirc mil/ft.............ccccccceee. 480
20-500°C, uQ/Q-°C.....cccuv...... 330 HQoM e 0.800
(Annealed) (Annealed)
) . Tensile Strength, KSi ..o 71
Tensile Strength, KSi ......ccooiiiiiiiiieeeee
MPa MPa. ..o, 490
) o .
Yield Strength (0.2% Offset), ksi Yield Strength (0.2% Offset), KSi ......cccceviriiriiieniee 35
MPa MPa...coooeeeeeeiiiieeee, 240
. e ElONGatioN, Y6 ..cooueeiiiiieeeee e 42
emperature,
. 0 100 200 300 400 500 600 700 800 900 1000 Temperature, °C
Typlcal 120 | ‘\ ‘\ \‘ | : | | | | | |  g00 ? 1?0 2?0 3(‘)0 4?0 5(‘)0 G(TO 70‘0 80‘0 90‘0 10?0
h . 1 BRIGHTRAY alloy 35 (Annealed) 120 { T T  s00
Mechanica 100 \ \ 700 NILO alloy 36 (Annealed)
PrOpEI‘tIES Ten‘sile Strength ] 600 °\°_100 1
80 5 | 600
] Y 1500 |§ 80
-~ s L ©
@ 60 \ | 400 ¢ g &’I’Ekzngation 50 =
= o |W 60 =~ - - &
; \ f >z - 400 g
40 N Yield Strength ) 1 2 40— — " I~ ~ —{ 300 %
(0.2% Offset) | 200 a \ Yield Strength ~ _Tensile Strength i
20 ] o ~ 200
~ 100 5 2 \\ (0.2% Offset)
N el I S - 100
OO 200 400 600 800 1000 1200 1400 1600 1800 2000 0 0 0
Temperature, °F 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature, °F
- Typical usage range
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NILO® alloy 42 NILO® alloy 48

A nickel-iron controlled-expansion alloy con-
taining 42% nickel. It has a low and nominally
constant coefficient of thermal expansion from
room temperature to about 570°F (300°C). Used
for semiconductor lead frames in integrated cir-
cuits, bi-metal thermostat strip, thermostat rods,
for ceramic-to-metal seals with alumina ceram-
ics, and various glass-to-metal seals such as the
core of copper-clad wire for sealing into glass
envelopes of electric bulbs, radio valves, televi-
sion tubes, and fluorescent lights.

A nickel-iron controlled-expansion alloy con-
taining 48% nickel. Its coefficient of thermal

expansion is designed to match that of soft lead
and soda-lime glasses. The alloy also has a high
inflection point. Used for glass-to-metal seals
in radio valves and incandescent electric light

bulbs and for industrial thermostats that operate

at temperatures up to 840°F (450°C).

Standard Strip, plate and wire. Wire.
Product Forms
Maior UNS K94100 Werkstoff Nr. 1.3917 UNS K94800 Werkstoff Nr. 1.3922,
K ASTM F 29, F 30 ASTM F 30 1.3926, 1.3927
Specifications DIN 385, 17745 DIN 17745
Limiting
leltlng Ni oo 422 P ....0.025max. Al..... 0.15 max. Ni e - 482 P....0.025 max. Al...... 0.10 max.
Chemical Fe...Remainder S.....0.025max. Co.......1.0 max. Fe...Remainder S....0.025max.  Co......1.0 max.
0ng Col 0.05max. Si...... 0.30 max. C..... 0.05max. Si...... 0.30 max.
COmPOSltIOH, Mn....0.80 max. Cr...... 0.25 max. Mn.....0.80 max. Cr...... 0.25 max.

%

2Nominal value; adjusted to meet expansion requirements.

aNominal value; adjusted to meet expansion requirements.
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Density, ID/iN® ......cocoreeeeeeee e 0.293 Density, Ib/iN® ... 0.296
g/em® .. 9/CM® 8.20
Melting Temperature (Approximate), °F.... Melting Temperature (Approximate), °F.........cc.c...... 2640
° OCaiiiieeeeeens 1450
Physical Inflection Point, °F Inflection Point, °F ... 860
° O 460
Constants . . iy i f2ehe0
Thermal Conductivity, Btu « in/ft2<h°F . Thermal Conductivity, Btu « in/ft2*h=°F ............c.ccee.. 116
and Thermal W/M=°C oo 105 W/M=°C oo 16.7
Propertles Coefficient of Expansion, 68 — 212°F, 10 in/in * °F ......2.9 Coefficient of Expansion, 68 —212°F, 10 in/in  °F ......4.7
20-100°C, pm/m +°C......... 5.3 20 - 100°C, pm/m+°C ......... 8.5
68 — 572°F, 10 in/in *°F....2.5 - 3.6 68 — 752°F, 10®in/in - °F....4.6 — 5.2
20 — 300°C, um/m +°C ....... 45-6.5 20 - 400°C, pm/m +°C....... 8.3-9.3
Electrical Resistivity, ohm-circ mil/ft Electrical Resistivity, ohm-circ mil/ft
uQ QM 0.470
(Annealed) (Annealed)
Tensile Strength, KSi ... 71 Tensile Strength, KSi ..o 75
MPa.....oiiiiieceeieee e 490 MP&....eiiiiiieie e 520
Yield Strength (0.2% Offset), KSi .......coocoeriiininninn, 36 Yield Strength (0.2% Offset), KSi .......ccoevverurrrrerrrnnnn 38
MPa. 250 1 260
Elongation, % ........cocviciiiiiiiieiiic e 43 EIONGAHON, % cv.vovecvveeeeeeceeeceeeeee e 43
Temperature, °C Temperature, °C
. 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Typlcal 120 [ - \ \ - \ \ \ P I S S P — — \ \ -
Mechanical NILO alloy 42 (Annealed) |8 NILO alloy 48 (Annealed) | 8o°
1 *100 70 | e100 | 700
Properties ’ oo |2 1.,
% % Tensile Strength | 500 & % % N Tensile Strength | 500 &
o ¢+ Elongation =|o =
W eo0 S o 7 | 400 g | 60 NS | 400 g
@ :i— -7 Lla s |- 7 | Elongation 8
L =l S | 300 & 240 J S | 300 &
A Yield Strength |~ ~ H200 |8 N N - 200
B 20 (0.2% Offset) P 20 =
[ S R 1 100 Yield Strength = - ~| 100
r- (0.2% Offset)
0 0 0 - -

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, °F

- Typical usage range

0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temperature, °F

- Typical usage range
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NILO® alloy K

A nickel-iron-cobalt controlled-expansion alloy
containing 29% nickel. Its coefficient of expan-
sion, which decreases with rising temperature
to the inflection point, matches the expansion
rate of borosilicate glasses and alumina ceram-
ics. Used for glass-to-metal seals in applications
requiring high reliability or resistance to thermal
shock. Examples are high-power transmitting
valves, transistor leads and headers, integrated-
circuit lead frames, and photography flash
bulbs.

FERRY® alloy

A copper-nickel alloy used mainly for its electri-
cal properties. It has medium-range electrical
resistivity and a very low temperature coef-
ficient of resistance (TCR). The low TCR makes
the alloy useful for wire-wound precision
resistors having operating temperatures up to
750°F (400°C). A reproducible electromotive
force against copper makes the alloy suitable for
thermocouples and thermocouple compensating
leads.

Standard Tube, sheet and round bar. Strip and wire.
Product Forms
Maior UNS K94610 DIN 17745 ASTM B 267 Werkstoff Nr. 2.0842
J . ASTM F 15, F 29 Werkstoff Nr. 1.3981 DIN 17644
Specifications | sag ams 7726 - 7728
Lo Si.....0.20 max.  Ti.......0.10 max. Limiting
leltll‘lg Al.....0.10 max. Cu.....0.20 max. Ni ...Remainder Fe....... 1.0max. Mn....... 1.0 max.
Chemical Cr.....0.20 max. ~ Mo.....0.20 max. [T 55.0° C........ 0.1max. Si.... 0.5 max.
ey C...... 0.04 max.  Mg.....0.10 max. Nominal
COIHPOSIthII, Mn.....0.50 max.  Zr...... 0.10 max. omina.
% @Nominal value; adjusted to meet expansion requirements.
Density, Ib/iN3 ..o 0.295 Density, ID/iN® ......ooiiii e 0.321
GICMB e 8.16 GICMB e 8.89
Melting Temperature (Approximate), °F................... 2640 Melting Range, °F ... 2230 -2320
R O 1450 OC ittt 1220-1270
. Inflection Point, °F ........cccoviiieiiiiiiieee e 840 Specific Heat, Btu/lb «°F........ccoooiiiiiiiiieiieeee 0.094
Physical 9 ovtremeesseeees e 450 JIKG *°C ovrrrevrseseeresseseesesees e 394
Constants Thermal Conductivity, Btu « in/ft2sh+°F ....................... 116 Temp. Coefficient of Resistance,
and Thermal W/M°C i 16.7 68 — 212°F, 10-¢ ohm/ohm «°F ..... 17
Proverties Coefficient of Expansion, 68 — 212°F, 10% in/in « °F ......3.3 20-100°C, pQ/QC oo 30
P 20 -100°C, ym/m-°C ......... 6.0 Coefficient of Expansion, 68 — 212°F, 10% in/in *°F ...8.17
68 - 752°F, 10° in/in - °F ....2.6 — 2.9 20-100°C, pm/m +*C........14.7
20 —400°C, um/m +°C....... 46-52 Thermal Conductivity, Btu « in/ft2<h+°F
Electrical Resistivity, ohmecirc mil/ft WiM=eC.oovnnnee.
PO M e 0.430 Electrical Resistivity, ohmecirc mil/ft...
PO e 0.490
(Annealed) (Annealed)
Tensile Strength, ksi
MPa
Yield Strength (0.2% Offset), ksi
EloNgation, % ......ccoeviiieiiiiieee e
T . 1 Temperature, °C
yplca 0 100 200 300 400 500 600 700 800 900 1000
Mechanical 120 N”_g T I I I I I I I I ] 500
o alloy K (Annealed)
Properties 100 700
°g —{ 600
g% 500 &
g Tensile Strength =
u_o-l 60 \\ ensile strengt | 4002
g pN — = 300:%2
g 40 Elongation
3 { 200
SN
Yield Strength (0.2% Offset) ] oo
o I I

0
800 1000 1200 1400 1600 1800 2000
Temperature, °F

0 200 400 600
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NILOMAG? alloy 77

NI-SPAN-C® alloy 902

A nickel-iron alloy with additions of copper

and molybdenum. It is a low-loss, soft-magnetic
alloy with a high initial permeability. The alloy
is particularly useful for applications in which
power requirements must be minimized. Used
for transformers, inductors, magnetic amplifiers,
switching cores, magnetic shields, tape-recorder
heads, and memory storage devices.

A nickel-iron-chromium alloy made precipita-
tion hardenable by additions of aluminum

and titanium. The titanium content also helps
provide a controllable thermoelastic coefficient,
which is the alloy's outstanding characteristic.
The alloy can be processed to have a constant
modulus of elasticity at temperatures from

-50 to 150°F (-45 to 65°C). Used for precision
springs, mechanical resonators, and other preci-
sion elastic components.

Standard Sheet and strip. Round bar.
Product Forms
. None applicable. UNS N09902 SAE AMS 5221, 5223,
Major 5225
Specifications
Nominal Limiting
Limiting Ni e, 77 Cl.ecoceenee, 50 Coucoveerve 0.02 Ni¢ .41.0-435 Ti....22-275 Mn....0.80 max.
Chemical Fe e 13.5  Mo.oooeennee. 4.2 Fe...Remainder Al...0.30-0.80 S.... 0.04 max.
oo Cr....49-575 C...... 0.06 max. Si........ 1.0 max.
Composition, P.....0.04 max.
% aPlus Co.
Density, ID/iN3 ..o 0.317 Density, Ib/iN® ..o 0.291
GICM® e 8.77 GICM® e 8.05
Electrical Resistivity, ohm«circ mil/ft.............c.coceeee 360 Melting Range, °F ......cccccooiiiiiiiiieeee, 2650 — 2700
P M (it 0.600 OC ittt 1450 — 1480
Phvsical Curie Temperature, °F ........cccccoivinereiiiineieaeseene 750 Specific Heat, Btu/lb « °F .......cccooiiiiiiiiiicece 0.12
CO¥ISStCaantS °C.... Jkg - °C ......
d Th 1 Initial Permeability ...........cccocoeiiiiiiii, 60 000 Curie Temperature, °F ....
;11 tgrma Maximum Permeability ..........cocooiiiiiiiniieeien. 300 000 c
roperties Saturation INAUCHON, T .......cveveeeereeeeeeeeeeeeeeeeees 0.63 Young's Modulus, EO;;’S'"
R 2T e 0.39 _ o
ema.n(.ence Modulus of Rigidity, 10°psi
COoerCiVity, A/M ..o 0.80 GPA oo
Coefficient of Expansion, 70 — 200°F, 10 in/in+°F ......4.2
20 - 93°C, pm/m-°C........... 7.6
Thermal Conductivity, Btu « in/ft2<h=°F ............ccccceenne.
W/m-°C....cceerrannn
(Annealed) Electrical Resistivity, ohm «circ milfft....
Tensile Strength, KSi .......covevveiierieieicececececeeeee 78 HOMM e 1.02
MPa. e 540
Typlcal . Hardness, HV ... 125 (Precipitation Hardened)
MeChanlcal Tensile Strength, KSi......cccooveiiiiiiiiiiiiece 175
Properties MP&L..oooereee s 1210
Yield Strength (0.5% Offset), KSi ......cccovreeriiecncnnen. 110
MPa...oiiiiieieieieine 760
EloNgation, %o ......oveiiiiiiiiiee e 25
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Waspaloy

Waspaloy is a nickel-base, age-hardenable
superalloy with excellent high-temperature
strength and good resistance to corrosion,
notably to oxidation. It is used for aerospace
and gas turbine engine components at service

temperatures up to 1200°F (650°C) for critical ro-

tating applications, and up to 1600°F (870°C) for
other, less demanding, applications. Applica-

tions include compressor and rotor discs, shafts,

spacers, seals, rings and casings, fasteners and
other miscellaneous engine hardware, airframe
assemblies and missile systems.

UDIMET® alloy 188

A cobalt-base alloy with excellent high tempera-

ture strength and good oxidation resistance to

2000°F (1093°C). The high chromium level cou-

pled with small additions of lanthanum produce
an extremely tenacious and protective scale. The

alloy also has good sulfidation resistance and
excellent metallurgical stability displayed by
its good ductility after prolonged exposure to
elevated temperatures. Good fabricability and

weldability combine to make the alloy useful in

typical gas turbine applications such as combus-

tors, flame holders, liners and transition ducts.

Standard Round bar, forging stock, extruded section Forging billet, bar, plate, and sheet.
and wire.
Product Forms
Mai UNS N07001 SAE AMS 5544, 5704, 5706 — 5709, UNS R30188 AMS 5772
ajor ASTM B 637 5828, MAM 5706 AMS 5608
Spec1f1cat10ns Werkstoff Nr. 2.4654 AECMA Pr EN 2193 - 2195,
ISO 9723 - 9725 2406, 2958 - 2960, 3220
Limiting Limiting
Chemical Ni ...Remainder Al...1.20-1.60 Cu..... 0.50 max. C....0.05-0.15 Ni...20.0-24.0 Fe....... 3.0 max.
C it Cr...18.0-21.0 Zr...0.02-0.12 S.... 0.030 max. Mn....1.25max. W...13.0-16.0 Co........ Balance
omposition, Co..120-15.0 B..0.003-0.01 Si....0.75max. | Si.....02-05 La..0.02-0.12 B....0.015max.
% Mo...3.50-5.00 C...0.02— 0.10 Mn...... 1.00 max. Cr...20.0-24.0
Ti....2.75-325 Fe ...2.00max. P..... 0.030 max.
Density, ID/iN® ..o 0.296 Density, 1b/iN® .......ooiiii e 0.330
GICM® e 8.19 GICM® 9.13
Melting Range, °F........cccoiiiiiiiiiiis 2425 -2475 Melting Range, °F.........cccciiiiiiiiiiiiies 2375 -2425
R O SRS 1330-1360 OC ittt 1300 - 1330
. Permeability at 200 Oersted (15.9 KA/M) ..........cc.co....... 1.004 Specific Heat, Btu/lb «°F........c.cceiiiiiiiiieeieeee 0.097
Physical - ) DO ; JIKG *%C oo 405
Coefficient of Expansion, 10 in/in « °F (um/m «°C)
Constants 70 — 200°F (21 = 93°C) ..., 6.8 (12.2) Coefficient of Expansion, 70 — 200°F, 10 in/in « °F .....6.6
and Thermal 70— 1000°F (21 - 538°C) ........ 7.7 (13.9) o 21SC pmim G AT
Properties 70 — 2000°F (21 — 1093°C) ... 10.4 (18.7) Thermal Conductivity, A
Electrical Resistivity®, ohm «circ mil/ft..............cc...... 722 T M
uQem .........
Young's Modulus*, 10° psi (GPa) Rupture Strength (1000 hour)
Hardness”, HRC .........o.oveeveererceceeeeeee e MPa
ARoom temperature, as aged. 1300°F / 704°C ..ooeeeeeeeeeee e 240
1400°F / 760°C..... 165
L 1500°F / 816°C ..vvveeiiieeeieee e 110
(Precipitation Hardened) 1600°F / 871°C oo 69
Rupture Strength (1000 h) 1700°F /927°C..... 41
1200°F / B49°C...cciviiiiieiieiiieeieeeeene 1800°F /982°C ....cvieiiieieeiee e 25
1300°F /' 704°C .oooeeeeeeeeeeeee e 1900°F /1038°C...c.cveeiiieiieiieieiee e 15
1400°F / 760°C .... 2000°F /1093°C..ccvveeeeieee e 9
1500°F / 816°C .... Temperature, °C
1600°F / 870°C..... 0 100 200 300 400 500 600 700 800 900 1000
Temperature, °C 2a0[— } N : : : : : : Hie00
0 100 200 300 400 500 600 700 800 900 1000 Welllzr ellmy i
2407 T T T T T T T T T T L0200 1400
9 ‘ ‘ |1600 °
Typlcal Waspalo) H 1200
. ° {1400 160
MEChanlcal 2200 —_— Tensile Strength 1200 g’ ~ - 10002
Pl‘OPel‘tiES %160 ‘ 0008 Wizo o— Tensile Strength []800 03;
5 Yield Strength s g | I oo B
w420 (0.2% Offset) \ eoo @ g 80 P En_ ation ==
— 4] o > {400
j; 80 N\ e e @ 40 Yield Strength \‘\7 200
8 \ 400 (0.2% Offset) N
& w0 0 ] ] 0
Elongation ———— \ 1200 0 200 400 600 800 1000 1200 1400 1600 1800 2000
0 ‘ T Temperature, °F

0
800 1000 1200 1400 1600 1800 2000
Temperature, °F

0 200 400 600
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UDIMET® alloy L-605

A cobalt-base superalloy with good formability,
high strength to 1500°F (816°C), and good oxida-
tion resistance to 2000°F (1093°C). The alloy also
has good sulfidation resistance and resistance

to wear and galling. The alloy is used in the hot
sections of aircraft and land-based gas turbines
in combustor liners and other applications
requiring moderate strength and good oxidation
resistance at high temperatures. The alloy can
also be used in industrial furnace applications
such as muffles/liners in high temperature kilns.

UDIMET?® alloy 520

A precipitation hardenable nickel-base super-
alloy with an exceptional combination of high
temperature mechanical properties, corrosion
resistance and forgeability characteristics. Devel-
oped for use in the 1400 — 1700°F (760 — 927°C)
temperature range, the alloy has excellent struc-
tural stability and unusually good fabricability.
Primary application is blading for aircraft and
land based gas turbines.

Standard Forging billet, bar, sheet, plate and wire. Forging bar.
Product Forms
Maj or UNS R30605 AMS 5759 PDS 15125A1
SP ecifications AMS 5537, 5796, 5797
Limiting Limiting
Chemical Ni ...9.0-11.0 Mn....1.0-20 S.......0.03 max. C...002-0.06 Mo....55-7.0 W.....08-1.2
Composition Cr...19.0-21.0 Si...... 0.40 max. Co........ Balance Cr....18.0-20.0 Ti....... 2.9-3.25 B.0.004 - 0.010
7 4 W...140-16.0 C....0.05-0.15 Co..11.0-14.0 Al....... 1.8-23 Ni......... Balance
0 Fe.... 3.0 max.
Density, 1b/iN® .......ooiiiiii e 0.335 Density, ID/iN® .....ooieiiii 0.297
GICM® o 9.27 GICMB e 8.21
Melting Range, °F.......cccooiniiiiiiiiciiceee. 2425 — 2570 Melting Range, °F.......cccccooiiiiniiieeneee 2300 - 2560
Physical (T ...1330-1410 SO 1260 - 1405
Constants Specific Heat, Btu/lb «°F........ccccooiiiiiiiiieiee, 0.092
and Thermal e 385
0 Coefficient of Expansion, 70 — 200°F, 10 in/in « °F ...6.83
Properties 20-93°C, ym/m +°C.........12.3
Thermal Conductivity, Btu « in/ft2<h«°F ............ccccceene. 65
W/Me°C..oooooiiiieeeeeecieeee 9.4
Rupture Strength (1000 hour) (Precipitation Hardened)
| MPa_ Rupture Strength (1000 hour)
1200°F / 649°C 270
1300°F / 704°C 220 1200°F / 649°C
1400°F / 760°C 165 1300°F / 704°C
1500°F / 816°C 120 1400°F / 760°C
1600°F / 871°C 72 1500°F / 816°C
. 1700°F / 927°C 44 1600°F / 871°C
Typical ) 1800°F / 982°C 25
Mechanical
Pl‘operties Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
240 1 ‘\ } \‘ 1 1 1 1 1 1 1 240 1 ‘\ ‘\ 1 \‘ 1 : 1 1 1 1 1
UDIMET alloy L-605 |60 UDIMET alloy 520 (Precipitation Hardened) e
0200 —|1400 0200 } | {1400
"’§160 1200 . "‘§160 Tensile Strength \\ 1200 .
= S ~|10002 g’ {1000
ﬁm — ~Jensile Strength 800 Z 120 Yield Strength ‘\\ j8oo Z
o \ Neoo & B (0.2% Offset) \ \ Heoo &
4 80 Elongation N\ i 80 N
3 — \ {400 3 \ {400
7 Yield Strength XQ, 200 @ a0 Elongation 200
, (0.2% Offse) ~ . ]
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UDIMET?® alloy 720

A nickel-base alloy solid solution strengthened

with tungsten and molybdenum and precipita-

tion hardened with titanium and aluminum.
The alloy combines high strength with metal-

UDIMET® alloy D-979

An iron-nickel alloy designed for turbine disc
applications at temperatures up to 1200 —

1400°F (649 - 760°C). Hardened by a complex
precipitation of intermetallic phases, the alloy

combines corrosion resistance with excellent

lurgical stability as demonstrated by excellent
tensile and stress rupture strength.

impact strength retention after long exposures at
elevated temperatures. Good oxidation and cor-
rosion resistance combined with high strength
make the alloy useful in gas turbine blade and
disc applications.

Standard -
e g Barne Forging billet and bar. Forging billet and bar.
Maj or EMS 55477 MSRR 7252 MTS 5013 UNS N09979 AMS 5746
Speciﬁcations EMS 73105 C50TF105
Limiting Limiting
Chemical N Balance W...1.00-1.50 C....0.01-0.02 | Cr...140-160 W 30-45 C.....0.08max.
o Cr..155-16.5 Ti...475-525 Z7r.0.025-0.05 | Fe...... Balance T 2.7-33 Si.....0.75 max.
Composition, Co..14.0-155 Al..225-275 B...0.01 -0.02 | Mo......3.0-45 Al....075-13 Mn.....0.75 max.
% Mo...2.75 - 3.25 Ni...42.0-480 B..0.008-0.016
Density, ID/IN® ... 0.292 Density, 10/iN? .....coiiiiiececce e 0.296
G/CM® i 8.08 GICM e s 8.19
g Melting Range, °F ..o, 2180 - 2440 Melting Range, °F ........ccccoveveueeecereeererenne 2225 — 2530
Physical SO 1194 - 1338 SO 1220 - 1390
Constants Coefficient of Expansion, 70 — 200°F, 10 in/in «°F .....6.8 Coefficient of Expansion, 70 — 200°F, 10 in/in+°F ....7.60
and Thermal 21-93°C, ym/m +°C.......12.24 21-93°C, ym/m-°C.........13.7
Pl‘operties Thermal Conductivity, Btu « in/ft2<h+°F
W/m-°C..............
(Precipitation Hardened) (Precipitation Hardened)
Rupture Strength (1000 hour) Rupture Strength (1000 hour)
Typical 1200°F / 649°g .......................................... 1:2388":; ; Sgi"g
: 1300°F / 704°C..... ° °
Mechaqlcal 1400°F / 760°C..... 1400°F / 760°C
Properties 1600°F / 871°C ..o 1500°F / 816°C
1800°F /982°C....oveeeeeeeeee e 1600°F / 871°C
Temperature, °C Temperature, °C
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
240 1 1 1 1 1 1 1 1 1 | | 240 ‘ \‘ \‘ ‘\ ‘\ ‘ I ‘ I : : ‘ ‘ 11600
UDIMET alloy 720 (Precipitation Hardened) |reeo UDIMET alloy D-€T79 (PrTcipitation Hardened)
[ | H < 1400
0\(1200 Tensile Strength 1400 ;»200 Ten‘sim ||
S —— 1200 S 1200
%160 \ 10008 g —— = 1000§
& - \ 2 | Wiz Yield Strength | ™ Nsoo @
120 \ 800 g 0.2% Offset) \ 8
& Yield Strength g @ \ Heoo ‘5-
= g0 0.2% Offset) —|600 ® 5 80 \
8 400 % 0 \ []400
@40 Hiereeian {200 EITngatio‘n/ []200
%0 200 400 600 80 100 1200 1400 1600 1300 2000 "0 70 0 60 0 1000 1200 1400 1600 1800 2000
Temperature, °F Temperature, °F




ﬂﬁ%ﬂ- UDIMET® alloy R41 UDIMAR® alloy 250
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A precipitation hardenable nickel-chromium An age hardenable (maraging) iron-nickel steel
alloy containing significant amounts of cobalt combining ultra-high strength, toughness and
and molybdenum along with lesser amounts of resistance to crack propagation. The alloy is
aluminum and titanium that exhibits extremely well suited to applications where heat treatment
high room and elevated temperature mechani- distortion and dimensional changes must be

cal properties. Excellent corrosion resistance and ~ minimized and where high fracture toughness
fabricability have led to wide usage in critical is required such as rocket motor casings, light
aircraft engine components such as nozzle parti- aircraft landing gear, power shafts and low tem-
tions, turbine blades and wheels, combustion perature tooling.

chamber liners and structural hardware.

40

Standard
Forging billet, bar, sheet and plate. Forging billet and bar.
Product Forms aing P 9ing
Major mg N 07041 AMg 5712 UNS K92890 AMS 6512
DG 5545 AMS 5713
Specifications UNS K92940
Limiting Limiting
Chemical Ni o Balance  Mo......9.0-105 Fe ... 5.0max. C....0.03max. S...0.010max. Mo......4.6—5.1
Composition Cr....180-200 Al....1.40-1.80 B..0.003-0.010 Si....0.10 max. P....0.010 max. Ti....0.30 — 0.50
9 ! C0....100-12.0  Tieccrverrnns 30-33 G 0.12 max. Mn....0.10 max.  Co......7.0-8.5 Al...0.05-0.15
0 Ni...17.0-19.0 Fe........ Balance
Density, 1b/iN® .......ooiiii e 0.298 Density, 1b/in® ..o 0.290
GICM® 8.25 GICM® e 8.0
. Melting Range, °F.........ccccciiiiiiiiiiiiiies 2250 - 2535 Melting Range, °F ........cccoooiiiiiiiiiiiis 2600 — 2650
Physical °Corerreroe oo 1232 - 1391 °C ottt 1427 — 1454
Constants Specific Heat, Btu/lb « °F .......covevvvceeeeeeeeeeeeenns 0.104 Specific Heat, Btu/lb « °F .......ccoveveceeeieeeeeeeeeaes 0.07
and Thermal JIKG * Ko 293
Properties Coefficient of Expansion, 70 - 209°F, 10% in/Ln°°F....6.63 Permeability at 200 Oersted (15.9 kKA/m) ................. 77.5
21-93°C, pm/m-°C......... 11.9 Coefficient of Expansion, 70 — 200°F, 10° in/in«°F ......5.4
Thermal Conductivity, Btu « in/ft?sh°F .............ccccvvnene. 62 21 -93°C, um/m-°C......... 9.72
Y W/m-°C 9.0
M*°C i, .
Thermal Conductivity, Btu « in/ft2<h<°F ............c.c....... 136
W/M=°C .o 19.6
(Precipitation Hardened) Solution Annealed  Solution Annealed plus aged
. Rupture Strength (1000 hour) 1500°F (816°C) 900°F (482°C)
Typlcal ; : 1 hr, AC 3hrs, AC
Mechanical 1200°F / 649°C 8.?08/" :Id ksi ug gsg
Properties 1800°F /704°C B o 20 10
p 1400°F / 760°C RA N - 60
1500°F / 816°C , % 0
1600°F / 871°C Hardness, Rc 30 50
1700°F / 927°C
Temperature, °C
? ‘?O 2?0 3?0 ““’0 S?O G?O 7°“’ S?O 9?0 ‘°f’° The 18% nickel maraging steels offer a unique
240 e sy S DA {1600 combination of properties not available from
2200 — *“\ 1400 conventional low alloy ultra high strength steels. They
= esle ‘S‘re"gth 1200 offer high strength, high ductility and toughness, and
%1@0 = \ \ i © resistance to crack propagation. Hardening is
U_SJ pledisength \ 19%0g accomplished by a simple aging cycle of 3 hours at
120 : \ N 900°F (482°C) followed by air cooling. UDIMAR alloy 250
2 80 \ e0o & provides through hardening without quenching, freedom
% 400 from decarburization, minimal distortion during aging,
B 40 : S oo good formability, machinability, and weldability and a low
E'T"gat""" coefficient of thermal expansion.
c’O 200 400 600 800 1000 1200 1400 1600 1800 20000
Temperature, °F
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UDIMAR® alloy 300

An age hardenable (maraging) iron-nickel steel

combining ultra-high strength and resistance

to crack propagation. The alloy is well suited to
applications where heat treatment distortion and

dimensional changes must be minimized and

where high fracture toughness is required such

as rocket motor casings, light aircraft landing

gear, power shafts and low temperature tooling.

INCOTHERM?® alloy TD

A nickel-chromium alloy that was originally de-
veloped for thermocouple sheathing where high
temperature corrosion resistance and strength
are required without the use of elements that
may cause thermocouple degradation over
time, the alloy has now been identified for uses
in other high temperature and heat-treating
applications. This product has been tailored to
provide improved oxidation resistance over
stainless steels and higher nickel alloys at

Standard o temperatures up to 2282°F (1250°C) and possibly
Product Forms Forging billet and bar. beyond. The alloying additions improve oxide
scale adherence and reduce the rate of mass
change, allowing the alloy to show significant
P UNS K93120 AMS 6514 . 5 5 Y 5 .
Major improvements over alloys currently being used
ification in heat treating applications. allo
pecifications heat treating applicat INCOTHERM alloy
TD has excellent resistance to nitridation up to
Limiting 2151°F (1177°C). Lacking the alloying elements
Chemical C... 003max. S...0.010max. Mo....46—52 | thatform in’ger.nal nitrides such as Nb or Al, the
e Si....0.10max. P...0.010max. Ti...0.55-0.80 | productexhibits freedom from microstructural
p 4 Mn....0.10 max.  Co.....8.0-95 Al...0.056-0.15 [ degradation in nitrogen-based atmospheres.
%o Ni...18.0-19.0 Fe... Balance | Because of this excellent resistance to nitrida-
tion, the alloy is being evaluated for use in
DENSItY, ID/iN? ..o 0.290 | Powder metallurgy sintering furnace belts and
glem?® ... e 8.0 | other thermal processing applications as well as
Melting Range, °F .............cooooooeerovceverrerrrs 2600-2650 | thermocouple sheathing.
. OC ittt 1427 - 1454
Physical Specific Heat, BIU/D * °F .......oceeeeereeeseeeesseesseeeeeee. 0.08 Contact Special Metals
Constants S 335
Nominal
and Thermal Permeability at 200 Oersted (15.9 KA/M) ................. 775 omina
Properties » i N P Cr v 22 Fe.... 1.0max. C.... 0.05 max.
Coefficient of Expansion, 70 — 200°F, 10 in/in+°F ......4.8 Nio Balance Mn.....0.10 max. Rare earth ele-
21-93°C, pm/m+°C ........ 8.64 MO, 3 Al... 0.10 max. ments......... 0.05
Thermal Conductivity, Btu « in/ft2sh=°F ....................... 136 Si 1.4
W/M=°C ..ot 19.6
) ) Density, 1b/in® (g/cmM3) ....oooviiiiiiiiiiieiee 0.308 (8.54)
S e Soo e ) ° 9% | Melting Range, °F (°C) ........ 2516 — 2552 (1380 — 1400)
Typlcal _ i 1hr, AC 3hrs, AC Coefficient of Expansion, 10 in/in « °F (um/m +°C)
Mechanical 0-2% Yid, ksi 120 280 70 — 932°F (21 = 500°C) ......... 8.09 (14.56)
Properties UTS, ksi 150 290 70 — 1112°F (21 — 600°C)........ 8.32 (14.98)
P El, /3 16 8 70 — 1292°F (21 — 700°C) ....... 8.66 (15.59)
RA, % 70 40 70 — 1472°F (21 — 800°C) ....... 8.97 (16.15)
Hardness, Rc 30 52 )

The 18% nickel maraging steels offer a unique
combination of properties not available from
conventional low alloy ultra high strength steels. They
offer high strength, high ductility and toughness, and
resistance to crack propagation. Hardening is
accomplished by a simple aging cycle of 3 hours at
900°F (482°C) followed by air cooling. UDIMAR alloy 300
provides through hardening without quenching, freedom
from decarburization, minimal distortion during aging,
good formability, machinability, and weldability and a low
coefficient of thermal expansion.

70 — 1652°F (21 — 900°C)........ 9.34 (16.81
70 — 1832°F (21 — 1000°C)...... 9.61 (17.30)

Electrical Resistivity, ohm«circ mil/ft............cccccocceeee. 698
710 2 T 1.16
Mechanical Properties
INCOTHERM alloy TD
Temp. | 0.2% YS uTs Elon
(°C) (MPa) (MPa) (%)
22 405 799 51
800 177 279 82
900 75 131 80
1000 39 88 83
1100 20 59 156
1200 10 37 79
1250 8 29 95
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Trademarks of the Special Metals Corporation
Group of Companies Include:

BRIGHTRAY
CORRONEL
DEPOLARIZED
DURANICKEL
FERRY
INCOBAR
INCOCLAD
INCO-CORED
INCOFLUX
INCOLOY
INCONEL
INCOTEST
INCOTHERM
INCO-WELD
KOTHERM
MAXORB

MONEL
NILO
NILOMAG
NIMONIC
NIOTHERM
NI-ROD
NI-SPAN-C
RESISTOHM
UDIMAR
UDIMET
625LCF
686CPT
718SPF
725NDUR
S800HT



Qs L ppendry

Am wer Company

This Product Handbook gives brief
descriptions of products in the broad line
of high-performance alloys manufactured
by Special Metals Corporation.

Detailed technical literature is also
available. The publications contain data
on physical and mechanical properties,
metallurgy, corrosion resistance, and
fabrication procedures including welding,
machining, forging, and cold forming.
Additional publications are available

on use of the alloys in major areas of
application such as aerospace, chemical
processing, marine engineering, thermal
processing, power generation, and
pollution control. The literature is available
on our website, www.specialmetals.com.

Contents
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A= wwes Company
Special Metals Welding Products Company ensure single-source reliability in welded
manufactures companion welding products fabrications. The line of welding products
for the full range of its wrought alloys. The also includes high-quality consumables for
covered electrodes and bare filler wires are welding cast irons and for joining dissimilar
designed to match the high level of per- metals.
formance delivered by the alloys and to
Coated AWS MIL-E-22200
Electrodes Major Uses Class Type
Nickel Welding Electrode 141 Nickel 200 and Nickel 201; the clad side of nickel-clad steel; joining steels to nickel alloys. ENi-1 4N11
MONEL Welding Electrode 190 MONEL alloy 400 to itself, to low-alloy and carbon steels, to copper and copper-nickel alloys; ENiCu-7 9N10
surfacing of steels.
MONEL Welding Electrode 187 MONEL alloy 450, weldable grades of cast and wrought 70/30, 80/20, and 90/10 copper-nickel alloys. ECuNi CuNi
INCONEL Welding Electrode 182 INCONEL alloys 600 and 601; surfacing of steel; dissimilar combinations of steels and nickel alloys. ENiCrFe-3 8N12
INCONEL Welding Electrode 112 INCONEL alloys 625 and 601; pit-resistant alloys; dissimilar combinations of steels and ENiCrMo-3 1N12
nickel alloys; surfacing of steels.
INCONEL Welding Electrode 117 INCONEL alloy 617; INCOLQY alloy 800HT; dissimilar combinations of high-temperature alloys. ENiCrCoMo-1  —
INCO-WELD Welding Electrode C-276 INCONEL alloy C-276; other pit-resistant alloys; surfacing of steels. ENiCrMo-4 —
INCO-WELD A Electrode INCOLOQY alloys 800 and 800HT; dissimilar combinations of steels and nickel alloys; 9% nickel ENiCrFe-2 —
steel; surfacing of steels.
NI-ROD Welding Electrode Cast irons, especially for thin sections and machinability. ENi-CI —
NI-ROD 55 Welding Electrode Cast irons, especially thick sections and high-phosphorus irons. ENiFe-CI —
NI-ROD 55X Welding Electrode Cast irons, especially for out-of-position welding and high-phosphorus irons. — —
NI-ROD 99X Welding Electrode Cast irons, especially for out-of-position welding, thin sections, and machinability. — —
INCONEL Welding Electrode 152 30% Cr for SMAW of INCONEL alloy 690 and other 30% Cr alloys; specifically designed for ENiCrFe-7
nuclear applications.
INCONEL Welding Electrode 122 For SMAW of alloys 622, C-22 and other NiCrMo alloys; excellent pitting and crevice ENiCrMo-10
corrosion resistance & resistance to mixed acids. Also for low NO, boiler tube overlay.
INCO-WELD 686CPT Welding Electrode  Maximum resistance to pitting, crevice corrosion & mixed acids; excellent for overlay, welding ENiCrMo-14
of clad steels and providing overmatching corrosion-resistant welds for all types of NiCrMo
alloys and super duplex stainless steels.
Filler AWS MIL-E-21562
Metals Major Uses Class Type
Nickel Filler Metal 61 Nickel 200 and Nickel 201; dissimilar combinations of nickel alloys and steels; ERNi-1 RN61
surfacing of steels. EN61
MONEL Filler Metal 60 MONEL alloys 400, R-405, and K-500; surfacing of steel. ERNiCu-7 RN60O
EN60
MONEL Filler Metal 67 MONEL alloy 450; weldable grades of 70/30, 80/20 and 90/10 copper-nickel alloys. ERCuNi RN67
ENG7
INCONEL Filler Metal 82 INCONEL alloys 600 and 601; INCOLQY alloys 800 and 800HT; INCO alloy 330; dissimilar ERNiCr-3 RN82
combinations of steels and nickel alloys; surfacing of steels. EN82
INCONEL Filler Metal 92 Dissimilar combinations of steels and nickel alloys. ERNiCrFe-6  RNGA
ENGA
INCONEL Filler Metal 601 INCONEL alloy 601. ERNiCrFe-11  —

INCONEL Filler Metal 617

INCONEL alloy 617; INCOLQY alloy 800HT; dissimilar combinations of high-temperature alloys.

ERNiCrCoMo-1

INCONEL Filler Metal 625

INCONEL alloys 625 and 601; pit-resistant alloys; dissimilar combinations of steels and nickel

ERNiCrMo-3  RN625

alloys; surfacing of steels. EN625
INCONEL Filler Metal 718 INCONEL alloys 718 and X-750. ERNiFeCr-2 —
INCO-WELD Filler Metal C-276 INCONEL alloy C-276; other pit-resistant alloys; surfacing of steels. ERNiCrMo-4 —
INCO-WELD Filler Metal HX INCONEL alloy HX. ERNiCrMo-2 ~ —
NC 80/20 Filler Metal BRIGHTRAY electrical-resistant alloys; INCOLQY alloy DS. — —
NI-ROD Filler Metal 44 Cast irons, especially robotic and automatic welding. ERNiFeMn-CI —




AMETA‘-S Welding Products (continued)

A eresr Mlllﬂﬂllll

Filler AWS  MIL-E-00000
Metals Major Uses Class Type
INCONEL Filler Metal 52 30% Cr for GMAW & GTAW welding of 690 and for overlays on steel; specifically designed for  ERNiCrFe-7

nuclear applications.
INCONEL Filler Metal 622 For GMAW, GTAW, and SAW of alloys 622, G-22 and other NiCroMo alloys; excellent pitting and ERNiCrMo-10

crevice corrosion-resistance and resistance to mixed acids; also for low NO, boiler tube overlay.
INCO-WELD 725NDUR Filler Metal Age hardenable 625 version; capable of heat treated ultimate tensile of 180 KSI and Rc 34 hardness. ERNiCrMo-15
INCO-WELD 686CPT Filler Metal For GTAW, GMAW, & SAW; maximum resistance to pitting, crevice corrosion, mixed acids; excellent ERNiCrMo-14

for overlay, welding of clad steels, and for providing overmatching corrosion resistant welds for all
types of NiCrMo alloys and super duplex stainless steels.

INCONEL Filler Metal 72 Highest %Cr (43%) with good cracking resistance in GMAW & GTAW; excellent sulfidation and ERNiCr-4
oxidation resistance.

INCONEL Filler Metal 625BC Designed for hot and cold wire GTAW applications for valve body overlay and internal bore ERNiCrMo-3
cladding operations.

NI-ROD Filler Metal 99 For GMAW, GTAW & SAW of all types of cast irons; best machinability in first layer or two layer
overlays; not recommended for more than two layers.

NILO CF36 Filler Metal For GMAW, GTAW & SAW of INVAR and similar low expansion alloys; deposits crack-free welds
that are closely matching in CTE to INVAR.

NILO CF42 Filler Metal Similar to NILO CF36, but is intended for 42% nickel low-expansion alloys.

NI-ROD 44HT Filler Metal For GMAW & GTAW of high temperature ductile irons to each other and to stainless steels.

NI-ROD FC44 Cored Wire For FCAW of all types of cast iron with 75A-25 CO,; especially suited to ductile iron welding for
maximum strength and ductility of welds.

INCO-CORED 82DH Cored Wire For flat position (1G) FCAW welding of INCONEL 600 and similar alloys and dissimilar combinations.

INCO-CORED 82AP Cored Wire For all position FCAW welding of INCONEL 600 and similar alloys; also for dissimilar joints involving
stainless steels, CriVo steels and carbon steels.

INCO-CORED 625DH Cored Wire For flat position (1G) FCAW welding of 625 and lower alloyed NiCrMo materials such as super
austenitics, and 4% and 6% Mo containing stainless steels.

INCO-CORED 625AP Cored Wire For all position FCAW welding of 625 and lower alloyed NiCrMo materials such as super austenitics,
and 4% and 6% Mo containing stainless steels.

Thermal

Sprays Major Uses

DURANICKEL Thermal Spray 301TSW  For highest bond strength arc-spray build ups and bond coats; for bonding and protective coatings.

INCONEL Thermal Spray 625TSW Corrosion-resistant arc-spray coatings used for pulp and paper and other industry applications.

INCONEL Thermal Spray 72TSW Most sulfidation-resistant arc-spray product; used extensively in black liquor recovery boilers.

INCOFLUX Major Uses

INCOFLUX 5 For SAW butt welding with MONEL FM 60 and butt welding and overlaying of cast iron with
NI-ROD FC 55.

INCOFLUX 6 For SAW with FM 82, 625, 61, CF36, CF42, NI-ROD FM 99 and 44; for limited thickness butt
welds and overlays.

INCOFLUX NT100 Neutral SAW flux for overlays with FIM 82, 625, 61 and NI-ROD FM 44 and 99; also used with
FM CF36 and CF42.

INCOFLUX NT110 Neutral SAW flux for overlaying with MONEL FM 60 and 67.

INCOFLUX NT120 SAW flux for butt welding and overlaying with FMs C-276, 622, and 686CPT.

INCOFLUX ESS1 High-deposition rate flux for strip overlays with INCONEL weldstrips 82, 625, and INCO-WELD
weldstrip 686CPT with ESS processes.

INCOFLUX ESS2 For electroslag strip welding overlay (ESSW) with INCONEL 52 and 52M Weldstrips.

INCOFLUX ESS3 For electroslag strip welding overlay (ESSW) with INCONEL 82, 622 and 625 Weldstrips, and INCO-WELD C-276.

INCOFLUX ESS4 For electroslag strip welding overlay (ESSW) with INCONEL 625 Weldstrips, and INCO-WELD C-276 and 86CPT.

INCOFLUX SAS1 High deposition rate flux for strip overlays with INCONEL weldstrips 82 and 625.

INCOFLUX SAS2 For submerged arc strip welding overlay (SASW) with INCONEL 52 and 52M Weldstrips.

Weldstrip Major Uses

MONEL Weldstrip 60 Weldstrip for producing MONEL 400 type overlays at high-deposition rates with the electroslag
surfacing (ESS) and submerged arc strip (SAS) processes.

Nickel Weldstrip 61 Weldstrip for producing nickel overlays at high-deposition rates with ESS and SAS processes.

INCONEL Weldstrip 82 Weldstrip for high-deposition rate overlays of 20% Cr INCONEL alloy using ESS and SAS processes.

INCONEL Weldstrip 625 Weldstrip for high-deposition rate overlays of INCONEL alloy 625 type using ESS and SAS processes.
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Conversion Factors for Units of Measure

Selected Conversion Factors for U.S. Customary Grain-Size Millimetre —
to Sl Metric Units Equivalents Inch Equivalents
To convert from to multiply by Nﬁgt’:’;r Avef?f'e Grain Dlerlnmn:zter m1m= 0.1(;;9 :r;m= 0‘!151
atmosphere (760 mm Hg) pascal (Pa) 1.01325 x 105 00 0.020 0,508 2 = 0079 | 15 = 0590
Btu (International Table)  joule (J) 1.055 056 x 103 0 0.0141 0.359 3 - 0118 | 16 = 0630
Bt/ watt (W) 2930711 x 10~ 1 | 0.010 0.254 4 = 0157 | 17 = 0.669
Blu/ib-°F J/kg-C 41868 10° 2 | 0007 | 0180 5 =0197 | 18 = 0.709
Btuin/ft2-h-°F W/m-°C 1.442 279 x 101 3 T oo | o127 6 = 0236 | 19 = 0748
calorie joule (J) 4186 8 4 | 00035 | 0089 7 = 0276 | 20 = 0787
circular mil square metre (m?) 5,067 075 x 1010 5 0.0025 0.064 8 = 0315 | 21 = 0.827
foot metre (m) 3048 000 x 10" 6 | 00018 | 0.045 9 = 0354 | 22 = 0.866
ft2 square metre (m2)  9.290 304 x 10-2 7 0.0012 | 0.032 10 = 0.394 | 23 = 0.906
fts cubic metre (m?3) 2.831685x10-2 8 0.0009 | 0.022 11 = 0433 | 24 = 0.945
ft-lbf joule (J) 1.355 818 9 0.0006 | 0.016 12 = 0472 | 25 = 0.984
ft-Ibf/min watt (W) 2.259 697 x 10-2 10 0.0004 0.011 13 = 0.512 | 26 = 1.024
fi/s? m/s? 3048 000 x 10~ _ -
gallon (US. liquid) cubic metre (m9) 3785 412 x 103 Or cimel and Metric =quivalents
horsepower (electric) watt (W) 7460 000 x 102 in. in. mm . in. mm
inch metre (m) 2540000 x 10-2 1/32 = 0.03125 = 0.794 17/32 = 053125 = 13.494
in2 square metre (m2) 6.451 600 x 104 116 = 0.0625 = 1.588 9/16 = 0.5625 = 14.287
in3 cubic metre (m3) 1638 706 x 105 3/32 = 0.09375 = 2.381 19/32 = 0.59375 = 15.081
inch of mercury (60°F)  pascal (Pa) 3.376 85 x 103 18 = 0125 = 3175 58 = 0.625 = 15875
inch of water (60°F) pascal (Pa) 2488 4 x 102 5/32 = 0.15625 = 3.969 21/32 = 0.65625 = 16.669
gfiom? vascal (Pa) 9506 650 x 10° 3/16 = 0.1875 = 4.762 11/16 = 0.6875 = 17.462
: 7/32 = 021875 = 5.556 23/32 = 0.71875 = 18.256
kip (1000 Ibf) newton (N) 4.448 222 x 103
14 =025 = 6.350 34 = 075 = 19.050
kip/in? (ksi) pascal (Pa) 6.894 757 x 10° /32 = 0.28125 = 7.144 2532 = 0.78125 = 19.844
oersted A/m 7957 75x 10 516 = 0.3125 = 7.937 13/16 = 0.8125 = 20.637
ohm-circ mil/ft Qm 1662 426 x 10-° 11/32 = 0.34375 = 8.731 27/32 = 0.84375 = 21.431
ounce (U.S. fluid) cubic metre (m3) 2957 353 x 10-5 38 =0375 = 9525 7/8 = 0.875 = 22.225
ounce-force newton (N) 2.780 139 x 10 13/32 = 0.40625 = 10.319 20/32 = 0.90625 = 23.018
ounce (avoirdupois) kilogram (kg) 2834952 x 10-2 7116 = 0.4375 = 11.112 15/16 = 0.9375 = 23.812
pint (US. liquid) cubic metre (m3) 4731 765 x 10— 15/32 = 0.46875 = 11.906 31/32 = 0.96875 = 24.606
pound-force (Ibf) newton (N) 4.448 222 2=05 =12700 1 =10 =254
pound (Ib avoirdupois) kilogram (kg) 4535924 x 101 Multiple and Submultiple Units
Ibf/in2 (psi) pascal (Pa) 6.894 757 x 103 Unit Prefix Symbol Magnitude
Ib/in3 kg/m3 2.767 990 x 104 micro i 0.000 001(10-9)
Ib/ft3 kg/m3 1,601 846 x 10 mill m 0.001 (10-%)
quart (US. liquid) cubic metre (M3  9.463 529 x 10— cent ¢ 0.01 (1072)
ton (short, 2000 Ib) kilogram (kg) 9.071 847 x 102 dect d 0101077
torr (mm Hg, 0°C) pascal (Pa) 133322 x 102 deka da 10107
hecto h 100 (102)
W-h joule (J) 3.600 000 x 103 Kilo K 1000 (103)
yard metre (m) 9.144 000 x 101 mega M 1000 000 (109)
yd? square metre (m?2) 8.361 274 x 101 giga G 1000 000 000 (109)
yd3 cubic metre (m3) 7645549 x 101 tera T 1000 000 000 000 (102)




ﬂ;‘rﬁ'ﬂ' Hardness Correlations for Nickel Alloys

Y 2 T g ted
Ax s Company

Approximate Relationships Between Hardness Values, Nickel and High-Nickel Alloys®

Nt s oo
Hardness | Hardness Hardness
Number, | Number, A B E F G 15-N 30-N 45-N 15-T 30-T 45-T Number®
DPH BHN Scale Scale Scale Scale Scale Scale Scale Scale Scale Scale Scale Scale Scale Scale KHN
22l | B S5 B 2% | &5 S5l | B 2| 2|88 ls
Soo|E2 | g5 | B2 | BE | B | B2 <= | B2 | E2 | g2 _|s¥2_|=8 52 | 52 | g2 |58
$18|8s |83 | 2E | 2% | 2% | 2E | SE | 2| JE | 3%5|385|385| 38 | 35 | 2 |23,
Be|E2;| 22 |28 |22 |22 | 28 | 28 | 28| 22 |2Es|2:s|®Ez| g | 28 | 28 |Bi3
SER |88 | 85 ec 25 s B s 8= Ze 2l L2RL | BAL | AL | L ST - | £8%
513 479 75.5 - 50.0 63.0 - - — - 85.5 68.0 | 54.5 — — - —
481 450 745 — 48.0 61.5 - — - —_ 84.5 66.5 52.5 — — — —
452 425 73.5 - 46.0 60.0 — — — — 83.5 64.5 50.0 - — — —
427 403 72.5 — 44.0 58.5 _ - — — 82.5 63.0 47.5 — — - —
404 382 71.5 - 42.0 57.0 — — — - 81.5 61.0 455 — — — —
382 363 70.5 — 40.0 55.5 - — - - 80.5 59.5 | 430 — - — 436
362 346 69.5 — 38.0 | 54.0 - — - — 79.5 58.0 41.0 - — — 413
344 329 68.5 — 36.0 52.5 - - — - 78.5 56.0 38.5 - — — 392
326 313 67.5 — 34.0 50.5 — - — - 77.5 54.5 36.0 — — — 372
309 298 66.5 106 32.0 | 495 - 116.5 | 94.0 - 76.5 52.5 34.0 | 945 85.5 77.0 352
285 275 64.5 104 28.5 46.5 -_ 115.5 91.0 — 75.0 49.5 30.0 94.0 84.5 75.0 325
266 258 63.0 102 25.5 445 - 114.5 87.5 - 735 | 47.0 265 | 93.0 | 83.0 | 73.0 304
248 241 61.5 100 22.5 42.0 —_ 113.0 84.5 — 72.0 44.5 23.0 92.5 81.5 71.0 283
234 228 60.5 98 20.0 | 40.0 — 112.0 81.5 - 70.5 42.0 20.0 92.0 | 805 69.0 267
220 215 59.0 96 17.0 38.0 - 1110 | 785 100.0 | 69.0 | 39.5 170 | 91.0 | 79.0 | 67.0 251
209 204 57.5 94 14.5 36.0 - 110.0 | 755 98.0 | 68.0 37.5 14.0 | 90.5 775 | 65.0 239
198 194 56.5 92 12.0 34.0 — 108.5 72.0 96.5 66.5 35.5 11.0 | 895 | 76.0 | 63.0 226

188 184 | 55.0 90 9.0 | 320 | 1085 | 107.5 | 69.0 945 | 65.0 | 325 75 | 890 | 750 | 61.0 | 215
179 | 176 | 53.5 88 6.5 | 30.0 | 107.0 | 106.5 | 655 93.0 | 64.0 | 305 50 | 8.0 | 735 | 595 | 204
171 168 | 52.5 86 4.0 | 28.0 | 106.0 | 105.0 | 625 91.0 | 625 | 285 20 | 875 | 720 | 575 | 195
164 161 51.5 84 20 | 265 | 1045 | 104.0 | 595 89.0 | 615 | 265 | -0.5 | 87.0 | 70.5 | 555 | 187

157 | 155 | 50.0 82 — 245 | 103.0 | 103.0 | 565 87.5 - — — 86.0 | 69.5 | 53.5 | 179
151 149 | 49.0 80 - 225 | 102.0 | 101.5 | 53.0 85.5 — - - 855 | 68.0 | 51.5 173
145 144 | 475 78 - 21.0 | 100.5 | 100.5 | 50.0 83.5 - — — 845 | 66.5 | 49.5 166
140 | 139 | 465 76 — 19.0 99.5 99.5 | 47.0 82.0 — — — 84.0 | 655 | 47.5 | 160
135 134 | 455 74 — 17.5 98.0 98.5 | 435 80.0 - - — 83.0 | 64.0 | 455 | 154
130 129 | 44.0 72 — 16.0 97.0 97.0 | 405 78.0 - - — 825 | 625 | 43.5 | 149
126 125 | 43.0 70 — 14.5 95.5 96.0 | 375 76.5 — - - 82.0 | 61.0 | 415 | 144
122 121 42.0 68 - 13.0 94.5 95.0 | 345 74.5 - — - 81.0 | 60.0 | 395 140
119 18 | 410 66 - 11.5 93.0 93.5 | 310 72.5 — - — 80.5 | 585 | 375 | 136
115 114 | 400 64 — 10.0 91.5 92.5 - 71.0 — - — 79.5 | 57.0 | 355 -
12 11 39.0 62 - 8.0 90.5 91.5 — 69.0 - - - 79.0 | 56.0 | 335 -
108 108 - 60 — — 89.0 90.0 - 67.5 - — — 785 | 545 | 315 -
106 106 - 58 — - 88.0 89.0 - 65.5 — - — 775 | 53.0 | 295 -
103 103 — 56 — - 86.5 88.0 - 63.5 — - - 77.0 | 515 | 275 —
100 100 — 54 - - 85.5 87.0 - 62.0 — - — 76.0 | 50.5 | 255 —
98 98 - 52 - - 84.0 85.5 — 60.0 - - — 755 | 49.0 | 23.5 —
95 95 - 50 - — 83.0 84.5 - 58.0 - - - 745 | 475 | 215 -
93 93 — 48 — - 81.5 83.5 — 56.5 — - — 740 | 465 | 195 -
91 91 — 46 - — 80.5 82.0 - 54.5 - - - 735 | 45.0 | 17.0 -
89 89 — 44 - — 79.0 81.0 o 52.5 — — — 72.5 | 435 | 145 —
87 87 - 42 - — 78.0 80.0 — 51.0 - - - 720 | 420 | 125 -
85 85 - 40 — - 76.5 79.0 — 49.0 — — - 71.0 | 41.0 | 10.0 —
83 83 - 38 — - 75.0 77.5 - 47.0 - — - 70.5 | 395 7.5 -
81 81 — 36 - — 74.0 76.5 - 45.5 - - — 70.0 | 38.0 55 —
79 79 - 34 — — 72.5 75.5 — 43.5 - - - 69.0 | 365 3.0 -
78 78 - 32 — — 71.5 74.0 — 42.0 - — - 68.5 | 355 1.0 -
77 77 — 30 - — 70.0 73.0 — 40.0 - — - 675 | 340 | -1.5 —

* Hardness Conversion Chart for Nickel and High-Nickel Alloys. A.S.T.M., E140-84
The use of hardness scales for hardness values shown above in bold are not recommended by the manufacturers of hardness testing machines since they are beyond the ranges recommended for accuracy. Such values
are shown for comparative purposes, only, where comparisons may be desired and the recommended machine and scale are not available
b . . " N N
For Knoop hardness determinations the specimen must be polished, etched, and repolished until a final light etch shows a clearly defined microstructure free from disturbed metal. Care must be exercised to insure
that the top and bottom of the mounted specimen are parallel. In no case shall the departure from symmetry in the longitudinal direction of the indentation be greater than 5 filar microscope units
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Comparisons of Gauges / Standard Pipe Sizes

Approximate Comparison of Gauges

INCHES MILLIMETRES
American Birmingham Washburn London United United
Gauge No. or Brown or & Imperial or Old States States Stubs’
& Sharpe’s Stubs’ Moen’s S.W.G. English Standard Standard
7/0 — — 0.4900 0.500 — 0.5000 12.700 —
6/0 0.5800 — 0.4615 0.464 — 0.4687 11.906 —
5/0 0.5165 — 0.4305 0.432 — 0.4375 11.113 —
4/0 0.4600 0.454 0.3938 0.400 0.454 0.4062 10.319 11.532
3/0 0.4096 0.425 0.3625 0.372 0.425 0.3750 9.525 10.795
2/0 0.3648 0.380 0.3310 0.348 0.380 0.3437 8.731 9.652
1/0 0.3249 0.340 0.3065 0.324 0.340 0.3125 7.938 8.636
1 0.2893 0.300 0.2830 0.300 0.300 0.2812 7.144 7.620
2 0.2576 0.284 0.2625 0.276 0.284 0.2656 6.747 7.214
3 0.2294 0.259 0.2437 0.252 0.259 0.2500 6.350 6.579
4 0.2043 0.238 0.2253 0.232 0.238 0.2343 5.953 6.045
5 0.1819 0.220 0.2070 0.212 0.220 0.2187 5.556 5.588
6 0.1620 0.203 0.1920 0.192 0.203 0.2031 5.159 5.156
7 0.1443 0.180 0.1770 0.176 0.180 0.1875 4.763 4.572
8 0.1285 0.165 0.1620 0.160 0.165 0.1718 4.366 4191
9 0.11440 0.148 0.1483 0.144 0.148 0.1562 3.969 3.759
10 0.10190 0.134 0.1350 0.128 0.134 0.1406 3.572 3.404
1 0.09074 0.120 0.1205 0.116 0.120 0.1250 3.175 3.048
12 0.08081 0.109 0.1055 0.104 0.109 0.10930 2.778 2.769
13 0.07196 0.095 0.0915 0.092 0.095 0.09375 2.381 2.413
14 0.06408 0.083 0.0800 0.080 0.083 0.07812 1.984 2.108
15 0.05707 0.072 0.0720 0.072 0.072 0.07031 1.786 1.829
16 0.05082 0.065 0.0625 0.064 0.065 0.06250 1.588 1.651
17 0.04526 0.058 0.0540 0.056 0.058 0.05625 1.429 1.473
18 0.04030 0.049 0.0475 0.048 0.049 0.05000 1.270 1.245
19 0.03589 0.042 0.0410 0.040 0.040 0.04375 1.111 1.067
20 0.03196 0.035 0.0348 0.036 0.035 0.03750 0.953 0.889
21 0.02846 0.032 0.0317 0.032 0.0315 0.03437 0.873 0.813
22 0.02535 0.028 0.0286 0.028 0.0295 0.03125 0.794 0.711
23 0.02257 0.025 0.0258 0.024 0.0270 0.02812 0.714 0.635
24 0.02010 0.022 0.0230 0.022 0.0250 0.02500 0.635 0.559
25 0.01790 0.020 0.0204 0.020 0.0230 0.02187 0.556 0.508
26 0.01594 0.018 0.0181 0.018 0.0205 0.01875 0.476 0.457
Nominal Wall Thickness For
Nominal Pipe Outside Schedule 10
Size, in. Diameter Schedule 5 Schedule 40 Schedule 80 Schedule 160
in. mm. in. mm. in. mm. in. mm. in. mm. in. mm.
/8 0.405 10.29 — — 0.049 1.24 0.068 1.73 0.095 2.41 — .
a 0.540 13.72 — — 0.065 1.65 0.088 2.24 0.119 3.02 — —
3/8 0.675 17.14 — — 0.065 1.65 0.091 2.31 0.126 3.20 — —
/2 0.840 21.34 0.065 1.65 0.083 2.1 0.109 2.77 0.147 3.73 0.187 4.75
3a 1.050 26.67 0.065 1.65 0.083 2.1 0.113 2.87 0.154 3.91 0.218 5.54
1 1.315 33.40 0.065 1.65 0.109 2.77 0.133 3.38 0.179 455 0.250 6.35
11/a 1.660 42.16 0.065 1.65 0.109 2.77 0.140 3.56 0.191 4.85 0.250 6.35
12 1.900 48.26 0.065 1.65 0.109 2.77 0.145 3.68 0.200 5.08 0.281 7.14
2 2.375 60.32 0.065 1.65 0.109 2.77 0.154 3.91 0.218 5.54 0.343 8.71
22 2.875 7302 | 0083 | 211 | 0120 | 3.05 | 0.203 516 | 0.276 7.01 | 0375 9.52
3 3.500 88.90 0.083 2.1 0.120 3.05 0.216 5.49 0.300 7.62 0.438 11.10
312 4.000 101.60 0.083 2.1 0.120 3.05 0.226 5.74 0.318 8.08 — —
4 4.500 114.30 0.083 2.11 0.120 3.05 0.237 6.02 0.337 8.56 0.531 13.50
5 5.563 141.30 0.109 2.77 0.134 3.40 0.258 6.55 0.375 9.52 0.625 15.90
6 6.625 168.30 0.109 2.77 0.134 3.40 0.280 7.11 0.432 11.00 0.718 18.20
8 8.625 219.10 0.109 2.77 0.148 3.76 0.322 8.18 0.500 12.70 0.906 23.00
10 10.750 273.00 0.134 3.40 0.165 4.19 0.365 9.27 0.593 15.10 — —
12 12.750 323.80 0.165 419 0.180 4.57 0.406 10.30 0.687 17.40 - -
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+1 (800) 334-4626
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Hong Kong

Special Metals Pacific Pte. Ltd.
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Phone  +852 2439 9336

Fax +852 2530 4511
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Special Metals Services Ltd.
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Bangalore 560 061

Phone  +91 (0) 80 2666 9159
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The Netherlands
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3009 AR Rotterdam

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

China

Special Metals Pacific Pte. Ltd.

Room 1802, Plaza 66
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Shanghai 200040

Phone  +86 213229 0011
Fax +86 21 6288 1811

Special Metals Pacific Pte. Ltd.
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United International Bldg.
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Beijing 100021, China
Phone  +86 10 8766 7100
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Special Metals Pacific Pte. Ltd.
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#12 Fengcheng Er Road
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Phone  +86 29 8210 6151
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Special Metals Pacific Pte. Ltd.
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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

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

DAIDO-SPECIAL METALS
Ltd.

A Joint Venture Company
Daido Shinagawa Building

6-35, Kohnan 1-chome
Minato-ku, Tokyo 108-0075, Japan
Phone  +81 (0) 3 5495 7237
Fax +81 (0) 3 5495 1853
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