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superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification? covers forgings of nickel alloy UNS
N02200, Ni-Cu alloy UNS N04400, Ni-Cr-Fe alloys UNS
N06600 and UNS NO06690, Ni-Cr-Mo-Nb alloy UNS
N06625, low-carbon Ni-Mo-Cr alloys UNS N10276 and
UNS N06022, Ni-Cr-Mo-W alloy UNS N06110, low-carbon
Ni-Cr-Mo-W alloy UNS N06686, Ni-Fe-Cr-Mo-Cu alloy
UNS NO08825, Fe-Ni-Cr-Mo-N alloy UNS NO08367, low-
carbon Ni-Cr-Mo alloy UNS N06059, low carbon nickel-
chromium-molybdenum-copper alloy UNS N06200, Ni-Mo
alloy UNS N10675, low-carbon Ni-Fe-Cr-Mo-Cu alloy UNS
NO8031, Ni-Cr-W-Mo alloy UNS N06230, Ni-Cr-Co-Mo
alloy UNS NO06617, Ni-Co-Cr-Si alloy UNS N12160, Ni-
Fe-Cr alloys, Ni-Mo alloy UNS N10629, Ni-Cr-Fe-Al alloy
UNS N06025, Ni-Cr-Fe-Si alloy UNS N06045, and low-
carbon Cr-Ni-Fe-N alloy UNS R20033*,

1.1.1 The nickel-iron-chromium alloys are UNS N08120,
UNS NOB800, UNS N08810, and UNS N08811. Alloy UNS
NO8800 is normally employed in service temperatures up to
and including 1100°F (593°C). Alloys UNS NO08810 and
UNS NO8811 are normally employed in service tempera-
tures above 1100°F where resistance to creep and rupture is
required, and are annealed to develop controlled grain size
for optimum properties in this temperature range.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

2. Referenced Documents

2.1 ASTM Standards:

E 8 Test Methods for Tension Testing of Metallic Mate-
rials®

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications*

E 76 Test Methods for Chemical Analysis of Nickel-
Copper Alloys®

E 112 Test Methods for Determining the Average Grain
Size?

! This specification is under the jurisdicion of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Apr. 10, 1997. Published February 1998. Originally
published as B 564 — 72. Last previous edition B 564 - 96.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-564 in Section II of that Code.

* New designations established in accordance with ASTM E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 03.01,

4 Annual Book of ASTM Standards, Vol 14.02.

S Annual Book of ASTM Standards, Vol 03.05.
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E 350 Test Methods for Chemical Analysis of Carbon
Steel, Low-Alloy Steel, Silicon Electrical Steel, Ingot
Iron, and Wrought Iron®

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys®

3. Ordering Information

3.1 Orders for material to this specification shall include
information with respect to the following:

3.1.1 Alloy (Table 1).

3.1.2 Condition (Table 3).

3.1.3 Quantity (mass or number of pieces).

3.1.4 Forging, sketch or drawing.

3.1.5 Certification—State if certification or a report of test
results is required (Section 14).

3.1.6 Samples for Product (Check) Analysis—Whether
samples for product (check) analysis should be furnished (see
4.2).

3.1.7 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of
manufacture, the purchase order must so state indicating
which tests or inspections are to be witnessed (Section 12).

4. Chemical Composition

4.1 The material shall conform to the composition limits
specified in Table 1.

4.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 2.

5. Mechanical Properties and Other Requirements

5.1 Mechanical Properties—The material shall conform
to the mechanical properties specified in Table 3.

5.2 Grain Size—Annealed alloys (UNS N08810 and UNS
NO8811) shall conform to an average grain size of ASTM
No. 5 or coarser.

6. Dimensions and Permissible Variations

6.1 Dimensions and tolerances shall be as specified on the
applicable forging sketch or drawing.

7. Workmanship, Finish, and Appearance

7.1 The material shall be uniform in quality and condi-
tion, sound, and free of injurious imperfections.

6 Annual Book of ASTM Standards, Vol 03.06.
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TABLE 1 Chemical Requirements
C jtion, X
Nickel- Nickel-
Nickel- Nickel- Nickel- NickeHron  NickeHron-  Nickei-dron- Md(d- '&:kd- NickeHron-  Chromium- Chromium- m
Element Copper  Chromm-  Chromium-  Chromium  Chromium  Chromium . S Chromium  Molybdenum-  Molybdenum-
Alloy UNS Iron Alloy ron Alloy Aoy UNS  Alloy UNS Aoy UNS Aloy UNS Aty UNS Alloy UNS  Columbium Tungsten Y Aoy
NO4400  UNS NOG600 UNS NO6690  NOB120 NO8800 NO8810 N08B11 Alloy UNS Aoy UNS
NO6025 NOBO45 UNS N08825
N06625 NO6110
Nickel 63.04 min 72.0% min 58.0 min4 35.0-39.0 30.0-35.0 30.0-35.0 balance 45 min 30.0-35.0 58.0 minA 51.0 min* 38.0-46.0
Copper 280-340 0.5 max 0.5 max 0.50 max 0.75 max 0.75 max 0.10 max 0.3 max 0.75 max e 0.50 max 1.5-3.0
Iron 2.5 max 8.0-10.0 7.0-110 remainder 39.5 minA 39.5 min 8.0-11.0 21.0-25.0 39.5 minA 5.0 max 1.0 max 22,0 min4A
Manganese 2.0 max 1.0 max 0.5 max 15 1.5 max 1.5 max 0.15 1.0 1.5 max 0.5 max 1.0 max 1.0 max
Carbon 0.3 max 0.15 max 0.05 max 0.02-0.10 0.10 max 0.05-0.10 0.15-0.25 0.05-0.12 0.06-0.10 0.10 max 0.15 max 0.05 max
Siicon 0.5 max 0.5 max 0.5 max 10 1.0 max 1.0 max 05 25-3.0 1.0 max 0.5 max 1.0 max 0.5 max
Suifur, max 0.024 0.015 0.015 0.03 0.015 0.015 0.01 0.010 0.015 0.015 0.015 0.03
Chromium 140-17.0 270310 23.0-27.0 19.0-23.0 19.0-23.0 24.0-260 26.0-200 19.0-23.0 20.0~23.0 29.0-33.0 19.5-23.5
Aluminum N o 0.40 max 0.15-060 0.15060 18-24 e 0.15-0.60 0.4 max 1.0 max 0.2 max
Titanium 0.20 max 0.15-060 0.15-060 0.1-02 0.15-060 0.4 max 1.0 max 0.6-1.2
Columbium (Nb) 0.4-09 . N .. . 3.15-4.15 0.10-1.0 .
+ tantalum
Moalybdenum 2.50 max ... el 8.0-10.0 9.0-12.0 25-35
Phosphorus 0.040 max 0.02 max 0.02 max 0.015 max 0.50 max ..
Tungsten 2.50 max e
Cobalt, max 3.0
Vanadium, max e
Nitrogen 0.15-0.30
Boron 0.010 max
Aluminum + 0.85-1.20
Titanium
Nickal +
Molybdenum
Columbium (Nb)
max
Tantalum, max .
Zirconium, max 001-0.10 ...
Cerium e 0.03-0.09
Yitrium 005-0.12 ...

‘Elmnernshdbedetemi\edammmimlybydﬂerm.

8. Sampling

8.1 Lot Definition:

8.1.1 A lot for chemical analysis shall consist of one heat.

8.1.2 A lot for mechanical properties and grain size testing
shall consist of all material from the same heat, size, finish,
condition, and processed at one time.

8.2 Test Material Selection:

8.2.1 Chemical Analysis—Representative samples shall
be taken during pouring or subsequent processing.

8.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

8.2.2 Mechanical Properties and Grain Size—Samples of
the material to provide test specimens for mechanical
properties and grain size shall be taken from such locations
in each lot as to be representative of that lot.

9. Number of Tests

9.1 Chemical Analysis—One test per lot.
9.2 Mechanical Properties—One test per lot.

9.3 Grain Size—For alloys NO8810 and UNS NO08811,
one test per lot.

10. Specimen Preparation

10.1 The tension test specimen representing each lot shall
be taken from a forging or from a test prolongation.
10.2 The axis of the specimen shall be located at any point
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midway between the center and the surface of solid forgings
and at any point midway between the inner and outer
surfaces of the wall of hollow forgings, and shall be parallel to
the direction of greatest metal flow.

10.3 The specimens shall be the largest possible round
type shown in Test Methods E 8.

11. Test Methods

11.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical Analysis E 76, E 350, E 1473
Tension E8
Rounding Procedure E29
Grain Size E112

11.2 The measurement of average grain size may be
carried out by the planimetric method, the comparison
method, or the intercept method described in Test Methods
E 112. In case of dispute, the “referee” method for deter-
mining average grain size shall be the planimetric method.

11.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in
the following table, an observed value, or a calculated value,
shall be rounded as indicated as follows, in accordance with
the rounding method of Practice E 29:
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TABLE 1 Continued
Composition, X
Low-Carbon
NickeiMo-  NickekMo- o™ ek ) ch Chromium-  Chroms Nckel- Nickal- ° Cobelt- Nickel-
Chwomium  Chromium ""A':::" Molybdenum MOYDIUT  er  Molybderum Molybdenum  ABoy UNS Aoy UNS ":"h""""' Siicon Nazzo "itroeen
Moy NS MloyUNS ] Aoy UNS MC""ms'"’ Aloy  AloyUNS AloyUNS  NI10629  N10675 m" wms'" Alloy UNS Aoy UNS
NI02TE  NOBOZZ o NOB200 wNs NO6230  NOG617 Noesas | N12180 R20033
NOB031
Nickel remanderA remsinder” 23.50-2550 balance®  remainder” 30.0-320 remsnderA 445min  balawe  650min  remender romender® 99.04min | 30.0-33.0
Copper 0.75 max . 1318 1014 ... 0Smax  O5max  020mex ... 025max  0.30-120
¥on 40-70  20-60  remander” 15max  30max  belace® 30mex 30max 1060 1030 50max  35max  04Dmax  bekance
Manganese 10max  050max 200max 0Smax  050max 20max  030-1.00 10max 15 30max 075max 1Smax  035max 20
Carbon 0010 max 0015max 0030 max 0010max 0010max 0015 mex 005015 005015 0010mex 00Imex 000max O015max 015max  0.015 max
Siicon 008msx 008max 100max 0.10mex 008max O3max 025075 10max 005 010max 0OBmax 2430  035max 050
Sufr, max  0.03 002 0.030 0.005 0.010 0.010 0.015 0.015 0.01 0.010 0.02 0015 0.01 om
Chwomum  145-165 20.0-225 20.0-220 220-240 220-24D 260-280 200240 200240 0515  1.0-30  190-230  26.0-30.0 31.0-35.0
Auminum 01-04  05max 020050 0815 0105 050 max ... .
Titarkum . 0.6 max 020 max  0.02-025  0.20-0.80
Columbium (No) ... ...
+ tantalum
Molybdenum  15.0-17.0  125-145 6.00-7.00 150-165 150-170 60-70 1030 80100 260300 27.0-320 150-17.0 1.0 max 050-2.0
Phosphorus ~ 0.04 max 0.02 max 0040 max 0015max 0.025max 0.020 max 0.030 max 0.04 max 0.030 max  0.04 max 0.030 max 0.02 max
Tungsten 3.045 25-35 e . - 13.0-15.0 . - 3.0 max 3.044 1.0 max
Cabait 25max 2.5 max 03max 2.0 max 50max  100mn- 25 3.0 maxt 27.0-33.0t
15.0 max
Vanadium, max 0.35 0.35 020
Nitrogen 018025 ... . 015025 ... .. 0.35-0.60
Boron 0015 max  0.006 max
Lanthanum 0.005-0.050 ...
Aluminum + ..
Titanium
Nickel + .. 94.0-98.0
Molybdenum
Coumbiom .. 020 .. 10
(Nb), max
Tontakum, 020
max
Zrconkum 0.10
max
Cerium
Yttrium
4 Element shal be determined asithmeticalty by difference.
+ Editorially corrected.
Rounded Unit for Observed or with the results of the test, the producer or supplier may
Test Calculated Value

Chemical composition nearest unit in the last right-hand place
of figures of the specified limit
nearest 1000 psi (6.9 MPa)

nearest | %

Teasile strength, yield strength
Elongation
Grain size:
0.0024 in. (0.060 mm) or larger
less than 0.0024 in. (0.060 mm)

nearest multiple of 0.0002 in. (0.005 mm)
nearest multiple of 0.0001 in. (0.002 mm)

12. Inspection

12.1 Inspection of the material by the purchaser shall be
made as agreed upon between the purchaser and the seller as
part of the purchase contract.

13. Rejection and Rehearing

13.1 Material, tested by the purchaser, that fails to con-
form to the requirements of this specification may be
rejected. Rejection should be reported to the producer or
supplier promptly and in writing. In case of dissatisfaction
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make claim for a rehearing,

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the pur-
chaser stating that material has been manufactured, tested,
and inspected in accordance with this specification, and that
the test results on representative samples meet specification
requirements. When specified in the purchase order or
contract, a report of the test results shall be furnished.

15. Product Marking

15.1 The material shall be marked legibly with the name
of the material, this specification number, the heat number
and condition, and such other information as may be
defined in the contract or order.

16. Keywords
16.1 nickel alloy forgings
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Variations

aTT M

Element

Specified Limit of Element, %

Variation under min. or
over max of the Specified
Limit of Element

Nickel

Sutfur
Chromium

Titaniom
Columbium (Nb) +
tantalum

Motybdenum

Tungsten

Vanadium

Boron

Lanthanum
Zirconium

Yttrium

over 20.00 to 30.00, inc
over 30.00 to 40.00, inc!
over 40.00 to 60.00, inc!
over 60.00 to 80.00, inci
over 80.00 to 99.00, ind
up 10 0.20, inc

over 0.20 to 0.50, incl
over 0.50 to 5.00, incl
over 20.00 to 30.00, incl
over 30.00 to 40.00, inci
up to 020, indl

over 0.20 to 0.75, incl
over 0.75 to 2.50, incl
over 2.50 t0 5.00, ind
over 5.00 to 10.00, ind
over 10.00 to 15.00, inc
over 30.00 to 50.00, incl
up to 1.00, ind

aver 1.00 to 3.00, ind
up to 0.02, ind

over 0.02 to 0.20, inc!
over 0.20 to 0.60, indl
over 0.05 to 0.25, incl
over 0.25 to 0.50, ind
over 0.50 to 1.00, inc!
over 1.00 to 4.50, inci
up to 0.02, inci

over 0.02 to 0.060, ind
up to 5.0, ind

over 5.00 to 15.00, inc
over 15.00 to 25.00, inci
over 25.00 to 35.00, ind
over 0.10 to 0.50, incl
over 0.50 to 2,00, ind
over 2.00 to 5.00, inc!
over 0.10 to 0.50, incl
over 0.50 to 1.00, ind
over 1.00 to 2.00, incl
up to 1.50, ind

over 1.50 to 3.00, ind
over 3.0 to 5.0, ind

up to 1.00, incl

over 1.00 to 3.00, inc
over 3.00 to 5.00, ind
over 5.0 to 20.0, incl
over 20.00 to 30.00, inct
over 30.00 to 40.00, ind
up to 0.04, ind

up to 1.00, ind

over 1.50 to 3.00, incl
over 3.00 to 5.00, inc!
over 10.0 to 20.0, ind
over 0.20 to 1.00, incl
over 1.00 to 5.00, incl
over 25.00 to 30.00, incl
over 30.00 to 35.00, incl
up to 0.50, ind

up to 0.25, incl

over 0.25 to 0.35, ind
over 0.35 to 0.45, inci
over 0.45 to 0.60, incl
up to 0.20, ind

up to 0.01, ind

up to 0.20, inc

up to 0.10, incl

up to 0.050, ind

over 0.050 t0 0.10, incl
over 0.10 to 0.20, inct
up to 0.50, ind

over 0.050 to 0.10, incd

over 0.10 to 0.20, ind

025
0.30
0.35
0.45
0.60
0.02
0.03
0.04
0.15
0.20
0.02
0.03
0.05
0.07
0.10
0.15
0.45
0.03
0.04
0.005
0.01
0.02
0.02
0.03
0.05
0.10
0.003
0.005
0.10
0.15
0.25
0.30
0.05
0.10
020
0.03
0.04
0.05
0.05
0.10
0.15
0.03
0.05
0.10
0.15
025
0.35
0.005
0.04
0.10
015
025
0.03
0.05
0.30
035
0.04
0.01
0.030
0.040
0.050
0.005
0.002
0.005
0.01
0.005
0.010
0.015
0.005
0.010
0.015
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TABLE 3 Mechanical Property Requirements TABLE 3 Continued
Maximum | Tensie | . Yied | Elongation Maximum | Tensie | Y | Elongation
Section | Strength, | StTength, in Section | Strength, | Stendth, n
Material and Condition 8 . : 02% 2in. or 50 Material and Condition 3 ) S 0.2% 2in. or 50
Thickness, | min, ksi . Thickness, [ min, ksi .
in. (mm) (MPa) Offset, min, | mm or 40, in. (mm) (MPs) Offset, min,| mm or 4D,
: ksi (MPa) min, % ) ksi (MPa) min, %
Nickel alloy UNS N02200, .. 55 (380) | 15 (105) 40 Low-carbon nickel-molyb- .. 100 (690) | 45 (310) 45
annealed denum-chromium alloy
Nickel-copper alloy UNS .- 70 (483) | 25 (172) 35 UNS N06022
N04400, annealed Iron-nickel-chromium-motyb- . 95 (655) | 45 (310) 30
Nickel-chromium-iron alioy .. 80 (552) | 35 (241) 30 denum-nitrogen alloy
UNS NO06600, annealed UNS NO8367
UNS NO6690, annealed .. 85 (586) | 35 (241) 30 Low-carbon nickel-ron- 94 (650) | 40(276) 40
Low-carbon nickel-chromium e 100(690) | 45(310) 45 chromium-molybdenum-
molybdenum alloy UNS copper-alioy UNS NOB031
NOG059 Nickel-chromium-tungsten- ce 110(758) | 45(310) 40
Low-carbon nickechromium- c.. 100 (690) | 41 (283) 45 molybdenum alloy UNS
motybdenum-copper alloy N06230, annealed©
UNS N06200 Nickel-chromium-cobalt- . 95 (655) | 35 (241) 35
Nicket-iron-chromium alloys: molybdenum alloy UNS
Annealed (alloy UNS N08120) e 90 (621) | 40 (276) 30 NO06617
Annealed (alloy UNS NOBSOO)| ... 75 (517) | 30 (207) 30 Nickel-motybdenum alloy .. 110 (760) | 51 (350) 40
Annealed (alloys oo 65 (448) | 25(172) 30 UNS N10675, annealed
UNS NO08810 and Low-carbon nickel-chro- 100 (690) | 45(310) 45
UNS N0B811) miur-molybdenum-tung-
Nicket-chromium-molyb- up to 4 120 (827) | 60 (414) 30 sten alloy UNS NO6686
denum-columbium alloy (102), Nickel-cobalt-chromium cee 90 (620) | 35 (240) 40
UNS N06625, annealed inci -silicon alloy UNS N12160,
over 48 110 (758) | 50 (345) 25 annealed
(102) to Low-carbon chromium- 109 (750) | 55 (380) 40
10 (254) nickel-iron-nitrogen alioy
ind UNS R20033
Nicket-chromium-molyb- upto4d 95 (655) | 45 (310) 60 Nickel-molybdenum alloy UNS§ ... 110 (760) | 51 (350) 40
denum-tungsten alioy {102), indd N10629, annealed
UNS N06110, annealed over 4 90 (621) | 40 (276) 50 Nickel-chromium- e 94 (650) | 43 (300) 35
(102) to iron-aluminum alloy UNS
10 (254), NO6025, annealed
incl Nickel-chromium-iron-silicon . 90 (620) | 35 (240) 35
Nickel-iron-chromium- ... 85(586) | 35(241) 30 alloy UNS N06045, annealed
oy cosper LTy e e e —
) only.
Low carbon nickel-molyb- e 100 (690) | 41 (283) 40 . " .
denum-chromium alloy MBOver4t010-n.(102t02544mn)dlameterforpansnwmedﬁomfmged
UNS N10276, annealed © Solution annealed at a minimum temperature of 2150°F (1177°C) followed by

a water quench or rapidly cooled by other means.

The American Society for Testing and Materials takes no pasition respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the rasponsible technical committee and must be reviewed every five yoars and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsibie
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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