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Special Notes

AFI publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, anc federal laws and regulations should be reviewed.

Neither AFI ror zny of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or repiesentation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contair.2d 'ierein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assijneas represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anvone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the*da'a contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this pr:urr'cation and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for thie /violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the *road availability of proven, sound engineering and operating
practices. These publications are not intended to cbviate the need for applying sound engineering judgment
regarding when and where these publications shouid b utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from usiry ¢ ny other practices.

Any manufacturer marking equipment or materials in conforianze with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Classified areas may vary depending on the location, conditions, equ’m<ni. and substances involved in any given
situation. Users of this Standard should consult with the appropriate authori’ies'having jurisdiction.

Users of this Standard should not rely exclusively on the information contained ir-ihis document. Sound business,
scientific, engineering, and safety judgment should be used in employing the inform tici. contained herein.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2015 American Petroleum Institute
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Foreword

Nothir.g cratained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in */ie publication be construed as insuring anyone against liability for infringement of letters patent.

Shall: As used in a st=ndard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a stundard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the specitication.

This document was produccd under API standardization procedures that ensure appropriate notification and
participation in the developrien.! process and is designated as an API standard. Questions concerning the
interpretation of the content of this zuhlication or comments and questions concerning the procedures under which
this publication was developed shouid be directed in writing to the Director of Standards, American Petroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all or any part
of the material published herein should also "ye e«ddressed to the director.

Generally, API standards are reviewed and revises, 12affirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this revierv cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8501). A catalog of API publications and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20005

Suggested revisions are invited and should be submitted to the Stendards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Date of Issue: February 2019

Affected Publication: APl Standard 6ACRA, Age-hardened Nickel-based Alloys for Oil and Gas
Drilling and Production Equipment, First Edition, August 2015

Addendum 3

Section 1.1 shall be replaced with the following:

1.1 Purpose

This document provides requirements for age-hardened nickel-base alloys that are intendea to
supplement the existing requirements of API 6A. For downhole applications, refer to AP 5CRA.

These additional requirements include detailed process control requirements and detaile ! testing
requirements. The purpose of these additional requirements is to ensure that the age-hardened
nickel-base alloys used in the manufacture of API 6A pressure-containing and.ore_=! re-controlling
components are not embrittled by the presence of an excessive level of d=leterious phases and
meet the minimum metallurgical quality requirements.

NOTE Failures attributed to hydrogen-induced stress cracking (HISC) have L ¢n reported in production
equipment and early in the life of subsea equipment made from age-hrde ned nickel-base alloys. Some age-
hardened nickel-base alloys that meet the requirements of NACE 1'.Cc175 and APl 6ACRA may be
susceptible to HISC. Sources of hydrogen charging include but are 1ot limi.2d to galvanic coupling to a more
active material, direct exposure to seawater with cathodic protectiol. (CF ), and decomposition of brines. The
industry is evaluating alternate test methods and/or acceptanc. cri>ria 1o identify material with susceptibility to
HISC.

In the table of contents, the entries for figures A..2 through A.17 shall be amended to the
following:

A.10 Acceptable Microstructure for Ui!'S N0925, UNS N09935, UNS N09945, UNS N09946,
UNS N09955, UNS NO7716, ant: U S INOT725 ....ooieiiieiieiie et 28
A.11 Acceptable Microstructure <or IN5 N09925, UNS N09935, UNS N09945, UNS N09946,
UNS NO09955, UNS NO77.6, and UNS NO7725 Showing Isolated Grain Boundary
L =Yoo Y1 =14 [0 o R SRR URRPRTI 29
A.12 Acceptable Microstricture for UNS N09925, UNS N09935, UNS N09945, UNS N09946,
UNS NO09955, UNS 127716, and UNS NO7725 Showing Partial Coverage of Grain
Boundaries with Sccond Phase PartiCles ... 30
A.13 Acceptable i icrostructure for UNS N09925, UNS N09935, UNS N09945, UNS N09946,
UNS NO09955, ‘NS NO7716, and UNS NO7725 Showing Partial Coverage of Grain
Boundaries with Second Phase Particles ... 31
A.14 Unac-ceytable Microstructure for UNS N09925, UNS NO09935, UNS NO09945, UNS
N0994C UNS N09955, UNS NO07716, and UNS NO7725 Showing Full Coverage of Grain
Eoundaries with Second Phase PartiCles ... 32
/.15 acceptable Microstructure for UNS N09925, UNS N09935, UNS NO09945, UNS
N0)946, UNS NO09955, UNS NO7716, and UNS NO7725 Showing Acicular Grain
2T 10T o Lo K= UV o =TT 1 011 = L= USROS 33
A.16 Unacceptable Microstructure for UNS NO09925, UNS NO09935, UNS NO09945, UNS
N09946, UNS N09955, UNS NO7716, and UNS NO7725 Due To Acicular Precipitates ...34
A.17 Unacceptable Microstructure for UNS NO09925, UNS NO09935, UNS NO09945, UNS
N09946, UNS NO09955, UNS NO07716, and UNS NO7725 Showing Grain Boundary
PrECIPITALES ..ttt et e st e e s bt e e ab et e e e e nnnee s 35
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Table 1: Replace Table 1 with the following:

Table 1—Chemical Composition ¢d

a

b

4

4

L

UNS Number
Element NO7716 NO7718 NO7725 N09925 N09935 N09945 N09946 N09955
Ni 59.0t0 63.0 50.0t0 55.0 550t059.0 | 420t046.0 350t0380 46.5t0 48.0 52.0t0 550 55.0t060.0
Cr 19.0t0 22.0 17.0t0 21.0 19.0t0225 | 195t0225 19.5t022.0 19.5t023.0 19.5t0225 20.0tc24.0
Fea Balance Balance Balance 22 min Balance Balance Balance Balance
Nb 2.75t0 4.00 — 2.75t04.00 | 0.08t00.50 0.20to 1.00 2.80t03.50 3.80to 4.50 40to5.5
Cb(Nb) — 4.87 10 5.20 — — — — — -
+Ta
Mo 7.00t0 9.50 2.80t03.30 7.00t09.50 | 2.50t03.50 3.00to 5.00 3.00t0 4.00 3.00t04.00 |, S5 77
Ti 1.00t0 1.60 0.80t0 1.15 1.00t01.70 | 1.90t02.40 | 1.80t02.50 | 0.50t02.50 | 0.50t02.50 0..7to1.00
0.35 0.35 0.50
Al max 0.40t0 0.60 max 0.10t0 0.50 max 0.01t00.70 0.01. 27\ 0.25t00.80
0.030 0.045 0.030 0.025 0.030 0.005 to 0.0 5to 0.030
c max max max max max 0.040 0.050 max
_ 1.00 _ _ 1.00 N _ 1.00
Co max max max
0.20 0.35 0.35 1.00 1.00 1.00 1.00 0.50
Mn max max max max max max max max
. 0.20 0.35 0.20 0.35 0.3% 0.50 0.50 0.50
Si max max max max ma; max max max
0.015 0.010 0.015 0.020 0.75% = 0.020 0.020 0.015
P max max max max man max max max
0.010 0.010 0.010 0.003 ‘ 0.v01 0.010 0.010 0.0010
s max max max max max max max max
0.006 0.0060 _ _ _ _ _ 0.0060
B max max max
0.23 0.23 . 150 to 1.00 to 1.50 to 150to 0.044
Cu max mex 200 2.00 3.00 3.00 max
0.001 0.0010 h
Pb max max | v - - - - -
00005 O
Se - max 2 - - - - -
. 0.0rZC7
Bi - 1ax - - - - - -
0,007
Cab - max - - - - - -
" 0.0060
mMg® - max - - - - - -
W — | — — — 1.00 max — — —

Shall be deter, -ined arithmetically by difference or by direct measurement.

To be deterr, ned if intentionally added.

Son = limits are more restrictive than the UNS chemistry.

2 'ue not required
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Section 4.1.2.1.3: Replace the section header with the following:

41213

UNS N09925, UNS N09935, UNS N09945, UNS N09946, and UNS N09955

Table 2: The table shall be updated as indicated by the red boxes:

Table 2—Heat Treatment Procedures

Solution Annealing Age Hardening
Material Material Time Material Temperature
UNS Designation Temperature {hours) and Time
1310 °F-1455 °F (710 °C-791 °C) for 4-9 hours, furnace |
120K 1875 °F—1925 °F |
NO7716 b OF_ 0 0 o
140K (1024 9C-1052 °C) 05to4 cogl to_1125 F-1275 F_(§07 Ch 691 °C), and hold for ~tal
aging time of 12 hours minimum
1870 °F—1925 °F =
a OoF_— 0 o, 0, — S
120K (1021 °C—1052° C) 1t025 1425 °F-1475 °F (774 °C-802 °C) for 6-8 hours
1870 °F—1925 °F
140K a OF— 0 oC— [ 28 b
NO7718 (1021 9C—1052 ©C) 1t025 1400 °F-1475 °F (760 °C-802 °C) for | ours
1282 °F-1382 °F (700 °C-75C °C) for 2 hour , minimum,
OF_ 0 4
150K 1870 1925 °F 11235 furnace cool to 1112 SF—1207 OF |00 >C—650 °C), and hold
(1021 °C—-1052 °C) L
for 8 hours minimum @
OF— o UL 774 CJior -9 hours, mrnace |
1875 OF—1950 OF . T35 PF=T425 "F (/18 ¥C w) Tor ours, urnace
NO7725 120K 05to4 cool to 1125 °F—1775 °F (60, °C-691 °C), and hold for total
(1024 °C—1066 °C) N L
aging time ot 2 h surs minimum P
1825 OF—1925 OF 1325 OF—1400 ©_ 714 “C—760 C) for 4-8 hours, furnace
N08925 110K 05tc 49 cool to 1725 °F-12.3 °F (607 °C-660 °C), and hold for total
(996 °C-1052 °C) ® . L b
aging time 2f 12 Aours minimum
15 0L 14 o o [¢] —
1870 OF—1975 OF 1,15 %F 1435 OF (729 °C-779 °C) for 4-9 hours, furnace
N08935 110K 05tc 489 ~ool .~ 1165 °F-1255 °F (629 °C- 679 °C), and hold for total
(1021 °C- 1079 °C) ) s b
|| agirg time of 12 hours minimum
1800 F—1950F 1200 °F-1350 °F (677 °C-732 °C) for 4-9 hours, furnace
N0OS945 125K 05to4@ cool to 1110 °F-1180 °F (599 °C-643 °C), and hold for total
(982 °C-1066°C) N L b
aging time of 12 hours minimum
1868 °F—1976 °F
N08955 120K - a OF_ 0 [T 0 _ d
(1020 9C—1080 £3) Sto B 1328 °F-1436 °F (720 °C-780 °C) for 4-8 hours
N & 1328 9F—1436 OF (720 9C—780 9C) for 4—8 hours, air cooling
1868 °F- 976 = to room temperature, heating at 1112 °F to 1202 °F (600 °C-
N08955 140K a ’
(1026 2180 °C) 0.5to6 650 °C) and hold for a combined total aging time for both
cycles of 10 hours minimum d
00 1950 °F 1250 °F-1350 °F (677 °C-732 °C) for 4-9 hours, furnace
N08946 140K y 05tc 482 cool to 1110 °F—1180 °F (599 °C-643 °C), and hold for total
(982 °C-1066 °C) N L
aging time of 12 hours minimum b
[o] = [+] o0 ] —
1800 F—1925 OF 1250 0F—1350 OF (677 9C—732 °C) for 4-9 hours, furnace
N08946 150K (882 °C-1052 °C) 05to4 2 cool to 1110 °F=1190 °F (599 °C-643 °C), and hold for total
aging time of 12 hours minimum P
| 1825 OF—1950 OF 1250 °F-1350 °F (677 °C-732 °C) for 4-9 hours, furnace
N08946 160K 05tc 49 cool to 1110 °F-1180 °F (599 °C-643 °C), and hold for total
(996 °C-1066 °C) o s b
| aging time of 12 hours minimum
a2 200l N air, inert gas, water, polymer, or oil to ambient temperature. Air cooling or inert gas cooling of section thickness greater than 3 inches
shan < ly be upon agreement between purchaser, manufacturer, and end user.
b ~ool in air, inert gas, water, polymer, or oil to ambient temperature.
Air cool or faster.
|d Air cool.
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Table 5: The table shall be updated as indicated by the red boxes:

Table 5—Tensile Requirements

UNS Material QTC Cross-section 0.2% Yield 0.2% Yield Tensile Elongation Reduction
number | Designation Thickness * Strength Min. Strength Max. Strength Min. in 4D Min. of Area Min.
g in. (mm) ksi (MPa) ksi (MPa) ksi (MPa) % %
120K <10 (254) 120 (827) 150 (1034) 150 (1034) 20 35
NOT715 =10 (254) 120 (827) 150 (1034) 150 (1034) 20 25
140K <10 (254) 140 (965) 160 (1103) 165 (1138) 18 30
>10 (254) 140 (965) 160 (1103) 165 (1138) 18 20
120K <10 (254) 120 (827) 145 (1000) 150 (1034) 20 35
>10 (254) 120 (827) 145 (1000) 150 (1034) 20 25 _I
<10 (254) 140 (965) 150 (1034) 165 (1138) 20 35
NQO7718 140K —
=10 (254) 140 (965) 150 (1034) 165 (1138) 20 25
150K <10 (254) 150 (1034) 175 (1207) 175 (1207) 20 35
>10 (254) 150 (1034) 175 (1207) 175 (1207) 20 25
<10 (254) 120 (827) 150 (1034) 150 (1034) 2n 35
NO7725 120K -
>10 (254) 120 (827) 150 (1034) 150 (1034) 20 25
<10 (254) 110 (758) 140 (965) 140 (965) 18 25
N08925 110K —
>10 (254) 110 (758) 140 (965) 140 (9€%) o 20
<10 (254) 110 (758) 140 (965) 140 (965) 18 25
N0O8935 110K -
>10 (254) 110 (758) 140 (965) 140(965) 18 20
<10 (254) 125 (862) 155 (1069) S0 1034) 18 25
N08945 125K g
=10 (254) 125 (862) 155 (1069) 150 1034) 18 20
120K <10 (254) 120 (827) 145 (1000) 141 (1034) 25 45
NO99SS >10 (254) 120 (827) 145 (. 200) 150 (1034) 25 40
140K <10 (254) 140 (965) 1557106y 165 (1138) 20 40
>10 (254) 140 (965) 1 5(1009) 165 (1138) 20 35
140K <10 (254) 140 (965) 165 .1 38) 165 (1138) 18 25
=10 (254) 140 (965} 165 (1138) 165 (1138) 18 20
210 (254) 150 (11°24) 170 (1172) 170 (1172) 18 25
N099486 150K Ny
>10 (254) 150 1051 170 (1172) 170 (1172) 18 20
160K <10 (254) 160 (1105) 180 (1241) 180 (1241) 18 25
=10 (254) L 607.103) 180 (1241) 180 (1241) 18 20
QTC cross-section thickness at time of heat tre \tme. ¢



https://www.stdhive.com/standards/api-std-6acra2015-pdf/

Table 6: The table shall be updated as indicated by the red boxes:

Table 6—Charpy V-notch Impact Toughness Requirements (10 mm x 10 mm)

Minimum Minimum Minimurm
UNS Material QTC Cross-section 2 . . ) Lateral
Number Designation Thickness Orfentation b Average Single Expansion
in. (mm) ft-lbs (J) ft-lbs (J) in. (mm)
<3 (76) Longitudinal 40 (54) 35 (47) 0.015(0.38)
120K = 3 (76) through 10 (254) Transverse 37 (50) 32 (43) 0.015 (0.38)
NO7716 =10 (254) Transverse 32(43) 27 (37) 0.015 (0.38)
<3 (76) Longitudinal 40 (54) 35 (47) 0.015(0.38)
140K 2 3 (76) through 10 (254) Transverse 30(41) 27 (37) 0.015 (0.38) N
> 10 (254) Transverse 3041 27 (37) 0.015 (0.3ﬁ_
<3(76) Longitudinal 50(68) 45 (61) 0.015(C.28)
120K 23 (76) through 10 (254) Transverse 35(47) 30 (41) J.010 10.36__
> 10 (254) Transverse 30 (41) 27 (37) 25000 |
<3 (76) Longitudinal 50 (68) 45 (61) 0.01270.38)
NO7718 140K 23 (76) through 10 (254) Transverse 35(47) 30 (41) _‘_ 0.015 (0.38)
=10 (254) Transverse 30(41) 27 (?7) 0.015(0.38)
<3 (76) Longitudinal 50 (68) 45 (61, 0.015(0.38)
150K 23 (76) through 10 (254) Transverse 35(47) 30, 1) 1 0015 (0.38)
=10 (254) Transverse 30(41) N (37) 0.015(0.38)
<3 (76) Longitudinal 40 (54) 25 (47) 0.015(0.38)
NO7725 120K 2 3 (76) through 10 (254) Transverse 751 32 (43) 0.015 (0.38)
=10 (254) Transverse 32 \_ ] 27 (37) 0.015 (0.38)
<3 (76) Longitudinal 3m7, 32 (43) 0.015(0.38)
N0O9925 110K 23 (76) through 10 (254) Transverse | 35 A7) 32 (43) 0.015 (0.38)
=10 (254) Transversg__l_ 35(47) 32 (43) 0.015(0.38)
<3 (76) Longit.unal 35(47) 30 (41) 0.015(0.38)
N09935 110K = 3 (76) through 10 (254) Trane ‘erse 30(41) 25 (34) 0.015 (0.38)
=10 (254) Transver;e 25(34) 20 (27) 0.015(0.38)
<3 (76) __Longitudinal 50(68) 45 (61) 0.015(0.38)
N09945 125K 2 3 (76) through 10 (254) | " Transverse 40 (54) 35 (47) 0.015 (0.38)
> 10 (254) T ' Transverse 3041 27 (37) 0.015(0.38)
<3 (76) A Longitudinal 45(61) 40 (54) 0.015(0.38)
140K 2 3 (76) throu_h 11:"'»‘5_’, Transverse 35(47) 30 (41) 0.015 (0.38)
> 1(,354, Transverse 30(41) 27 (37) 0.015(0.38)
3 (? Longitudinal 45(61) 40 (54) 0.015(0.38)
N09946 150K 27 (TFWough 10 (254) Transverse 35(47) 30 (41) 0.015 (0.38)
K t10(254) Transverse 30041 27 (37) 0.015(0.38)
160K ;> 3 (76) through 10 (254) Transverse 27 (37) 25 (34) 0.015 (0.38)
=10 (254) Transverse 27 (37) 25 (34) 0.015(0.38)
+ <3(76) Longitudinal 70(95) 65 (88) 0.025(0.64)
120K 2 3 (76) through 10 (254) Transverse 50(68) 45 (61) 0.025 (0.64)
Noggss ® SN > 10 (254) Transverse 45 (61) 40 (54) 0.020(0.51)
<3(76) Longitudinal 60(81) 55 (75) 0.020(0.51)
140K 2 3 (76) through 10 (254) Transverse 40 (54) 35 (47) 0.015 (0.38)
>10(254) Transverse 35(47) 30 (41) 0.015(0.38)

" “ross-section thickness at time of heat treatment.

b See 4 1.4.1 for specific requirements regarding the orientation.
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Table 7: The table shall be updated as indicated by the red boxes:

Table 7—Hardness Requirements

UNS Material Minimum Hardness Maximum Hardness
number Designation HRC (HBW) HRC (HBW)
120K 32 (@ 43 ()¢
NO7716
140K 34 (@) 43 (a)C
120K 32(® 40 (@b
NO7718 140K 34 (3 40 (@b
150K 35 (3) 45 (a)b TJ
NO7725 120K 32 (@ 43 (8)c " o
N0S925 110K 26 (@ 38 (@P
N0S935 110K 24 (3 34.@p
N09945 125K 32(8) 4z ap
140K 34 () 42@P
N09946 150K 35 (8) 46 (&)
160K 36 (@) 46 ()¢
120K 32 (@) 40 (@b
NO8955 _—
140K 34 (8 42 (ab

The conversion of hardness readings to or from cother scales is materal-dependent. The Rockwell C scale is the preferred
hardness method for hardness testing the family of alloys covered L AP 6ACRA since compliance with ANSI/NACE MRO175 is
frequently required and ANSI/NACE MRO175 specifies the maximum acceptable hardness limits using the Rockwell C scale.
When conversions from other hardness scales to the Roc«<well C scale are required or vice versa, one of two methods shall be
used:

— a hardness conversion agreed to by the equinme.l i anufacturer and the end user;
— ASTM E140 conversion.

When a conflict exists between Rockwei C s. ale hardness numbers and Brinell hardness numbers, the Rockwell C scale shall
be the referee method.

When a conversion cther than th= " ST ™ ! 40 conversion is utilized, the conversion method shall be documented and
traceable to test results.

In accordance with ASTM E 40, . "=, reporting converted hardness numbers, the measured hardness and test scale shall be
reported in parentheses. For ~ample, 20.0 HRC (228 HBW), where 20.0 HRC is the converted hardness value and 228 HBW
is the original measur :me: * value and test scale.

Maximum ha~"mess limits  hall be in accordance with ANSI/NACE MR0O175.

Thesu valuc - reprosent the least-restrictive hardness limits presented in ANSI/NACE MR0175 for the individual alloys.
See AN /NAC = MR0O175 for hardness limits for specific temperature and/or elemental sulfur environments.
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The captions for Figures A.10 through A.17 shall be replaced by the following:

Figure A.10—Acceptable Microstructure for UNS N09925, UNS N09935, UNS N09945,
UNS N09946, UNS N09955, UNS N07716, and UNS N0O7725

Figure A.11—Acceptable Microstructure for UNS N09925, UNS N09935, UNS N09945,
UNS N09946, UNS N09955, UNS N07716, and UNS N0O7725 Showing Isolated Grain
Boundary Precipitation

Figure A.12—Acceptable Microstructure for UNS N09925, UNS N09935, UNS N09945,
UNS N09946, UNS N09955, UNS N07716, and UNS NO7725 Showing Partial Coverage 01
Grain Boundaries with Second Phase Particles

Figure A.13—Acceptable Microstructure for UNS N09925, UNS N09935, UNSNNL 45,
UNS N09946, UNS N09955, UNS N07716, and UNS NO7725 Showing Partial Cove-age of
Grain Boundaries with Second Phase Particles

Figure A.14—Unacceptable Microstructure for UNS N09925, UNS N09S25, Ui.5 N09945,
UNS N09946, UNS N09955, UNS NO7716, and UNS N0O7725 Showing Fu'! Cc rerege of Grain
Boundaries with Second Phase Particles

Figure A.15—Unacceptable Microstructure for UNS N09925, UNS NJ9935, UNS N09945,
UNS N09946, UNS N09955, UNS NO7716, and UNS NO7.°25 Showing Acicular Grain
Boundary Precipitates

Figure A.16—Unacceptable Microstructure for Ui'S 1199525, UNS N09935, UNS N09945,
UNS N09946, UNS N09955, UNS N07716, and UNS 1:97,25 Due To Acicular Precipitates

Figure A.17—Unacceptable Microstructure for UM% N09925, UNS N09935, UNS N09945,
UNS N09946, UNS N09955, UNS N07716, and UNS NO7725 Showing Grain Boundary
Precipitotes
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Introduction

This standard for Age-Hardened Nickel-Based Alloys was formulated by the API Committee on Standardization of
Oilfield Equipment and Materials (CSOEM), Subcommittee on Valves and Wellhead Equipment (SC6), Materials
Task Group. It is based on the conclusions of a task group evaluation of requirements needed for Age-Hardened
Nickel-Based Alloys to supplement the existing requirements of API Specification 6A, Specification for Wellhead and

Christmas Tree Equipment.
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Age-hardened Nickel-based Alloys for Oil and Gas Drilling and
Production Equipment

1 Scope
1.1 Purpose

This document provides requirements for age-hardened nickel-base alloys that are intended to supplement the
existing requirements of API 6A. For downhole applications, refer to API 5CRA.

These additional requirements include detailed process control requirements and detailed testing requirements. The
purpose of these additional requirements is to ensure that the age-hardened nickel-base alloys used in the
manufacture of APl 6A pressure-containing and pressure-controlling components are not embrittied by the presence
of an excessive level of deleterious phases and meet the minimum metallurgical quality requirements.

NOTE Failures attributed to hydrogen-induced stress cracking (HISC) have been reported in production equipment and early in
the life of subsea equipment made from age-hardened nickel-base alloys. Some age-hardened nickel-base alloys that meet the
requirements of NACE MR0175 and APl 6ACRA may be susceptible to HISC. Sources of hydrogen charging include but are not
limited to galvanic coupling to a more active material, direct exposure to seawater with cathodic protection (CP), and
decomposition of brines. The industry is evaluating alternate test methods and/or acceptance criteria to identify material with
susceptibility to HISC.

1.2 Applicability
This standard is intended to apply to pressure-containing and pressure-controlling components as defined in APl 6A.

Requirements of this standard may be applied by voluntary conformance by a manufacturer, normative reference in
API 6A or other product specification(s), or by contractual agreement.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

API Specification 6A, Specification for Wellhead and Christmas Tree Equipment

ASTM A370 1, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM A604, Standard Practice for Macroetch Testing of Consumable Electrode Remelted Steel Bars and Billets

ASTM B880, Standard Specification for General Requirements for Chemical Check Analysis Limits for Nickel, Nickel
Alloys and Cobalt Alloys

ASTM E10, Standard Test Method for Brinell Hardness Test of Metallic Materials
ASTM E18, Standard Test Methods for Rockwell Hardness of Metallic Materials
ASTM E29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications

ASTM E110, Standard Test Method for Rockwell and Brinell Hardness of Metallic Materials by Portable Hardness
Testers

1 ASTM International, 100 Barr Harbor Drive, West Conshohocken, Pennsylvania 19428-2959. www.astm.org
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