
__________________________________________________________________________________________________________________________________________ 
SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely 
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.” 
SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and 
suggestions. 
Copyright © 2019 SAE International 
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
recording, or otherwise, without the prior written permission of SAE. 
TO PLACE A DOCUMENT ORDER: Tel:        877-606-7323 (inside USA and Canada) 
 Tel:        +1 724-776-4970 (outside USA) 
 Fax:       724-776-0790 
 Email:    CustomerService@sae.org 
SAE WEB ADDRESS: http://www.sae.org 

 SAE values your input. To provide feedback on this 
 Technical Report, please visit 
 http://standards.sae.org/AS5491D 

AEROSPACE 

STANDARD 
 

AS5491™ REV. D 

Issued 2000-12 
Revised 2007-11 
Reaffirmed 2013-10 
Stabilized 2019-07 
 
Superseding AS5491C 

Calculation of Electron Vacancy Number in Superalloys 

RATIONALE 

AS5491D stabilizes this standard because it contains mature technology that is not expected to change and thus no further 
revisions are anticipated. 

STABILIZED NOTICE 
 
AS5491D has been declared "STABILIZED" by SAE AMS Corrosion- and Heat-Resistant Alloys Committee F. This 
document will no longer be updated and may no longer represent standard industry practice. This document was stabilized 
because it contains mature technology that is not expected to change and thus no further revisions are anticipated. 
Previously this document was reaffirmed. This document was last technically updated in November, 2007. Users of this 
document should refer to the cognizant engineering organization for disposition of any issues with reports/certifications to 
this specification, including exceptions listed on the certification. 

NOTE: In many cases, the purchaser may represent a sub tier supplier and not the cognizant engineering organization. 

 

Full document details: SAE AS5491D

http://www.avadocuments.com/doc/sae-as5491d
http://www.avadocuments.com/doc/sae-as5491d


1. SCOPE 

1.1 Purpose 

This SAE Aerospace Standard (AS) establishes a uniform procedure for calculation of electron vacancy numbers in 
superalloys. It is intended for use by suppliers of raw materials and parts, typically castings, for which control of electron 
vacancy number is required by the raw material specification. 

1.2 Application 

This procedure has been used to estimate the potential for alloy phase instability by calculation of the density of electrons 
per atom in nickel-based superalloys. 

1.3 Background 

1.3.1 Complex, highly alloyed superalloys have been observed, for some alloy chemistries and under certain 
conditions, to form precipitated phases which can adversely affect strength and ductility. These phases, typically 
of a crystalline structure known as topologically close-packed, or TCP, appear after extended exposure at 
temperatures in the range from 1300 to 1650 °F (704 to 899 °C). Such phases include sigma (σ), mu (µ), or 
Laves. Their tendency to precipitate from the alloy matrix has been related by researchers such as Boesch and 
Slaney (see 2.1) and Woodyatt, et al. (see 2.2) to the density of electrons per atom as expressed by the electron 
vacancy number Nv, as shown in Equation 1, as follows: 
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where: 

Nv is the electron vacancy number for the alloy 

mi is the atomic mass fraction of the ith element in the alloy composition, and 

(Nv)i is the electron vacancy number of the ith element. 

Determination of the electron vacancy concentration requires an understanding of the phases which precipitate in 
superalloys as well as the sequence in which they form in the gamma matrix. In general, this sequence is (a) the 
precipitation of borides, (b) the precipitation of carbides, and (c) the formation of gamma prime. When these phase 
reactions are considered, and adjustments made to the composition to take them into account, the residual matrix 
composition may be determined. From that residual matrix the electron vacancy number is then calculated. 

1.3.2 The sequence of precipitation of strengthening phases is addressed as follows: 

1.3.2.1 Nickel, chromium, titanium, and molybdenum form a boride as (Mo0.5, Ti0.15, Cr0.25, Ni0.10)3B2. 

1.3.2.2 All carbon is assumed to form carbides of the type MC and M23C6. It is assumed that MC carbides take half the 
carbon, reacting in sequence with tantalum, columbium, zirconium, titanium, and vanadium. The remaining 
carbon then reacts with chromium, molybdenum, and tungsten to form Cr21(Mo,W)2C6. 

1.3.2.3 Gamma prime is formed from the remaining aluminum, titanium, hafnium, columbium, tantalum, 50 percent of 
the original amount of vanadium, and 3 percent of the original amount of chromium by combining with three 
times that total in nickel, i.e., Ni3 (Al, Ti, Cb, Hf, Ta, 0.5V, 0.03Cr). 

1.3.2.4 The remaining chromium content is adjusted for that lost due to formation of borides, carbides, and gamma 
prime. 

1.3.2.5 The remaining nickel content is adjusted for that tied up in boride and gamma prime formation. 
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3. TECHNICAL REQUIREMENTS 

3.1 Calculation of Nv 

3.1.1 Nv shall be calculated in the following order: 

3.1.1.1 Conversion of weight percentage to atomic percentage for each element 

3.1.1.2 Calculation of boron and carbide precipitation 

3.1.1.3 Calculation of gamma prime precipitation 

3.1.1.4 Calculation of the residual gamma matrix composition 

3.1.1.5 Determination of electron vacancy number, Nv 

3.1.2 It may be helpful to set up a matrix similar to Table 1 to facilitate recording compositions through the process of 
electron vacancy number calculation. 
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