
Author’s Accepted Manuscript

The role of phosphorus in precipitation behavior
and its effect on the creep properties of alumina-
forming austenitic heat-resistant steels

Min-Ho Jang, Jun-Yun Kang, Jae Hoon Jang, Tae-
Ho Lee, Changhee Lee

PII: S0921-5093(16)31505-2
DOI: http://dx.doi.org/10.1016/j.msea.2016.12.021
Reference: MSA34452

To appear in: Materials Science & Engineering A

Received date: 22 November 2016
Revised date: 2 December 2016
Accepted date: 5 December 2016

Cite this article as: Min-Ho Jang, Jun-Yun Kang, Jae Hoon Jang, Tae-Ho Lee
and Changhee Lee, The role of phosphorus in precipitation behavior and its effect
on the creep properties of alumina-forming austenitic heat-resistant steels,
Materials Science & Engineering A,
http://dx.doi.org/10.1016/j.msea.2016.12.021

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/msea

http://www.elsevier.com/locate/msea
http://dx.doi.org/10.1016/j.msea.2016.12.021
http://dx.doi.org/10.1016/j.msea.2016.12.021


- 1 - 

 

The role of phosphorus in precipitation behavior and its effect on the 

creep properties of alumina-forming austenitic heat-resistant steels 

 

Min-Ho Jang
a, b

, Jun-Yun Kang 
b
, Jae Hoon Jang 

b
, Tae-Ho Lee

b
, Changhee Lee 

a, *
 

a Division of Materials Science and Engineering, Hanyang University, Seongdong-ku, Seoul 133-791, Republic of 

Korea 

b Ferrous Alloy Department, Advanced Metallic Materials Division, Korea Institute of Materials Science, 797 

Changwondaero, Seongsangu, Changwon, Gyeongnam, 642-831, Republic of Korea 

 

* Corresponding author: Changhee Lee, Tel.+82 2 2220 0388:, Fax : +82 2 2293 4548). (E-

mail:chlee@hanyang.ac.kr 

 

Abstract 

The precipitation behavior and creep properties of lower phosphorus (P) alumina-forming 

austenitic (AFALP) heat-resistant steel were investigated and compared to those of AFA. The 

creep rupture time and hardness of the investigated steels were improved with the decrease of 

the P content. The TEM and EELS analyses confirmed an enhanced P concentration in the 

M23C6 precipitates along the grain boundaries. The P promoted the precipitation of M23C6 and 

also suppressed the precipitation of secondary NbC in the earlier stage of aging. The creep 

rupture time of AFA became shorter compared to AFALP due to the reduction in the fraction of 

secondary NbC which acts as a dominant strengthening phase during creep. The suppression of 

secondary NbC precipitation by P increased the Nb content in the austenite matrix and 

accelerated the precipitation of the Laves phase in the intermediate stage. However, the 

difference in Vickers hardness caused by Laves phase was not large in both alloys because the 

volume fraction of Laves phase strongly depended on the nominal content of Mo rather than Nb. 

The Vickers hardness at the earlier stage is determined by the precipitation of secondary NbC 

and the difference of the hardness maintained at the final stage. Thus, it is found that P degrades 
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