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Synopsis

Ferrium® PH48S™ steel was computationally designed using Integrated Computational Materials Engineering (ICME)
technologies and the Materials by Design methodology, which implements a systems engineering design framework that
considers the various interactions between chemistry, processing, microstructure and properties to achieve desired material
performance with lower development costs and faster transition to industry. Precipitation hardening stainless steels have high
strength, high toughness and good corrosion resistance. Since high mechanical properties can be obtained by heat treatment,
they have fewer restrictions on shape and dimensions than materials whose strength is obtained by cold working. Tailored to
achieve a fully martensitic microstructure with precipitation hardening and corrosion resistance, Ferrium® PHA8S™ steel was
initially designed by QuesTek Innovations LLC to replace cast Ti-6A41-4V components through lower cost, comparable specific
strength and improved corrosion resistance. Ferrium® PH48S™ steel possess excellent mechanical properties and good stress
corrosion cracking (SCC) resistance. In this study, in order to determine the potential of Ferrium® PH48S™ steel for various
applications, the material properties were evaluated in a lab-scale trial. The results show that Ferrium® PH48S™ steel has
higher strength and toughness than conventional precipitation hardening stainless steels, and also has good corrosion resistance.
It is expected that Ferrium®™ PH48S™ steel will contribute to weight reduction and miniaturization due to its good balance of
strength and toughness, and elimination of coating for corrosion protection due to its high corrosion resistance compared with
maraging steel and martensitic stainless steel.
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Table 1. Chemical composition (mass%).

Material Cr| Ni|Co|Mo| Ti | Al | Fe

Ferrium® PH48S™|115| 9 | 7 | 1.4|0.6 | 0.4 | Bal.
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Fig. 1. Schematic diagram of heat treatment condition.

Fig. 2. Microstructure after aging treatment at 520 °C for
2 hrs.
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Fig. 3. Rockwell hardness of Ferrium® PH48S™ after
aging treatment from 480 to 595 °C for 2 hrs.
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Fig. 4. Results of tensile test after aging treatment from

480 to 595 °C for 2 hrs.
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Fig. 6. Relationship between 0.2% proof stress and Charpy impact value (CVN: Charpy V-notch specimens) of various

alloys after aging treatment”.
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Fig. 8. Appearance photographs of 17-4PH, PH13-8Mo,
MAS1C, Alloy 465 and SUS403 after salt spray
test (35 °C, 5% NaCl, 96 hrs).
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Fig. 9. Corrosion rate of hydrochloric acid immersion test
(RT, 1%, 6 hrs) of Ferrium® PH48S™ 17-4PH,
PH13-8Mo, and Alloy 465.
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Fig. 10. Corrosion rate of sulfuric acid immersion test
(RT, 5%, 6 hrs) of Ferrium® PH48S™, 17-4PH,
PH13-8Mo, and Alloy 465.

Hotfrge > Hr i LR 2 7 >~ L A8 Ferrium® PH48S ™ DM EHE 1

4. ¥

37

=

<IVT A N RATHAEL R 2 7~ L 2§ Ferrium®
PH48S ™ % L EFMEIC X VEHI L, /o Nk EEZ T

12,

Fig. 11 IZRERIEH E D RLEN T A X =T %,

Fig. 12 IZBERIE ) LT EVEDORLER T A X — 2 2 1ER
L 7-. Ferrium® PH48S ™ (%, FEGFEOM HAELEI A 5> L
AN I RIEFICENRE - N T CARLE L, it

BEHIZOWTIE,

17-4PH 1213455 b DD, —iti e~

VT YA NRAT VL ARV —D U T ek

RS 5L BIFTH L.

PLEX D, Ferrium® PH48S ™ D EN /2GR EERI /N5

AN OREACR/DRLIZE T E 5. 5612,

~

FTUHA NRAT VLAYV I =Y L DR
TEHDMEND 720, AR Lo 720 O F LB AT |
HRAUREMED DY, ST OB TOEMISEIN

5.
Ferrium®
= SUS403 e
T
I [ Alloy 465[ UETEIY ]
steels
% PH13-8Mo
s SUS431 17-4PH
2 (SUS630)
(o)
= SUS420J2
SuUS440C

Yield stress

— High

Fig. 11. Schematic image of positioning of yield stress

and toughness.

SUS431

[ SUS403[ SUS420J2 }

Corrosion resistance — High

PH13-8Mo

Alloy 465

Ferrium®
PH48S™

SuUS440C
Maraging
steels

Yield stress

— High

Fig. 12. Schematic image of positioning of yield stress

and corrosion resistance.




38 BRI F kg 1S 2021 4

¥ Ferrium!3 QuesTek Innovations LLCD & Sk C 9.

% DSRI K [FFFER SR O B Sk i T3

% Custom 450, Custom 455, Custom 465(% Carpenter
Technology Corporation® §-£3#1:T# % CRS Holdings
Inc. DB ERFRE T

(3w

1) A7 Y LVAWMSE M A7 v L ASMEE 53, HT
TEHT AL, 1995, 640.

2) G.B.Olson and C.J. Kuehmann:Scr. Mater., 70(2014),
25.

3) C.J. Kuehmann and G. B. Olson: Mater. Sci. Technol.,
25(2009), 4, 472.

4) G. Pioszak: CHARACTERIZATION OF STRESS
CORROSION CRACKING (SCC) IN ULTRA-HIGH
STRENGTH STAINLESS STEEL, (2013).

5) QuesTek Innovations LLCT — % ¥ — b [ Ferrium®
PH48S™], (2012), 1.

-t

HfE s CLESE A /NIIEZ

Kerem Taskin



