29th International Federation for
Heat Treatment and Surface

Engineering World Congress
(IFHTSE 2024)

Cleveland, Ohio, USA
30 September — 3 October 2024

ISBN: 979-8-3313-0547-5



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2024) by ASM International
All rights reserved.

Printed with permission by Curran Associates, Inc. (2024)

For permission requests, please contact ASM International
at the address below.

ASM International

9639 Kinsman Road

Materials Park, Ohio 44073-0002
USA

Phone: +1 440.338.5151
memberservicecenter@asminternational.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

Examination of an Agitation Apparatus Used for Determination of Heat Transfer Coefficients as a
Function of Flow and Surface TeMPETrature ...........ccccovieiiiiiiiiiiiiice e s 1
D. Scott MacKenzie, Xiaoyu Zhang

Vizualization Method for Vapor Film Collapse Mode on Liquid Quenching in Group Processing ................... 10
Tsuyoshi Sugimoto

Anisotropy and Metal Structure Characteristics of 3D Metal Printer Materials Due to Carburization .............. 16
Syun Goto, Tsuyoshi Sugimoto, Makoto Nanko, Natsumi Ideta

Evaluation of the Effect of Strain Accumulation on Dislocations and Grain Growth .............coeevvvviieeiiiiivnnnnn. 23
Kazuma Soda, Tsuyoshi Sugimoto, Nozomu Adachi

Tribological Performance of Ni-Based Self-Lubricating Claddings for High Temperature Forming
OF LAGIEWEIGNE ALLOYS ... ..veiiiiiiesiee sttt n e r et s e r e s R e e nre e nn e e n e e e e eneenne e 29
Bojan Podgornik, Barbara Setina-Batic, Manel Rodriguez Ripoll

How to Improve the Performance and Longevity of Induction Tooling Components...........cc.cecvevvereriniriennens 35
David Lynch

Characterization of Martensitic-Bainitic Mixed Microstructures Created by Inductive Short Time
AustempPering Of AIST AL140.......cooiiiieieee et s e e sr e e e e e e an e nn e e reene e nenree s 41
Benjamin Dollhofer, Christian Krdmer, Niki Nouri, Stefan Dietrich, Volker Schulze

Transformation Induced Plasticity During Precipitation Strengthening of Maraging Steels..........c.ccocvvninnene. 50
Niki Nouri, Stefan Dietrich, Volker Schulze

Partitioning Effects During the Heat Treatment of Martensitic Stainless Steels and Its
Consequences on Properties and for Practical APPliCAtiON .........cecveiviriiiiiiiiniiieie e 57
Reinhold Schneider, Simona Kresser, Horst Zunko, Christof Sommitsch

How Simulation and Modeling Lower Prototype and Startup COostS.........covvviiiiiiviiiiiiiiiescseeece s 67
Joseph Luellen

Laser Heat Treating on Automotive Dies and Tooling COMPONENLS .........c.eiereiierieriinenesriseeieesrese e 73
Aravind Jonnalagadda

Automated Laser Cleaning/Ablation as a Novel Tool in Aerospace Manufacturing..........c.cceevevvevveviiininnnnns 79

Dmitri Novikov, Toby Strite

Improvement of Mechanical Properties by Austenitic Nitriding and Quenching............c.covvvvvieiieninenenennnn 84
Masahiro Okumiya, Koichiro Nambu, Sou Mizutani, Kaname Ito, Makoto Fujita, Masashi
Yoshida, Junji Miyamoto

Film Properties of Si-DLC Intermediate Layer with Different Gas Compositions and DLC with
(07 5 K € T PSP PR SOPR PRSPPI 89
Atsuki Okano, Akio Nishimoto

CoCrFeNiTi High-Entropy Sintered Alloy with Metal Screen Direct Current Plasma Nitriding....................... 97
Akito Fujii, Akio Nishimoto



Effect of Si-DLC Intermediate Layer on Duplex Process of Plasma Nitriding and Diamond-Like
Carbon-Coating DEPOSILION .......uueiieeieeiieiiii ittt sre e bt e e sae e sb e e sb e e b e e b e e s beeseesreesreenreenreennas 107
Karen Yamauchi, Akio Nishimoto

Low Temperature Direct Current Plasma Nitriding of Ferritic Stainless Steel with Metal Screen.................... 114
Ojiro Kishimoto, Akio Nishimoto

Intensively Quenched Steels for Stronger Parts ... 122
Michael Aronov, Ed Rylicki, Chris Pedder

Sources of Heat Treatment Distortion and Approaches for Distortion Reduction During Quench
HArdENINg PIOCESS ...ttt e b e bbb e bbbt e e nn e n e r e er s 132
Zhichao (Charlie) Li, B. Lynn Ferguson, Edward Lee, Stefan Habean, Jason Meyer

Active-Screen Plasma Nitriding of an Austenitic Stainless Steel Small Thin Rolled Plate..............cccocvnninee. 139
Kenzo Sumiya, Shinkichi Tokuyama, Tatsuyuki Aoki, Junichi Fukui, Atsushi Nishiyama, Akio
Nishimoto

Short Time Tempering on 39MnCrB6-2 Steel to Find Best Compromise Between Mechanical
Properties and Use of Copper-RiCh SCIaps..........ciiiiiiiiiiiiiiiice e 145
C. Stocky, D. Reyes Acevedo, S. Clemang, F. Maurigh

Identification of Thermal Boundary Conditions During Industrial Quenching (Air Transfer Plus

Mineralized Oil Immersion) of @ HOLOW CYINAET ........cccooiieiiiiiiiiiic e 152
Gamaliel Salazar, Jean-Sebastien Lemyre-Baron, Mohammad Jahazi, Henri Champliaud,
Antoine Tahan

Advancements in Steel Hardening Distortion Control Using a 4-Dimension High-Pressure Gas

QUENChING (4DQ) SYSTEIM ...vviitieiieitie ittt ettt ettt bbb e st e sb e b e ae e ae e sbeesb e e bt et e e sbe s s e e sbeesbeenbeeneeannas 160
Tom Hart
Sub-Zero Treatment of 17-4PH Stainless Steel Manufactured by Laser Powder Bed Fusion.............cc.ccoee. 167

Ellen K. Troyanosky, Jianyu Liang, Thomas L. Christiansen

Post-Process Heat Treatment of Tool Steel Dies Repaired by Laser Direct Energy Deposition....................... 173
Massimo Pellizzari, Zhao Zhao, Edoardo Tronconi, Matteo Perini, Sasan Amirabdollahian,
Faraz Deirmina

Hot Ductility of 70/30 Copper-NICKel ALLOYS.......cviiiiririiiiiiiiiieiee st 179
Matthew Caruso, Samuel Crowley, Lesley Frame

Optimization of the Post-Heat Treatment of Additively Manufactured IN625............ccoveviiiiniinienieneeieee, 183
Alber Sadek

Effects of Thermal Processing History on Microstructure and Local Hardness in a Bainitic TRIP

Mitchell H. Shields, John G. Speer, Kip O. Findley, Fares Haddad

Cooling Curve Analysis of a PAG Polymer Quenchant Using Two Spray Quench Rings Designs ................. 201
Sergio Gallegos-Cantu, D. Scott MacKenzie, Bernardo Hernandez-Morales

Influence of Time and Temperature on Decarburization Rates for AISI 52100 Steel ..........ccocvvvvevenininiinnnnn. 208
Matthew Carragher, Harold Brody, Lesley Frame

Coupled CFD and Part Distortion Modeling for Gas Quenching Applications...........ccccvevvrierinerieeneeneeneennn. 212
Lei Zhang, Greg Petrus, James Miller



Microstructural Development and Fracture Behavior After Rapid Tempering in the Tempered
Martensite Embrittlement Regime of 1045 Steel ..o 220
M.J. Jacobs, R.L. Cryderman, K.O. Findley, J.G. Speer

Thermally Activated Martensite Formation: An Essential Revision of the Physical Metallurgy of
Matteo Villa, Basit Ali, Marcel A. J. Somers

Residual Stress Measurement ACIOSS the SCALES .....uuuviiiiiiiiiiiiiiii i e e saans 234
Frank Niessen, Matteo Villa, Marcel A.J. Somers

Computational Heuristics for Prediction of Heat Transfer Characteristics of Quenchants............cccccccvevereennen. 239
Imre Felde
Effect of Quench Rate on PFZ Width in 7xxx Aluminum ATIOYS .....cccoiieiiiniiiiiieiicreesceee e 244

D. Scott MacKenzie

Microstructure Optimization of High Carbon Steels for Additive Manufacturing, Heat Treatment,
and INterstitial ATIOYINE .....coviiiiiiiiei e 251
Qianchen Zeng, Thomas L. Christiansen

Overview of Professor Tatsuo Inoue’s Contributions to the Field of Heat Treatment Simulation.................... 257
Kyozo Arimoto

True Gas Sensing in Vacuum and Atmosphere, Where RGAS Fail to GO ......ccceoveviiiiiiniiiiiiicce 266
Joe Brindley, Benoit Daniel, Kieran Massey, Victor Bellido-Gonzalez, Dermot Monaghan,
Thomas Wingens

Impact of Quenching Intensity Conditions on Using a Finite Element Model to Investigate the

Microstructure and Hardenability of LOW-ALOY Steel.........ccoiiiiiiiiiiiieieenece e 272
J.S. Alabi, E. Heidari, M.F. Buchely, K. Chandrashekhara, S.N. Lekakh, R.J. O ’Malley, V.
Athavale, A. Kumar

Modeling Alloy Carbide Formation and Coarsening During High-Temperature Tempering of
FErITiUM CO4 STEEL ....o.viiiiiiiiiiii st a bbbt e sr e 281
Jason Meyer, Zhichao (Charlie) Li

Effects of Surface Induction Hardening on the Torsional Fatigue Performance of Previously

Carburized Modified 4121 StEel......ciiuiiiiiiie ettt e st e te e te e tesreesreesreesreeneeeneas 288
Benjamin H. Tanous, Kip O. Findley, Robert L. Cryderman, and Emmanuel De Moor, Jim
Farago, Chris Fantauzzi, Brian Marshall, Robert C. Goldstein

Surface Modification of Copper by Resin Particle Peening Treatment ...........c.ceveereiieiiiiienieneeneeeeienens 297
Koichiro Nambu, Ryuji Kunimatsu

Tempering Behavior of Low Alloy Case Hardening Steels with Bainitic and Martensitic
B e s 1o 1DV TR 301
Matthias Steinbacher, Rainer Fechte-Heinen, Gerrit Hellenbrandt

Liquid Nitrocarburizing with Low Environmental Impact for Tribological Applications:

Development and Continuous Improvement of a Sustainable Thermochemical Treatment Through

Life Cycle AsSeSSMENt MEthOM .........oviiiiiiiriiiiieie et 309
Philippe Grangier

Innovation in AIS1 M2 Steel Through Additive Manufacturing and Induction Heat Treatment....................... 312
D. Nachazelova, M. Koukolikova, M. Brazda, M. Urbanek



In Situ High-Energy XRD Determination and Modeling of Internal Stresses During Heat Treatment

of Carburized and Carbonitrided Low-Alloyed StEels .........cooiriiiiiiiiiiiiiiie e 316
J. Teixeira, K. Jeyabalan, G. Geandier, J. Dulcy, B. Denand, S. Denis, M-R. Chini, S.D.
Catteau, M. Courteaux

Application of Miniature Testing Specimens for Mechanical Characterization of Materials After
| (LA ST 240 1S oL RO PTRR P 321
Eva Chvostova

Effects of Carbon and Nitrogen Concentrations on Precipitation Sequence During Tempering of
Martensitic Steels Investigated by Advanced Experimental Methods and Modeling.............ccocovverveneenennn. 327
J. Teixeira, M. Salazar, J. Macchi, S. Gaudez, G. Geandier, S. Allain, S. Denis, F. Danoix

Impact of Solidification Segregation on the Thermal Stability of Oxides and Nitrides in Additively
Manufactured 316L Austenitic Stainless STEEl ..........coviiiiiiiiiiii 332
lan J. Wietecha-Reiman, Todd A. Palmer

Developing Statistical Tools to Analyze Contributions to the Fatigue Performance of Additively
ManUFACTUIEd IMALEIIALS. ... .eevviiiieiie ettt ettt s te e ste et et e e st e saeesbeebeenbeenbeereesreesreesbeeneeaneas 338
lan J. Wietecha-Reiman, Todd A. Palmer

Characterization of Advanced High-Strength Steels by Mechanical Testing and Fracture Analysis................ 346
César A. Salazar, Rafael Colas, Miguel A. Quiriones, Luis E. Hernandez, Imre Felde

Study of Critical Temperatures for an Hypoeutectoid Steel Cooled by Forced Convection.............ccecveurnnnnns 352
Maria Isabel Bucio-Herrejon, Monserrat Sofia Lopez-Cornejo, Héctor Javier Vergara-
Herndndez, Octavio Vazquez-Gomez

Application of ICME Models to Quality Development for Heat Treatment ............cccocovvininiiiiinicicinncn 358
Mark VanAlstine, Chip DeGrace, Justin Persinger

A Novel Oxygen Free Ferritic Nitro Carburizing ProCESS.........cviveieiiiriiiinisesieieese s 366
PH. Gundel

Author Index





