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MISAD

METAL ISIL ISLEM SANAYICILERI DERNEGI

HEAT TREATMENT INDUSTRIALISTS ASSOCIATION (MISAD)

Heat Treatment Industrialists Association (MISAD), which was established in 2008, today
includes the important companies of the heat treatment sector. Gathering heat treatment
industrialists and companies receiving heat treatment services under one roof, MISAD sheds
light on the future of the industry and the profession with its activities and collaborations.

MISAD, which represents all industrialists in the heat treatment sector and serving this sector,
provides cooperation, solidarity and information exchange among its members on professional,
technical, commercial, legal, cultural and administrative issues. MISAD; cooperation and solidarity
between companies, the problems of the heat treatment sector, the heat treatment sector; It
fulfills the duties of providing communication with chambers of industry, government
institutions, non-governmental organizations and universities.

The association continues its activities with 66 member companies. MISAD supports sectoral
cohesion and development by organizing sectoral factory tours, international travels, breakfast
and meal organizations, various ministry visits, training programs and conferences for its
member companies. MISAD, which has close relations with the Istanbul and Ankara Chambers of
Industry, continues to contribute to the solution of sectoral problems with the events it
organizes jointly with these institutions.

Another area in which the Metal Heat Treatment Industrialists Association operates intensively;
is the field of education. Thanks to the collaborations developed with vocational high schools
and universities in different provinces of our country, studies have been carried out to open heat
treatment departments in these schools, to direct students to these departments and to employ
them after graduation.

Continuing its activities during the pandemic, MISAD continued to stand by its members with the
sectoral meetings and training programs it organized in the digital environment.

MISAD

METAL ISIL ISLEM SANAYICILERI DERNEGI

METAL ISIL iSLEM SANAYICILERI DERNEGi (MISAD)

2008 yilinda kurulan Metal Isil islem Sanayicileri Dernegi (MISAD), bugiin isil islem sektériiniin
onemli firmalarini blnyesinde bulundurmaktadir. Isil islem sanayicisi ve isil islem hizmeti alan
firmalari tek catida toplayan MISAD, blnyesinde hayata gecirdigi faaliyetler ve is birlikleri ile
sektoriin ve meslegin gelecegine isik tutmaktadir.

Isil islem sektoriinde olan ve bu sektére hizmet eden butlin sanayicileri temsil eden MISAD
mesleki, teknik, ticari, hukuki, kiltirel ve idari konularda Gyeleri arasinda is birligi, dayanisma ve
bilgi alisverisi saglamaktadir. MISAD; firmalar arasi is birligi ve dayanisma, isil islem sektorintn
sorunlari, 1sil islem sektortnun; sanayi odalari, devlet kurumlar, sivil toplum kuruluslari ve
universiteler ile iletisimini saglama gorevlerini yerine getirmektedir.

Dernek 66 uye firmasi ile faaliyetlerine devam etmektedir. MISAD, tye firmalari icin sektorel
fabrika gezileri, yurt disi seyahatleri, kahvalti ve yemek organizasyonlari, ¢esitli bakanhk
ziyaretleri, egitim programlar ve konferanslar diizenleyerek sektérel kaynasma ve gelisimi
desteklemektedir. Istanbul ve Ankara Sanayi Odalari ile yakin iliskileri bulunan MISAD, bu
kurumlarla ortaklasa diizenledigi etkinlikler ile sektér sorunlarinin ¢ézimuine yonelik katkilarini
surdirmektedir.

Metal Isil islem Sanayicileri Dernegi'nin yogun bir sekilde faaliyet gdsterdigi bir diger alan ise;
egitim alanidir. Ulkemizin farkli illerindeki meslek liseleri ve (iniversiteler ile gelistirilen isbirlikleri
sayesinde, bu okullarda 1sil islem bélimlerinin acilmasi, 6grencilerin bu bélimlere
yonlendirilmesi ve mezuniyet sonrasl istihdamlari konusunda ¢calismalar yapilmistir.

Pandemi suresince faaliyetlerine devam eden MISAD, dijital ortamda diizenledigi sektorel
bulusmalar ve egitim programlariile tyelerinin yaninda olmaya devam etmistir.
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2 METEM

UCTEA CHAMBER OF METALLURGICAL AND
MATERIALS ENGINEERS’ TRAINING CENTER

METEM (UCTEA Chamber of Metallurgical and Materials Engineers’ Training Center) gathers whole
sector and cooperate for sustainable development and transformation of the sector. Also, it combines
the qualified knowledge of industry, university and colleagues;

- Aims to be integrated to the world, with national and international symposiums, congresses,
conferences, seminars,

« Provides highly qualified trainings and consultancy with scientific, technical and practical approach,

« Support sectoral and social developments with own projects,

« Acts as an powerful and active center by providing information, new aspects, relationships, and
cooperation to create new opportunities.

METEM organizes many activities in order to reach the increasing knowledge accumulation, to share the
experiences and to evaluate them in production processes.

Many such as the EFRS International Iron and Steel Symposium, IMMC International Metallurgy and
Materials Congress, ISRS International Steel Rolling Symposium, ALUS International Aluminum
Symposium, BHTS Bosphorus Heat Treatment Symposium, ESWS Employee Safety and Wellbeing
Symposium in Metallurgy Sector congresses and symposium organization carries out.

In addition, it provides in-house training and consultancy services open to general participation.
Engineers, scientists, researchers and production managers; in order to review and discuss new
challenges, recent developments and issues.

For that purpose, by bringing together highly qualified and experienced experts from the university
and industry, we are able to; technical, managerial and engineering knowledge to refresh, making
business development related to the sector's problems, occupational health and safety in problem
solving, quality and to increase awareness and thus aim to provide value-added training and events
planning, engages.

METEM also demonstrates “researches of Turkish metallurgy industry and universities” to the world, by
organizing "international congresses, conferences and symposiums”.

METEM is at the service of our sector with its trust, diligence, beliefs and values for improvement.

2 METEM

TMMOB METALURIi VE MALZEME MUHENDISLERi ODASI EGITIM
MERKEZI

METEM (TMMOB Metalurji ve Malzeme Mihendisleri Odasi Egitim Merkezi) tim sektdrl bir araya
getirerek sektorin gelisimi ve dontsumu icin calismaktadir. Sanayi, Universite ve meslektaslarinin
nitelikli birikimlerini birlestiren METEM,;

 Gelistirdigi ve planladigl tim ulusal ve uluslararasi sempozyum, kongre, konferans, seminer gibi
organizasyonlariyla diinyaya entegre olabilmek Gzere calisan,

« Bilimsel, teknik ve uygulamaya yonelik nitelikli egitim ve danismanlik hizmetleri veren,

+ Sektorel ve toplumsal gelisimi planladigi projelerle destekleyen,

« Bilgi, yeni aciimlar, iliskiler, firsatlar yaratma konusunda isbirlikleri saglama tzerinden hareket eden
glicll bir etkinlik merkezidir.

Artan bilgi birikimine hizla ulasmak, edinilen deneyimleri paylasmak ve bunlar Uretim sireclerinde
degerlendirmek lizere, METEM biinyesinde bircok etkinlik diizenlenmektedir.

EFRS Uluslararasi Demir Celik Sempozyumu, IMMC Uluslararasi Metalurji ve Malzeme Kongresi, ISRS
Uluslararasi Hadde Sempozyumu, ALUS Uluslararasi Aliiminyum Sempozyumu, BHTS Bogazici Isil Islem
Sempozyumu, ESWS Metalurji Sektériinde Calisan Glvenligi ve Esenligi Sempozyumu gibi bircok;
kongre, sempozyum organizasyonlari gerceklestirmektedir.

Bunun yani sira genel katihma acik, sirketici egitimler ve danismanlik hizmetleri vermektedir.
Muhendislere, bilim adamlarina, arastirmacilara ve Uretim yoneticilerine; alanlarinda yeni zorluklari, son
gelismeleri ve ortaya cikan konulari gdzden gecirip tartisabilecekleri ortamlar hazirlamaktadir.

Yine bu amacla, Universite ve sanayide yer alan, yuksek bilgi ve deneyime sahip uzmanlari bir araya
getirerek, sektdre ve sektor calisanlarina yonelik; teknik, yonetsel ve mihendislik bilgilerini tazelemeyi,
sektortin sorunlarina iliskin is gelistirmeler yapmayi, calisan sagligi ve glivenliginde sorun ¢6zmeyi,
nitelik ve farkindalik kazandirmayi ve boylece katma deger saglamayi hedefleyen, egitimler ve
etkinlikler planlayip ytritmektedir.

METEM gerceklestirdigi uluslararasi etkinlikler ile Turkiye metalurji sektérinin ve akademik
arastirmalarinin diinyaya tanitilmasina katki saglamaktadir.

METEM, gliven, caliskanlik, iyiye ve degisime olan inanc ve degerleriyle sektorimizin hizmetindedir.
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Andy Chen

Marstate Industrial Corporation
TAIWAN

Born in 1955, Andy Chen Graduated from the University of Taiwan Ocean
Technology in 1977 with Bachelor Degrees in Marine Engineering. In 1980 he
became a certified marine professional engineer.

In 1988, Andy found Marstate in Taiwan and started his career of heat treatment
and furnace equipment. He was the sales representative of Vacuum Furnace System
Corporation (VFS) in Taiwan, then the following year, he became the representative
of Atmosphere Furnace Corporation (AFC) and Marathon Monitor Inc. (MMI)

In 2003, Andy established Shanghai PowerMax Furnace Corporation, and acted as
general manager. The company is an exclusive licensee of AFC-Holcroft in China. PowerMax is building full serials of AFC
furnace products. Since then, PowerMax had the chance to build the several hundreds of seal quench batch furnaces of
AFC UBQ and PowerMax XRE with great satisfaction of customers worldwide. In addition to popular equipment, Andy
also built the very large seal quench furnace range from 1.5 tons to 5 tons and other niche equipment such as roller hearth
furnace, large continuous annealing furnace.

In 2005, Andy became partner of Applied Process new project in Suzhou China. In 2011, in order to more focus on business
in USA, owner of Applied Process sold his share to Chinese partners and the company changed name to Austemper
Components Manufacturing Corporation (Suzhou). In 2014, Andy became the president of Austemper Components
Manufacturing Corporation (Suzhou),

In 2018, Andy stepped down his jobs at PowerMax and Austemper, and returned home in Taiwan. Andy considers furnace
business as lifetime career and continue to develop atmosphere equipment for the next generation. His first successful
project of a new generation of Ring type furnace encourage him to develop more with unique features in this filed.

Andy has authored numerous papers and articles in China and gave heat treat related topics in the conference in Ching,
Turkey, Thailand and USA.

The Next Generation of Atmosphere Equipment, Goals of Reduce Energy, Less
Atmosphere Consumption, Less NOx emission, Less Manpower Requirement and
High Performance.

Heat treatment equipment has always been a very important production equipment in the metal processing
industry. Heat treatment equipment is a process with high energy consumption, high pollution and high
manpower. How to save energy, reduce emissions and achieve automation is an important goal that everyone
strives to pursue,

In this article we will describe in detail of a new generation of ring furnace, a new generation of cast link furnace,

a new generation of nitriding furnace and a new generation of gas burner, which we have achieved our intended
goals. We hope that this result will lead to more development and research in this area.
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Yasemin OZKAN
TEl—TUSA,S
TURKIYE

Yasemin OZKAN is an Electrical & Electronics Engineer with MSdegree. She
completed her double major at Business Administration during her engineering
education. She has been working in TEl - Tusas Engine Industries Inc. since 2004
and acting as a Senior Team Leader in NDT & Special Process Quality Department.
She has been a voting member of the Nadcap Heat Treatment Supplier Committee
for approximately 6 years,and has been a Member of the Advisory Board of TUbitak
National Metrology Institute for 6 years, She has two articles published in 6th and
8th National Metrology Congress organized by TMMOB MMO. She has taken
“Introduction to Pyrometry” and “Advanced Pyrometry” training from PRI, a training
center affiliated with Nadcap, in 2017 and 2022.

Pyrometric Requirements in Aviation Industry

The aviation industry has more structural and technical requirements compared to other industries. In parallel, the
heat treatment processincludes many criteriaregarding the sensors, indicators, recorders and test applications. The
aim of this study is to define the general requirements for the relevant technical criteria and explain the applied test
methods. Although the requirements of the Prime Engine Manufacturers in aviation industry differ somehow, they
mainly give reference to SAE AMS2750 for Pyrometry requirements. In this study, the general requirements in
AMS2750 willbe explained.
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Marcel A. ). SOMERS

Technical University of Denmark
DENMARK

Marcel AJ. Somers received his M.Sc. (1985) and his Doctor's degree (1989) from
Delft University of Technology in The Netherlands. After employments in industry
(Philips) and an additional 7 years as assistant professor at Delft University of
Technology, he was appointed full professor of at the Technical University of
Denmark in 1997, where he has headed a university group in Materials and Surface
Engineering for more than 20 years. He has co-authored more than 350
contributions to journals, books and conference proceedings and is co-inventor of
about 20 patents. He was awarded several prizes for his research and innovation,
among which the ASM European Lecturer Award (1999), the Alex Foss gold medal
(2014) and the IFHTSE medal (2019). He is Fellow of ASM International (2016) and
wasknightedin 2022 by the Queen of Denmark.

Nitriding and Nitrocarburizing; an Interwoven Braid of Science and Innovation

Nitriding and nitrocarburizing constitute a class of surface engineering methods whereby a steel workpiece is
intentionally alloyed with nitrogen/carbon at elevated temperature, in order to prolong the lifetime under conditions
of corrosion, fatigue and wear, or combinations thereof. The lecture covers some highlights of the part of the
author's career that involves research and innovation in gaseous nitriding and nitrocarburizing of iron and steel,
ranging from fundamental to applied and from experimental to numerical.

The following topics are touched upon:

» Compound-layer formation during ferritic nitrocarburizing

» Expanded austenite on nitrided and nitrocarburized stainless steels
« High-temperature solution nitriding for materials innovation

« Nitriding of additively manufactured (stainless) steel components.

17
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Peter SOMMER

Werkstofftechnik GmbH
GERMANY

« \/ocational training as a materials tester at Edelstahlwerk Witten

« Studied materials science at the TU Berlin, graduating as a Dipl-Ing.

« Five years as a research assistant in the Department of Mechanical
Engineering/Materials Engineering at the Mercator University Duisburg with
doctorate (Dr-Ing)

« Seven years Technical Managing Director at Schwing Verfahrenstechnik GmbH
(Fluidized bed technology)

« October 1988 Foundation of Dr. Sommer Werkstofftechnik GmbH

« 2013: Buyout of the former metallography and strength testing laboratory of
Bohler Edelstahl, Dusseldorf

« 2018: Buyout of the former materials testing laboratory of Schmolz &

« Bickenbach, Neuss Auditor for the heat treatment process with 130 audits in the USA, Brazil, China, India, England,
Spain, Italy, Finland, France, Austria and Germany

« 2012 - 2022: Lectureship at Rhine-Waal University of Applied Sciences, Kleve for the elective subject “Materials
Testing and Failure Analysis”

« 2018: Appointment as honorary professor

« 2018 - 2021: Lectureship at the University of Duisburg for the obligatory subject Materials Science of steels

« 2012 Burgdorf award winner

« 2015 University Award winner from Rhine-Waal University of Applied Sciences in Kleve

« 2012 - 2019: Chairman of the DIN Standards Committee "“Requirements for heat treatment plants”

« 2017 - 2021 Chairman of the VDI working group “Materials Technology” of the VDI Lower Rhine district

« 2016 - 2022: Member of the Board of Directors of the Heat Treatment and Materials Technology Working Group

oD D D D 4D

Faults Before, During and After Heat Treatment of Steels

Numerous components and the majority of tools obtain their performance properties through specific heat treatment. This
requires material-dependent temperature-time-atmosphere cycles, which can lead to very high stresses in the workpieces.
Deviations from the best possible selection of heat treatment parameters can prevent further use of these workpieces.
Excessive distortion, cracking and undesirable changes in edge composition are just some of the possible heat treatment
errors.

However, it is often not realized that even with proper heat treatment, defects can occur that are latent in the workpiece
and come to the surface due to the specific heat treatment conditions. For example

Residual stresses from mechanical processing are released by exceeding the recrystallization temperature. If these residual
stresses are unevenly foundin the workpiece, the results of the release of theseresidual stresses willalso vary.

« The steels themselves can show a wide variety of imperfections or defects, which also have an effect on the heat
treatment.

» Machining in the hard condition following heat treatment requires high precision to avoid cracking or changes in properties.
Finally, improper operating conditions can lead to damage when the workpieces are used.

This short list makes it clear that faults can occur before, during and after heat treatment. The possible causes are almost

unlimited, especially as several influencing factors can overlap.
The presentation makes it clear that defectsin heat-treated components are not always due to a heat treatment fault.
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Karl-Michael WINTER

Nitrex
GERMANY

Karl-Michael Winter, serving as Nitrex's Vice President of Global R&D and
Engineering, oversees the company's global research and development initiatives.
Since assuming the role in 2019, he has played a pivotal role in advancing Nitrex's
existing product portfolio, processes, and technologies, while concurrently driving
innovation in new product development.

Leading the charge in integrating Industrial Internet of Things (lloT) solutions into
Nitrex's smart product platform, Michael aims to enhance remote monitoring,
operational analysis, and machine-to-machine interaction. This strategic initiative
aims to optimizeoperational efficiency, increase uptime, improve performance, and
achieve cost-effectiveness.

With an extensive background spanning over three decades, including his tenure as Vice President R&D at United Process
Controls, and leadership roles at Process-Electronic, AEG, and Siemens, Michael brings a wealt h of experience to the heat
treatment field. His active participation in the AWT establishes him as a respected authority in furnace process controls
and automation.

New Generation of Post-Oxidized Brake Rotors

Brake emissions are a substantial source of particles in urban areas, increasing the total number of particles in the air
and contributing to PM 2.5 pollution. In 2025, the EU Commission plans to present the new Euro 7 exhaust emissions
standard, which willintroduce strict regulations on particulate emissions for passenger cars and commercial vehicles,
With engine particulate emissions steadily decreasing over the last few decades, the current major source for
particulate matter (PM)and particulate number (PN)is tires and braking systems.

Brake corrosion has increased due to the introduction of energy recovery systems, as well as the use of engine
braking by intelligent automatic transmissions. This will only continue to increase due to new requirements for
electromobility, which reduces mechanical braking to a minimum. Common brake discs are made of cast iron, which
rusts. When brakes are not in use, the rust coating is no longer abraded by brake pads and corrosion extends deeper,
resultingin significantly higher brake disc wear, especially onrear brakes. This adds to PM and PN pollution.

Applying the ferritic nitrocarburizing process (FNC) to grey cast-iron (GCl) brake rotors has been proven to provide a
suitable technical and economical solution when paired with a stress relieving process (SR) prior to final machining.
This is especially important as the projected worldwide automotive disc brake market is set to reach a volume of
USDS18billion by 2025.

Nitrex, a solution provider for heat-treating equipment and services and an expert in nitriding processes, has
investedinresearchinto wear-resistant nitrocarburized, nitrocarburized, and postoxidized surfaces on cast and steel
parts. A new generation of post-oxidized layers is a conversion coated in-situ controlled post-oxidation that we
name Smart-ONC because of its “self-healing” properties. We are adding an additional protection barrier whereby we
add another metal that provides high corrosion resistance and protects the surface from any damage or failures.

Nitrex is providing a solution that enables the high-volume production of ferritic nitrocarburized (FNC) brake rotors
able tomeet the requirements of automotive and other transport companies.
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1. Microstructure conversion 1. Mikroyapi donusumleri
2. Mechanical, physical and tribological 2. Mekanik, fiziksel ve tribolojik

properties

ozellikler

3. Advanced heat treating manufacturing 3. Gelismis i1sil islem tretim strecleri

processes
4. \acuum heat treatment

4. Vakum isil islem
5. Kriyojenik islem ve temperleme

5. Cryogenic treatment and tempering islemi

process

6. Beynitleme

6. Bainitizing 7. indiiksiyon ve diisiik enerji manyetik
7. Induction and low energy magnetic Isitma
heating 8. Takim ve kaliplarin isil islem ve yiizey
8. Quenchants and quenching technology muhendisligi
9. Heat treating equipment 9. Isil islem ekipmanlari
10. Application of nanotechnology 10. Nanoteknoloji uygulamalari
11. Mathematical modelling and process 11. Matematiksel modelleme ve stire¢
simulation similasyonu
12. Green energy and carbon footprint 12. Yesil enerji ve karbon ayak izi
13. Surface preparation techniques 13. Yizey hazirlama teknikleri
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09.00

09.55-10.40
10.40-11.00
11.20-12.30
12.30-13.30
13.30-14.50
14.50-15.10
15.10-16.30
16.30-16.50
16.50-17.50
18.00

19.30

09.30-10.50
10.50-11.10
11.10-12.30
12.30-13.30
13.30-14.30
14.30-14.50
14.50-15.50
15.50-16.10
16.10-17.10
18.00

PROGRAM AT A GLANCE
BIR BAKISTA PROGRAM

25 April / Nisan, Thursday / Persembe

Registration / Kayit

Opening Statements / Acilis Konusmalari
Plaque Ceremony / Plaket Toreni
Planery Panel / Acilis Paneli
Lunch / Ogle Yemegi

Session 1/ 1. Oturum

Coffee Break / Cay-Kahve Arasi
Session 2 / 2. Oturum

Coffee Break / Cay-Kahve Arasi
Session 3/ 3. Oturum

Stand Closing / Stand Kapanisi

Gala Dinner with Sistem Teknik
Gala Yemegi Sistem Teknik Sponsorlugunda

26 April / Nisan, Friday / Cuma

Session 4 / 4. Oturum

Coffee Break / Cay-Kahve Arasi

Session 5/ 5. Oturum

Lunch / Ogle Yemegi

Session 6 / 6. Oturum

Coffee Break / Cay-Kahve Arasi

Session 7 / 7. Oturum

Coffee Break / Cay-Kahve Arasi

Session 8 / 8. Oturum

Symposium Closing / Sempozyum Kapanisi
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BHTS 2024 25™ APRIL 2024, THURSDAY

BOSPHORUS 25 NiSAN 2024, PERSEMBE

Opening Ceremony / Acilis Toreni

25 April / Nisan, Thursday / Persembe, 09.55-11.00

09.55-10.40

Opening Statements / Acilis Konusmalari

Utku INAN
METEM Executive Board Member
METEM Ydrttme Kurulu Uyesi

Koray YAVUZ

MISAD Executive Board, Chair

MISAD Yonetim Kurulu Baskan!

BHTS2024 Organization Committee, Chair
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Diligent Tool Steel Selection and Proper Heat Treatment of HPDC Dies with
Respect to NADCA-Standards

Ingolf SCHRUFF, Petra BECKER

Kind & Co Edelstahlwerk
Germany

Abstract

The modern HPDC process imposes difficult loads to the die
insert: thermal, cyclic, mechanical, and corrosive. We
introduce the typical standard range of hot-work tool steels,
but especially premium solutions that are tailored to this
challenging environment. When selecting a suitable tool
steel, the part and application is essential. A general
guideline for the selection is presented.

The typcial defect patterns, such as thermal shock or tension
cracks, are shown and what steel properties are required to
minimize those defects. The technical advantages of
Kind&Co premium steel solutions for this purpose, in
particular TQl and CS1 (listed in the NADCA
classification), are discussed.

The best steel, however, can only play on its advantages if
carefully and properly heat treated. The recommended
parameters for the vacuum heat treatment of the individual
steel solutions is therefore discussed.

In order to allow proper heat treatment, particularly rapid
quenching, the die maker must follow some design and
manufacturing practices. We present some examples of
typical do’s and don‘ts.

1. Introduction

High pressure die casting dies are expensive but efficient
tools which are designed to produce castings both in large
quantities and in highly reproducible quality. Size and
weight of castings can vary between some 10 g and > 100 kg,
size and weight of the die inserts accordingly. The
expectations regarding performance and lifetime are high. In
case of aluminum die casting the average die performance
can scatter between 70.000 and > 200.000 shots. The
calculated lifetime depends to a high degree on the type of
casting. To be most cost efficient, the target therefore is to
select the optimum tool steel material with the perfect
properties to achieve exactly the desired operating times.

2. Tool steel selection for die casting dies

Tool steels for die casting dies need to be selected with
respect to their application, dimension, particular geometry,
and specific loads. For simple geometries, standard solutions
can be selected. In case parts get more complicated,
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premium tool steel solutions may end up cheaper, if total
costs are considered. The hardness level can be adapted to
prevent or delay the defect pattern.

2.1. Requirements and typical defects for tool steels

In Figure 1 the distribution of error causes for the failure of
die casting dies is shown. These error causes derive from the
various attacks on the die casting die, as there are:

- Thermal load,

- Cyclical load,

- Mechanical load, and

- Chemical load.
Obviously, thermal shock cracks are with 80% the most
common failure occurring in this application, followed by
tension cracks, corrosion, and washout. An example for
thermal shock cracks is shown in Figure 2.

Wash-out, Adhesion
Corrosion
i 4%

Tension cracks

Thermal shock cracks

Figure 1. Reasons for failure of die inserts

To prevent or delay thermal shock cracks, you need a hot-
work tool steel with high high-temperature strength, high-
temperature toughness, tempering resistance, thermal shock
resistance, and hot wear resistance. In this context, it needs
to be considered that crack formation can be prevented or
delayed by higher hardness or strength, while crack
propagation is delayed by a higher toughness. Unfortunately,
these properties cannot be chosen independently.



B H -I- s 2 0 24 2" Bosphorus International Heat Treatment Symposium
2. Bogazici Uluslararasi Isil Islem Sempozyumu MIS D :5// METEM
=

BOSPHORUS 25-26 April / Nisan 2024, ISTANBUL

B H -I- s 2 0 24 2" Bosphorus International Heat Treatment Symposium
2. Bogazici Uluslararasi Isil Islem Sempozyumu MIS D :5// METEM
=

BOSPHORUS 25-26 April / Nisan 2024, ISTANBUL

If you look at wear, it is mostly hardness that decreases this
symptom. On the other hand, increasing hardness, mostly
also decreases the toughness of the material and you end up
in a conflict of goals (trade-off).

Figure 2. Thermal shock/ fatigue cracks on the surface of a
die casting die

To choose the best combination of tool steel solution and
hardness, it is good to consider the stress applying to the die
in advance. Assuming you have a complex die with many
narrow ribs that are in contact with the melt for a long time
and are therefore exposed to high temperatures, it is useful
to reduce hardness. As a consequence, the ductility of the
insert will be increased and the risk of gross cracking will be
reduced. At the same time, the propagation of thermal shock
cracks is delayed.

In case, you have a die suffering from abrasive wear, it is
better to increase the hardness as harder materials are
generally more wear resistant. To meet all these
requirements, Kind&Co has a number of different grades on
stock which can be heat treated to different hardness levels.

3. Hot-work tool steels and their properties

Together with its partner Alpha Metalurji A.S./Kind Celik
A.S., Kind&Co is able to supply a number of good standard
and premium steels for die casting dies in Turkey. With
respect to the high demands concerning homogeneity and
toughness Kind&Co produces hot-work tool steels for
HPDC dies exclusively via the Electro-Slag-Remelting
(ESR) technology. ESR hot-work tool steels with
internationally standardized analysis, provide a well
balanced profile of properties, a stable tooling behaviour,
and have been established in the markets for long time.
However, the analysis does not define the properties alone —
they also need to be executed well, particularly forging and
heat treatment can make a significant difference. Kind&Co
produces standardized analyses with great care and
diligence, that is why we refer to them as “Good standard”
in this paper.

“Premium” has been defined here for special hot-work tool
steels specifically developed by Kind&Co for certain
applications, with a combination of properties excellently
matching with the HPDC process and offering improved die

life. In contrast, NADCA uses the term “premium” for hot-
work tool steels that have not necessarily been remelted [1].

Grade USD-ESR corresponds to the standardized grade
1.2344 (AISI H13) [2]. It can be regarded as good standard
grade (Figure 3) for many applications. Due to the individual
production processes at Kind&Co it, however, provides an
excellent performance.

TQ1 and CS1 have been developed particularly to suit
demands in HPDC. As Kind&Co premium grades they are
based on the principle of highest purity not only their
concentrations of P and S, but also of detrimental trace
elements like Al, Cu, Zn have been drastically reduced.
Additionally, these grades have also been forged and heat
treated in a way that they can develop their best properties
during the final heat treatment process.

The most important material properties in HPDC
applications — thermal shock resistance and toughness —
allow qualitative comparison of the different grades, Figure

CS1 (52-54 HRC) 4
TQ1

e USD ESR

Thermal shock resistance

A Premium
o Good standard

meciium high
Toughness
Figure 3. Characterization of hot-work tool steels for
HPDC produced by Kind&Co, on stock in Turkey

As mentioned before the HPDC process introduces a high
thermal load into the die. In order to avoid softening during
the casting process, the selected hot-work tool steel needs to
have sufficient tempering resistance.

On the one hand tempering curves of the hot-work tool steels
(Figure 4) help to select the best suitable tool steel with
respect to the thermal household of the dies. On the other
hand they are an important tool for the heat treatment of dies.
The three steel grades described in this paper are
characterized by a definite secondary hardness maximum
between 525 and 550 °C tempering temperature. The curves

indicate an improvement of tempering resistance in the
sequence USD => TQ1 => CS1.

Grade CS1 displays not only the highest secondary
maximum but also offers the highest resistance against
tempering and this way against undesired softening during
casting operation.

60
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&

- =JSD
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35
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Tempering temperature in °C
Figure 4. Tempering curves of hot-work tool steels for
HPDC dies; all materials ESR

Good high-temperature strength is an important property of
die steels in order to withstand the thermal loads of the
HPDC process. The contact zone between liquid cast alloy
and die is exposed to highest temperatures and therefore it
makes sense to consider the range between 260 — 550 °C as
working temperature. Therefore, Figure 5 presents the
values of the yield strength Rpo, of these steels for test
temperatures up to 600 °C.

Up to a temperature of approximately 350°C the high-
temperature strength of the steels is nearly the same. At
higher temperatures which reflect the situation at the contact
zone melt-die the premium steel grades, TQ1 and CS1 prove
their higher high-temperature strength.

The grade CS1 has been developed as a hot-work tool steel
to provide further increased high-temperature but
simultaneously sufficiently high toughness. As CS1
develops a maximum hardness of 58 HRC, which exceeds
the other steel grades significantly, this potential can be used
in order to install a working hardness of up to 56 HRC in
HPDC application. The benefit regarding high-temperature
strength is shown in Figure 6.

In order to withstand the sudden mechanical and thermal
loads from the HPDC process suitable hot-work tool steels
need to have sufficient toughness. Figure 7 displays typical

toughness values measured in ISO-V-impact bending tests
on samples taken from the center of forged bars in transverse
direction (hardness 45 HRC).
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Test temperature in °C
Figure 5. High-temperature strength of different steels with
respect to working temperature; all samples hardened and
tempered to 45 HRC prior to the tests

At high hardness levels of 54 HRC, the crack formation of
CS1 is delayed significantly. Still, CS1 provides enough
toughness reserve to hinder propagation even after the late
appearance of the cracks.
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Figure 6. High-temperature strength of hot-work tool steel
CS1; comparison for three hardness levels
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UsD ESR (@ [
Figure 7. Impact toughness of hot-work tool steels for
HPDC dies (ISO-V-samples, 45 HRC, transverse
orientation, core of @ 320 mm)

3.1. Heat treatment meeting NADCA-requirements

The performance of die casting dies depends on the one hand
on the quality of the used hot-work tool steel, on the other
hand they can develop their potential of performance only
after proper heat treatment.

To reach the desired microstructure according to NADCA-
requirements, tool steels have to be heated in a vacuum
furnace to austenitization temperature, held there for the
appropriate soaking time and after that being quenched at a
minimum rate of 28 K/min, with the option of temperature
equalization during cooling if required. Figure 8 shows the
schematic of recommended quench and temper heat
treatment cycles showing triple tempering on H13/ 1.2344/
USD ESR [1].

Stress Temper
Jrd Tempesr lafter final machining]

.....

Temperatura (°F)

.....
uuuuuuuu

[ad

’ Time (mi
Figure 8. Schematic of recommended quench and temper
heat treatment cycles showing triple tempering on H13 [1]

Today vacuum hardening is state of the art for die casting
dies. Each steel must be hardened and tempered according
to its individually recommended parameters. With respect to
vacuum hardening the austenitization temperature and
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soaking time are the most important parameters. The
corresponding data recommended by Kind&Co are listed in
Table 1. These parameters can be perfectly fulfilled by
Alpha Metalurji A.S./Kind Celik A.S..

Table 1. Hardening temperatures and soaking times for
vacuum hardening of hot-work tool steels for die casting dies

Steel Austenitiztation Soaking time
Brand name Temp. in °C in min.

USD 1020 45

TQI 1010 60

CS1 1030 60

3.2 Examples for tool steel selection

The selection of suitable hot-work tool steels for HPDC dies
should always respect the specific requirements of the
castings but also the scheduled number of castings per die.

Standard HPDC parts are for example automotive gear boxes
and other components of the automotive powertrain. Dies for
those products require hot-work tool steels with a well-
balanced combination of

e  High-temperature strength,

e  Toughness, and

e  Heat checking resistance.

For standard cases Kind&Co recommends grade USD-ESR
(1.2344 ESR) which provides good high-temperature
strength and tempering resistance. The definition of working
hardness is always an important step in die making. The
working hardness should always be defined with respect to
tool steel grade and size and design of the dies.

HPDC products with visible or aesthetic surfaces can often
be regarded as challenges for the caster. For those high
surface requirements dies must have a high resistance
against thermal shocks. Thermal shock cracks are not only
transferred onto the casting but they also propagate into the
steel and limit tool life.

As thermal shock cracks are generated mainly by the
external spray cooling process [3] their formation cannot be
avoided completely but the selection of suitable tool steels,
a carefully defined hardness, and a proper heat treatment can
delay formation and propagation of thermal shock cracks.
Within certain limits increased hardness can improve the
thermal shock resistance of the steels. Increasing hardness
goes along with rising fatigue strength with the negative
effect of a simultaneously higher risk of gross cracking or
cracks in small radii of the die inserts. The selection of
premium tool steels with improved profiles of properties,
especially improved high-temperature strength in
combination with higher toughness, is a safer way to produce
premium products than increasing the hardness of standard
hot-work tool steels.

As shown in Figure 6 and Figure 7, the special hot-work tool
steel CS1 provides a combination of outstanding working
hardness and toughness, a combination of properties, which
is very beneficial to delay formation and propagation of
thermal fatigue cracks. Industrial tests with dies of CSI
resulted in lifetime improvements of up to 300 % compared
to other high-class steels. CS1 is therefore recommended for
HPDC dies for highest surface requirements.

The production of two-wheelers is a very important branch
with high production numbers. Modern motorcycles have
numerous die cast components. Many of them need to fulfil
highest surface requirements — for aesthetic or technical
reasons (Figure 9). CS1 could improve lifetime of die casting
dies by up to 300 %.

Figure 9. Die cast motorcycle component, brake fluid
reservoir [4]

a7/

Figure 10. Cases for electronic components are products
ideally cast in dies of CS1

Cases for laptop computers, mobile phones or other
electronic devices (Figure 10) are cast products with highest
requirements for accuracy and surface quality.

To produce large tools for structural components (Figure 11)
or components in electric vehicles like battery housings
(Figure 12), grade TQ1 is a promising solution. For various
reasons, these castings require best surface conditions. The
flow ways of the melt for these large parts are often very
long. Products like shock towers receive their stability from
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stiffening fins which on the other hand require
corresponding groves in the die insert.

Figure 11. Shock tower; cast in die of TQ1 increases
service life by more than 60% compared to H11 ESR

For the casting process this means that very often die casters
help themselves by increasing the casting temperature of the
melt and by casting with higher pressure and flow rate. All
these steps result in higher thermal and mechanical stresses
in die inserts. Grade TQI1 provides, as shown before, the
necessarily improved high-temperature strength and
toughness properties which are more and more required in
order to produce these high-class cast products.
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Figure 12. Battery housing for an electric vehicle (hybrid)

3.3 Design and manufacturing guidelines

Rapid quenching for tool steels is necessary to reach a
martensitic microstructure, but it also induces massive stress
in the die. This is on the one hand due to the temperature
difference in the die, but also due to stresses deriving from
the martensitic transformation. Therefore, it may be
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necessary to stop the quenching for a while to be able to
equalize the temperature profile.

Some other factors may also increase the stress pattern in the
die: sharp corners or edges (Figure 13) as well as burrs and
ridges (Figure 14).

Figure 14. Burr that may induce rapid local cooling and
therefore creates additional stress in the die

As the initial hardness of the CS1 is particularly high, these
guidelines are especially important for this tool steel.

4. Conclusion

High pressure die casting is a modern and effective
production technology for metallic components in large
quantities. Ongoing development of new cast products,
increasing demands on their quality and growing economic
pressure require reliably performing dies.
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While standard products can be cast successfully in dies of
USD-ESR, products with visual and aesthetic surfaces
require hot-work tool steels with properties well adjusted to
the increased loads on the dies. Special hot-work tool steels
like TQI1 provide excellent high-temperature strength and
toughness and offer potential to increase the lifetime
significantly.

The fast growing market of two-wheeler production and
parts like electronic/sensor housings (sealing surface) offer
many challenges for premium cast products with highly
aesthetic surfaces. The newly developed steel CS1 offers a
unique combination of excellent high-temperature strength
and toughness. It has proven its suitability for products with
highest surface requirements successfully by increasing the
die life by up to 300 %.
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Development of High Toughness Steel for Gigantic Dies and
Molds of Die-Casting

Makoto HOBO, Masamichi KAWANO
Daido Steel

Japan

Abstract

The electrification and light-weighting of automobiles have
given birth to large die-cast products such as battery cases
and vehicle body parts. The molds have also grown larger to
match the castings, supporting the evolution of automobiles.
On the other hand, large molds have a high risk of
catastrophic cracking due to their low toughness. The causes
of this low toughness are coarse crystalized carbides and
coarse structures. Therefore, we have developed a steel that
can be used confidently in large molds, which has fewer
crystalized carbides and a fine structure.

The developed steel produces fine martensite or bainite
transformed at low temperatures even when cooled slowly,
resulting in high toughness. We are currently studying the
crystalized carbides in large-scale steel products of 8 tons or
more. Simultaneously, final considerations to further
increase impact values are being carried out with small-scale
steel pieces.

1. Introduction

The electrification and light-weighting of automobiles have
given birth to large die-cast products such as battery cases
and vehicle body parts. The molds have also grown larger to
match the castings, supporting the evolution of automobiles.
On the other hand, large molds have a high risk of
catastrophic cracking due to their low toughness. The causes
of this low toughness are coarse crystalized carbides and
coarse structures. Therefore, we have developed a steel that
can be used confidently in large molds, which has fewer
crystalized carbides and a fine structure.

The number of coarse crystalized carbides will increase in
large steel ingots which tend to have slow cooling rates.!"!
Coarse bainite phases transformed at high temperature will
be formed when the quenching speed is slow. Therefore,
gross cracking may be induced by low toughness resulting
from both coarse carbides and microstructures.

2. Experimental Procedure

2.1. Concept of New Steel Suitable for Large-size Molds
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There are two requirements to be met as shown below:

1) Less coarse carbides even in large steel ingots.

2) Fine microstructures with slow cooling rates

Sizes of large section forged bars are; more than 450 mm in
thicknesses and more than 750 mm in widths, and the
weights are more than 2 mt.

2.2. Experimental Study by Small-scale Steel Ingots

Two types of steels were developed after consideration of
mold machinability and heat treatments. One is HT type and
the other is PH type. HT type steel will be heat treated to be
42 — 48 HRC in hardness after rough machining. PH type
steel will be heat treated to be 36 —42 HRC in hardness prior
to final machining process.

The position target of development is shown in Table 1.
Machinability should be close to 1.2344 steel and heat-
checking resistance should be better than 1.2344 steel. The
most significant feature is gross-cracking avoidance due to
high toughness. Consequently, mold lives can be prolonged
by repeating repair welding of heat cracks.?!

Table 1. The position target of development (same

hardness)
Machinability Gross- Heat-
cracking | checking
1.2344 steel Excellent NG NG
1.2344 mod. Fair Fair Excellent
(supreme)
Dev. HT Good Excellent Good
(conv.) | PH Excellent Excellent Fair

Two steels which correspond with above concept 1) and 2)
were designed respectively. The concept 2) were
investigated to achieve Martensite or low temperature
transformed Bainite in spite of having slow cooling. Heat
treatment routes which mock quenching of large-size molds
were applied using small samples taken from 50kg of steel
ingots in order to eliminate the effect of crystalized carbides
and to develop efficiently.
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3. Results and Discussion developed steels were 1.5 to 2 times higher than those for 30
1.2344 steels under the same hardness. This tendency was | .
3.1. Transforming Temperature in Slow Cooling the same for other quenching speeds. A DLH;,IS{;LLI
= S A References

Transformation starting temperatures below 500 °C are [ 20 & )
shown in Fig. 1. The minimum cooling rate for 1.2344 steel ?E < A o Dev. Steel [1] K. Inoue, T. Ofuji, Y. Ichioka and T. Araki, ELECTRIC
to fully transform to Martensite phase is 12 °C/min, and Ms - - 1.2344 Steel (HT) FURNACE STEEL, 76 (2005) 287.
temperature then is about 300 °C. Developed steel has the 1 z 10 08 s [2] N. Umemori, K. Horio and T. Masuda, ELECTRIC
same Ms temperature as 1.2344 steel at the cooling rate of ~| ¢ = g 8 FURNACE STEEL, 85 (2014) 63.
12 °C/min. Even if the cooling rate becomes 3 °C/min, where 5] 2
Bs temperature of 1.2344 steel rises to 370 °C, developed ‘E < 0
steel can maintain the same Ms temperature. When the = 30 - 40 45 50
cooling rate becomes 0.75 °C/min, both steels tend to have Q| : N L )
Bs points. However, Bs temperature of developed steel is = E Tempered Hardness HRC
350 °C which is about 80 °C less than that of 1.2344 steel. %I" %’

= % Fig. 3. Toughness of slow-cooled steels
3.2. Microstructure of Tempered Steels =]

'(% g The maximum hardness values in which steels can acquire
Quenching pattern was as follows: 7 °C/min from hardening B at least 10 J of absorbed energy are shown in Table 2. The
temperature to 500 °C, 0.15 — 6 °C/min from 500 °C to -= value for 1.2344 steel is as low as 41 HRC at 1.35 °C/min
200 °C. The cooling pattern in low temperature range mocks | e and 35 HRC at 0.15 °C/min. The value for HT type of the
quenching of large-size molds, where 6 °C/min will g‘) & developed steel is as high as 45 — 46 HRC no matter what
represent the surface and 1.35 °C and the less will represent b 3 the cooling rates are. Similarly, the maximum hardness
the internal. 75 values in which steels can acquire at least 15 J are shown in

% Table 3. The value for 1.2344 steel is as low as 37 HRC at

The microstructure photos tempered around 600 °C are A 1.35 °C/min and 32 HRC at 0.15 °C/min. The value for HT
shown in Fig. 2. Although the microstructure for 1.2344 type of the developed steel is as high as 40 — 43 HRC no
steel’s 6 °C/min is Bainite, it is fine because it had matter what the cooling rates are. Therefore, in case of
transformed at low temperature. On the other hand, Bainite slowly cooled large-size molds, good internal toughness can
structure for 0.45 °C/min is extremely coarse. Two - be secured for both of our developed steels.
developed steels become Martensite at a minimum of E
6 °C/min. Moreover, their Bainite structures at 0.45 °C/min =

are as fine as that of 1.2344 steel at 6 °C/min.

450 -

0(_) __

;:.. 400 - Bs pomt By point

£ 350 M, point 7

5300-____ B B ﬁ

S H %

Z 250

= 1.2344 Dev. |1.2344 Dev. |1.2344 Dev.
Steel Steel Steel
(PH) (PH) (PH)

12°C/min 3°C/min 0.75°C/min

Fig. 1. Ms and Bs points (constant-cooling)
3.3. Toughness of Tempered Steels

Slow cooling steels ranged from 0.15 — 1.35 °C/min at lower
temperature were evaluated assuming internal parts of large-
size molds. Charpy impact tests (per ASTM-A370) were
taken place. Figure 3 shows absorbed energy of impact tests
for steels cooled at 0.45 °C/min. Absorbed energy values for
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0.45°C/min (Simulating the inner)
Dev. Steel (HT)

Dev. Steel (HT)

Fig. 2. Relationships between quenching speeds and
microstructures. (Tempered steels)

Table 2. Max hardnesses that acquire toughness at least 10J

1.35°C/min | 0.45°C/min | 0.15°C/min
1.2344 etc. 41 HRC 39 HRC 35 HRC
Dev. Steel 46 HRC 45 HRC 45 HRC
(HT)
Table 3. Max hardnesses that acquire toughness at least 15J
1.35°C/min | 0.45°C/min | 0.15°C/min
1.2344 etc. 37 HRC 37 HRC 32 HRC
Dev. Steel 43 HRC 41 HRC 40 HRC
(HT)

4. Conclusion

The developed steels produce fine Martensite or Bainite
transformed at low temperatures even when cooled slowly,
resulting in high toughness. We are currently studying the
crystalized carbides in large-scale steel products of 8 tons or
more. Simultaneously, final considerations to further
increase impact values are being carried out with small-scale
steel pieces. Moving forward, infrastructures like heat and
surface treatments, and die-cast machine sizes will be
considered to meet diversified customer needs and to
increase the perfection.
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Deep Case Low Pressure Carburizing
Sylvain BISSEL
Fours Industriels BMI
France
Abstract Criteria Atmosphere Vacuum
carburizing carburizing

Carburizing is a thermochemical treatment that aims to ;%")‘perat”re range PO 790-1100
increase superficial hardpes; by dllffusm.g carbon into .the Case uniformity ® 1025 1005
treated part and quenching it. Their resistance to friction (mm)
wear, impacts and fatigue is then improved. Depending on Carbon transfer Yes Time and
the application, the carburizing effective case depth must be control — temperature control
adapted. High scale parts with high loads, such as in mining (Lk‘?ga/fnf)ens‘ty S5l (213; :hS) ((Cf)or gaz
or wind turbine industry, are subjected to high contact Cothu g e X minuics X minutes minus 10-

pressures. Therefore, they require case depths that are higher
than the depth affected by these contact pressures. Deep case
carburizing consists in case depths from 2.5mm to above
4mm. The present work shows results of deep case low
pressure carburizing performed in our vacuum oil quenching
furnaces with the acetylene multi-boost ALLCARB®
process, including our vertical vacuum oil quenching
furnace V64THC.

1. Low Pressure Carburizing
1.1. Gas carburizing types

Carburizing is usually performed on low-carbon and low-to-
not-alloyed steels. The carburizing temperature is set so the
steel is in austenitic phase. Indeed, carbon is more soluble in
austenite than in ferrite. The different carburizing processes
can be sorted according to the way the carbon is fed to the
parts. For the carburizing by gas enriching, we distinguish:
* Atmosphere carburizing, which is performed in a
controlled atmosphere furnace.

* Vacuum carburizing, which is performed in a vacuum
furnace with carburizing gas pressure of a few millibars.

Tab. 1 sums up arguments for a comparison between
atmosphere and vacuum carburizing [1]. While consuming
less gas and energy, vacuum carburizing displays
performance advantages. The use of low pressures makes
metallics surfaces more reactive. Moreover, the acetylene
(C2H2), which is used in this work as the carburizing gas,
does not contain oxygen. Unwanted oxidation and
dealloying of the treated parts are therefore avoided.
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(min)

20%

Carbonitriding NH; additions NH; additions

Microstructure Acceptable (in most | Optimal (in most
cases) cases)

Internal oxidation 7-13 (common) None

(pm)

Carbides Suppression Suppression possible
difficult

Dealloying Yes @ None

Decarburization Possible None

Hydrogen pick-up Yes (at high Slight (internal
temperature) porosity diffusion)

Furnace conditioning Required (4h None
typical)

Shell temperature > 65 << 65

(W)

Environmental impact | Slight or none CO/NOy emissions

Energy consumption Low (~30%) Lower (< 30%)

Gas consumption High (x m?/h) Low (3 to 6 times
less)

Integration with

cellular Difficult Easy

manufacturing

Investment cost Average High

@ Atmosphere and vacuum carburizing processes are typically different
with respect to when gas additions are introduced. This has the greatest
impact on case uniformity. In atmosphere carburizing, enriching gas is
typically added after the furnace set point is reestablished. Depending
on the mass and configuration of the workload, a large temperature
differential can exist between different locations within the workload.
In the case of vacuum carburizing, a soak or stabilisation period is built
into the cycle to allow the workload to reach carburizing temperature
prior to gas additions.

® Load density in vacuum carburizing equipment often is limited due to
the use of high gas-pressure quenching chambers.

© In this paper, BMI furnaces use oil quench and are not concerned by
this limitation.

@ Due to oxidation at the part surface.

Tab. 1. Comparison between atmosphere and vacuum
carburizing, from [1]
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1.2. Low pressure carburizing with acetylene

When in contact with high temperature steel, acetylene
dissociates in carbon and hydrogen [2]. The resulting carbon
reacts with the iron from the steel parts and forms carbides.
It is then diffused in the steel matrix (Fig. 1).

Based on this alternation of carbides generation and carbon
diffusion, vacuum carburizing consists in 2 steps performed
once (mono-boost) or repeatedly multiple times (multi-
boost):

. Boost: gas injection to enrich the parts’ surfaces in
carbon. In this paper, the gas is acetylene (C2H2).
. Diffusion: carbon diffusion from surface to core of

the treated parts (no gas injection during this step).

| ]
© reucs |
with Fe, bt
Carbides are [ ] ®
formed on * |
the surluce. L ] #
L]
Steel part - Steel part

1) Borost : CsHs injection and carbon enriching 2) I¥iffusion : Dissolution of carbides and
ol the past. carbon diffusion in the mainx.

Fig. 1. Schematic representation of carbon enriching and
diffusion during low pressure carburizing with acetylene

The advantage of the multi-boost sequencing is the
possibility to bring only the required amount of carbon to
carburize the part at each sequence. This results in an
optimized carburizing gas consumption and avoids carbon
saturation and soot deposition on the treated parts.

2. Materials and methods

2.1. BMI vertical vacuum oil quenching furnace
Vé6_THC

Heating and
carburizing
chamber

Oil quenching
chamber

Fig. 2. BMI vertical vacuum oil quenching furnace of the
V6 _THC family
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V6_TH family are BMI’s two-chamber vertical vacuum oil
quenching furnaces for the treatment of large loads. The
heating chamber can be maintained at a set temperature
between the treatments. The airtight door inside guarantees
zero interaction with oil vapors and thus helps to reach high
vacuum levels. This furnace is equipped with a fully
automatic handling system which allows a transfer time
around 25 seconds (on V64TH160).

When equipped with ALLCARB®, the low-pressure
carburizing option, the family is named V6_THC (Fig. 2).

2.2. Multi-boost carburizing with ALLCARB®

ALLCARB®, the acetylene multi-boost carburizing
process, allows the user of an equipped BMI furnace to
automatically define a multi-boost carburizing program. To
do so, the user chooses a steel grade in a list, a carburizing
temperature, a carburizing effective depth, a desired surface
carbon content and the load area to carburize (Fig. 3). From
these input data, ALLCARB® defines a number of boost-
diffusion sequences and their respective durations. It is also
possible to inject H2 during the first carburizing sequence,
whether it is in automatic mode (ALLCARB®) or in manual
mode.

= = e =:= BED ‘T -o] BO0-080°C |
ALLCARB® ] [ |:[¢] simm wdd 041 3mm
calculates -
i [ comew | -~ srsce—— || IR T
these values
from the user's | | | [oner | [ [ oo |
input data, r 3| WONCD2
e cnc-~ RS — 31+ once
+ 1INCI2
) (o [, o - 1NCDI3
r . k-]
e B o] || 1

[ aiidate B T |
Fig. 3. Current ALLCARB® interface

In order to improve the flexibility of the input parameters
given by the user, and to simplify its use in general,
ALLCARB® is currently being updated. The current version
of ALLCARB® reliably covers (Fig. 3):

0 Carburizing temperatures from 860°C to 980°C;
0 Carburizing depths from 0.4mm to 1.8mm;
0 6 usual carburizing steel grades (AFNOR):

20NCD2, 16NC6, 12NC12, 16NCD13, 16MCS5 and 25CDA4.
2.3. Steel grade and test conditions

The results presented in this article are focused on samples
and parts made of one steel grade newly added to the
improved version of ALLCARB®: 18CrNiMoS5. Every
presented cycle has been defined with this new version and
carburizing depth and temperature as input parameters.
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are defined with the new version of ALLCARB®. The 930°C
targetted carburizing depth is 2.5mm and 3 temperature

pictures are in agreement with the hardness profile. The
carbon content decreases with depth.

The cycle displayed in Fig. 4 has been defined for a
carburizing effective depth of 3.6mm and a carburizing

temperature of 1000°C.

3.6mm deep carburizing cycle for 18CriNiMo5 steel
1200 140

10040

100
A
/
il Bl
[0 Quench

1, flow (L/h)

&0

Temperature ()

Boost-diffusion sequences

TN 0

15 0

1
0 1]
Time (h)

Fig. 4. Test cycle on 18CrNiMo5 parts with the improved
ALLCARB® for a 3.6mm depth

Remark: This paper focuses on the low pressure carburizing
sequences. However, these sequences are part of a more
global heat treatment. The treatment shown in Fig. 4
includes pre-heating steps before reaching the carburizing
temperature, as well as a natural cooling and a hold at the
austenizing temperature before the oil quench.

3. Results
3.1. Deep case carburizing

Fig. 5 shows a hardness profile from a part that has been
treated with the cycle from Fig. 4. The beginning of the curve
highlights no important hardness drop due to retained
austenite.

The measured carburized depth (at 550Hv0.2) is 3.62mm,
which is close from the targeted 3.6mm depth. This
carburized depth results in a superficial macro hardness of
62.5HRc before tempering.
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CHD = 3.62mm

Hardoess (1140.2)

00 03 Lo 15 20 23 30 33 40 43 0
Surface Depth (mm)

Fig. 5. Hardness profile measured on a cut part after 3.6mm
deep carburizing

Surface

‘4 : . G R t a
Fig. 6. Microstructure at different depths — 3.6mm deep
carburized 18CrNiMo5 part (optical microscopy)

To help the analysis of these pictures, Fig. 7, from the work
of Maki et al., schematically represents the martensite lathes
in a plain Fe-C steel as a function of its carbon content [3].

Carbon Content ( wt% ) (Makietal 1980)

0.1~0.2% 0.3% 0.4% 0.6% 0.8%

Fig. 7. Schematic representation of martensite lathes
(white) in Fe-C steels with different carbon contents [3]

values are tested (Tab. 2). The 2.5mm depth is chosen to
reduce the test duration. Indeed, the carburizing sequences
to reach a depth of 3.6mm at 1000°C required more than 19
hours (Fig. 4 and Tab. 2). For a given steel grade and a given
carburizing depth, the lower the carburizing temperature, the
higher the carbon diffusion time. Indeed, for a targetted
depth of 2.5mm, the carburizing duration at 930°C is more
than twice the duration at 980°C (Tab. 2).

Steel Carburizing | Targeted | Obtained Total . .
carburizing
grade | temperature | depth depth .
time
1000 °C 3.6 mm 3.62 mm 19h06
18CrN | 930 °C 2.48 mm 27h03
iMo5 | 960 °C 2.5 mm 2.55 mm 16h53
980 °C 2.46 mm 12h48

Tab. 2. Complementary data on the presented treatments

The carburizing temperature did not impact the precision of
the carburizing sequences determined by ALLCARB®. For
the 3 tested temperatures, the obtained carburizing depth is
less than 0.1mm different from the targetted value (Tab. 2
and Fig. 8).

Hardness profiles on Fig. 8 show few differences from one
temperature to another. No clear trend is observed. Since the
highest hardness values are obtained for 960°C, the
possibility of a carburizing temperature optimum has to be
more thouroughly studied. The hardness profile after the
930°C carburizing is lower than the 2 other profiles at every
point.

1100
825
;7
-
= 550
'E 'J:,‘-:
= w0 OR0°C =—0=—=960°C
-0-=-930°C ----- 550HV
0
0 0,5 1 1,5 2 2,5 3
Depth (mm)

Fig. 8. Hardness profiles from three 2.5mm deep
carburized parts at different temperatures

Finally, no significative difference is observed for the
obtained microstructures (Fig. 9). They are also close from
the one obtained at 1000°C for a 3.6mm depth (Fig. 6).

core

980°C

Fig. 9. Microstructure (near surface and core) from three
2.5mm deep carburized parts at different temperatures
(optical microscopy)

4. Conclusion

The improved acetylene multi-boost carburizing process
ALLCARB® offers the possibility to automatically define
carburizing cycles for high depths and for different
temperatures in a reliable and stable way.

3.2. Effect of the carburizing temperature
Larger versions of the optical microscopy pictures a, b and ¢
from Fig. 5 are presented in Fig. 6. The microstructure is
composed of martensite from the surface to the core and the

In order to highlight an effect of the carburizing temperature
on the resulting hardness and microstructure, 3 treatments
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Abstract

The examination of plasma nitriding performance on the
hardness and microstructure of newly developed air
hardening ductile (AHD) steels in terms of variation of
aluminum content are presented. Differing from
conventional quench and tempering steels, AHD steels
attain their martensitic microstructure through air-cooling
directly from the forging heat. This method facilitates a
reduction in the carbon footprint associated with the
production of forged components. In this study, the focus is
set on the influence of different aluminum concentrations,
as a reduction of the current content 0.5 wt.% would be
desirable for processability. For this matter, nitriding
treatments at 600 °C were performed on different AHD
samples and compared with the reference material of
1.7225, followed by examinations of hardness, chemical
analysis, and microstructure after plasma nitriding. It is
achieved that after plasma nitriding at 600 °C the samples
with 0.5 wt.% Al shows the highest surface hardness of 870
HVO.1 and deepest diffusion zone of 300 um according to
Electron Probe Microanalysis (EPMA).

1. Introduction

Efforts from both industry and science must unite to
transition the steel sector into a sustainable, low-carbon,
circular economy in the near future. Decarbonizing iron and
steel production is the primary focus, but other downstream
processes such as multi-step heat treatments for quenched
and tempered steels also produce substantial emissions. One
emerging new steel class are the air-hardening ductile
forging steels which are alloyed with 4% manganese and are
therefore consider medium manganese steels (MMnS) [1].
Through the omission of the energy intensive quench and
tempering treatment significant amounts of CO» emissions
can be saved [2,3], leading to great interest from players
along the process chain and from different industries. As the
material was just recently standardized, not much
knowledge exists about downstream the influence of
downstream processes like plasma nitriding. In previous
investigations, the AHD steels achieved high surface
hardness of over 1000 HV [4].

AHD steels are distinguished by their manganese content,
approximately 4 wt.%, and possess a uniform martensitic

microstructure achieved through direct air-cooling from the
forging heat. The primary advantage of the developed AHD
steels lies in their streamlined process control. These steels
meet the criteria for nearly 100 vol% martensite through air-
cooling, demonstrating favourable material properties. In
contrast, QT steels, a competitor to AHD steels, have a
three-step heat-treatment process involving austenitization,
quenching, and tempering. The implementation of AHD
steels facilitates energy, cost, and CO; emission savings due
to their shorter process steps [1].

Plasma nitriding is one of the surface treatment methods
which improves the lifetime of the steel parts which are
exposed to cyclic load. This method forms a compound
layer on the surface of the component consisting of fcc y’-
nitride (Fe4N) and hex e-nitride (Fe2-3N). Subsequent to
the compound layer, a diffusion zone exists in which the
nitrogen concentration gradually decreases until it aligns
with the matrix concentration.

The plasma nitriding application on AHD steel bring several
advantages. Commercial nitriding steels are usually
quenched and tempered steels. Plasma nitriding is applied
to these steel grades after tempering treatment, so the
mechanical properties can be differed after the nitriding
treatment. However, in the case of AHD steels, plasma
nitriding acts as a tempering process, thus eliminating a step
in the production process and saving energy and CO>
emission.

The generated nitriding layers showed an unusual
appearance and phase composition. Especially high plasma
nitriding temperatures (> 600°C) are promising as high
surface hardnesses can be combined with a ductile and
tough matrix due to intercritical annealing [5,6]. So far it is
hypothesized that the high hardnesses where mostly
achieved by the relatively high aluminium concentrations of
0.5 wt.%. Therefore, the goal of this work is to investigate
the influenced of different aluminium concentrations on the
surface hardness, microstructure and chemical gradients in
AHD forging steels.

2. Experimental

Three different laboratory melts were produced by ingot
casting in a vacuum induction furnace. The ingots had a
weight of 80 kg and a cross section of 140 x 140 mm?
Subsequently, the ingot was homogenized at 1200 °C for 5
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hours and hot forged to a cross section of 60 x 60 mm? and
consecutively cooled to room-temperature via air-cooling.
Besides manganese and aluminium, the steels additionally
included nitride-forming elements such as Mo, V and Cr.
The chemical compositions of the steels and the reference
alloy (1.7225 acc. to DIN EN 10083-3) are displayed in
Table 1.

Table 1. Chemical composition of plasma nitrided alloys,
all concentrations in wt. %

Name C Si Mn Al Cr Mo B N

0.5Al1 0,18 052 398 054 0,11 0,20 0,003 0,010

025A1 0.9 052 397 o024 011 002 % gor identical. heat treatment conditions (anneal@ng. at 650°C)
9 [10]. This provides support for the observed rise in hardness
0Al 019 051 397 0,;)0 o1l 002 O,(;OS 0011 when aluminum is present in nitrided specimens.
0,38- <0,03 0,6- 0,9- 0,15 = 0.5Al
L7225 545 5 09 12 03 Tl *—0.25A
s A 0QAl
o0l v 17225
The alloys were exposed to plasma nitriding for a duration A -
of 12 hours, utilizing a nitrogen-hydrogen ratio of 1:1, and THli
maintained a pressure of 200 Pa at a temperature of 600°C. i Sl
Recognizing the impact of surface roughness on the @ i) -.
resultant nitride layer, the coupons were grinded using SiC g sood =
sandpaper up to 1200 grit before the plasma nitriding tI"u 1 33 b
process. Following nitriding, the samples were halved, and 400 a b tvew
their cross-sections were polished up to lpm using a “a i ol SN L
diamond suspension. To examine the microstructure, the 3.2. Microhardness Measurement 300 bt SR 1 .8 Fw T ey ; .
samples were etched with a 3% Nital solution. ke A o ' Fg 3.SE images of 0.5 1 and 1.7225
200 +— . .

Light optical microscopy was done using Keyence
VHX6000 microscope with VH-ZST objective. The SEM
images were taken with a GeminiSEM field emission gun
(Carl Zeiss AG, Germany).

Microhardness measurements were conducted using the
Vickers method with a load of 0.98 N [7]. Three distinct test
series were carried out for each sample to obtain a hardness
profile, and the results were averaged. The used step size
between the indentations is 0.8 pm. Chemical
characterization was accomplished through electron probe
microanalysis (EPMA) using a Jeol JXA 8530F
microprobe.

3. Results and Discussion
3.1. Light Optical Microscopy (LOM)

LOM images help to quantify and characterize the
compound layer and the nitriding depth in order to look at
how the various process parameters and chemical
composition affect the microstructure. The nitriding layers
of all compositions are displayed in Figure 2. In AHD steels,
the compound layer is not observable, whereas it appears
around 18 pm in the reference material. Whether this layer
is formed in AHD steels can be recognised by a closer look
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with SEM. Although the compound layer is not detectable,
a difference in diffusion zone is distinguishable. The sample
of 0.5Al reaches the highest diffusion zone with 166 pm
while 0Al has the smallest diffusion area with 112 pm. The
depth of diffusion zone increases as aluminum
concentration increases in AHD steels. The AHD samples
other than OAl showed a higher diffusion depth in
comparison with the reference alloy. —The addition of
aluminium to steels can increase the diffusivity of nitrogen,
so that a thicker diffusion zone can be obtained from the
material surface to the core [8].

Apart from LOM images, the nitriding depth can also be
measured by C-N distribution profiles and microhardness
profiles from the material surface to core.

Microhardness is measured for all samples plasma nitrided
at 600 °C. Figure 2 shows the microhardness changing with
the depth from surface of the samples to material core. The
microhardness values exhibited a notable dependence on Al
concentration, with the highest surface hardness observed in
the sample containing 0.5% Al. As the Al concentration
decreased, a corresponding reduction in hardness was
observed.

The nitride case depth is specified as the depth at which the
hardness, as measured within the diffusion zone, remains 50
HV higher than the hardness at the core [9]. Since the step
size in microhardness measurement is not fine, the nitride
case depth would not be so precise. The findings from
microstructure image analysis reveal a congruence between
the measured diffusion zone and nitrogen depth in hardness
assessments. Notably, the 0.5% Al sample exhibited the
highest nitrogen depth, while the 0% Al sample displayed
the lowest. The nitriding depth are determined as 210, 128,
80, 110 pm for the 0.5Al, 0.25Al, OAl and 1.7225
respectively. Observed trends in nitrogen depth, as
determined by hardness tests, align with the patterns
observed in the depth of the diffusion zone in the

microstructures.  This  correlation underscores the
consistency between microstructural characteristics and the
corresponding material properties across different
aluminum concentrations.

Matrix hardnesses of plasma nitrided samples at 600 °C are
measured as 356, 298, 276, and 317 HVO,1 for the 0.5Al,
0.25Al, 0Al and 1.7225 respectively. The aluminum content
in the material has an impact on matrix hardness, showing a
consistent decrease as the aluminum content increases. The
introduction of aluminum into medium manganese steels
induces change in mechanical properties. According to the
research conducted by Xu et al., the incorporation of 1.5%
aluminum into medium manganese steel resulted in an
enhancement of both elongation and yield strength under

T T T T T T
0 200 400 800 800 1000 1200
Depth [um]

Figure 2. Microhardness of plasma nitrided samples changing
with depth from surface of the samples to material core

3.3. Scanning Electron Microscopy (SEM)

Electron microscope imaging is employed to investigate the
potential formation of intermetallic compound layer in
AHD steels. Figure 3 displays SEM images of the 0.5Al and
1.7225 samples. Interestingly, the 0.5Al sample exhibited
no discernible compound layer, while the 1.7225 steel
exhibits a compound layer with a thickness of 18 microns.
No compound layers are observed in other LHD steels with
varying aluminum content.
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3.3. Electron Probe Microanalysis (EPMA)

The chemical analysis conducted along the cross-section of
the samples exposes variations in nitrogen diffusion depths
and nitrides formed.

In Figure 4, the nitrogen distribution maps of the samples
after nitriding are depicted. On the maps, blue areas denote
low element concentrations, whereas green and yellow
areas show higher element concentrations. Qualitatively,
the 0.5A1 sample exhibits the highest nitride depth, with a
subsequent decrease observed in the 0.25A1 and 0Al
samples. Notably, an observable trend emerges, showing a
reduction in nitride depth corresponding to increased
aluminum content.

Additionally, the electron probe microanalysis (EPMA)
results indicate the absence of a nitride layer in AHD steels.
Figure 4 displays that examination of the nitrogen
distribution map in the reference material reveals a
concentrated nitrogen presence on the surface. The obvious
production of a nitride layer in the reference material is
strongly shown by correlating this data with scanning
electron microscope (SEM) images.
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0.25A1

Figure 4. Nitrogen distribution maps of plasma nitrided
samples measured by EPMA

A closer look at the carbon distribution map indicates that
the region where the diffusion layer is formed has less
carbon as shown in Figure 5. As the diffusion zone nears its
end, the amount of carbon in the material matrix
progressively rises. The carbon depletion found in the
diffusion layer is a result of sputtering introduced during the
plasma nitriding process. Loss of carbon from the matrix
into the furnace environment is caused by the impact of
nitrogen ions on the sample surface [11].

Figure 5. Carbon distribution maps of plasma nitrided
samples measured by EPMA
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Upon examining the aluminum and nitrogen distribution
maps as designated in Figure 6, observable concentrations
of both elements become apparent in specific regions. In
these localized areas, the conditions appear conducive to the
formation of aluminum nitride (AIN) nitrides. However,
due to the 0.5A1 sample's increased aluminum
concentration, the development of AIN is noticeably more
prominent. Naturally, no nitride formation is seen in
materials that do not contain aluminum, such as 1.7225 and
0Al.

0.5A1

Figure 6. Aluminum distribution maps of plasma nitrided
samples measured by EPMA

4. Conclusion

The plasma nitriding of AHD steels demonstrates a
competitive performance comparable to reference
materials. Aluminum clearly has a noticeable impact in
improving plasma nitriding efficiency. The following
conclusions can be drawn from the collected results.

e The nitrogen distribution map together with
microhardness values point out an expansion in the
diffusion zone in AHD steels corresponding to an
increase in aluminum content.

e In addition, the formation of AIN is also dependent on
the aluminium content and the amount of nitride
formed with the amount of aluminium has been
observed qualitatively.

e No nitride layer was observed in AHD steels.

e Similarities to conventional nitriding alloys may be
seen in the hardness profile of AHD steels, especially
0.5Al. Particularly, the AHD steels can be produced
without quenching from the austenite zone, which

allows for a quicker procedure and less component
distortion.
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Abstract

AISI 4140 steel is in the class of medium carbon low-alloy
steels and is widely used in industry due to its high
hardenability and being a relatively economical steel. AISI
4140 steel is also among the steels that can be nitrided. With
the nitriding process, thanks to the hard nitride layer
obtained on the surface, not only a wear-resistant surface is
provided, but also an increase in fatigue strength. In this
study, the microstructural and surface properties of AISI
4140 steel, which has been treated with low pressure gas
nitrocarburizing and post-oxidation process at different
times, has been investigated. For this aim, AISI 4140 steel
samples were austenitized at 850 °C for 60 min and
quenched into oil at 60 °C. After quenching, the samples
were tempered at 630 °C for 60 min. Gas nitrocarburizing
process steps; pre-oxidation at 350 °C for 45 minutes,
nitriding at 550 °C for 90 minutes and nitrocarburizing at
550 °C for 480 minutes were applied, and then the samples
were subjected to post-oxidation using steam for 45 to 180
minutes. Microstructural characterization studies were
performed by optical microscope, scanning electron
microscope (SEM), energy-dispersive X-ray spectrum
analysis (EDX), X-ray diffraction (XRD) analysis,
microhardness and surface roughness measurements. The X-
ray analysis results revealed that the surface layer of the
samples consisting of ironnitride phases of e-Fe2-3N and y’-
Fe4N during nitrocarburizing and iron oxide (Fe3Os4). It was
determined that the iron oxide (FesOs) layer thickness
increased with increased post-oxidation time. Among the
AISI 4140 steel samples that nitrocarburized and post
oxidized, the best combination of hardness depth, surface
hardness, and surface roughness was obtained after 150
minutes of post oxidation.

Ozet

AISI 4140 celigi, orta karbonlu diisiik alagimli celikler
smifinda yer almakta olup, yiliksek sertlesebilirlige sahip
olmast ve nispeten ekonomik bir ¢elik olmasi nedeniyle
endiistride yaygin olarak kullanilmaktadir. AISI 4140 geligi
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ayni zamanda nitriirlenebilen ¢elikler arasinda yer
almaktadir. Nitriirleme islemiyle, yiizeyde elde edilen sert
nitriir tabakas1 sayesinde sadece aginmaya direncli bir ylizey
degil aym1 zamanda yorulma dayamiminda da artis
saglanmaktadir. Bu c¢alismada, diisik basingli gaz
nitrokarbiirleme iglemi ve farkli siirelerde son oksidasyon
islemi uygulanmig AISI 4140 ¢eliginin mikroyapisal ve
yiizey 6zellikleri aragtirilmigtir. Bu amagla, AISI 4140 ¢elik
numuneler, 850 °C'de 60 dk &stenitlenmis 60 °C’de yagda
sogutulmustur. Sogutma sonrast numuneler 630 °C’de 60 dk
temperlenmistir. Gaz nitrokarbiirleme islem basamaklart;
350 °C’de 45 dk 6n oksidasyon, 550 °C’de 90 dk nitriirleme
ve 55 °C’de 480 dk nitrokarbiirleme uygulanmis ve ardindan
numuneler 45-180 dakika araliginda su buhar1 kullanilarak
son oksidasyon islemine tabi tutulmustur. Mikroyapisal
karakterizasyon c¢aligmalari optik mikroskop, tarama
elektron mikroskobu (SEM), enerji dagilimlhi X 1sin1
spektrum analizi (EDX), X 1sm1 kirmimi (XRD) analizi,
mikrosertlik  ve ylizey pirizliligi olcimleriyle
gerceklestirildi. X 1gmn1 analiz sonuglarindan, numunelerin
yiizey katmanmin demir nitriir, e-Fe;-3N ve y’-FesN
fazlarimi ve demir oksit (Fe3O4) icerdigi tespit edilmistir. Son
Oksidasyon siiresi arttikga, demir oksit (Fe3O4) tabaka
kalinligint arttig1 belirlendi. Nitrokarblirlenmis ve son
oksidasyon iglemi uygulanmis AISI 4140 ¢elik numuneler
icerisinde, en iyi sertlik derinligi, yiizey sertligi ve yiizey
puriizliiliigii  birlesimi 150 dakikada son Oksidasyon
uygulanmig elde edilmistir.

1. Giris

Giintimiizde gelismekte olan teknoloji ile birlikte
elektrokimyasal =~ veya  mekanik  gereksinimlerinin
zitliklarimin  birlesimi  gibi karmagik beklentiler vardir.
Uygun kimyasal bilesime sahip ¢eliklerin yiizeydeki yiiksek
asmma direncine kars1 ¢ekirdekte istenen tokluk veya sekil
degistirmesini karsilayabilmek icin Nitrlirleme veya
nitrokarbiirleme islemi siklikla yapilir.

Celigin elektrokimyasal ve mekanik oOzellikleri biiyiik
Olgiide uygulanan 1sil islem ve ylizey isleminin tiiriine
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baglidir [1]. Nitrokarbiirleme, karbon ve azot atomlarinin es
zamanli olarak 450-590 °C sicaklik araliginda diistik
alasimli celik yilizeye yayildigi termokimyasal bir yiizey
islemidir [2]. Karbonlu geliklerin nitrokarbiirize edilmis
yiizeyi en digtaki bir bilesik katmani ve bir i¢ difiizyon
katmani igerir. Diflizyon katmani kati c¢ozelti iginde
¢Okelmis nitriirler igerir, birlesik yiizeyde e-Fe>-3N ve y’-
FesN nitriirlerin olustugu ince bolgedir [3]. Bilesik katman
gozeneklidir. Nitrokarbiirleme veya nitriirleme teknolojileri
oncelikle ylizeyin yorulma 6zelliklerini, sertligini, asinmaya
karst gosterdigi direnci arttirirken [4, 5], ¢ekirdek
ozelliklerini degistirmez. Celik yiizeyini korozyona karsi
direngli hale getirmek icin ylizeye uygulanan iglemlerdir [6].
Nitrokarbiirleme daha kisa iglem siiresi ve daha diisiik islem
sicakligi, yiiksek derecede boyutsal kararlilik ve iglem
giivenligi acisindan diger teknolojilerden farkhidir [7].
Nitrokarbiirlenebilen ¢eliklere nitrokarbiirleme sonrasi
oksitleme prosesinin uygulanmasi, beyaz tabakanin iistiinde
Fe304 oksit filmi olusturur [8]. Olusan oksit filmi yiiksek
kimyasal kararlilik ve diisiik siirtiinme katsayisi sayesinde
geligin korozyon ve asmmma direncini artirir [9]. Disiik
karbonlu ¢eliklerin yiizeyinde magnetit birlesik katman
geleneksel buhar igleminden kolayca elde edilebilir [10].
Oksidasyon isleminin gaz veya plazma gibi farkli uygulama
yontemleri vardir. Geleneksel bir oksinitrokarbiirleme

gaz atmosferleri altinda birka¢ asamadan ve ardindan bir
oksidasyon isleminin ger¢eklestigi asamadan olusur. Bu
¢alismada 1s1l islem i¢in vakum kullanimin birincil amaci,
havada gerceklesen 1s1l islem sirasinda olusan yiizey
oksidasyonunu oOnlemektir. Bu nedenle vakum altinda
nitriirleme, nitrokarbiirleme agamalar1 gerceklestirilmistir.

Calismada islem basamak sirasi i) on oksidasyon, ii)
nitriirleme, iii) nitrokarbiirleme ve iv) son Oksidasyon
bigiminde siralanmaktadir. On oksidasyon gaz nitriirleme
iizerine Kkatalitik bir etkiye sahip oldugu igin nitriir
tabakasimin gelisiminde hayati 6nem tagir [11]. Ayrica 6n
oksidasyon islemi ¢elik yiizey morfolojisini kirilganligini
azaltmaya sebep olmakla birlikte, yiizey ozelliklerinin
gelistirilmesi i¢in yapilabilen islemdir. Gelistirilen proseste
ilk basamak olarak 350°C’de hava varliginda 6n oksidasyon
islemi uygulanmis, ardindan gaz nitriirleme, gaz
nitrokarbiirleme ve son olarak oksidasyon ile islem
basamaklar1  tamamlanmustir.  Hidrolik  sistemlerde
kullanilan silindir rodlarin korozyona kars1 korunmasi ve
piiriizsiiz bir ylizey elde edip slirtiinmenin azaltilmasi
amaciyla dig yiizeyleri gesitli kaplamalarla kaplanmaktadir.
Ulkemizde ve diinyada en yaygm goriilen kaplama sekli
krom kaplamadir. Ancak nem oraninin veya sicakligin
yiiksek oldugu ortamlarda, 6rnegin maden ocaklari, limanlar
vb. krom kaplamanmn iyi performans gostermedigi
saptanmustir [12]. Krom kaplanmig ¢eligin yorulma omrii
diisiik, olusan mikro ¢atlaklara bagl olarak da korozyon
direnci degiskenlik gostermektedir. Krom tabakasinin
yiizeye tutunmasi esnasinda ¢elik yiizeyindeki deliklere ve
bosluklara niifuz etmesi nitriirlemeye goére zayiftir. Ek
olarak, krom iyonlarinin yiizeyde elektrokimyasal olarak
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biriktirilmesi sirasinda hidrojen gaz ¢ikisi da oldugu igin
hem kaplama homojen olmaz, yiizeyde bugulanma var gibi
kabarcikli gozlenir, ayrica saglik giivenlik ve g¢evre
acisindan pek c¢ok risk olusturmaktadir.

Bu arastirmada, disiik vakum altinda nitrokarbiirleme
yapilmig AISI 4140 celiginde farkli son Oksidasyon
stirelerinin mikroyap1 ve yiizey ozellikleri iizerine etkisi
arastinlmistir.  Ozellikle 6n  oksidasyon, nitriirleme,
nitrokarbiirleme sicaklif1 ve siireleri sabit tutulmus ve son
oksidasyon sonrasi siiresinin  etkisi  incelenmistir.
Gelistirilen basamakli oksi-nitrokarbiirleme prosesi ile tiim
hidrolik sistemlerde kullanilan rod millerine
uygulanabilecek, krom kaplamaya alternatif olarak son
oksidasyonlu nitrokarbiirleme prosesi gelistirilmis ve
hidrolik sistem teknolojisine yeni, ekonomik, ¢cevre ile daha
barisik bir yontem kazandirilmaya g¢aligilmistir.

2. Deneysel Cahsmalar

2.1. Malzeme

Calismalarda kimyasal bilesimi Cizelge 1°de verilmis, diisiik
alagimli AISI 4140 celigi kullanilmistir. AISI 4140 cgelikleri,
karbon igerigi acisindan sertlesmeye uygun ve islemin
sonunda belirli yiikler altinda yiiksek tokluk ve asinmaya
kars1 yiiksek direng ozellikleri sergileyen yapisal alagiml
celiklerdir [13]. Otomotiv ve ugak yapimui, yivli saft, aks mili
ve kovani, krank mili ve benzeri yiiksek siineklik isteyen
pargalarin yani sira digli ¢ark igeren uygulamalarda da
yaygin olarak kullanilmaktadir [1, 14-16]. Literatiirde
nitrokarbiirleme islemi kullanilarak AISI 4140 1slah
celiklerinin diger celik tiirlerine gore, 6zellikle Nitrasyon
celiklerine daha yakin mekanik o6zellikler kazanabildigi
ifade edilmistir [16-20].

Cizelge 1. Bu arasgtirmada kullanilan AISI 4140 ¢eliginin
kimyasal bilesimi (agirlik¢a %)

C Si Mn P S Cr Mo
0,41 0,24 0,84 0,014 0,013 0,99 0,17
Ni Al Cu Sn A% Nb N

0,25 0,019 0,018 0,011 0,004 0,003 0,002

Silindir bigiminde 20 mm ¢apinda AISI 4140 numuneler 1
saat 850 °C’de Ostenitleme islemi ardindan 60 °C’deki
Isorapid 277 1s1l islem yaginda sogutma islemine tabi
tutulmustur. Numuneler daha sonra 650 °C’de 2 saat
temperlenmistir. Numunelerin yiizey gelistirilmesi sirasinda
basamakli gaz nitrokarbiirleme prosesi uygulanmistir.
Uygulanan 6n oksidasyon (OO), nitriirleme (N) ve
nitrokarbiirleme (NK) sicaklik ve siireleri sabit tutulmus, son
oksidasyon (SO) sicakligi sabit, oksidasyon siireleri
degistirilerek yiizeye katkisi incelenmistir. Uygulanan islem
parametreleri Cizelge 2’de 6zetlenmistir. Numuneler 1,5 m3
hacmine sahip olan yatay KGO marka tiip firin kullanilarak,
basig kontrollii (yaklasik 8-10 bar) N, atmosferi altinda
islem sicakligina 1sitilmistir. Her bir islem o6zel gaz
karisimlart (NH3, CO;) altinda Cizelge 2’de gosterildigi
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iizere, 350 °C’de 45 dk 6n oksidasyon, 550 °C’de 90 dk
nitriirleme ve 550 °C’de 480 dk nitrokarbiirleme iglemine
tabi tutulmus ve azot gazi atmosferi altinda sogutulmustur.
Firm i¢i basing yaklagik 13 mbar olarak sabit tutularak
Cizelge 2’de belirtilen diisiik basingli nitrokarbiirizasyon
basamaklar1 uygulanmistir. On oksidasyon, Nitriirleme ve
nitrokarbiirleme islemlerinden gegmis AISI 4140 ¢elik
numuneler 45, 60, 90, 120, 150 ve 180 dk boyunca son
oksidasyon islemine tabi tutulmustur.

Cizelge 2. AISI 4140 ¢eligi numunelere uygulanan 6n
oksidasyon (QO0), nitriirleme (N) nitrokarbiirleme (NK) ve
son oksidasyon (SO) prosesinin sicaklik ve siireleri

islem Sicaklik Siire (Dk) Firina
(°O) Verilen
Gaz

On Oksidasyon 350 45 CO2

Nitriirleme 550 90 NHa4

Nitrokarbiirleme 550 480 CO2NH4

Son Oksidasyon 500 45 H>O

(45 Dk)

Son Oksidasyon 500 60 H>O

(60 Dk)

Son Oksidasyon 500 90 H20

(90 Dk)

Son Oksidasyon 500 120 H>O

(120 DK)

Son Oksidasyon 500 150 H20

(150 Dk)

Son Oksidasyon 500 180 H20

(180 Dk)

2.2. Karakterizasyon Calismalari

Optik mikroyapi incelemeleri i¢in Leica MC 190 HD dijital
kamera baglantili Leica DM2700M mikroskop, numunelerin
kesilmesi ve bakalite alinmasi isleminde Metkon ServoCut
302 model otomatik kesme cihazi ve Metkon EcoPress 102
cihazlar1 kullanilmistir. Zimparalama ve parlatma isleminde
Metkon Forcipol 202 cihazi kullanilmistir. Numuneler
bakalite alinip zimparalanarak ve uygun parlatma
kegeleriyle yiizeyinin parlatilmas: saglanmistir. Parlatma
islemleri sirasiyla 9 ve 3 pm elmas siispansiyonlar
kullanilarak numuneler %3 Nital (100 ml Etanol + 3 ml
Nitrik asit) kullanilarak daglama islemi gergeklesmistir. Sert
doku derinligi dl¢timii Vickers sertlik yontemiyle 0,1 kgf
yiik altinda Emcotest Durascan G5 model cihaz kullanilarak
gerceklestirilmigtir. Numunelerin sertlik 6l¢timleri yiizeyden
ve enine kesitinde yiizeyden ¢ekirdege dogru 0,1 mm
araliklarla kaydedilmistir. Sertlik-mesafe grafikleri bes
farklt bolgeden yapilan sertlik oOlgiimlerinin ortalama
degerleri alinarak ¢izdirilmistir. Numunelerin yiizey sertligi,
5 kgf yiik altinda SonoDur 3 model tasinabilir Vickers test
cihaziyla Skgf altinda 6lgiildii. Yiizey piiriizliilik 6l¢iimleri
Mitutoyo Surftest SJ-210 taginabilir yiizey piiriizliiliik 6l¢im
cihazi ile yapilmigtir. Yiizey piriizliligi olgimii 5 mm
6l¢tim araliginda iig

kez tekrar Ol¢iim yapilarak gergeklestirilmistir. Nitriir
tabakasinin karakterizayonunda Zeiss Merlin model alan
emisyonlu tarama elektron mikroskobu (SEM) kullanildi.
Nitrokarbiirlenmis ve son Oksidasyon sonrast olusan
katman, SEM’e bagli Pegasus marka enerji dagilimli X-1g1n1
spektrum analizi (EDX) analiz edildi. Beyaz katman
kalinlig1, Leica Application Suite Image Analysis yazilimi
stirim 4.6 kullanilarak hesaplandi. Numunelerin yiizeyleri,
X-1s1n1 kirmim (XRD) analizi ile karakterize edildi. XRD
desenleri bir Bruker D8 Advance X-1s1n1 kirinim cihazinda
elde edildi. X 1511 kaynagi olarak monokromatik Bakir Ka
radyasyonu (A= 1.54056 A°) kullanilarak 40 kV ve 40 mA'da
galistirildi.  Numuneler 20 aralign 20-95° araliginda
0,05°/dk'lik bir tarama hizinda tarand.

3. Sonuclar ve Tartisma
3.1. Optik mikroyapilar

Islah iglemi gormemis ve gormiis AISI 4140 celiginin
mikroyapi incelemeleri Sekil 1.a ve 1.b’de verilmistir. Islah
islemi  gormemis AISI 4140 ¢eligin  mikroyap1
incelemesinde  teslim  alman  halinde = mikroyapi
incelemesinde ferritik ve perlitik yapilardan olustugu
gozlenmektedir (Sekil 1.a). Su verilmis ve temperlenmis
AISI 4140 geliginin mikroyapisinda temperlenmis martensit
belirgin bir sekilde gozlenmistir (Sekil 1.b). 00 + N + NK
ve SO islemi uygulanmis AISI 4140 ¢eligi numunelerin son
oksidasyon siiresine bagli olarak birlestirilmis tabaka
kalinlig1 (beyaz tabaka + oksit tabakasi) ve diflizyon
tabakalarinin degisimini gosteren optik mikroyapilar1 Sekil
2.a-f’de verilmistir. Oksidasyon siiresinin artirilmasi sonucu
birlesik tabaka kalinliginda (beyaz tabaka + oksidasyon
tabakasi) belirgin bir artig gozlenmistir (Sekil 2.a-e ve Sekil
3). Tabaka kalmligindaki artigin ana nedeni son Oksidasyon
stiresine bagl olarak oksit tabaka kaliliginin artmasidir.
Ancak Sekil 2.f de tabaka kalinliginin azalmasi s6z konusu
AISI 4140 ¢eligi igin optimum Oksidasyon siiresinin 150
dakika oldugunu gostermistir. Kaplan ve ark. [16] benzer
sekilde artan SO siiresiyle birlesik tabaka kalinligimin
arttigin1 bildirmektedirler.

Sekil 1. a) Teslim alinan halde (islemsiz) AISI 4140
¢eliginin mikroyapisi, b) Islahli AISI 4140 ¢eliginin
mikroyapisi

Sekil 2. Son oksidasyon siiresine bagli olarak
nitrokarbiirlenmis tabakanin optik mikroyapilari; a) 45 dk
b) 60 dk, ¢) 90 dk, d) 120 dk, e) 150 dk, ve £)180 dk
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Sekil 3. Birlestirilmis tabaka kalinliginin son Oksidasyon
siiresine gore degisimi

3.2. XRD analizi

On Oksidasyon (O0) + Nitriirleme (N) + Nitrokarbiirleme
(NK) + Son Oksidasyon (SO) sonrasi farkli siirelerde son
oksidasyon islemine tabi tutulmus AISI 4140 ¢elik
numunelerin XRD desenleri Sekil 4’te verilmistir. XRD
desenlerinde o-Fe (demir), Fe304 (demir oksit), e-Fe2-3N
(epsilon demir nitriir) ve y’- &- Fe4N (gama demir nitriir)
piklerinin varlig1 tespit edilmistir [17]. XRD desenlerinden
goriilebilecegi lizere artan oksidasyon siiresiyle Fe;O4
piklerinin siddeti daha belirginlesmistir. Benzer sekilde,

Alsaran ve ark. [18] artan son oksidasyon siiresiyle 4140
celiginde oksit piklerinin belirginlestigini rapor etmektedir.
Ozellikle 90 dakika son oksidasyon siiresinden sonra
yiizeyde olusan oksit pikleri daha belirgin olarak
gozlenmektedir (Sekil 4).
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Sekil 4. Nitrokarbiirleme sonrasi son oksidayon siiresine
bagli olarak AISI 4140 celik numunelerin XRD desenleri

Oksidasyon tabaka kalinliginin ise 5-8 um araliginda oldugu
ve oksidasyon siiresinin artirildiginda 6zellikle 90 dk tizerine
cikildiginda oksidasyon piklerinin  varligmin  XRD
analizinde belirginlestigi tespit edilmistir. Buna ek olarak,
XRD deseni incelendiginde oksidasyon isleminin beyaz
tabaka ilizerinde e-fazinin y’fazina ayrigmasina ve nitrojenin
yeniden dagilmasina neden olan bir tavlama etkisi sagladigt
tespit edilmistir [19]. Onceki galismalara gére, oksidasyon
fazinin biiylimesi, y’ fazindan ziyade € beyaz tabakasinin
iistinde miimkiindiir. Bu, y’ fazina kiyasla € fazinin daha
fazla oksijen tutulumu yapmasi ile aciklanabilir. Bu nedenle,
oksidasyon igleminden once islemin ilk asamasi i¢in CO2
iceren atmosferde nitrokarbiirleme se¢ilmistir [20].

3.3. Sertlik sonuclari

OO+N+NK+SO islemi uygulanms AISI 4140 ¢elik
numunelerde mesafeye bagli olarak sertlik degerleri ve
yiizey sertliklerinin degisimi sirasiyla Sekil 5 ve Sekil 6°da
gosterilmistir.
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Sekil 5. Nitrokarbiirleme sonrasi son oksidayon siiresine
bagli olarak AISI 4140 ¢elik numunelerin mikrosertlik
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Sekil 6. Son oksidasyon siiresine gore yiizey sertligi
degisimi

OO+N+NK+SO islemi uygulanmis numunelerde ise son
oksidasyon siiresine bagli olarak yiizey sertlik degerleri 640-
680 HV arasinda sert doku derinligi ise 0,3-0,4 mm arasinda
degistigi tespit edilmistir (Sekil 5). Arastirmacilar [21]
nitrokarbiirleme sonrasi son oksidasyon isleminin yiizey
sertliginde bir miktar azalmaya neden oldugunu
bildirmektedir. Yiizey sertligi, sert doku derinligi,
birlestirilmis tabaka kalinligt ve son oksidasyon tabaka
kalinhig bakimindan OO+N+NK+SO islemi uygulanmis
AISI 4140 celik numuneler igerisinde optimum 6zellikler
150 dk son oksidasyon islemi uygulanmis numunede elde
edilmistir.

3.4. EDX analizi

OO+N+NK+SO islemi uygulanms AISI 4140 c¢eligi
numunelerin son oksidasyon siiresine bagli olarak birlegik
tabaka kalinligi (beyaz tabaka + Oksidasyon tabakasi)
degisimlerinin SEM-EDX analizleri Sekil 7°de verilmistir.
SEM mikroyap1 goriintiilerinde nitrokarbiirlenmis tabaka ve
oksidasyon tabakasi belirgin olarak g6zlenmis olup (Sekil
7.a), EDX analizlerinde yiizeye yakin bdlgelerde oksijen
konsantrasyonun yiiksek olmasi (Sekil 7.b) oksit tabakasinin
varligin1 kanitlamaktadir [16]. Yiizeyden merkeze dogru ise
azot konsantrasyonun yiliksek olmast bu bolgelerde
nitrokarbiirlemenin basarili oldugunun kanitidir. Sekil 7’ye
gore oksijenin dagilimi, ylizeyde yiiksek miktardadir ve
merkeze dogru hizli bir azalma gostermektedir. Oksitleme
asamasi sadece islem sonunda gergeklestiginden yiizeyde
daha yiiksek konsantrasyona sahiptir. Azot i¢in egim ¢ok
daha diisiiktiir, bu da azotun tiim siire¢ boyunca yiizeyden
¢ekirdege kademeli olarak difiizlendigini gostermektedir.
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Sekil 7. 120 dk son oksidasyon uygulanmis numunede
nitritkarbiirlenmis tabakanin; a) SEM mikroyapisi ve b)
cizgisel EDX analizi

3.5. Yiizey piiriizliiliigii

Nitrokarbiirlenmis ve farkli oksidasyon siirelerinde
oksitlenmis numunelerin yiizey piuriizliligi (Ra, pm)
ortalama degerlerinin degisimi Sekil 8’de gosterilmektedir.
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Sekil 8. Son oksidasyon siiresine bagli olarak yiizey
pliriizliiligiiniin degisimi

Sekil 8’den de goriildiigii gibi nitriirlenmis numunenin
puriizliligi (son oksidasyon siiresi= 0) en disiik iken
nitrokarbiirleme ve son oksidasyon siiresiyle yiizey
puriizliliigiinde belirgin artig gdzlenmistir. Artan son
oksidasyon siiresiyle yiizey piiriizliliigliniin artis1 yilizeyde
olusan Fe3Os katman kalmhiginin artist ile ilgilidir.
Arastirmacilar artan oksit katman kalmliginin gozenekli
katman olusumuna neden oldugunu rapor etmektedir [17,
22,23]. Ayrica aragtirmacilar, nitrokarbiirleme sonrasi artan
son oksidasyon siiresiyle AISI 4140 c¢eliginin yiizey
plirtizliligiiniin arttigim bildirmektedirler [17, 21-27].

4. Sonuclar

Bu ¢aligmada, 6n oksidasyon + nitriirleme + nitrokarbiirleme
ve farkli stirelerde (45 dak, 60 dak, 90 dak, 120 dak, 150 dak
ve 180 dak) son Oksidasyon iglemi 1slah edilmig AIST 4140
¢elik numunelere uygulanmis, optik, SEM, EDX analizi,
XRD analizi, yiizey sertligi, sertlik derinlikleri ve yiizey
puriizliligi  incelenerek  karakterizasyon g¢aligsmalari
gerceklestirilmistir. Basamakli olarak uygulanan
nitrokarbiirleme prosesi sicaklik ve siireleri sabit tutulmus,
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son oksidasyon sicaklig1 sabit tutularak oksidasyon siiresinin
celigin mikroyapt ve yiizey Ozelliklerinin nasil degistigi
arastiritlmistir. Su buhari ile gerceklestirilen son Oksidasyon
stiresi arttikca demir oksit (Fe3O4) tabakasinin kalinliginin
artt1ig1 optik mikroyapt ve XRD analiziyle tespit edilmistir.
Ozellikle 90 dk son oksidasyondan siiresinden sonra oksit
tabakasinin belirginlestigi ve kalinliginin 5-6 um arasinda
degistigi belirlenmistir. Son Oksidasyon siiresine bagl
olarak yiizey sertlik degerleri 640-680 HV arasinda sert doku
derinligi ise 0,3-0,4 mm arasinda degistigi tespit edilmistir.
Nitrokarbiirleme sonrasi artan son oksidasyon siiresiyle
AISI 4140 celiginin yilizey pirizliliginin arttigt
belirlenmistir. Alt1 farkli son oksidasyon siiresi uygulanmig
AISI 4140 gelik numuneler igerisinde en iyi yiizey sertligi,
ylizey piriizliligi ve sertlik birlesimi 150 dakikada son
oksidasyon uygulanmis numunelerde elde edilmistir. Ayrica
en yiiksek birlestirilmis tabaka kalinligi, son Oksidasyon
siiresi 150 dakika olarak uygulandiginda elde edilmistir.
Islah edilmis AISI 4140 ¢eliginde nitrokarbiirleme sonrasi
150 dk son Oksidasyon uygulanarak iyi yiizey 6zellikleriyle
birlikte 680 HV yiizey sertligi elde edilebilmektedir.
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Strategies for the Decarbonisation of Reheating and Heat Treatment
Processes in the Steel Industry
Celik Endistrisinde Yeniden Isitma ve Isil islem Siireclerinin Karbonsuzlastiriimasina Yonelik Stratejiler

Gokhan GULA, Malte FLIESS

Tenova LOI Thermprocess
Germany

Abstract

Reheating and heat treatment processes are among the most
energy-intensive processes in the value chain of metallic
materials.

In the past, the reduction of specific CO, emissions was
typically achieved by increasing energy efficiency. The
limits of these measures are usually defined by the useful
heat that has to be supplied to the material.

Based on the EU climate targets, CO, emissions must be
reduced by more than 80% by 2050. This target cannot be
achieved for process heat through efficiency measures alone.
One possible way is the use of renewable energy sources. In
addition to the direct use of regenerative generated
electricity, hydrogen or other regenerative produced gases
can be used, for example. Hybrid processes are also an
option. In addition to the evaluation of investment and
operating costs, the selection of suitable energy sources is
primarily dependent on availability and infrastructural
conditions, which vary from region to region. It is therefore
to be expected that some solutions will become established
in the market, which may vary, for example, according to the
location and type of production facilities.

In this presentation, various decarbonisation scenarios for
typical reheating and heat treatment processes are evaluated
with regard to various criteria such as technical feasibility,
investment and operating costs, primary energy
consumption and infrastructure requirements. On this basis,
suitable and plant-specific strategies for the decarbonisation
of the thermal process industry can be determined.

1. Potentials for decarbonisation

In terms of a holistic view, measures to minimise the
CO»-footprint in the downstream sector play a central role
despite the lower overall savings potential compared to the
upstream sector: While the replacement of plants in the
upstream sector, such as the conversion of the blast furnace
route to direct reduction technology, is associated with high
investment costs, modernisation of existing plants in the
downstream sector can generally be implemented more
flexible, with significantly lower investment volumes and
shorter periods of time [1].
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The key to the successful decarbonisation of the steel
industry lies in the provision of renewable energy sources.
Renewable electricity, renewably produced hydrogen as
well as synthetic and CO,-free hydrocarbons, such as
biogases or synthesis gases, can be utilised here. Thus, it is
evident that the expansion of renewable energies is essential
for all the media mentioned. Figure 1 summarizes the use of
renewable energy sources and so-called non-avoidable
carbon sources regarding a CO,-free supply of heat
treatment plants. A vision for the future is the use of these
forms of energy in a plant depending on the availability on
the market and the respective costs, without creating
disadvantages in the heat treatment process itself.

3:H/0,

Cose2: HyAir Furnace

Figure 1. Use of green power and carbon sources in
thermoprocesses, energy supply and transport [2].

The use of electricity as an energy source for reheating and
heat treatment processes can be assumed to be the most
energy-efficient method according to the current state of the
art. Various systems are available for this purpose, e.g.,
inductors, heating elements or plasma torches. The greatest
advantage of direct utilisation in heat treatment in general is
the high energy efficiency and the low conversion losses. For
resistance heating, for example, these are in the order of a
few percent. All other energy sources are subject to greater
efficiency losses. The provision of additional capacities of
renewable energy sources is required here. The disadvantage
of the direct use of electricity is the limited storage capacity
and the necessary sector coupling of the electricity suppliers
with the plant operators. The energy supply of
discontinuously operated processes such as electric arc
furnaces or other batch furnaces poses a considerable
challenge for electricity producers and their distribution
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grids. A great importance in the use of renewable energy will
therefore be the development of energy storage capacities,
since renewable energy will inevitably depend on very
volatile factors, such as the time of day or the amount of
wind. These volatilities can be partially offset by continuing
to drive forward the large-scale and cross-border expansion
of the electricity grids. However, storability and security of
supply are still limited.

This problem can be solved by generating storable energy
sources with the available electricity. In this way, electricity
peaks that occur in windy periods, for example, can also be
used to generate energy. Nowadays, wind parks are
sometimes switched off during these periods to avoid
distribution grid overloads. One possibility for utilisation is
the production of hydrogen in electrolysis processes.
Modern electrolysis plants achieve an efficiency of up to
80% [2]. The produced hydrogen can be stored and
transported to consumers. Efficient distribution of hydrogen

process must be evaluated. Hybrid heating is a fruitful
measure to handle excess capacity in electricity production
by dynamically switching the heating from gas to electricity,
for example, and can thus be used as flexible alternative to
energy storage.

On the other hand, the furnace sections must be equipped
with both heating systems, resulting in higher investment
costs. Therefore, these must be offset against the operating
costs with reduced costs for electricity from surplus
production, which is primarily generated from renewable
sources.

Based on this overview of decarbonisation strategies a
detailed analyses of the boundary conditions and processes
is highly recommended prior to new construction projects or
modernisations with the aim of minimising CO: in an
economical, technological, and environmental manner. The
following presents a case study of the various heating

as for the modernization of existing plants. For each specific
plant, the scenarios presented must be further elaborated
technically and economically.

Figure 3 summarises the four evaluated scenarios. The basis
is always the first scenario of complete gas heating with
fossil natural gas. The second scenario discusses the
potential of purely electric heating for the corresponding
plant. The third scenario describes possibilities of hybrid
heating, and the fourth scenario describes heating with
renewably generated fuel gases.

SCENARIO 1 <£>
Pure Gas Heating
1,5 MW gas capacity
Ngas = 0,71 (conventional)
0,76 (HPH®-Flameless)

SCENARIO 2 (G“)\I
Pure Electrical Heating =%/
1,0 MW el. energy needed

Ngas = 0,98

Max. heating capacity:

800 kW (wall, base, rad. tubes)

- Losses in heating capacity

requires a not yet existing infrastructure and considerable systems for a Bell-type Annealing Furnace (BAF) to SCENARIO 3 (‘)@ SCENARIO 4 (@‘\I
investment. Until this infrastructure is developed, the exemplarily assess a procedure for analysing different Hybrid Heating -2/ \Y% Regenerative \>
existing natural gas system can be utilized as a distribution decarbonisation approaches for a determined process. 100% gas capacity + flexibly Gas Heating

system by adding additional hydrogen to the natural gas.
Currently H, admixtures in the magnitude up to 20% to
natural gas can be achieved without affecting consumers. In
this way, the locally produced hydrogen can be efficiently
distributed in the gas network, thus minimising the CO;
footprint of all consumers until a dedicated H infrastructure
has been established. Oxygen is produced as an additional
product in the electrolysis process. This can then also be
used in plants such as the LD converter, EAF or for heating
heat treatment plants (direct H> and O»-combustion).

Biogases are another regenerative energy source to be
considered. These are produced, for example, in biogas
plants from biomass such as wood, maize or other plants as
well as organic waste. Process-inherent CO, sources that
cannot be avoided using existing technologies can be fed
into a methanisation process. Here, H, and electricity are
used to convert the CO; into CH4. The efficiency of modern
plants is in the range of approx. 75-80%. This synthetic gas
can be regarded as climate-neutral, provided the H, and

2. Case study Bell-type Annealing Furnace

In bell-type annealing plants, which have so far been mainly
operated with natural gas, recrystallisation, precipitation and
spheroidizing annealing of steel and non-ferrous metals are
carried out. The aim is to specifically tailor the mechanical
properties of the annealed coils, tubes or wire materials for
subsequent forming processes or the required product
properties at the end customer.

In the considered and in figure 2 illustrated case, i.e., Bell-
type annealing lines for steel coils with a representative gas
capacity of 1.5 MW, coils are annealed after hot or cold
rolling in batch operation for recrystallisation at target
temperatures of approx. 620 810°C and typical stack weights
of around 80 mt.

Heating Hood
Waste gas.
Heat exchanger

switched-on heating, at low
electricity price

100% gas capacity from
regenerative sources

1,5 MW gas

1.5 MW gas + 300 kW el. (100% Hagaevoysa 10 100% CHypzc)

Figure 3. Overview of scenarios for decarbonisation of the
bell-type annealing process.

2.1. Scenario 1 (Pure Gas Heating with fossil natural gas)

In the baseline scenario a gas heating capacity of around 1.5
MW with an average firing efficiency of approx. nr = 71%
is installed for the conventional variant. Tenova LOI
Thermprocess also offers a modern generation of heating
hoods with the patented Ultra-low NOx HPH® (high
performance hydrogen)-flameless concept with an average
firing efficiency of approximately nr = 76% (Fig. 4). By
means of significantly increased air preheating temperatures
of up to 600°C via enlarged recuperator exchange area and
thus reduced flue gas losses, energy savings of up to 12%
and a corresponding reduction of the CO»-footprint are
realised. In combination with the world's first use of

combination with intensive convection via frequency-
controlled base recirculation fan motors with fan speeds up
to 2,500 rpm. Besides these measures the use of special
software for optimised gas purging in line with stack data,
which reduces nitrogen and hydrogen consumption should
be considered. Further possible efficiency options are the
stack heat recovery during cooling via a BYPASS system
with heat exchanger for process gas atmosphere (Fig.2) and
the smart use of the recovered heat [5].

Figure 4. Tenova LOI Thermprocess Ultra—lgw NOx
HPH®-flameless heating hood.

Most of these measures aim at reducing the needed energy
for the process and especially at reducing flue gas losses.
Even small measures can have a beneficial impact over the

electricity are sourced renewably. This synthesis gas can e e . . o lifetime of thermoprocess plants and should be compared to

then be fed into the natural gas grid and utilised. tnner Gover e e il ) |0 cmissions the energy costs with raising tendency for the future.
Ay Cooling Hood occurring naturally at higher air preheating temperatures are . .

. o Coils significantly reduced to approx. 70 mg/m*@5%0; on Investments assessed as uneconomical in the past may

Depc?ndlng on the availability of the energy sources or the i averace over the annealine cvele ir'1 the flue gas [3] become progressively more rational. Here the entire plant

requirements of the heat treatment process, mixed resp. & £y £ ) must be in focus instead of just replacing small parts of a

hybrid use of energy sources in one system may be
beneficial. In these plants, often either fuel gas or electricity
is currently used for heating or both energies are used
simultaneously. This approach makes it possible to reduce
the need for electrical energy, but still reduces the
CO,-footprint. Additionally, some hydrogen can be added to
the natural gas for further reduction. The success of this
approach is seriously dependent on the infrastructure and
availability of the respective energy sources. Besides the
usability of different energy sources for the corresponding
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Annealing Base
Base recirculation fan

BYPASS Syslem

Valve Stand =

Figure 2. Scheme of a Bell-type Annealing
Furnace for coils.

The aim of this section is to outline a simple and basic
overview. The respective statements can be transferred to
other thermoprocesses in some cases for new plants as well

For the sake of completeness, it should be mentioned that
significant optimisation in terms of energy efficiency,
performance and quality can be achieved often by
modernising older plants for thermoprocesses. For BAFs
these are well known and represent the state of the art [4]. At
this point, particular reference should be made to the
conversion of older HNx systems with nitrogen-based
process gas atmospheres to the modern HPH® technology
with a controlled 100% hydrogen atmosphere in
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furnace.

Another way to avoid flue gas losses and furthermore CO»
emissions is the direct use of electricity as energy source for
reheating and heat treatment processes.

2.2. Scenario 2 (Pure Electrical Heating System)

In this scenario, the assumption is made that the burners used
in scenario 1 are replaced by electric heating elements or
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meander heating wires directly in the furnace chamber.
Many Furnaces can principally be realised fully electrically
heated. Figure 5 illustrates exemplarily an electrical Heating
Hood with resistance heating system.

Thereby one main issue is the lower energy density of
electric heating systems compared to ones with burners.
Accordingly, the necessity for sufficient area in the furnace
chamber and availability of electricity at the plants raises. In
the considered conventional case 1.5 MW gas capacity is
installed. Assuming a firing efficiency of nf = 71% and
neglectable conversion losses of the resistance heating
system approx. 1,0 MW electrical energy must be provided.
In contrast only 800 kW are applicable due to limited area.
The reduced heating power impacts the heating up phase of
this type of furnace, therefore slightly reducing the
throughput of the plant. Since during soaking phases with
constant temperature less energy is needed, the reduced
power does not affect heat treatment time during these
stages. To sum up, pure electrical heating with power from
renewable sources is an applicable way to reduce the
COs-footprint in an effective way, often with small
restrictions concerning the throughput of a bell-type
annealing plant and other thermoprocesses in general, if the
infrastructure for the power supply is available. Electrical
heating solutions are already in operation for more than 70
years, but were widely only considered where access to gas
was limited due to often significantly higher costs.

f

Figure 5. View inside an electrical Heating Hood with
resistance heating system.

2.3. Scenario 3 (Hybrid Heating)

Hybrid types, i.e., the combination of both preceding
scenarios of heating, are the exception in bell-type annealing
furnaces. Since the space in the furnace is restricted, a fully
gas and fully electrical heating system with 1.5 MW
individually in one hood is technically not applicable.
However electrical heating elements can be integrated into a
gas heated furnace with a capacity of around 300 kW and act
as auxiliary element exploiting the benefits of an electrical
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power or coping with the volatility of the power supply.
Another option is to equip several annealing bases in a plant
as hybrid, so that these bases can be run with either a fully
gas-heated or a fully electrical heated furnace.

In these flexible hybrid systems gas and electric heating can
be utilized depending on the electricity availability and
price. The use of hybrid heating systems offers the potential
to reduce CO, emissions or to be used as flexible energy
storage. The necessary systems are state of the art and must
be individually adapted to the technological requirements of
the heat treatment process respectively the infrastructure of
the plant owners. In general, for different heat treatment
processes hybrid solutions are more complex and sometimes
restrictions concerning the productivity must be tolerated
due to space reasons. Besides the disadvantages of a higher
investment often more space is required.

2.4. Scenario 4 (Regenerative Gas Heating)

The same boundary conditions apply to this scenario as to
scenario 1. The use of green natural gas (Power2Gas) is
unproblematic in terms of both, transformation complexity
and process reliability. The wuse of hydrogen is
technologically more demanding, e.g., because of the higher
combustion temperature and the associated potential for
increased nitrogen oxide emissions compared to natural gas.
Several heat treatment processes are assessed for this
purpose, e.g., for Roller Hearth Heat Treatment, where in
flameless operation, NOx emissions below
70 mg/m*@5%0, were achieved with suitable heating
technology [6].

In the case of bell-type annealing plants suitable burners
have already been successfully tested at Tenova LOI
Thermprocess on a trial basis as well as in industrial
environment with 100% H; and various mixtures of H> and
natural gas. Here the burners have special requirements
concerning the flame shape and velocity as the area between
Heating Hood and inner cover is restricted and unsuitable
design may detrimentally influence the refractory material
and service life of other furnace parts. Furthermore, Tenova
LOI’s latest generation heating hoods (Fig. 4) featuring the
patented Ultra-low NOx HPH®-flameless concept for bell-
type annealing plants was proven. A special feature of the
concept is the spatial distance between the fuel gas injection
via designated gas lances and the air supply after reaching
release temperature for flameless mode in the heating hood
to effectively reduce NOx emissions [7].

To facilitate the flexible delivery of natural gas/H, mixtures,
a specially designed mobile natural gas/hydrogen mixing
station was deployed during the trial annealing processes
temporarily in the plant for series production (Fig. 6). The
Tenova LOI Thermprocess mobile natural gas/hydrogen
mixing station ensures the flexible delivery of desired
adjustable natural gas/H, mixtures for a max. gas capacity of

up to 2 MW. With modern process control all gas flows can
be tracked and evaluated. This allows for an assessment of
the impact of increased hydrogen admixtures on the overall
system of any gas-fired furnace with different operation
modes.

H.mobile

LOI THERMPROCESS

Figure 6. Tenova LOI Thermprocess mobile
Gas Mixing Station [7].

Despite the higher combustion temperature and the
associated potential for increased NOx emissions compared
to natural gas, the HPH®-flameless concept demonstrated
remarkably low NOx emissions and has proven its worth for
the transition towards a stable, low-emission H, operation in
an industrial scale. The concept reduces NOx emissions to
more than 75% in flameless mode over a wide range of the
annealing cycle compared to the flame mode with
conventional burners for natural gas as well as for H,. For
natural gas the concept reduces NOx emissions to
significantly less than 100 mg/m*@5%0, and can be
operated stably with H, as fuel gas.

3. Conclusion

The goal of a climate-neutral society is essential to achieve
the politically defined climate targets and thus minimise
further global warming. A decisive factor is a significant
reduction in the use of fossil fuels, which ultimately leads to
the decarbonisation of industry.

The underlying case study reveals the importance of the
assessment of an entire plant resp. furnace concept for this
purpose. Tenova LOI Thermprocess and its customers have
access to the new developed mobile natural gas/H, mixing
section for tests on various furnace types. An isolated burner
analysis is not expedient and besides exchanging installed
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burners against optimised Hr-ready ones although the
adaption of existing plants to new concepts should be
considered. In case of the use of existing burners their H»
suitability must be critically examined. Burner technologies
that are suitable in principle with pure H, combustion in
terms of burner service life must be evaluated regarding their
emission behaviour and their influence on adjacent parts of
a furnace. For completeness general challenges of transition
from natural gas to H, heating systems are as follows the

* heat transfer and temperature homogeneity
inside the furnace,
» quality of the heat-treated material
(homogeneity and effect of flue gas),
* higher combustion temperatures,
* higher NOx formation rates,
* impact on refractory products and furnace materials,
+ condensation of flue gas,
+ safety and risk assessment and
+ flame detection and monitoring.

These basic considerations demonstrate that a bell-type
annealing plant has a corresponding potential for reducing
CO; both as a new plant and through modernisation. In
contrast to measures in new plant design, where the
necessary investment is very high, modernization of existing
plants is quite efficient in reducing the CO,-footprint in short
term. Often the additional investment required for more
efficient systems amortises within a few years through the
energy savings. But suitable technically and economically
optimised solutions can only be found after a prior analysis
of the processes and infrastructure.
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Abstract

The special types of steel known as tool steels, commonly
referred to as tool and die steels, are high-quality and alloyed
steels used in the cutting and shaping processes of both
metallic and non-metallic materials. Tiirkiye’s annual tool
steel consumption is approximately 40,000 tonnes, which
was entirely imported until the year of 2023. In 2023 tools
steel production has started at Asil Celik with a capacity of
60,000 tonnes per year. This production plays a significant
role in the country’s mission to reduce external dependency.
The lifespan and performance of the produced molds depend
on the selected tool steel’s composition, production
technology, part design, machining quality, and especially
heat treatment. Tool steels, which are produced using
electroslag remelting (ESR) method, exhibit higher internal
cleanliness compared to conventional methods. They
contain fewer and smaller inclusions and offer a superior
internal structure with minimized solidification-related
segregations. In this paper, the results of the tertiary
metallurgy process (ESR), open-die forging operations and
heat treatment applications of industrial practices for
different hot work tool steel grades carried out at Asil Celik
have been described.

Ozet

Takim celikleri olarak bilinen, ancak genel anlamda takim
ve kalip ¢elikleri olarak adlandirilan 6zel ¢elik tiirleri, metal
ve metal olmayan malzemelerin kesme ve sekillendirme
islemlerinde kullanilan yiiksek kaliteli ve alagiml
celiklerdir. Ulkemizde yaklasik 40.000 ton/yil civarinda
tiikketilen ve 2023 senesine kadar tamamu ithal edilen takim
celikleri, Asil Celik biinyesinde 60.000 ton/y1l kapasiteyle
iretilmeye baslanmis olup iilkemizin disa bagimlhilig
azaltma misyonu igerisinde Onemli bir yer almaktadir.
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Uretilen kaliplarin émrii ve performansi; secilen takim
celiginin kompozisyonuna, {iiretim teknolojisine, parca
dizaynina, isleme kalitesine ve 6zellikle 1s1l isleme baghdir.
Elektrociiruf yeniden ergitme (ESR) yontemi ile iiretilen
takim celikleri, konvansiyonel yontemlere kiyasla daha
yliksek i¢ temizlige sahip olup, daha az miktarda ve kiigiik
boyutlu inkliizyonlar barindirmakta ve katilagsma kaynakli
segregasyonlart en aza indirgenmis dustiin bir i¢ yapi
sunmaktadir. Bu ¢alismada; Asil Celik’te {iretimi,
gercgeklestirilen farkl sicak is takim gelikleri i¢in tiglinciil
metaliirji islemleri, acik kalipta yapilan dovme islemleri ve
11l islem uygulamalarinin sonuglari aktarilmaktadir.

1. Giris

2022 yil1 verilerine gore Tiirkiye, diinya celik iiretiminde 8.,
Avrupa’da ise 2. sirada yer almaktadir. Ulkemiz, celik
sektoriindeki yatirimlarini her gegen giin arttirmaktadir.
Celik endiistrisi, bu konumuyla dis ticaret aciginin
kapatilmasinda onemli bir rol oynamaktadir. Ozellikle
yiiksek katma degerli miihendislik ¢eliklerinin (Vasifli
Celikler) iiretiminde Asil Celik 6ne ¢ikmaktadir. Sirket,
Vasifli Celikleri yerli imkéanlar ile ireterek, ozellikle i¢
piyasa taleplerini karsilamakta ve iiretiminin yaklagik
%35’ini ihrag ederek iilke ekonomisine katki saglamaktadir.
Diinya genelinde yilda yaklagik 1,9 milyar ton ¢elik
iiretilirken, bu miktarin yaklasik %0,1 gibi kiigiik bir kismini
takim gelikleri olusturmaktadir. Takim ¢elikleri; otomotiv,
beyaz esya, elektrik-elektronik, ingaat, ambalaj, boru-profil,
cam ve saglik sektorleri basta olmak {izere birgok sektorde
yaygin olarak kullanom alam1  bulmaktadir. Takim
celiklerinden iiretilen kalip malzemeleri, genellikle soguk ve
sicak dovme kaliplarinda, ekstriizyon makinalarinda ve
alcak ve yiiksek basingli  dokiim  kaliplarinda
kullanilmaktadir.
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Takim c¢elikleri terimi belirli bir kimyasal kompozisyon,
ozellik ve uygulama alam biitiiniine isaret etmemektedir. Bu
sebeple, literatiirde takim ¢elikleri hakkinda kesin bir tanim
bulunmamakla birlikte G. Robert ve ¢alisma arkadaglarinin
kitabindaki tanima goére takim gelikleri sertlestirilme ve
menevislenme 6zelligi olan karbon, alagim ya da yiiksek hiz
gelikleridir [1]. Takim g¢eliklerinin dort ana grubu, alt
kirmimlarn ve yaygin olarak kullanilan sembolleri Cizelge
1’de gosterilmistir.

Cizelge 1. Takim ¢elikleri ana gruplari ve alt kirnnimlar [2].

Grup | Sembol
Soguk is Takim Celikleri
Suda Sertlestirilmis Celikler \
Yagda Sertlestirilmis Celikler 0

Havada Sertlestirilmis Orta Alasiml1 Soguk Is

Takim Celikleri &
Yiiksek Karbon ve Kromlu Soguk s Takim
. D
Celikleri
Soka Dayanikli Takim Celikleri S
Sicak Is Takim Celikleri H

Yiiksek Hiz Takim Celikleri
Tungsten Iceren Yiiksek Hiz Takim Celikleri T
Molibden Iceren Yiiksek Hiz Takim Celikleri M
Plastik Kalip Celikleri

Asil Celik biinyesinde 2020 yilinin 3. ¢eyreginde yatirimi
gerceklestirilen 4.000 ton/y1l kapasiteli, vakum sistemi ile
giiclendirilmis yiiksek sizdirmazlik 6zelligine sahip inert gaz
tip ESR ocag1 ile daha temiz ve homojen takim/kalip
gelikleri tretilebilmektedir. Bununla birlikte 2021’in son
ceyreginde devreye giren acik dovme tesisinde yogun olarak
iretilmekte olan takim ¢eligi kaliteleri asagidaki gibidir:

o 1.2714,
1.2714 MOD,
1.2343,
1.2344,
1.2367 ve

e 1.2367 MOD.
Kalip celikleri, genellikle sicak dovme, ekstriizyon, yiiksek
basingli dokiim ve merdane uygulama alanlari i¢in yuvarlak
ve prizmatik dovme mamiil olarak {iretilebilmektedir.
Ayrica, Asil Celik’in tiretmekte oldugu takim/kalip celikleri,
bu tip celiklerin ve 1sil islemlerinin kabul kriterlerinin
degerlendirildigi NADCA kosullarini da karsilamaktadir.
Ugiinciil metaliirji olarak isimlendirilen ve yeniden ergitme
proseslerinden biri olan ESR prosesi, yonlii katilasma yapisi
ile ingotlarda karsilagilan makro ve mikro segregasyonu
biiyiik oranda ortadan kaldirirken, mevcutta bulunabilen
makro boyuttaki metal dis1 kalintilari tamamen ortadan
kaldirmaktadir. Sonug olarak konvansiyonel ingot dokiim ve
stirekli dokiim iriinlerine kiyasla ¢ok daha homojen bir
kimyasal kompozisyon, katilagma yapis1 ve ¢ok daha diisiik
kalint1 seviyeleri i¢eren malzemeler iiretilmis olmaktadir.
ESR prosesinin onemli malzeme o6zellikleri iizerindeki
metaliirjik etkisi Sekil 1°de gosterilmektedir. ESR prosesiyle
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birlikte saglanan {istiin malzeme o&zellikleri, 6zellikle
havacilik ve savunma sanayilerine hitap eden malzemeler
icin biiyiik 6nem arz etmektedir. Uygulama alanlarindan
bazilari ise asagidaki gibidir:

e Uzay ve havacilik teknolojisi,

e Sicak ve soguk is takim ¢elikleri,

e  Yiiksek alasimli paslanmaz celikler,

e Tirbin ve jenerator saftlart,

e Kimya endiistrisi i¢in kullanilan gelikler,

e Cam ve otomotiv endiistrileri i¢in kalip gelikleri,

e Nikel bazl: siiper alagimlar,

e Nikleer ve denizcilik uygulamalar icin &zel

alasim ve celikler.
Ozellikler Daha Kétii Ayni Dahalyi | Cok Daha iyi

ingot Kalitesi

Porozite —

Vizey P—

Metal Verimi B S —
Kimyasal Kempozisyon

Temel Elementler o i

Hidrojen 1T

Oksijen < —

Kiikiirt < =

Cu, Zn, Sn vb. <if b
Saflik Derecesi

Mikraskopik —————r

Makraskapik p—
ingot Yapis

Blok Segregasyon ——

Mikro Segregasyon & i
Mekanik Ozellikler

Sertlik . e

Cekme Dayanimi

Tokluk Afp————t

izotropi i e t—a

Sekil 1. ESR prosesinin 6nemli malzeme 6zellikleri
tizerindeki metaliirjik etkisi [3].

Asil Celik’te bulunan 16 ton kapasiteye sahip ESR ocagi
yiiksek teknolojik sistemlere sahiptir. Ergitme islemi
reoksidasyonun dnlenmesi amaciyla argon atmosferi altinda
gerceklestirilmektedir. 410, 500, 600 ve 800 ve 1000 mm
caplarinda olmak tizere 5 farkli kesitte ESR ingotu
iiretilebilmektedir.
ESR’de iiretilen ingotlar, 2021’in son ¢eyreginde devreye
alman 60.000 ton/yil kapasitesine sahip acik dovme
tesisinde sicak sekillendirme prosesine tabii tutulmaktadir.
Dovme presinin giicii 4.000 ton, sisirme operasyonu igin ise
5.000 tondur.
ESR ingotu formunda iiretilen ve sicak sekillendirilen
dovme mamulii takim ¢eliklerine uygulanabilen 1s1l iglemler
asagidaki gibidir:

e  Gerilim giderme tavi,
Yumusatma tavi,
Sertlestirme,
Menevisleme, ve
Ozel 1s1l islemler.
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Malzemeye kaba seklini vermek igin yapilan dovme
operasyonu, yapida yiksek oranlarda kalintt stres
birakabilmektedir. Bu kalintt stresin  giderilemedigi
durumlarda, final igleme sirasinda ya da sertlestirme islemi
sirasinda malzemede carpilma problemi ile
karsilagilabilmektedir. ~ Gerilim  giderme tavi, bu
problemlerin 6niine gecmek igin kullanilmaktadir.
Yumusatma tavi; talagh imalat veya plastik sekil vermeyi
kolaylastirmak i¢in uygulanmaktadir.

Sertlestirme islemi; 6n 1sitma, Ostenitleme, bekleme ve su
verme olmak iizere 4 asamada gergeklesen bir 1s1l iglemdir.
Celigin olabilecek en sert formuna kavustugu bu yapi;
malzemeyi islemesi zor, toklugu diisiik ve catlamaya meyilli
bir hale getirmektedir.

Menevisleme, genel olarak sertlestirme siirecinde olusan
gerilimleri azalmak amaciyla kullanilmaktadir. Fakat takim
gelikleri igin menevislemenin bundan daha 6nemli amaglari
da bulunmaktadir. Bunlar; kalinti Gstenitin doniistimiini
saglamak, karbiirlerin yapida tekrar ¢okelerek menevis
sertlesmesini  veya ikincil sertlesmeyi olusturmasini
saglamak ve tokluk gibi malzemenin Omriinii direkt
etkileyen metaliirjik degeri arttirmaktadir. Genel olarak
menevisleme 1s1l islemine tabii tutulmus gelikler, birgok
uygulama agisindan daha elverisli hale gelmektedir.

Ozel islemler ise genellikle sifiralt: islemi ve ara gerilim
giderme tav1 olarak iki ana grupta incelenmektedir. Sifiralti
islemi, 1sil islem sonrasi yapida kalan kalinti Osteniti
tamamen gidererek mekanik ozellikleri iyilestirmek igin
takimlara uygulanmaktadir. Ara gerilim giderme tavi ise,
gerilimleri azaltmakta ve takim 6mriinii uzatmaktadir.

2. Deneysel Calismalar

Asil  Celik’te ESR’li  ve ESR’siz olarak tretimi
gerceklestirilen sicak is takim geliklerinin {iretimi, {iglinciil
metaliirjik iglemleri, acik kalipta dovme islemleri ve 1sil
islemleri incelenmistir. Uretimi ve sekillendirilmesi
gerceklestirilen siireclerin rotast Sekil 2°de gosterilmektedir.

2.8.8.,1,

HAMMADDE ELEKTRIK POTA FIRINI VE iNGoT
HATZIRLANMASI ARK OCAGI VAKUMDA GAZ ALMA DOKOM
ﬂl -
ELEKTROCURUF .
YENIDEN ERGITME ISIL ISLEM JISLAM FIRINLARI
I a
—

ISLEME (TORMNA = FREZE) ULTRASONIK TEST

Sekil 2. Sonuglar1 paylasilan takim ¢eliklerinin izledigi
iiretim rotast.
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Takim celigi olarak endiistride ¢ok sik kullanim alani bulan
1.2714 ve 1.2367MOD sicak is takim ¢eliklerinin, mekanik
ozellikleri, mikroyapt ve temizlik seviyeleri hakkinda
standartlara atifta bulunarak segregasyon, mikro-temizlik,
centikli darbe ve sertlik testleri ile mikroyapi incelemeleri
gerceklestirilmistir.

2.1. 1.2367MOD sicak is takim celiginin iiretim ve
karakterizasyon siirecleri

1.2367MOD sicak is takim ¢eligi; celikhanede ingot olarak
iiretildikten sonra ESR prosesinde, 6zel karakteristikte bir
cliruf kullanilarak yeniden ergitilerek ESR ingotu olarak
iiretilmis ve son olarak agik kalipta doviilmiistiir. Dévme
islemi sonrasinda yumusatma 1s1l islemine tabi tutulan kalip
celikleri, torna veya freze tezgahlarinda isleme operasyonu
akabinde i¢ ve yiizey hata kontrollerinden gegmektedir.
Uretilen kalip ¢eliklerinden aliman numuneler, takim
celikleri igin diinyada genel olarak kilavuz kabul edilen
NADCA kriterlerine gére mikroyapi ve mekanik 6zellikler
bakimindan degerlendirilmistir.

2.2. 1.2714 sicak is takim celiginin iiretim ve
karakterizasyon siiregleri

1.2714 kalite oOn sertlestirilmis sicak is takim celigi;
celikhanede ingot olarak iiretildikten sonra agik kalipta
dovilmiistiir. Dovme islemi sonrasinda sertlestirme ve
menevisleme 1s1l islemine (Q&T) tabi tutulan 1.2714 kalip
celikleri, torna veya freze tezgahlarinda isleme operasyonu
akabinde i¢ ve yiizey hata kontrollerinden gegmektedir.
Uretilen kalip geliklerinden alinan numuneler, mikroyapi ve
mekanik ozellikler olarak degerlendirilmistir.

3. Sonugclar ve Tartisgma

3.1. 1.2367MOD sicak is takim celigi icin ESR, acik
kalipta dévme ve 1s1l islemin mikro-temizlige, mekanik
ozelliklere ve mikroyapiya etkisi

Celikhanede ESR prosesi igin 6zel olarak imal ettirilen ingot
kaliplariyla (310, 406, 500, 600 ve 800 mm yuvarlak
kesitler) iiretilen ingotlarn agirligi min. 2,4 ton, max. ise
17,5 tondur. ESR prosesinde elektrot olarak tanimlanan bu
silindirik ingotlar, ESR prosesi sonrasinda daha biiytlik
kesitli ESR ingotlarina dontismektedir. ESR sonrasinda 6zel
bir 1s1l igleme tabii tutulan ESR ingotlari, dovmehanede agik
kalipta doviilmektedir. 1.2367MOD sicak is takim ¢eliginin
en dnemli avantajlar1; yagda ve havada sertlesme igin ¢ok iyi
sertlesebilirlige sahip olmasi, yiiksek sertlik ve asinma
dayanimi gostermesi, diisiik ve yiiksek sicaklarda ¢ok iyi
tokluk ve fiziksel ozellikler gdstermesi, 1si1l yorulma
yirtilmalarina ve hizli sicaklik degisimlerine karst yiiksek
diren¢ gostermesi ile ESR islemiyle elde edilen son derece
homojen ve temiz mikroyapi sayesinde kullanimda yiiksek
performans gostermesidir. 1.2367MOD sicak is takim ¢eligi

igin standart kimyasal kompozisyon Cizelge 2’de
gosterilmektedir.

Cizelge 2. 1.2367MOD sicak is takim ¢eliginin DIN EN
ISO 4957 standart referansindaki kimyasal kompozisyonu.
Agirlikea (%)

C Si Mn Cr Mo \Y
0,38 0,40 0,40 5,00 2,95 0,50

Asil Celik’te kalip iiretimine uygun hale gelen celikler,
NADCA kriterlerine gore degerlendirilmektedir. Sekil 3°te
NADCA’nin bantlagsma ve mikrosegregasyon olarak kabul
edilebilir/edilemez sartlar1 ve Asil Celik iiretimi malzemenin
merkezdeki mikroyapist gosterilmektedir. Dovmehanede
farkli kesitli yuvarlak, kare ve prizmatik sekilli yar
mamiillere doviilen 1.2367MOD sicak is takim geliklerine
karbiirlerin yapida homojen dagilmasi ve tanelerin incelmesi
icin 6zel bir 1s1l islem uygulanmaktadir (Sekil 4).

NADCA #207-2018
=50x% Banding/Microsegregation Chart =50x%

(Alnncrosinicrures etched with Vilella's reagent)

g

Acecplable Unacceptable

Sekil 3. 1.2367MOD takim ¢eliginin 6zel 1s1l iglem
sonrasindaki mikrosegregasyonu dikkate alan mikroyapi1
fotograflari: (a) Asil Celik iiretimi ve (b) NADCA sartlar.
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Sicakhik ("C)

4 t 4 4 5 t Y s ty

Zaman (saan)
Sekil 4. 1.2714 6n sertlestirilmis sicak is takim geligine
dovme ve 1s1l islem proseslerinde uygulanan 6zel 1s1l iglem.

Uretilen yar1 mamul malzemenin merkezinden alinan
numunenin  optik  mikroskopta 50X  biiyiitmedeki
mikroyapisi, NADCA sartlarina  uygun  oldugunu
gostermektedir (Sekil 5). Sekil 4’te ise Asil Celik’teki
1.2367MOD takim celiginden iiretimi sonrasinda alinan
numunenin daglandiktan sonra optik mikroskopta 500X
biiyiitmedeki ~ mikroyapisi, NADCA’nin  tavlanmis
mikroyap1 sartini saglamakta oldugunu gosterilmektedir.

NADCA #207.2018
Annealed Quality Microstructure Chart - “AS™ Rating

13

¥
Unacceptable

Acceptable
Sekil 5. 1.2367MOD takim ¢eliginin 6zel 1s1l iglem
sonrasindaki mikroyapist: (a) Asil Celik iiretimi ve (b)
NADCA sartlari.
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Sekil 6°te, iiretilen 1.2367MOD sicak is takim geligi yart
mamullerinden toplamda almman 47 farkli sertlik degeri

SEM-EDX analizlerinde, ESR 6ncesi ¢elikhane ingotu (ESR
elektrotu) ve ESR’li déviilmiis mamul 1.2367MOD sicak is

Cizelge 4. 1.2367MOD sicak is takim ¢eliginin mikro
inkliizyon boyut dagilimlari ve ESR islemi sonrasi

gosterilmektedir. Biitiin degerler, NADCA kriterlerindeki takim celiklerinin  inkliizyon tipleri ve boyutlari degisimleri.
max. 235 HB sertlik sartin1 saglamaktadir. karsilagtirilmistir (Sekil 8). Analiz yapilan her iki numunede inklii Ebat ESR Oncesi ESR ve Dovme
de tarama 500X biiyiitmede ve 29,41 mm? toplam alanda uzyon £bat (Elektrot) Sonrasi
oo . " : : ECD =
300 gerceklestirilmistir. ESR 6ncesi ve sonrasi olarak, Sekil 7.a Inkliizyon 0 . .
280 + ve 7.b’de tespit edilen mikro inkliizyonlarin miktar1 ve (nm) Dagilimi (%) % Degisim
260 1 kimyasal kompozisyon dagilimlari, CaO-MgO-ALOs tgli 0-2 %49,29 - %64,93
B e e s e faz diyagramlarinda gosterilmistir. Cizelge 4’te ise toplam 2-5 %40,71 - 9%51,58
Sz ., L4 inkliizyon boyut dagilimi ile ESR Oncesi ve sonrasi 5-10 %10,00 - %88,57
% 200 1 ‘' ‘ . S degisimleri karsilagtirilmali olarak verilmistir. ESR islemi
:2 i ey Byedtls e ’. E e toplam inkliizyon sayisim %61,86 oraminda azaltirken
v | : ozellikle 5-10 pm arasindaki inklizyonlar1 %88,57 3.2.1.2714 sicak is takim celigi icin acik kahipta dovme ve
i gidermistir. Literatirde <5 um boyutlu inkliizyonlarin 1s1l islemin mekanik 6zelliklere ve mikroyapiya etkisi
Iy A S e celiklerin performansini énemli derecede etkileyecek kadar
14 7 10 13 16 19 22 25 28 31 34 37 40 43 46 kritik olmadig1 belirtilmektedir. 1.2714 sicak is takim ¢eligi; 1.2343, 1.2344 ve 1.2367MOD
Nunmneler

Sekil 6. Uretilen 1.2367MOD takim geliklerine uygulanan
Brinell sertlik test sonuglari.

ESR’li dévilmiis 1.2367MOD takim geliklerine TS EN ISO
148-1 standardina gore ¢entikli darbe testleri uygulanmistir.
NADCA’ya gore laboratuvar islahli 1.2367MOD takim
celiklerinin darbe tokluk degerinin min. 13,60 Joule olmasi
gerekmektedir. Sekil 7’da gosterilen centikli darbe test
sonuglarinin hepsi, NADCA’nin minimum darbe tokluk
sartin1 saglamaktadir.

ile karsilagtirildiginda alagim miktar1 olarak ¢ok daha az
alagimli bir takim celigi olmakla birlikte endiistride olduk¢a
yogun olarak kullanilan bir ¢elik kalitesidir. Tercih halinde
ESR’li olarak da itiretilebilen 1.2714 sicak is takim celigi,
endiistri tarafindan genellikle ESR’siz ve 6n sertlestirmeli
olarak talep edilmektedir. 1.2714 sicak is takim ¢eliginin en
belirgin 6zellikleri; iyi sertlesebilmesi, hem tavlanmis hem
de sertlestirilmis olarak teslim edilebilmesi, biiyiik
boyutlarda dahi kesit boyunca homojen sertlik dagilimi
gostermesi, listiin dayanim ve tokluk degerlerini sunmast ile
ESR islemiyle birlikte artan homojen ve temiz mikroyapisi
sayesinde kullanimda yiiksek performans saglamasidir.

500 1 1.2714 takim ¢eligi i¢in standart kimyasal kompozisyon

g :;:2 Cizelge 5°te gosterilmektedir.

S 0

8 300 | . Cizelge 5. 1.2714 sicak is takim ¢eliginin DIN EN ISO

E ;:'g 1 4957 standart referansindaki kimyasal kompozisyonu.

£ 150 ] i Agrlikea (%)

& w0 B e s min C Si | Mn | Cr | Mo [ Ni | V
:2: ' g0 ) 0,55 | 0225 | 0,75 | 1,00 | 0,45 | 1,65 0,10

Numuneler

Sekil 7. 1.2367MOD sicak is takim ¢eliklerinin laboratuvar
sartlarinda uygulanan 1slah sonrasindaki darbe tokluk
sonuglari.

Uretilen takim celiklerinin mikro-temizlik sonuglart ASTM
E45 Metot-A standardina gore incelenmistir. ESR’li
doviilmiis 1.2367MOD sicak is takim geliklerinin mikro-
temizlik sonuglart ile NADCA kriterlerinin karsilagtirilmast
Cizelge 3’te verilmistir. ESR’li malzemenin inkliizyon
sayist ve boyutu olarak ¢ok daha iyi sonuglar verdigi
goriilmektedir.

Cizelge 3. 1.2367MOD sicak is takim g¢eliginin ASTM E45
Metot A standardina gore mikro-temizlik sonuglari.
Standart [— A : B 5 < 5 D
Ince | Kalin | Ince | Kalin | Ince | Kalin | Ince | Kalin
NADCA | 0,50 | 0,50 | 1,50 | 1,00 | 0,50 | 0,50 | 1,50 | 1,00

Asil 6301 0,20 0,75 0.20 [0,00] 0,00 |0.75 ] 0,50
Celik
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ECD (um)
Moz Na2:s Ws:w0

Sekil 8. CaO-Al,03-MgO mikro inkliizyon analizi: (a) ESR
oncesi ESR elektrot ve (b) ESR+dovme sonrast mamiil.

Biiyiik kesitlere doviilen 1.2714 sicak is takim ¢elikleri, 1slah
islemi sonrasinda kenardan merkeze kadar aymi sertlik
degerini  gostermektedir. Kalibin 6mriinii direkt olarak
etkileyebilecek bu ozellik sayesinde, 1slahli 1.2714 ¢elikten
mamul biiyiik kaliplar izotropik mekanik 6zellikleriyle fark
yaratmaktadir. Sekil 9°da 1.2714 sicak is takim geliginin
doviildiikten ve 1slah (Q&T) uygulandiktan sonra yiizey alti,
mid-radius ve merkez olmak lizere 3 bolgesinin optik
mikroskop inceleme sonuglart gosterilmektedir.
Malzemenin tiim bdlgelerinde temperlenmis martenzit
goriiliirken, mid-radius ve merkezde az miktarda beynit
bulunmaktadir.
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Sekil 9. Islahli 1.2714 takim ¢eliginin opik mikroskopta
500X biiyiitmedeki mikroyapisi: (a) Yiizey alti, (b) Mid-
radius ve (c¢) Merkez.

Numunelerin =~ ylizey alti, mid-radius ve merkez
bolgelerinden Rockwell C yontemi ile sertlik o6l¢iimii
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yapilmis olup sonuglar Cizelge 6’da gosterilmistir. Sonuglar
degerlendirildiginde, malzemenin yiizeyinden merkezine
kadar ayni sertlik degerine sahip oldugu goziikmektedir.

Cizelge 6. 1.2714 sicak is takim ¢eliginin 1slah
sonrasindaki 3 bolgedeki sertlik sonuglart.

Bolgeler ?I?Ir}t{lg;
Yiizey alt1 44
Mid-radius 44

Merkez 44

4. Sonug

Takim celikleri, Tiirkiye’nin disa bagimli oldugu ve farkl
miihendislik uygulamalarinda ve {retim siireglerinde
kullanmak igin tedarik etmesi mecburi bir malzeme
grubudur. Asil Celik, ESR ve acik dovme yatirimlari ile
birlikte iiretmis oldugu genis yelpazeli takim celikleri
sayesinde disa bagimliligi 6nemli o&lglide engellemeyi
hedeflemektedir. Bu baglamda oncelikli olarak {iretilen
sicak is takim gelikleri; diinyada takim c¢eliklerinin referans
noktasi olarak goriilen NADCA standartlarina uymakta ve
yiiksek performans gostermektedir.

Tiirkiye’de ve Avrupa’da takim gelikleri icerisinde 6nemli

uygulama alanlar1 bulunan 1.2714, 1.2714MOD, 1.2343,

1.2344,1.2367 ve 1.2367MOD sicak i takim/kalip celikleri,

Asil Celik tarafindan mikroyapisal ve mekanik 6zellik

standartlarini saglayacak sekilde iiretilmektedir. Bu ¢aligma

kapsaminda Orneklendirilen iki sicak is takim c¢eligi
kalitesinin iiretim sonrast mikroyapt ve mekanik 6zellik
seviyeleri asagidaki gibi 6zetlenebilir:
> Ingot olarak iiretildikten sonra elektrociiruf yeniden
ergitme prosesinden (ESR) gecerek acgik kalipta
dovillen ve oOzel 1s1l islemlere tabii tutulan
1.2367MOD sicak is takim ¢eligi bakimindan;

« Biiytik kesitli malzemeler degerlendirildiginde,
bantlasma/mikrosegregasyon sonuglart NADCA
standardi sartlarin1 saglamaktadir.

% Ozel 1s11 islem uygulanmis malzemeler
degerlendirildiginde, elde edilen mikroyapilar
NADCA standardi sartlari igerisindedir.

s Toplamda iiretilen 47 farkli  malzeme
degerlendirildiginde, NADCA sertlik standardi
olan max. 235 HB biitiin malzemeler igin
saglanmaktadir.

¢ Malzemelerin NADCA'’ya gore laboratuvar 1slah
islemi  sonrasindaki  c¢entikli darbe testi
sonucundaki darbe tokluk degerleri min. 13,60
Joule olmasi gerekmekte iken, tiretilen 11 farkli
malzemenin tiimii bu kriteri saglamaktadir.

% Uretilen malzemelerin mikro-temizlik sonuclari
ASTM E45 Metot-A  standardina  gore
degerlendirildiginde, ESR + dovme + 1s1l islem
sonrasindaki degerlerin tiimii NADCA kabul
kriterlerinin i¢erisindedir.
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> Ingot olarak iiretildikten sonra ESR’siz olarak agik
kalipta doviilen ve akabinde 1slah islemine tabii
tutulan 1.2714 6n sertlestirilmis sicak is takim ¢eligi
bakimindan:

« Malzemelerin yiizey alti, mid-radius ve
merkez bolgelerinin  sertlik degerleri
aynidir. Malzemenin mikroyapisal ve
sertlik degerleri analiz edildiginde,
yiizeyden merkeze izotropik Ozellik
gostermektedir. Ozellikle biiyiik
kesitlerde dahi saglanabilen bu homojen
yapt ve Ozellik sayesinde, kaliplar
kullanimda yiiksek performans
gosterebilmektedir.

Referanslar

[1] Roberts, G. A., Krauss, G., & Kennedy, R. (1998). Tool
steels (5th ed.). Materials Park, OH: American Society for
metals. Doi: 10.1361/tools1998p001

[2] Mesquita, R. A., Kubin, M., & Schneider, R. S. (2017).
Tool steels properties and performance. Boca Raton: CRC
Press.

[3] Arh, B., Podgornik, B., & Burja, J. (2016). Electroslag
remelting: A process overview. Materiali in Tehnologije,
50(6), 971-979. Doi: 10.17222/mit.2016.108

2 METEM

2" Bosphorus International Heat Treatment Symposium

2. Bogazici Uluslararasi Isil Islem Sempozyumu

BOSPHORUS 25-26 April / Nisan 2024, ISTANBUL

MISAD 2 METEM

Experiences with the Application of the NADCA Standard in the Hardening Shop
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Abstract

The contribution from Bodycote builds on the long-standing
experience of the heat treatment plant in processing
materials, particularly in the field of die casting. Ongoing
monitoring of changes, their application, and testing of the
most commonly used materials provide the heat treatment
plant with a good understanding of material qualities in the
market. The choice of material, requirements for heat
treatment, and its control are the first steps in achieving the
desired lifespan of parts for die casting. Despite the fact that
the inspection mechanisms defined in the NADCA standard
(latest revision from 2022) are only marginally utilized by
the heat treatment plant's customers, and their significance
comes into play at the moment of part failure or inadequate
lifespan, material and heat treatment testing is conducted
internally as part of the development of heat treatment
operations [1]. The obtained data serve as a valuable source
for improving procedures, as well as for proposing heat
treatment solutions to customers, including suitable
additional operations.

1. Introduction

The field of pressure die casting is rightly considered one of
the most demanding applications, considering the
technological conditions of casting (high temperature,
pressure, mechanical wear), and the increasing demands
from foundries for the quantity of produced pieces.

To meet these criteria and withstand this challenging
environment, materials for insert production must be of the
highest possible quality. The ideal procedure is described in
the NADCA standard 207-2022. Despite the availability of
this standard, its control mechanisms are not widely utilized
by customers in our market, and the quality of material and
performed heat treatment is often addressed only when a
problem is discovered.

This approach is not suitable even for a custom heat-treating
facility that lacks the ability to control input material. Still,
it is always the first place where customer complaints are
directed upon the discovery of defects in inserts.

The long-term experience of Bodycote HT plant in the heat
treatment of pressure die casting inserts has led to the
independent testing of the most used materials and the
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creation of statistics, which currently includes over 100
impact toughness tests for materials such as DIEVAR, TQ1,
W400, W403, 1.2343, and 1.2344. The statistics encompass
tests from both customers and the foundry itself.

This presentation demonstrates the results of testing from
2018 and 2023. Repeated tests aim to gather new
information about materials on the market and reverify the
stability of the hardening shop.

2. Experimental Procedure

Testing in the years 2018 and 2023 was always conducted in
accordance with NADCA 207 (in the respective revision)
and was carried out in a dual-chamber vacuum hardening
furnace with oil quenching. This verification method
provides very good information about the steel quality
through notch toughness values. The acceptance criterion of
notch toughness is a crucial parameter due to its correlation
with heat checking in the pressure die casting process Fig.1.

v

Figure 1. Heat checking

2.1. Testing in accordance with NADCA 207 — testing
methodology

A material designated as a special grade tool steel for
NADCA, in accordance with this specification, must be
equipped with a 'Certificate of Conformity' from the steel
supplier, including the following data and information:
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e NADCA Grade (A-H) — Tab.1

Hardness in annealed condition in HB (max 235
HB)

Chemical analysis

Microcleanliness level

Ultrasonic testing confirmation

Grain size (min 7 and finer)
Microstructure in annealed condition
Segregation level

Notch toughness results of the original bar
Steel production method (VAR, ESR)

Tab.1. NADCA grades

Material Category | c | Mn

NADCA
GRADE

A Type HI3 - Promaum oxoaz | smomw | vorme | oosows | omin | swase | smaen | omam

[ anraas | 3o | ot | amiee | amase | sns | 1eam | amam
c Ty 2367 & Modsed 02080 LSS Oome | Godesy | Q10850 | 470585 | TooAN | Os0000
D | itz oxadz | oo | oosmo | omsea | omas | swase | ueiw | oeew
E | Tpe Hit Modifnd - Sparion oxrods | amom | ootme | ooims | cioess | aaze | wiozw | oxaem

Table § - Chemical Comporinien of Special Quatiry Die Steels

* Premiam indicanes tNar ihe grade may ot b remelied.

Except for grade A (H13 steel) and grade F, steel production
by ESR (Electroslag Remelting) or VAR (Vacuum Arc
Remelting) is required. The input annealed state with a
maximum hardness of 235 HBW, evaluated according to
NADCA, is shown in Fig 2.

NADCA #207-2022
500x Annealed Quality Microstructure Chart - "AS™ Rating 500x

A \ ~

Microcleanliness — limitations for sulfur, aluminum, and
silicon inclusions and globular oxides. The material should
be tested for the presence of internal defects, fibers,
porosities, and strong segregations. Testing is conducted
using ultrasonic methods. Example of segregation, Fig. 3.

NADCA #207-2022
50X Banding/Microsegregation Chart {05

Fig.3. Examples of acceptance criteria
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2.2. Testing in accordance with NADCA 207 — testing
methodology Charpy impact test

The notch toughness test is performed to verify the material
through the execution of the optimal hardening process with
quenching in oil. Austenitizing temperature is defined for
each steel according to NADCA. Subsequently, the notch
toughness test is conducted following ASTM A370.

12 iy It pumans.

o

Wb
[

I

Fig.4. Charpy impact specimens and Charpy test

2.2. Testing in accordance with NADCA 207 — selected
steels

Testing in 2023 was conducted on the following grades:

W403 VMR

W400 VMR

DIEVAR

Swiss Steel Thermodur E 40 K Superclean
Swiss Steel Thermodur 2367

The main areas of interest were W403 VMR, W400 VMR,
and DIEVAR steels, where over the years, there has been a
shift in the acceptance limits of notch toughness.

2.3. Acceptance criteria for the notch toughness value of
test coupon No.1

Acceptance requirement values are provided in Table 2.

Tab.2. Values for coupon Nr.1

Coupon Nr. 1 [J]
NADCA Grade Stel grade Iype TR | W
A HI13-Premium AL885 108 8.1
C Uddeholm Dievar CI1850 25 20
D Bihler W300 ISOBLOC | D1830 12 14,9
[ Béhler W403 WMR C1885 13.6 10,8
Swiss Steel Thermaodur E
H 40 K Superclean HI885 14 11
E Hhler W400 VMR E1810 27 23

In 2023, steels that are most encountered in the custom
hardening shop were tested. In addition to the notch
toughness test after optimal hardening (i.e., quenching in oil
and subsequent three tempering to a hardness of 44-46

HRC), the following structural assessments were also
performed:

e Steel segregation

e  Soft-annealed condition

e Hardened and tempered sondition of test coupon
No.1

3. Results of tests in monitored period 2018 and 2023
The results of notch toughness tests are included in Table 3.
A comparison of metallographies for selected steels is

provided in Fig. 5-8.

Tab.3. Summary of Charpy toughness results for selected

steels
Testlimits | " | Final value
Yeaar Steel Grade Testlimts minimum valus minimum
average[J] 1] average ]
[J]
Béhler W300
ISOBLOC 19 14,9 19 17.7
g Bohler W403 VMR 136 10,8 19,4 17,7
o
Bohler W400 VMR 27 23 336 3.8
H11/1.2343 19 14,9 15,7 14
Uddeholm Dievar 25 20 26,7 259
Bohler W403 VMR 136 10,8 20,7 20
Bohler W400 VMR 27 23 426 313
&
& Swiss Stesl
Thermodur E 40 K 14 11 15,2 14
Superclean
Swiss Stesl
Thermoedur 2367 136 10,8 20,5 17

Fig.5. Steel 1.2343 — 2018
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Fig.6. Bohler W300 ISOBLOC - 2018

Fig.8. Bohler W400 VMR — 2023

3. Summary of results in the years 2011-2023

Long-term monitoring and testing of materials, not only
through our own hardening shop tests but primarily through
customer tests, provide an interesting overview of the quality
of steels in the market. The results are depicted in Fig. 6.
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Coupon Nr.1

11,30%

m OK
NOK

Fig.9. Summary of results
4. Conclusion

The long-term experience of the Liberec plant in testing
according to acceptance criteria specified in NADCA 207
pub.229, both for supplied steels and the heat treatment
process itself, provides a comprehensive overview of
materials in the market, but especially the outputs of the
custom heat-treating facility.

Established procedures confirm that testing and emphasis on
processes defined in NADCA can significantly contribute to
achieving optimal lifespans on the foundry side and can also
be helpful in the long-term monitoring of process stability in
the heat-treating facility. Verification of the quality of
supplied steel and the custom heat-treating process can serve
as a useful tool in addressing complaints, such as insufficient
lifespan.
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Sicak Haddelenmis Q&P Celikleri Isil islem Parametrelerinin Mekanik ve
Mikroyapisal Ozelliklere Etkisinin incelenmesi
The Investigation of Heat Treatment Parameters on Hot-Rolled Q&P Steels on Mechanical and
Microstructural Properties
Ali Can ASKIN, Gézde ALDIKACTI, Yusuf YAMANTURK, Ferhat iMAL,
Emrullah CELIKKOL, Abdullah SEZER

Erdemir Demir Celik Fabrikalari
Turkiye

Abstract

Quench-partitioning (Q&P), an innovative heat treatment
cycle, aims to obtain martensite and residual austenite in the
final microstructure of steels. In this way, steel grades that
can simultaneously display the high strength values of
martensite and the high elongation properties of residual
austenite can be produced. The majority of studies in the
literature are focused on cold rolled and annealed products.
In this study, the experimental steel quality shaped in the
Erdemir R&D center hot rolling simulator was subjected to
quenching partitioning process in the Gleeble 3500
thermomechanical simulation device. The effects of
different heat treatment parameters (quench temperature,
partitioning temperature, partitioning time) the final
mechanical properties of Gleeble samples were examined.
Microstructural and mechanical characterization were
carried out by SEM, EBSD, and hardness and tensile tests,
respectively. According to the results, the amount of retained
austenite increases with the increase in quenching and
partitioning temperature and time, but some decrease in
hardness and strength values is observed. The maximum
retained austenite volume fraction 7.5 % located on
martensite-bainite boundaries was observed. Maximum
mechanical values reached that elongation 18% and tensile
strength about 1200 MPa.

Ozet

Yenilik¢i bir 1s1l islem dongiisii olan su verme-ayristirma
(quench-partitioning, Q&P) islemi ile celiklerin nihai
mikroyapisinda martenzit ve kalinti Ostenit elde etmek
amaglanir. Bu sekilde martenzitin yiiksek mukavemet
degerleri ile kalint1 6stenitin yiiksek uzama 6zelliklerini ayn1
anda gosterebilen ¢elik kaliteleri iiretilebilir. Literatiirdeki
calismalarin ¢ogunlugu soguk haddelenmis ve tavlanmig
iriinlere yoneliktir. Bu ¢alismada ise Erdemir Ar-Ge
merkezi sicak haddeleme simiilatoriinde sekillendirilen
deneysel c¢elik kalitesi Gleeble 3500 termomekanik
simiillasyon cihazinda farkli 1sil islem parametreleri (su
verme sicakligi, ayristirma sicakligi ve siiresi) uygulanan
numunelerinin  nihai  mekanik  6zelliklere  etkileri
incelenmistir. Elde edilen sonuglara gore su verme
sicakliginin arttirillmasinin ilk su verme sirasinda olusan
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kalintt 6stenit miktarin1 arttirdigi, ayrigtirma stiresinin
artmasi ile sertlik ve ¢cekme dayaniminin diiserken ytizde
uzamanin arttig1 goriilmiistiir. Bu sekilde sicak haddelenmis
Q&P geliklerinin optimum 1s1l iglem ¢evrimleri belirlenerek
optimum uzama-dayanim degerleri elde edilmistir.
Mikroyapisal ve mekanik karakterizasyon islemleri igin
optik mikroskop, SEM, EBSD incelemeleri ile sertlik ve
¢cekme deneyleri yapilmistir. Sonuglara gére su verme
sicaklign ile ayristirma siiresinin arttirilmasinin sertlik ve
¢ekme dayanimini bir miktar disiiriirken kalint1 Ostenit
miktarmi arttirdig1 goriilmiistiir. Ulagilan maksimum kalint
Ostenit miktar1 martenzit beynit sinirlarinda olup %7 olarak
Olciilmiistiir. Ulasilan maksimum mekanik degerler %18
uzama ve 1200 MPa ¢ekme dayanimaidir.

1. Giris

Giliniimiizde ¢evresel ve sosyal etkiler otomotiv lireticilerini
cevre dostu, daha hafif araclar iiretmeye zorlamaktadir.
Celik fireticileri i¢in de itici gii¢ olusturan bu durum
giivenlik gereksinimlerini karsilayabilen daha hafif ¢elik
kaliteleri ¢aligmalarini  hizlandirmistir.  3.Nesil yiiksek
mukavemetli ¢elik ailesinin liyesi olan su verme- ayristirma
(quench-partitioning, QP) islemi uygulanmis Q&P ¢elikleri
yapisindaki  kalinti  Ostenit-martenzit kombinasyonu
sayesinde yiiksek mukavemet ve yiiksek siineklik
ozelliklerini ayni anda saglayabilir. Q&P celiklerinin kiiresel
sekil verilebilirlik diyagrami veya diger adiyla muz
diyagramindaki konumu Sekil 1°de gosterilmistir.

60
I
& 6 -
g 40
3 L - &v%%
= 3 \ - My,
E -y Iy ""*’-n.,,,
S, W n e e,
o sy °IQ, hery)
= Pag
10 Cp 7 N
WS, PHS
0o 200 500 1100 1400 1700 2000 —

C?Okme Dayammi (MPa)
Sekil 1. Kiiresel Sekil Verilebilirlik Diyagrami (2023) [1]
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Su verme-ayristirma 1sil islemi 2003 yilinda Speer ve
arkadaslar1 tarafindan ortaya konulan yenilik¢i bir 1s1l islem
dongiisiidiir[2]. Buna gore As sicakliginin tizerinde tamamen
Ostenitleme veya Acs3.Aci sicakliklart arasinda kismen
Ostenitleme tavlamasi yapilir. Daha sonra celik martenzit
baslama (M) ve martenzit bitis (M) sicakliklart arasindaki
bir sicaklikta malzemeye ilk su verme islemi uygulanir. Bu
sicaklikta celik mikroyapist kalinti Ostenit ve martenzit
fazlarindan ibarettir. Ayristirma adiminda ise gelik ilk su
verme sicakliginda veya bu sicakligin {izerinde izotermal
olarak tutulur. Bu asamada asir1 doymus martenzit dokudan
yayman karbon atomlarmin, rekabet¢i reaksiyonlarin
olmadigr durumlarda (karbiir ¢okelmesi vb.) heniiz
donismemis kalinti Ostenite yayinarak, Ostenit dokunun
kararliligin1  arttirir.  Boylece kalinti  Ostenitler oda
sicakliginda yeni martenzitlere doniismeden termal olarak
stabil hale gelir [3]. Sekil 1°de su verme-ayrigtirma 1s1l iglem
adimlar1 ve her asamadaki mikroyapilar gosterilmektedir[3].

Sicaklik

Mg [~

v

Zaman

Sekil 2. Q&P isleminin Sematik Gosterimi [3]. Ci,Cy,Cm
strasiyla; baslangic alagimi, Ostenit ve martenzit karbon
konsantrasyonlarini temsil etmektedir. TQ ve Tp su verme
ve ayrigtirma sicakliklaridir.

Q&P geliklerinin yiiksek mukavemet ve yiiksek siineklik
ozellikleri esas olarak doniisiim kaynakli plastite (TRIP)
iligkilidir[1]. Yiiksek miktarda ve kararlilig1 yiiksek kalinti
Ostenit fazi deformasyon ile martenzite doniiserek plastik
kararsizligt  yiiksek  gerilmeleri  geciktirerek  ¢eligi
hasarlanma mekanizmalarina karsi daha korunakli hale
getirmektedir[1]. Bu sebeple Q&P Celik kalitelerinin
gelistirilmesi kapsamindaki en onemli konu martenzit
dokunun miktari ile kalint1 6stenitin miktar1 ve kararliligidir
Kalint1 6stenit mekanizmasinin olusumu ve kararliligt
oldukc¢a karmasik bir konu olup su verme-ayrigtirma islemi
ozelinde celigin Ostenitleme sicakligi, alasim elementleri ve
ilk su verme sicakligi kalint1 Ostenit miktarinin
belirlenmesinde  Onemli  parametrelerken, ayristirma
sicakligi, ayristirma siiresi ve sogutma hizlari ise kalinti
Ostenitin kararliligini belirleyen parametrelerdir[3], [4].

[lk su verme sicakligina bagh olarak kurgulanan Koistinen-
Marburger ampirik esitligine (Esitlik 1) gore ilk su verme
sirasinda yapida istenilen kalint1 6stenit miktari teorik olarak
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belirlenebilir. Bu model ile farkli sicakliklarda yapidaki
teorik kalint1 6stenit ve martenzit faz oranlari belirlenir[5].

fm=1- e~ 1.1x1072x(Ms—Tq) (1)

Burada fm ilk su verme isleminden sonra elde edilen
hacimce martenzit miktarini, Ms martenzit baslangi¢
sicakligimi, Tq ise ilk su verme sicakligini ifade etmektedir.
Speer ve arkadaglarinin “’Sinirli Denge Dis1 (CCE)”’
kavramina gore ayristirma adiminda karbiir ¢okelmesi gibi
rekabetgi reaksiyonlarm olmadigi durumlarda Gstenit ve
martenzit arasinda bir ¢esit suni yar1 kararli denge durumu
olusur. [6] Bu yaklagima gdre martenzit ve Ostenit arasindaki
karbon difiizyonunun termodinamik agiklamasini yapmak
mimkiin olmaktadir. Sekil 3’de demir-karbon sisteminin
siirli  denge dist  durumunu  karsilayan  karbon
konsantrasyonlar1 gosterilmistir.

(a) (h)
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Sekil 3. Fe-C sisteminin CCE Durumunda Martenzit ve
Ostenitin Karbon Konsantrasyon Olasiliklari [7]

Karbon ayristirmasinin = 6lgiisii  Koistinen-Marburger
esitligine gore belirlenen kalinti Gstenit-martenzit hacim
oranlar1 ile karbon miktarinin termodinamik durumudur. Bu
hesaplamalarla ~ beraber  karbonun  dstenit-martenzit
arasindaki difiizyonu ile alakali potansiyel bir yorum
yapabilmek miimkiin olmaktadir. Farkli martenzit
iceriklerine gore ayristirma sicakliginin bir fonksiyonu olan
karbon konsatrasyonlarini gosteren sinirli karbon dengesi
hesaplamalar1 Sekil 4°de gosterilmistir.[8]

0,5% Karbon
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Karbon miktan (Ferritte ag. %)
Sekil 4. Fe-0,50%C (% Ag.) degerine gore hesaplanan
CCE hesaplamalari[8]

Karbon miktan (Ostenitte ag. %)

Yukarida tartigilan yaklagimlar baz alinarak agirlik¢a %0,4
karbon igeren deneysel c¢elik Kkalitesi farkli 1sil iglem
dongiilerinde su verme-ayristirma islemine tabi tutulmustur.

Isil iglem parametrelerinin mekanik ve mikroyapisal
ozelliklere etkileri ortaya konulmustur. Calismalarin
yapildigr Gleeble 3500 numunelerinde 1000-1200 MPa
araliginda ¢cekme dayanimi ile %8-18 arasinda uniform
uzama degerleri elde edilmistir. Kalint1 stenit dl¢timleri ise
%2,5-7,5 arasinda degigmektedir.

2. Deneysel Calismalar

Erdemir Ar-Ge merkezi simiilasyon laboratuvarlarinda
vakum altinda dokiimii gerceklestirilen deneysel ¢elik
kalitesine ait 400x250x80 mm ingotlar Erdemir sicak
haddeleme simiilatdriinde 6 mm nihai hedef kalinligina
haddelenerek numuneler hazirlanmis ardindan Gleeble 3500
termomekanik simiilasyon cihazinda 1sil ¢evrimlere maruz
brrakilmstir.

Isil gevrimleri tamamlanan numunelerin sertlik testleri
Qness Q10A mikro sertlik cihazinda lkg yiikler altinda,
¢ekme testleri ise Zwick 250 kN ¢ekme cihazinda
gerceklestirilmistir. Incelenecek numuneler sicak bakalite
alinmis, zimparalanmis ve parlatilmigtir. Ardindan %2 nital
¢ozeltisi ile 5 saniye daglanan numunelerin optik
mikroskopta (Nikon Eclipse MA200) mikroyap1 goriintiileri

¢ekilmis, JEOL JSM  7100F taramali elektron
mikroskobunda (SEM) detayli incelemeleri
gerceklestirilmistir.  Elektron geri sagcilim  kirmim

difraksiyon (EBSD) cihazi kullanilarak 17 mm calisma
araliginda, 20 kV voltaj ile 0.15 pm adim araliginda x750
bliylitmede kalintt Ostenit Olglimleri ve faz analizleri
yapilmuistir.

2.1. Analiz ve Proses Tasarimi Calismalari

Sicak haddelenmis deneysel Q&P celik kalitesinin kimyasal
kompozisyonu belirlenirken literatiirdeki soguk
haddelenmis ve tavlanmig Q&P ¢elik kaliteleri ile Jmat Pro
programindaki teorik veriler baz alinmustir. Ozellikle
ayrisgtirma agamasinda kalinti  Osteniti  kararli hale
getirebilmek amaciyla karbon miktar1 %0,4 olarak
secilmigtir. Ayrigtirma asamasinda martenzitten ayrigan
karbonun kalinti Ostenite yaymmmasi beklendiginden
rekabetgi reaksiyonlar olan karbiir ¢okelmesi vs gibi
reaksiyonlardan  kagmmak i¢in  sementit  olusum
mekanizmasini  baskilayan = Silisyum ve Aliiminyum
elementleri kompozisyonlar1 sirasiyla %1 ve %l1,5
secilmistir. Ilk Su verme isleminde kalinti Gstenit
kararliligin1 kontrol etmek amaciyla %2,5 Mangan ve %0,2
Mo kullanilmigtir. Erdemir Ar-Ge merkezi simiilasyon
laboratuvarlarinda vakum altinda dokiimii gerceklestirilen
deneysel ¢elik kalitesinin kimyasal bilesimi Tablo 1°de
gosterilmistir.

Tablo 1. Numunenin kimyasal analizi (%Ag.)

C Mn Si Al Cu Mo

0,4 2,5 1 1,5 0,06 0,2
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2.2 Gleeble 3500 1s1l islem ¢alismalar:

400x250x80 mm ebatinda dokiilen ingotun dokiim
bosluklar1 alinmis ve sicak haddeleme 1sitma asamasinda
tufal olusumunu minimize etmek amaciyla iist-alt ylizeylere
frezeleme islemi yapilmistir. Bu iglemler sonrasi ingot ebati
360x250x78 mm olarak gerceklesmistir. Ingot, daha sonra
Erdemir Ar-Ge Merkezi sicak haddeleme simiilatorii (HRS)
isitma firminda 1200 °C sicakliga 360 °C/saat hizla
cikarilmis ve 70 dakika homojenlestirme yapilmistir. Ingot
daha sonra Sekil 5’te verilen haddeleme modeliyle 9 pasoda
6 mm kalinliga haddelenmistir.

Ingat (ki T8 mam x 250 smm x & 36 m Pirss schedufe:

Aihal Qg 6,00 mm x 272 mm x 4.30 m QP 78 x 250 6
s Agg Rl Ship Exil Inlepies Tesnpirabure:
Speed
e Gauge Vindth Length Stan Time [Endry Bt
f mmp im imi 5 re

1 i3l 10,72 69,64 252 0,400 0,85 200 1M77.2 11758

2 R1 17 61,48 28 0449 087 kL) 1 umn7

3 A1 135 A 257 0515 02 10 11887 11674

4 R1 200 3985 2 0576 0,91 30 Me3E 1638

> R a2t BN 267 1124 08 102 11484 11504

6 R 4345 1BM 210 1,960 0,58 31 w3 11364

7 " 3200 890 272 2,904 1,23 3.0 1144 11005

] R1 FIR T 2z 3,706 156 28 10766 10706

'] L1 1179 E00 2 4205 160 12 10286 10214
Air Conling 6,00 m 4295 160 B16 9484

Sekil 6. 6 mm Haddeleme Hedefli HRS Modeli

Haddeleme sonrasi havada sogutularak 4.3x272x6 mm
boyutlarinda malzemeler elde edilmistir. Haddelenmis
numunelerden  Gleeble Termomekanik  Simiilasyon
cihazinda 1sil ¢evrimlere uygun Gleeble numuneleri
hazirlanmistir. Hazirlanan numunelerin teknik resmi ve
makro goriintiileri Sekil 7°de gosterilmistir.

-

o

COAERR AR AR

Sekil 7. Gleeble Numunelerinin Boyutlar1 ve Makro
Goriintiileri
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Numunelerin  1s11  g¢evrimleri belirlenirken Martenzit
Baglangic (Ms) sicakligi Steven ve Heynes’in ampirik
formiiliine gore hesaplanmistir (Esitlik 2)

Ms(°C) =561-574C-33Mn-17Ni-17Cr-21Mo ©)

Burada element miktarlar1 % agirlik olarak miktarlaridir.
Deneysel c¢elik kalitesinin zamana bagli soguma grafikleri
ile stirekli soguma doniisiim grafikleri JMatPro simiilasyon
programinda ¢ikarilmistir (Sekil 8).

— a0 @Fenite(1%)

£ W rearlitett %)

= Meainite(1%)

E @ Austenite( %)
i 4007 # Manensite stan

@ Martensite 50%
& Martensite 00%.

200+

13 16 23 |50

o
0.001 0.01 01 1 10 100 1000
Snfuma Hiz (°C/sn)

@rerie(1%)
W Pearlite(t %)
W Eainite(1 %)

Sicaklik |*c)

— Complatinn

|
200+ | (.. |
1
|

100
10 100 1000 10000 100000

Zaman (saniyc)

Sekil 8. Deneysel Kalitenin TTT-CCT Diyagramlari

Martenzit baslangic sicakligi, zamana bagli soguma
grafikleri (ZBS) ile stirekli soguma doniisim (SSD)
grafikleri belirlendikten sonra deneysel g¢elik kalitesinin su
verme-ayrigtirma 1sil islem parametreleri belirlenmistir.
Martenzit baslangig sicakligit 300 °C olarak hesaplanmis
olup, 800°C’de kritik sicakliklar arasina 5°C/sn hiziyla
isitithp 5 dakika normalizasyon tavlamasi uygulanan
numuneler 250 °C ve 220 °C su verme sicakliklarina
60°C/sn sogutma hiziyla soguk su vasitasiyla sogutulmustur.
Su verme isleminden sonra 350 °C ve 450 °C sicakliklara
1sitilan numuneler bu sicakliklarda izotermal olarak 180 sn
ve 600 sn tutulmus ardindan oda sicakligina 10°C/sn hiziyla
sogutulmustur. Numunelere uygulanan 1s1l ¢evrim rotalari
Sekil 9 ve 10°de gosterilmistir.

— Transformed(10¢
Transformed (508
— Transformed{00%
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1000 -

g

Sicaklik (°C)
;

200

T ) T T T T T T T
200 0 200 400 600 800 1000 1200 1400 1600
Zaman (sn)

Sekil 9. QP1, QP2, QP3, QP4 numunelerinin 220°C su
verme sicakligi, 350 ve 450°C ayristirma sicakligindaki 1sil

cevrimleri
——— QP5
1000 - = QP8
= &~ QP7
~v = QP8
800
;6 600
=
’é 400 ~
6 .
200 = %

T T T T T T T T T
200 0 200 400 600 800 1000 1200 1400 1600
Zaman (sn)

Sekil 10. QP5, QP6, QP7, QP8 numunelerinin 220°C su
verme sicakligi, 350 ve 450°C ayristirma sicakligindaki 1s1l
¢evrimleri

1.Su verme sicakligi 220 °C ve 250°C olarak secilmis bu
sartlar i¢in ayristirma sicakligt 350°C ve 450°C olarak
secilmistir. Ayristirma siiresinin karbon difiizyonu ve kalinti
Ostenit kararliligi tizerindeki etkilerini incelemek amaciyla
180 sn ve 600 sn ayristirma sicakliklari secilmistir. Bu
sekilde kurgulanan deney diizenegi ile su verme sicakligi,
ayristirma sicakligi ve siiresi parametrelerinin nihai yapiya
etkilerinin Olgiilmesi amaglanmigtir. Tim 1s1l ¢evrim
parametreleri Tablo 2°de gosterilmistir.

Tablo 2. Numunelere uygulanan 1s1l islem parametreleri

Numune No. Su verme | Ayristirma Ayristirma
sicaklig (°C) sicakligi (°C) siiresi (saniye)
QP1 220 350 180
QP2 220 350 600
QP3 220 450 180
QP4 220 450 600
QP5 250 350 180
QP6 250 350 600
QP7 250 450 180
QP8 250 450 600

2.3.Mikroyap1 karakterizasyon ¢alismalari

Optik mikroskopta ¢ekilen mikroyap:1 goriintiileri Sekil
10°da gosterilmistir.

Sekil 10. Numunelerin Optik Mikroskop Gérﬁntﬁeri

Mikroyap1 goriintiileri incelendiginde QP1-QP3-QP5 ve
QP7 numunelerinde ayristirma siirelerinin kisa olmasindan
dolay1 1.su verme sirasinda olusan martenzit dokularin plaka
tipte oldugu ayristirma siirelerinin uzamasi ile sirastyla QP2-
QP4-QP6-QP8 numunelerinde plaka tipten ignemsi
martenzit dokulara doniistiigii goriilmektedir. Izotermal
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tutma(ayristirma) asamasinda asir1 doymus martenzit
dokundan yayman karbon atomlarinin martenzit fazinin
gerinim enerjisini azaltmakta dolayisiyla morfolojisinin
incelerek ignemsi morfoloji géstermesine neden olmaktadir.
Artan ayrigtirma siiresinin martenzit dokuyu kademeli
olarak temperlenmis martenzite doniistiirdiigii mikroyap1
goriintiilerinden net olarak gorilmektedir. Mikroyapilarda
goriilen siyah noktasal bolgelerin yapilarin martenzit
dokudan yayinan karbon atomlarinin olusturdugu karbiirler
oldugu goriilmiigtiir. Yiiksek derecede ayrigtirma isleminde
karbon atomlarmimn difiizyon enerjisi daha yiiksek
oldugundan  karbiir yapilarin daha az olustugu
goriilmektedir.

Optik mikroskopta martenzit dokudan ayirt edilemeyen
kalinti ~ Ostenit dokunun belirlenebilmesi amaciyla
numunelere taramali elektron mikroskobunda bakilmistir.
Goriintiiler Sekil 11°de verilmistir. M1, M2, RA sirasiyla
1.cil martenzit, 2.cil martenzit ve kalint1 Ostenit dokulari
gostermektedir.

op2)

vt — P A
Sekil 11. Numunelerin taramali elektron mikroskobu
(SEM) goriintiileri
Elektron  mikroskobu goriintiileri incelendiginde

beklenildigi gibi martenzit plaka sinirlarinda kalint1 6stenit
dokulara rastlanilmistir. Su verme sicakligmin martenzit
baslangic sicakligina yakin oldugu QPS5-QP6-QP7-QP8
numunelerinde kalint1 stenit fazi dagiliminin daha homojen
ve diizenli oldugu goériintiilerden anlagilmaktadir. Ayrica
martenzit dokudan yaymnan karbon atomlarinin tamamen
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Ostenit dokuya gecemedigi ara yiizeyde olusan karbiir
yapilardan anlagilmaktadir. Numunelerdeki kalinti Ostenit
miktarlarmin tespiti i¢in elektron geri sa¢ilim kirmim
difraksiyon teknigi ile yapidaki fazlarin oranlari tespit
edilmistir. Numunelerdeki fazlarin yiizdesel oranlar1 tablo
4’de verilmistir.

Tablo 4. Kalint1 dstenit ve l¢iimde ¢oziimlenemeyen alan

oranlart
Kalint1 Ostenit (%) Coziimlenemeyen Alan

(%)
QP1 2 26,55
QP2 2.5 12,48
QP3 7 18
QP4 5 24,98
QP5 7 24
QP6 5 20,56
QP7 7 21
QP8 11 35

Koinstinen-Marburger esitligine uygun olarak 1.su verme
sicakligi Martenzit baslangi¢ sicakligina daha yakin olan
250°C de su verilen QP5, QP6, QP7, QP8 numunelerinde
kalint1 dstenit hacim orani daha yiiksek ve dagilimi daha
homojendir.

Diger yandan ayni su verme sicakliginda farkli ayristirma
sicaklig1 ve siiresine maruz birakilan QP1-QP2 ve QP7-QPS8
numuneleri incelendiginde yiiksek sicakliklarda yapilan
ayristirma igleminin kalintt Gstenit miktarim1 arttirdigi
goriilmektedir. Artan sicaklikla difiizyon enerjisi artan
karbon atomlarmin kalmti  Ostenit doku igerisine
yaymnmasmin daha da kolaylastigi goriilmektedir. Aym
sekilde diisiik sicakliklarda yapilan ayristirma islemlerinde
iste kalint1 6stenit miktarinin daha az olmasit ve daha yogun
karbiir yapilar goriilmesi karbon atomlarmin istenilen

Sekil 12. QP7 ve QP8 numunelerinin EBSD faz analizleri,
mavi renkli alanlar kalint1 Gstenit fazi, kirmizi alanlar

2.4.MeKkanik testler

kalinti martenzit fazin1 gostermektedir.

verilen QP5, QP6, QP7, QP8 numunelerinin sertlik ve
dayanim degerleri QP1, QP2, QP3, QP4 numunelerine gére
daha yiiksektir. Ayrica ayni su verme ve ayristirma
sicakliklart uygulanan numunlerde ayristirma sirasinda
martenzitten yayman karbon atomlar1 sebebiyle martenzit
dokunun sertligi diismektedir. Yayinan bu karbonlar kalinti
ostenit dokuya gectiginden ayristirma siiresinin uzamastyla
numunelerin mekanik 6zelliklerinde bir miktar azalma
olurken uzama degerlerinin arttig1 goriillmektedir.

3. Sonuclar ve Tartisma

Bu calismada sicak haddelenmis deneysel kalitesine farkli su
verme-ayristirma 1sil islem parametreleri uygulanarak
sonuglarin nihai mikroyapidaki ve mekanik 6zelliklerdeki
etkilerinin arastirilmasi amaglanmistir. Calismanin sonuglari
asagida 6zetlenmistir:

e Su verme sicakligi martenzit olusum sicakligina
yakinlagtikca  kalinti  6stenit hacim  orani
artmaktadir. Ostenitten doniisen birincil martenzit
orani azaldigindan mekanik o6zellikler ve sertlik
degerleri azalirken yiizde uzama artmaktadir.

e  Mekanik degeleri etkileyen bir diger faktor de Ilk
su verme sirasinda olusan karbonca asir1 doygun
martenzit dokulardan ayristirma  asamasinda
yayman karbon atomlaridir. Ikinci su verme
sirasinda  yapidaki martenzit dokunun karbon
icerigi  azaldigindan  sertlik  ve  g¢ekme
dayanimlarinda bir miktar diisiis goriliirken, %
uzama degerleri artmaktadir.

e Aynstirma sicakligi zamana bagli soguma
grafiginde beynit burnunu kesmemek kaydiyla
miimkiin oldugu kadar yiiksek secilmelidir. Yiiksek
ayristirma sicakliklarinda 1.su verme sirasinda

olusan martenzitlerden yayman karbon atomlart

Su verme ayristirma islemi sonucunda olusan kalint1 dstenit ) - . € °
sayesinde kalint1 dstenit tanelerinin daha iri oldugu

ve martenzit dokunun mekanik Ozelliklerini karakterize

o D o . etmek amactyla mikrosertlik testi ve ¢ekme testi yapilmustir. ve kalinti 6s§enit hacim oraninin daha fazla oldugu
Bu durumun bir diger sebebi kimyasal bilesimde sementit Sonuglar tablo 5°de gésterilmistir. goriilmektedir.

baskilayict olarak alasima ilave edilen silisyum ve e SEM incelemelerinde goriilen karbiir yapilarin
aliminyum element miktarlariin az olmasidir [9]. Ilk su Ostenit kararhiligini saglayacak karbon atomlarinin
verme sirasinda olugan martenzit dokunun yeterince yayimnmasi sebebiyle olustugu goriilmektedir. Bu

diizeyde yaymamadigini1 gostermektedir.

Tablo 5. Numunelerin mekanik 6zellikleri

karbonla doyurabilen kisimlar1 ikinci su verme sirasinda Cekme Akma Uzama | Mikrosertlik sebeple alasimdaki aliiminyum ve silisyum gibi
varligint korurken yeterince karbon alamayan Ostenit Dayanimi | Dayanmi | (%) (HV) sementit baskilayict etkisi olan elementlerin
yapilarm ikinci su verme sirasinda plaka martenzite (MPa) (MPa) miktarinin ~ arttirilmasinin -~ karbiir - olusumunu
doniistiigii EBSD analizleri ile anlagilmaktadir. QP7 ve QP8 QP1 1200 840 5 470 azaltarak Ostenit dokunun kararliligini arttiracagini
numunelerinde kalint1  Ostenit varligi  Sekil 12°de QP2 1180 800 7 448 ayrica 2.su verme sirasinda Ostenit martenzit
gosterilmistir. QP3 1140 822 10 496 donistimiinii azaltacag: goriilmektedir.

QP4 1136 850 3 426 e Ayrnistirma siiresi arttikga Ostenit tanelerin daha
Koinstinen-Marburger esitligine gére 220°C ve 250°C su QP5 1089 765 10 552 kararl ve iri oldugu gériilmektedir.
verme sicakliklarinda hesaplanan kalinti Gstenit hacim QP6 1240 390 12 500
oranlar1 swrastyla %12 ve %18’dir. Bu degerlere QP7 1180 900 11 504
ulasilamamasinin sebebinin kalint1 dstenit dokular karbon QP8 980 786 18 450

yayimimi ile yeterince stabilize edilememesidir[10].

Mekanik test sonuglarina gore ilk su verme sicakliginda
olusan martenzit miktar1 belirlendiginden 250°C’de su
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Induction Heating for Advance Manufacturing-Induction 4.0

Sergio FORNER

GH Induction

Summary:

Spain

The content of this paper is based, more than in one experimental case or specific development, in a combination of the most
important technologies that have been developed and applied for GH INDUCTION, one of the biggest induction heating

manufacturing and development technologies group, during the last years.

All the technologies explained in this document are being currently applied to our industrial projects in order to benefit our
customers and support them towards a more automated, sustainable, and efficient industry. Towards an Induction 4.0.

1. Abstract:

Induction 4.0 at GH Induction represents the evolution of
induction heating solutions within the framework of
“Industry 4.0” or advanced manufacturing.

Induction heating is a technology that offers great
advantages in advanced production. It is digitally
controllable, highly accurate, safe, and efficient. These
advantages, combined with the use of other digital
technologies, allow GH systems and machines to be 100%
integrated into the most advanced manufacturing lines.

Today’s manufacturers are being forced to become more
process and cost efficient in order to respond quickly and
cost effectively to changes in demand. Internet of Things,
augmented reality, additive manufacturing, digital
simulations, and full automation are just some of the
digital enabling technologies in demand in manufacturing
today.

All the technologies included in this paper are conceptual
or theoretical technologies. They are all technologies
currently applied and industrialized in GH INDUCION
heating machines with the aim of helping our customer to
the needs described in the las paragraph.

Some of the main technologies contained in our induction
4.0 concept are summarized next and will be exposed in
more detail in the paper.
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2. Introduction

From all the technologies that could be considered, the
next ones have been included in the scope of this paper:

3D Heating Simulation

Additive manufacturing of inductors, quenches,
and auxiliary elements

Full machine automation — Automated inductor
changeover (AIC)

Full machine automation — Artificial vision

Real time induction process monitoring

e  Traceability — Process and system data

3. 3D Heating Simulation (Optima Service)

Every year there are new thermic processes that start to be
done by induction due to the benefits of this technology in
the new industrial era. Developing new applications and
Processes has always been one of the main reasons to be
of GH INDUCTION.

Nowadays, simulating the induction processes to check
their viability and know the requirements of the induction
system that would be required to do a particular treatment
in a particular part is a reality.

In the past, this process was much more complexed and
especially costly. The customer needed to provide to a big
number of parts. First step was designing and
manufacturing a first model of the inductor and preparing
an appropriate equipment in the laboratory for the specific
required treatment. After that, a frequently long
development process started, that included a different
number of iterations. Iterations included a testing process,
followed by a destructive test process for checking the
results obtained, and a subsequent process of redesigning
and modification of the inductor in other to start a new
iteration. The final amount of money the customer needed
for developing a new process was significant.

$ Ik ( " SIS {
e/ \ \T A 3
Fowin de puazan N30k hobina SMUsiaTD  Fabreacamackrics DrisbAs GolMbOMEAS  COtey ISSA i
P2 puthes J2t e de bubing ¢ it depai (
*

L 5-10 iteraciones J

Currently, by means of using the last improvement in 3D
Induction Heating Simulation Process, this has become
easier, faster and cheaper, what provides a lot of
advantages to our customers to reduce the cost and time of
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developing a new process or simply optimizing an existing
one.

First, we do not need to receive a big set of parts in our
laboratory. We just need to receive a CAD field of the part
and the required specifications for the treatment that needs
to be done.

After receiving the CAD and the specifications, our
engineers start the design of the inductor and the
simulations process. Once the first design of the inductor
is finished, it is also loaded to the software and the
simulations process starts. It will probably require some
iterations, but the cost and time associated to this process
are notably lower. Real test in the laboratory can be done
only as a last verification in case the process has
successfully arrived until this point.

EndoplarcaCAD  Dmeho de bobinascon  Simuacones
6 phzm arto

de  Fabrcacom de bobnas Pruebas de lazommns  Came y revisién
Orlerentes geometrias  calentamiant presss € nucton S paetl
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sirutiness con =
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4. Additive manufacturing of inductors and
quenches

Additive manufacturing of inductor in pure cooper is
probably the biggest step forward given by GH
INDUCTION group in the last decade. It provides a wide
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range of advantages that open an equally big range of
possibilities. GH has made a transition from the first
developments of 3D inductor made in 2007 with micro
fusion with silver alloys, to the current and patented
process technology of EBM to be the first, and unique
induction machine manufacturer, to be able of printing 3D
inductor with pure cooper.

Brazed points

Traditional 3DP

Printed coils have multiple advantages over the traditional
machined inductors. All the advantage from 3D over
traditional machined inductors are listed below:

e Only one brazing point for 3D inductor to
connect the coil to the inductor against multiple
brazing points of machined inductors to be able
of forming the coil. This point is important, since
it must be noticed that brazing points are
frequently the weakest part of a coil or inductor.
Therefore, 3D printed coils are much less prone
to failure.

e Design flexibility. Since traditional machined
inductor are limited to the possibilities and costs
of a machined process, 3D printed inductors are
not under these boundaries, making possible new
designs to get new possibilities in the control of
the magnetic field created. This factor is also
important in the reliability of the inductor, since
it allows to create a much more -efficient
refrigeration circuit in the coil to extract the heat
produced.

e Repeatability, parameterisation, and continuous
improvement. It is also one of the main
advantages that provide this manufacturing
process. Since traditional machined inductors are
manufactured by means of a manual process, it
was always difficult to get an exact copy of some
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inductors with complex geometries. This
problem totally disappears with 3D printed
inductors. It is possible to create as many copies
as necessary, avoiding time costs in readjusting
processes. Besides, since all the geometry and
properties of the inductors are totally
parametrised, it provides the possibility of
implementing a continuous improvement
dynamic in order to analyse the inductor cycle of
life and improve their breakage zones. Improving
of that way the total production life of the
inductors.

Apart from all the advantages previously mentioned, 3D
Inductors printing is a technology that is perfectly
complemented with the 3D heating simulation process,
since the parameters of an inductor designed for a
simulation process, which has successfully shown its
convenience in the software, can be directly sent to the
printers, getting an exact real copy of the design used in
the simulation.

4.1. Electron Beam Melting

As it has been previously mentioned, the 3D printing
inductor process, implemented and patented by GH, is
based in an Electron Beam Melting (EBM) process.

The technology used for printing our inductors is one of
the main differences with our competitors, and it provides
an important advantage to our inductors compared to other
manufacturers.

While the most widespread methods for printing inductors
are based in Laser Beam Melting technology (LBM),
EBM process provides many and easily measurable
technical advantages.

While LBM makes not possible to use pure cooper,
making necessary the use of alloys, due to the reflection
effect of the laser, that can also cause important damages
to the printerr EBM GH INDUCTION developed
technology can print the inductors in pure cooper. This is
very important once we are able to understand that the
higher the purity of the copper, the higher its technical
properties for induction heating, due to parameters like the
higher electrical conductivity.

The printing process is done not only for one individual
inductor but for what we call an ‘inductors tray’. Since it
is a printing process done layer by layer inside the
dimensions allow for the printer, it is the most
appropriated and cost saving production way.

In the next page can be seen an example of how looks like
an inductor tray freshly removed from the printer.

After a separation and cleaning process, the inductors are
ready for use.
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5. Full machine automation - Automated Inductor
Changeover (AIC)

As it is known, some type of parts that need to be surface
hardened or treated by induction have not only one
treatment zone. They have different zones to be hardened,
with different geometries and, therefore, different needs
for the design of the coil.

In the past the process had to be irretrievably interrupted.
The treatment of the part had to be divided in different
phases, and operators had to change the coils manually for
each treatment phase. That was a cause of a low
productivity in this type of processes. All of that is
fortunately in the past thanks to the automatic inductor
switching technology.

With AIC, the inductors are changed without operator
intervention. This is possible thanks to the automated
change of all inductor-machine interconnections:
electrical, pneumatic, and cooling.

This technology did possible a complete automation also
in this type of parts, bringing them to a new era of a higher
productivity.

6. Full machine automation - Artificial vision

Industry 4.0 is highly demanding for new ways of
automating processes. It affects to our products and
services, as we have seen in the last sections of this
document, but also to the solutions we offer our customers
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in their processes through our machines for induction
heating.

AV has been included in the portfolio of technologies
added to the induction heating machines possibilities in
the last years. Its advantages are especially distinctive in
projects where a same type of part has variations from one
to the next, and therefore, it is not possible to secure the
heating position only with numeric controls or servo-
controlled movements. These parts normally have
complex patterns that must be recognized and locate.

7. Real-time Induction Process Monitoring (IPM
4.0)

IPM system guarantees a correct quality control for our
customers. It is based on 100% control over the treated
parts and real-time measurements of the parameters
involved in the treatment.

RECETAL

IPM system is based on a patter created once the treatment
to be done in the parts is considered as correct. The patter
is created for any of the critical values of the process.
Electrical, mechanical or refrigeration parameters. Any
parameter with influence in the process can be monitored
by the system.

After creating a patter, it needs to be defined a tolerance.
Every treatment done with the machine will be checked by
the system to assure that every parameter is inside the
tolerance range. In case one or more parameters are out of
the range, an alarm will appear, and the machine will
discard the bad part.

Parameters normally monitored:
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8. Traceability - Process and system data

The OPC UA interface allows easy access to information
through a standardized and easily programmable interface,
and enables the integration of traceability information into
existing systems and applications.

The digitalization and communication protocols of GH
INDUCTION equipment and machines allow access to a
large amount of data.
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Traceability system of GH INDUCTION does not only
allow to register and save all the data of the production of
our machines, but also to have access to this data from any
device located in the office or mobile devices like mobile
phones and tablets, always that an internet connexion is
available.
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Laser Polishing of Wear Resistant Cold Work Steel 1.2379
Celik Endiistrisinde Yeniden Isitma ve Isil islem Siireclerinin Karbonsuzlastiriimasina
Yonelik Stratejiler
Jens Jonas WILZER', Marcel BESTENLEHRER®

'Dérrenberg Edelstahl GmbH, “Bestenlehrer GmbH
Germany

Abstract

The process of laser polishing of steel components was
developed in the 1990s and a patent was applied for in 1996
by the company Bestenlehrer. Laser polishing has been used
successfully in mold making to refine the surface of inserts
made of hot work tool steels (e.g. 1.2343 and 1.2344) or
stainless mold steels (e.g. 1.2316 and 1.2083). However,
wear resistant ledeburitic cold work steels (e.g. 1.2379) have
so far not been able to be processed using laser polishing.
Therefore, the companies Bestenlehrer and Dorrenberg
Edelstahl have joined forces to examine the influence of the
microstructure and the heat treatment condition on
polishability of cold work steel 1.2379 using a laser.

1. Introduction

Bestenlehrer GmbH was founded in 1979 as a polishing
workshop for plastic molds. The first attempts at laser
polishing took place in the early 1990s [1]. The patent
application for laser polishing was filed in 1997 [2, 3].

Figure 1 shows a schematic representation of the laser
polishing process. Using a 100 W fiber laser, the steel
surface is locally melted with a spot diameter of 0.06 mm.
The surface is smoothed in two stages. During the first stage,
called macropolishing, a 30-80 um deep zone is remelted to
smooth  macroroughness. In the second stage,
micropolishing, a 5 pm deep zone is remelted to increase the
gloss level of the surface.

moving direction
_—

surface roughness

laser polished surface

remelted zone steel melt

heat affected zone

Figure 1. Schematic representation of laser polishing.
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Laser polishing has so far been mainly used for hot-work
steels such as 1.2343 and 1.2344 or plastic mold steels such
as 1.2083 and 1.2316, which are used to build molds and
mold inserts. The big advantage of laser polishing over
traditional manual polishing is that precise local polishing is
possible. This opens up new possibilities in surface design.
A positive side effect of laser polishing is that the wear and
corrosion resistance of many tool steels can also be
improved. However, for carbide-rich cold work steels such
as 1.2379, it has not previously been possible to refine
surfaces without cracks using laser polishing. The
companies Bestenlehrer and Dorrenberg Edelstahl have
therefore joined forces to investigate the causes of this and
to develop proposed solutions for better laser polishing of
carbide-rich cold work steels.

2. Material, Heat Treatment and Experimental
Procedure

The ledeburitic cold work steel 1.2379 (X153CrMoV12 /D2
/ SKD11) is one of the best-known tool steels worldwide. It
is used for sheet metal processing (knives, punches, deep-
drawing tools), in pipe production (rollers, rollers, expander
tools) and in plastics processing (screw segments, screw
housings, mold inserts, slides).

The raw material can be produced via different
manufacturing routes. Normally, it is ingot cast or
continuous cast and then forged or rolled. As a special
version, the 1.2379 can also be atomized as a powder and
then hot isostatically pressed. This special version is also
referred to as powder metallurgical (PLUS).

For the investigations, samples were taken from a forged
block (1.2379) and samples from a PM block (1.23797LUS),
Table 1 compares the two melt analyzes with the target
analysis of cold work steel 1.2379 according to DIN EN ISO
4957 [4]. The samples were milled to a size of 70,0702 x
60,0702 x 15,0992 mm? and then heat treated. After
austenitizing for 30 minutes at 1070°C, quenching was
carried out in oil. One part of the samples was tempered 3x
for 2 h at 200°C, the other part 3x at 550°C for 2h. Table 2
provides an overview of the heat treatment parameters and
the set hardness values. After the heat treatment, the
thickness of the samples was ground to a surface roughness
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Ra of 0.5-1.0 pm. This was followed by two-stage laser
polishing. After laser polishing, the samples were examined
macroscopically and microscopically at Ddrrenberg
Edelstahl. Microhardness measurements were also carried
out.

Table 1. Heat analyzes of the sample materials.

Element | 1.2379 1.2379PUS | DIN EN ISO 4957
C 1.51 1.50 1.45-1.60
Si 0.36 0.44 0.10-0.60
Mn 0.34 0.28 0.20-0.60
P 0.017 0.021 <0.030
S 0.003 0.010 <0.030
Cr 11.37 11.54 11.00-13.00
Mo 0.72 0.84 0.70-1.00
\% 0.71 0.92 0.70-1.00
Table 2. Heat treatment parameters and hardness.
. . . Hardness in
Material Hardening | Tempering HRC
1.2379 3x 200°C/ 58.5-60.0
1.2379PLUS 1070°C/ 2h 59.5
1.2379 30’ / oil 3x 550°C/ 59.0-60.0
1.2379PLUS 2h 58.0

3. Results and Discussion

The appearance of the samples after laser polishing is shown
as an example in Figure 2 and 3. All samples have a light,
approx. 60 pm thick remelted surface zone. There are clear
differences between the conventional 1.2379 and the powder
metallurgical 1.2379P'VS, While the samples made from
1.2379LUS have a largely flawless surface, the samples made
from conventional 1.2379 show flaking.

~ 1

 Sample 1

| Matenal: 12379 PLUS 12379 PLUS
| Tempering Temperalure: 200°C Tempering Temperature: 550°C

| Hardness: - 59,5 HRC  Hardness: 58,0 HRC

ey

'

Figure 1. Macroscopical appearance of laser polished
samples made of 1.2379FLYS,

98

Sample 10  Sample 14

Maerat sz ?';mmg; 12379
‘empering Temperature: 200° . Tempering Temperature: 550°C
Hardness: 58.5-60.0 HRC - Hardness: - 59.060.0HRC

Figure 3. Macroscopical appearance of laser polished
samples made of 1.2379.

The microstructural influence can be seen in the micrographs
shown in Figure 4. Due to the powder metallurgical
production route, the samples made from 1.2379"tYS have a
homogeneous microstructure with fine and disperse eutectic
M-C; carbides. In the conventional version, these carbides
are coars and arranged in rows. Due to notch effect, cracks
can form during laser polishing.

200°C 550°C

1.2379PLUS

1.2379

5

v

Figure 4. Microscopical appearance of laser olished
samples made of 1.2379"YS and 1.2379.

Differences can also be detected with regard to the heat treatment
condition, especially in the powder metallurgical version. Figure 5
compares the micostructure of the 1.2379"™VS tempered at 200°C
and 550°C. The sample tempered at 200°C shows fine cracks in the
remelted zone. In addition, a dark stripe can be seen below this
zone. The microhardness values suggest that this zone was
tempered during laser polishing and thus underwent a structural
transformation. Precipitate hardening occurred as a result of
reheating. Below this tempering zone, the hardness drops again.
Such structural transformations cannot be seen in the sample
tempered at 550°C. Here the hardness increases continuously
starting from the remelted zone. A thermally stable structure was
achieved by tempering three times at 550°C during the previous
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heat treatment. A large part of the residual austenite formed after
hardening has already been converted and the precipitation
hardening through the formation of special carbides has also been
completed. The short process times during laser polishing are
obviously not enough to provoke structural transformations.

What is identical in both samples, is the low hardness of the
remelted layer. During the remelting process, a large proportion of
the tempering carbides, secondary carbides and eutectic carbides
are dissolved [5]. The resolidified steel matrix is supersaturated
with alloying elements, especially carbon and chromium. As a
result, after cooling to room temperature, the material will have a
high residual austenite content and therefore also a low hardness
[5]. Similar connections are also made in other short-term
manufacturing processes, such as short-term sintering, or in the
additive processing of tool steel powder [6, 7].

Olagramen

" Microhardness in HV,

1.2379PLYS 200°C

*

seon . b ”)
AU I s g N .h..v ‘ff-.mﬁlh'x‘t..\»_gw-. 2 600

1.2379PLUS, 550°C

y : % ~
fioom | T i
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Figure 5. Results of the microhardness tests on the samples
made of 1.2379"YS tempered at 200°C and 550°C.

4. Conclusions for Applications in Tool and Mold
Making

Laser polishing of conventional 1.2379 is not recommended.
Due to the coarse eutectic carbide network in the
microstructure, the material tends to crack during the
remelting process. The powder metallurgical version
1.2379PLYS is fundamentally suitable for laser polishing.
However, important boundary conditions must be taken into
account. On the one hand, the material should be tempered
above the secondary hardness maximum in order to achieve
a thermally stable structure that does not undergo any
transformation in the heat-affected zone during the remelting
process. On the other hand, it must be clarified how the
remelted layer is treated after laser polishing in order to
increase the hardness to the level of the base material. It
makes sense to do this immediately after laser polishing by
heating the surface with the laser to approx. 550°C in order
to reduce the residual austenite content and cause
precipitation hardening. The companies Bestenlehrer and
Dorrenberg Edelstahl are currently working on this.
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The Effect of Plasma Nitriding Temperature on the Wear Behaviour of Pre-
Hardened Low Alloy Steel
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Abstract
In this study, the effect of plasma nitriding temperature on the wear resistance of AISI 4140 steel was investigated. In the plasma
nitriding process employed at 460°C, a compound layer with a thickness of ~3 um was obtained, while this value was found to
be ~9 pum after nitriding at 530°C. Under dry sliding contact at room temperature, the thin compound layer exhibited better
wear resistance compared to the thick compound layer.

1. Introduction

AISI 4140 steels exhibiting good strength and toughness are widely used in wear related industrial applications [1]. In order to
increase the wear resistance of these materials, various surface treatments can be applied to their surfaces. Plasma nitriding,
one of these methods, is based on the principle of obtaining an Fe-N based hard and highly wear resistant compound layer on
the surface by sending nitrogen atoms accelerated by plasma obtained with the help of high voltage electrical energy on the
base material along with a nitrogen diffusion zone beneath the compound layer. Parameters of the nitriding process (temperature
and time etc.) determine the phase structure and thickness of the compound layer [2, 3]. This study examined the effects of
different plasma nitriding temperatures, imposing different thickness for the compound layers formed, on the wear behavior of
4140 steel.

2. Materials and Methods

Pre-hardened AISI 4140 grade steels were subjected to plasma nitriding process at 460°C and 530°C for 6 hours. Wear tests
were carried out using a reciprocating wear tester under dry sliding contact conditions under 3N load against an alumina ball
(6 mm in diameter). Cross sections and worn surfaces of the nitrided samples were examined by scanning electron microscope
(SEM). Wear loss of the examined samples were determined by 2-D profilometry.

3. Results and Discussion

After plasma nitriding, compound layers composed of Fe»3N and FesN types iron nitrides with thicknesses of ~3 um and ~9
um were formed on the samples nitrided at 460°C and at 530°C, respectively (Figure 1a and b). Application of plasma nitriding
caused a remarkable increment in the surface hardness of the examined steel from ~280 HVysto ~1100 HV; for the sample
nitrided at 460°C and to ~1000 HV o1 for the sample nitrided at 530°C. As a result of profilometer measurements and SEM
examinations after wear tests, it was determined that the sample nitrided at 460°C, which has a lower compound layer thickness,
provided lower wear loss and higher wear resistance compared to the sample nitrided at 530°C, which has a thicker compound
layer. It should be noted that unlike the thinner compound layer, thicker one exposed to cracking during wear test.

‘““: ~ Compound Layer Compo;qd Layer -
i'..:, A i Ao ~3l-'~m ~Y pum

e - 3 =
- .~ R e

-3 t Wear ;l'rack‘ g

Figure 1. Cross-sectional micrographs and general appearance of worn surfaces taken by SEM from the samples nitrided
at 460°C (a and c) and nitrided at 530°C (b and d).

4. Conclusion

This study showed that plasma nitrided steel having a thinner compound layer exhibited better dry sliding wear resistance than
that having a thicker compound layer against alumina ball. This is due to the brittleness of the thicker compound layers leading
intense cracking and spalling during sliding contact.
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Abstract

In the present work, we performed thermokinetic
simulations for a commercially available AA 6061 alloy
having a Mg/Si ratio of 1.53 to investigate the microstructure
evolution during the natural aging of the alloy. The
simulations enabled tracking of the volumetric fraction,
mean size, and the number density of the Mg-Si co-clusters
which constitute the major strengthening mechanism during
the natural aging of AA 6061. The simulation results were
then used to interpret the alloy’s mechanical response which
is obtained by performing micro-hardness tests at different
steps of the 96-hour natural aging process. Good agreement
with the experimental observations showed that the
presented model is useful for predicting the microstructural
evolution during aging of AA 6061 alloy.

1. Introduction

AA 6061 has a wide range of applications in the defense
industry since it provides a high strength-to-weight ratio,
good formability, and resistance to corrosion [1]. The
formability and strength of the alloy can be tuned through
aging treatments. AA 6061 exhibits good formability in T4
temper, which involves solutionizing, water quenching and
room temperature aging (referred to as natural aging).
During the natural aging process, the microstructure of the
alloy undergoes changes that is of practical importance for
industrial applications.

Several investigations have revealed that formation of Mg-
Si co-clusters in supersaturated Al matrix after quenching
constitute the major strengthening mechanism during the
natural aging of AA 6061 [2]. Therefore, controlling the
mechanical behaviour of the alloy is only possible with the
control of the volumetric fraction, mean size, and the number
density of the Mg-Si co-clusters. MatCalc [3], the Materials
Calculator software program provides a golden opportunity
to achive this difficult task by coupling the extended
classical nucleation theory, the thermodynamic extremal
principle [4-6] and CALPHAD (CALculation of PHAse
Diagrams) methodology with the Kampmann-Wagner
numerical (KWN) model [7].

In the present work, we performed MatCalc natural aging

simulations for a commercially available AA 6061 alloy
based on the model presented by Weisz et al. [2] that
accounts quenched-in vacancies and their interaction with
solutes in order to understand the alloy’s mechanical
response during the process.

2. Experimental

2.1. Numerical methods

All thermodynamic and kinetic calculations were performed
using MatCalc 6.00, the Materials Calculator software
program [3], with the equilibrium, mobility, and physical
database versions mc_al 2.029.tdb, mc_al 2.005.ddb, and
physical _data 1.03.pdb, respectively. MatCalc considers a
kinetic model based on an extended classical nucleation
theory for multi-component and multi-phase systems, and
the thermodynamic extremal principle for further precipitate
evolution [4—6]. Accordingly, the transient nucleation rate is
given by:

‘;—t’: NoZ[B*exp (_Z_T) exp (—E) )

Here, N is the number of nuclei created per unit volume, N,
is the total number of available nucleation sites per unit
volume, k is the Boltzmann constant, T is the temperature, Z
is the Zeldovich factor, 8* is the atomic attachment rate, 7 is
the incubation time and G* is the critical nucleation energy
given by:

_16m y?

G* =
2
3 AGZ,

@

where vy is the specific interfacial energy and AG,,, is the
volumetric Gibbs energy change on nuclei formation. The
interfacial energies are evaluated using CALPHAD-type
Gibbs energies stored in the thermodynamic database in
connection with a generalized broken bond model [8]. When
Eq. 1 is numerically integrated into systems of equations that
describe the diffusional growth of new phases, the evolution
of the full particle size distribution can be monitored [9].
This is performed within the KWN model [7], in which
discrete size classes for precipitates of identical radius and
chemical composition are considered. In this work, 50 size
classes are used to get an accurate precipitate size
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distribution. At each time step, nucleation, growth, and
dissolution are accounted and the precipitate size
distribution is updated.

For the simulation of the process, a system with a single
precipitation domain (FCC_Al) and a single precipitate
phase (CL_MGSI) were defined. The dislocation density
and the grain size for the precipitation domain were taken as
10" m? and 100 pm, respectively.

Vacancy Mg-Si cluster
-ﬂr-}-llﬂ AL
A A o8O0
ke e Mg si Al

Al bulk

Figure 1. Schematics of Mg-Si co-clusters in Al [10].

Based on the model presented by Weisz et al. [2], quenched-
in vacancies and their interaction with solutes are considered
in simulations. Accordingly, vacancy evolution model by
Fischer et al. [11], vacancy-trapping model by Fischer et al.
[12] and clusters coalescence model by Warczok et al. [13]
are employed. Also, a diffuse interface between clusters and
matrix is assumed and the approach by Sonderegger et al. is
used [14].

MatCalc built-in modules are used to consider the
stregthening behaviour of the alloy depending on the
computed size, distribution and number density of the co-
clusters. Linear superposition of the intrinsic lattice strength
of the matrix, solid solution strengthening and precipitation
strengthening is considered in calculating the overall yield
strength of the alloy. In precipitation strengthening of Mg-Si
co-clusters, coherency strengthening with a volumetric
misfit of 0.05 and modulus strengthening with a 10Gpa
difference in elastic moduli are employed [2].

2.2. Materials and experimental procedures

Commercial AA6061 alloy rods of 10 mm diameter in the
T6 condition were used in this study. The chemical
composition was determined by spectral analysis and is
given in Table 1. Samples were heated to the solution
temperature (530 C) at 100 ‘C/h, kept in the oven for 1 hour,
and then water quenched at 65°C. Hardness and bending
strength of the materials were measured at 8-hour intervals
during the 96-hour natural aging process. The microhardness
was measured using a Metkon DUROLINE-M Vickers
Hardness Testing Machine with a 200 gr load and a dwell
time of 15 s where total of three indents per sample were
taken.
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3. Results and Discussion

The evolution of phase fraction and mean radius of Mg-Si
co-clusters obtained from MatCalc natural aging simulation
are presented in Figure 2. As seen in Figure 2, with the
clustering reactions that occur in the first hour, the
quenched-in vacancies rapidly trap solute atoms and form
quenched-in co-clusters where the volumetric phase fraction
of the co-clusters quickly reaches 103. After one hour, the
solute and vacancy concentrations gradually decrease, and
the cluster formation rate decreases [1,15].

Table 1. Chemical composition of the specimens in wt. %.
Mg Si Cu Mn Fe Cr
0.968 | 0.633 | 0.154 | 0.148 | 0.70 | 0.166

The initial mean radius of the precipitates is recorded as 0.5
nm and remains almost unchanged untill the end of the
simulation. Nanoscale co-clusters with similar sizes were
previously reported as the major stregthening mechanism
during the natural aging of Al-Mg-Si alloys [16]. Further
examination of co-cluster size distribution reveals that co-
clusters with a mean radius of about 0.5 nm coexists with a
population of larger co-clusters of about 1.3 nm.

1077 . —2
—— Phase fraction
—— Mean radius
s
=] 41077 £
3 z
= ol =
2 e
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= 13 5
210 =
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1 1
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Figure 2. MatCalc natural aging simulation results. Time
evolution of phase fraction, and mean radius of Mg-Si co-
clusters.

MatCalc contains many models that allow property
prediction using the calculated microstructure-related
features as given in Figure 2. The predicted yield strength
(YS) curve given in Figure 3 is a linear superposition of the
intrinsic lattice strength of the Al matrix, solid solution
strengthening and precipitation strengthening of the alloy
during natural aging. On the other hand, the experimental
points in Figure 3 were obtained from the Vickers Hardness
(HV) measurements using the following empirical relation
YS =aHV — b [17], with a = 0.34 and b = 101. Here, the
intercept b accounts for the increase in strain during the
Vickers indentation.
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Figure 3. Predicted yield strength evolution vs. experimetal
results.

Figure 3 shows that the simulation results show a good
agreement with the experimental observations, and the
presented model is useful for predicting the microstructural
evolution and property prediction during aging of AA 6061
alloy.

4. Conclusion

In this study solution and quenching heat treatments were
applied to the 6061 Al alloy and the microhardness changes
of the samples were observed during the natural aging
process. The process is subjected to precipiptation kinetics
simulations in which evolution of quenched-in vacancies,
vacancy-trapping and Mg-Si co-cluster coalescence are
considered. The microstructure evolution of the alloy during
the aging treatment is simulated and based on the volume
fraction, mean size, and the number density of the Mg-Si co-
clusters a strengthening model is proposed. The proposed
model is used to interpret the alloy’s measured mechanical
response and a good agreement was found. It is concluded
that the presented model is useful for predicting the
microstructural and mechanical property evolution during
the natural aging of AA 6061 alloy.
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Influence of Niobium Content on the Structure and Wear Performance of
Borided Ti-Nb Alloys

Niyobyum Iceriginin Borlanmis Ti-Nb Alasimlarinin Yapisi ve Asinma Performansi Uzerindeki Etkisi
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Abstract

This study investigates the structure and wear performance of the borided Ti-Nb alloys exposed to paste boriding at 1000 °C
by using the nano boron powder as the boriding agent. The formation of the boride layer increased the surface hardness and
provided better wear resistance.

1. Introduction

Titanium and its alloys are found to have high specific strengths, low elastic modulus, high corrosion resistance, good high-
temperature resistance, and exceptional biocompatibility. As a result, they have a wide range of applications in the biomedical,
chemical, and aerospace industries [1, 2]. Ti6Al4V alloy is the most favorable one among these alloys, but due to potential
health issues associated with its in-vivo release of Al and V, it lost its popularity as an implant material. For this reason, Ti-
Nb-based alloys have attracted attention for biomedical applications because of their biocompatibility and low elastic modulus.
However, they suffer from low wear resistance and high friction coefficient, limiting their extensive usage. Considering the
success of boriding to overcome these disadvantages for commercially available titanium alloys [3], the present study
investigates the effects of Nb on the features of the boride layers formed on Ti-Nb alloys manufactured by powder metallurgy.

2. Materials and Methods

Commercially available spherical Ti and Nb powders (purity 99.5%, size ~ 45 um) were used to prepare samples via powder
metallurgy. The powder mixtures of Ti-xNb (x:10 and 30 wt.%) were milled by using a planetary ball mill in an argon
atmosphere. The powders were uniaxially compacted into cylindrical bars under a pressure of 370 MPa and then sintered in a
tube furnace under an argon atmosphere at 1400 °C for 1 h. Upon sintering, the samples were ground, polished, and
ultrasonically cleaned in preparation for boriding. In the boriding process carried out under vacuum at 1000 °C for 8 h, nano
boron powder (Pavezyum Technical Ceramics) was used as a source of boron. Sintered and borided samples were characterized
using an optical microscope, a scanning electron microscope, an X-ray diffractometer, a Vickers microhardness tester, and a
reciprocating sliding wear tester in a ball-on-flat configuration.

3. Results and Discussion

The results of the XRD analysis and SEM examinations confirmed the presence of boride layers composed of TiB, and NbB;
on the surfaces of the examined Ti-Nb alloys consisting of o + 3 matrix structure (Fig.1). The increment in Nb content increased
the fraction of B phase in the matrix and favoured a reduction in boride layer thickness from ~9 um to ~4 pm. The average
hardnesses of the boride layers formed on Ti-10Nb and Ti-30Nb alloys were measured as ~2650 HV 025 and ~2560 HV 025,
respectively. In as-sintered state, the hardness was ~376 HV .5 for Ti-10Nb alloy and ~269 HVs for Ti-30Nb alloy. Covering
the examined alloys with hard boride layers caused drastic enhancement in the sliding wear resistance at room temperature as
compared to as-sintered state, as expected. While sliding contact imposed plastic deformation induced adhesive wear on as-
sintered alloys, on the boride layers wear progressed by smoothening of the asperities with the rubbing action of the counterface.

2Theta (dey. )

(a) (b) (©)
Figure 1. XRD patterns (a), cross-sectional SEM images of Ti-10Nb (b), and Ti-30Nb (c).

4. Conclusion

Application of paste boriding prepared from nano boron powder to sintered Ti-Nb alloys increased the wear resistance via
restricting plastic deformation induced adhesive wear on the contact surface. Nb content of the alloys played critical role on
thickness and hardness of the boride layers.
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Abstract

In various sectors; chisel durability is an important issue for
hydraulic breaker attachments used in primary and
secondary rock breaking and similar hard structures. Since
the chisel used is exposed to high impact forces and
vibration, the mechanical properties of the part must give the
expected results. Therefore, the selection of materials for the
parts to be manufactured and the heat treatments to be
applied to these materials are very critical.

The purpose of this paper; is to determine the most suitable
material for chisel manufacturing and the appropriate heat
treatment for this material. In the study, a new material
created with three different analyzes and heat treatments
suitable for these materials, which can be an alternative to
the two currently used materials for chisels with different
mechanical properties, were determined. Tensile test
samples, impact test samples and metallographic samples
were manufactured from a total of five different materials.
Various heat treatments were applied.

A specific type of crusher was selected for simulation. The
impact energy and vibration of the breaker were calculated.
All these data were collected and analyzed. The five
materials we chose for manufacturing were compared with
each other with the results of this analysis and the test results
taken from the samples.

In conclusion; Although the suitability of the selected
materials is theoretically verified, they should also be tested
with long-term use in the field.

Ozet

Cesitli sektorlerde; birincil ve ikincil kaya kiriminda ve
benzeri sert yapilarin kiriminda kullanilan hidrolik kirici
atasmanlari i¢in u¢ dayanimi 6nemli bir konudur. Kullanilan
ucun yiiksek darbe kuvvetlerine ve titresime maruz kalmasi
nedeniyle parcanin mekanik 6zelliklerinin (tokluk, sertlik,
akma dayanimi, asinma dayanimi vb.) beklenen sonuglari
vermesi  gerekmektedir. Dolayisiyla imal edilecek

pargalarda malzeme se¢imi ve bu malzemelere uygulanacak
11l islemler oldukga kritiktir.

Bu yazinin amaci; ug imalati i¢in en uygun malzemeyi ve bu
malzemeye uygun 1sil islemi tespit etmektir. Yapilan
calismada, farkli mekanik ozelliklere sahip uglar igin
halihazirda kullanilan iki malzemeye alternatif olabilecek,
i¢ farkli analizle olusturulmus yeni bir malzeme ve bu
malzemelere uygun 1sil islemler belirlendi. Toplam bes
farkli malzemeden c¢ekme testi numunesi, darbe testi
numunesi ve metalografik numune imal edildi. Cesitli 1s1l
islemler uygulandi.

Simiilasyon i¢in belirli bir kiric1 tipi se¢ildi. Kiricinin darbe
enerjisi ve titresimi hesaplandi. Tiim bu veriler toplanarak
analizler yapildi. Imalat igin sectigimiz bes malzeme, bu
analizin sonuglariyla ve numunelerden alinan test sonuglari,
kendi aralarinda karsilastirildi.

Sonug olarak; secilen malzemelerin uygunlugu teorik olarak
dogrulansa da sahada uzun siireli kullanim ile de test
edilmelidir.

1. Giris

Hidrolik kirici; yikim, insaat, ingaat mithendisligi ve hatta
geri doniisiim alanlarinda vazgegilmez bir atasmandir [1].
Kirma, tas1 kirarak sokme, tiinelde duvar tarama, kaya kirma
ve ingaat isleri gibi uygulamalarda kullanilan hidrolik kirici
atasmanlart  yiksek kuvvetlere ve titresime maruz
kalmaktadir.

Bir hidrolik kirici, akiskan akisinin yoniinii kontrol etmek
icin bir yon valfinden, hidrolik enerjiyi depolamak ve
calisma sirasinda gerekli akist saglamak igin bir
akiimiilatorden, nitrojen gazi ile doldurulmus bir gaz
haznesinden (Tam hidrolik tip kiricilarda bulunmaz), darbe
enerjisini keskiye ileten pistondan ve hedef malzemeyi kiran
bir uctan olugmaktadir (Sekil 1) [2]. Kiric1 ucunda olusan
darbe kuvveti ve kiricinin titresimi nedeniyle hidrolik kirict
i¢in secilen ug¢ ve bu ucun malzemesi oldukca énemlidir.
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Baglayian

Sekil 1. Hidrolik Kiric1 Semas.

Deneylerde kullanilacak olan MTB markali tam hidrolik tip
kiricilarda gaz haznesi bulunmaz. Bu kirici ¢gesidinde gazli
tip hidrolik kiricilara gore darbe enerjisi daha yiiksektir.
Ayn1 zamanda tam hidrolik kiric1 tipi daha kararli ve daha
verimli ¢aligma performansi gostermektedir.

Hidrolik kiric1 ucun iiretildigi malzeme, uca uygulanan 1sil
islem ve ucun geometrik sekli gibi etkenler ucun dayanimini
belirlemektedir. Bu ¢aligmada malzeme ve 1s1l islem se¢imi
iizerine bir ¢alisma yapilacaktir.

Sifir alti islemin kirici uglarina olan etkisini godzleyen
Bolobov (2018)’un galismasinda da belirtildigi iizere; kirict
ucu 6nemli dlgiide baskiya, darbe yiiklerine ve yogun aginma
asinmasina maruz kalir ve bu nedenle keski, darbe yiiklerine
kars1 yeterli direnci olan, mukavemeti, sertligi ve aginma
direnci arttirllmig bir malzemeden yapilmalidir [3]. Bu
calismada; iki standart malzeme ve bu iki malzemeye
alternatif olabilecek, ii¢ farkli analizle olusturulmus yeni bir
malzemenin hangisinin uglar i¢in en uygun oldugu ve bu
malzemeler i¢in en uygun 1sil islemin ne oldugu tespit
edilmelidir.

Standart olarak kullandigimiz, AISI 4140 ve AISI 4340 1slah
geliklerine uygulanan gesitli 1s1l islemlerin, bu ¢eliklere olan
etkileri lizerine yapilmis bir¢cok c¢alisma mevcuttur. Bu
calismalardan bazilari sunlardir: E. Sarag¢ (2019), farkli
temperleme sicakliklarinin 4140 celigi tizerine etkilerini
arastirmistir [4]. W. Lee (1997) ise 4340 celigi igin
temperleme sicakligi yam sira temperleme siiresinin de
etkilerini ¢aligmasma katmistir [5]. G. Irsel (2022) ve
arkadaglarimin yaptigi c¢alismada 4140 celigi icin farkli
oOstenitleme sicakliklarmimm malzemeye olan etkileri
incelenebilir [6]. AISI 4140 ¢eligi iizerine yapilan bir baska
¢alisma ise haddeleme isleminden sonra direkt hizli
sogutmaya tabi tutulmasinin sonuglart gézlemlenmistir [7].
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2. Yontem

Bu makalede, AISI 4140 ve AISI 4340 malzemelerinin
optimum 1s1l iglemi, Hanguang Fu’nun c¢alismasindakine
benzer bir yontemle belirlenmistir [8]. Belirlenen bu
optimum 1si1l islem, analiz olarak elimizdeki bu iki
malzemenin tiirevi olan 6zel analizli dokiim malzemelere
uygulandi. Bu sekilde o6zel analizli malzemelerin de
karsilastirmasi yapilabilmistir. Malzemelerin optimum 1s1l
isleminin belirlenmesinin ve 0zel analizli malzemelerin
ozelliklerinin birbirleri arasinda karsilastirilmasinin yani sira
malzemelerin  kirici ucunun ¢alisma sartlarina  olan
yeterlilikleri de incelenmistir. Cekme dayanimi igin kiigiik
capt @12.5 mm olan ¢ekme testi numuneleri tretildi ve
¢cekme testleri 60 tonluk standart bir ¢ekme testi cihazinda
gergeklestirildi. Tokluk Olgiimii igin, 10x10x55 mm
boyutlarin ¢entikli darbe testi numuneleri hazirlandi. Testler;
Charpy test cihazinda gergeklestirildi. Sertlik taramasi ve
mikro yap1 goriintiilerinin alinabilmesi igin ©@20x60 mm
boyutlarinda metalografik numuneler imal edilmistir.

2.1. Kiarici Testleri

Kor bir ugla belirli bir prosediirle test edilen kiricilardan,
karakteristik bir sonug alinsa da bu sonuglar gergek calisma
ortamindaki sonuglardan farkli olacaktir. Song (2017)
calismasinda, asamali kirma isleminin, ucun agirligi ve
kiricinin sasesine sabitlemek igin gerekli olan pim nedeniyle
kirict gévdesinin agagi dogru delme hareketinde, ucu takip
etmesine neden olacagini ve bunun Ol¢liim sonuglarim
etkileyeceginden  bahsetmistir. ~ Ficarella  (2007)’nin
calismasinda ise darbe testlerinin gercek kayalar {izerinde
yapilmasi gerektiginden, celik {izerinde yapilan darbe
testlerinin ~ sonuglarinda  bir  miktar  tutarsizlik
beklenildiginden bahsedilmistir [1-2]. Bunlardan da yola
¢ikarak darbe testlerinin Sekil 2°de gosterilen test ortaminda
yapildiktan sonra gergek calisma ortamindan da sonuglar
alarak karsilastirilma yapilmasi gerektigine karar verilmistir.

Baski
Silindiri
Hidrolik
Kirici

Test Ucu
Ors

Sekil 2. Hidrolik Kiric1 Test Diizenegi.
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2.2. Isil islemlerin Belirlenmesi

Isil islemin 4140 ve 4340 malzemelerinde hangi
sicakliklarda optimize oldugunun tespiti i¢in ii¢ farkl
Ostenitleme sicakligt ve bes farkli menevis sicakligi
belirlendi. Cizelge 1’de numunelere 1sil islemlerine gore
verilen kodlar gosterilmistir. 820 °C, 840 °C, 850 °C
ostenitleme sicakliklari, 250 °C, 300 °C, 350 °C, 400 °C, 500
°C menevis sicakliklart olmak iizere toplam 15 farkli 1s1l
islem yapilmistir.

Numuneler koruma gazli firinlarda belirlenen Gstenitleme
sicakliklarinda 3 saat bekletilmigtir. Literatiir taramasindan
sonra verilen karar neticesinde numuneler yag ortaminda
sogutulmuslardir. Suda sogutmanin g¢atlak olugturma riski,
polimerde sogutmanin ise istenen sertligi yakalayamama
(daha yavas soguma olmasindan dolay1) riski nedenleri
sonucunda bu karara varilmistir [8,9].

Cizelge 1. Numunenin 1s1l islem sicakliklar.

Ostenitleme Temperleme
Sicakligi (°C) | Sicakhigi (°C)

1 820 250

2 820 300

3 820 350

4 820 400

5 820 500

6 840 250

7 840 300

8 840 350

9 840 400

10 840 500

11 850 250

12 850 300

13 850 350

14 850 400

15 850 500

Malzeme ayiriminin gozetilebilmesi i¢in 4140 ve 4340 igin
ayr1 numaralandirma yapilmistir. Isil islem numarasindan
sonra nokta ile ayrilarak, parcalar Cizelge 2’de gosterildigi
gibi numaralandirilmistir.

Cizelge 2. Malzeme Kodlar.

Malzeme Parga Kodu
4140 1
4340 2

2.3. Ozel Analizli Malzeme Karsilastirmasi

Ozel analizli malzemeler i¢in ii¢ farkl analiz belirlenmistir.
Bu malzemelere 4140 ve 4340°tan alinan optimum 1s1l islem
sicakliklari uygulanacaktir. Bu malzemeler 4140 ve 4340’ 1n
kimyasal analizi degistirilerek olusturulmustur. Bu
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calismada degistirilen elementlerin parcaya olan etkisi
incelenmeye calisilmustir.

4140 ve 4340 malzemelerinin haddelenmis, 6zel analizli
malzemelerin ise dokiim olmasi sebebiyle ayni diizeyde
sonuglar beklenmese de elementlerin etkisi konusunda bir
fikir yaratacaktir. Ayrica ¢ farkli analizli dokiim
malzemelerin kendi aralarindaki farkliliklarin da malzeme
ozelliklerine olan etkileri goriilebilecektir. Ozel analizli
numunelerin kimyasal analizleri Cizelge 3’te gdsterilmistir.

Cizelge 3. Numunelerin kimyasal analizi.

C Si Mn Cr Mo Ni Ti B
0,42 0,58 0,97 1,44 0,43 1,01 0,00 | 0,001
2

0,42 0,58 0,97 1,44 0,43 1,01 | 0,02 | 0,05

0,42 0,58 0,97 1,44 0,43 1,01 | 0,15 0,05

W > O > O > O

Cizelge 3’teki bilesenlerin degerleri yiizdeliktir. Bu
bilesenlere ek olarak malzemedeki fosfor, kiikiirt ve
aliminyum elementleri minimum oranda tutulmaya
calisilmistir.

3. Sonuglar ve Tartisma

Cekme ve darbe testi sonuglarinin yorumlanmasindan sonra
sertlik ve mikro yap1 incelemeleri yapilmistir. Cekme ve
darbe testlerinden ¢ikan numunelerinden birer adet Sekil
3’te goriilmektedir.

Cekme testi sonuglarina gore olusturulan, 1sil islem
sicakliklari ve malzemeye gore g¢ekme dayanimlarinin
gosterildigi grafik Sekil 4’te verilmistir. Her iki malzemede
de 500 °C menevis sicakliklarinda alinan sonuglar disinda,
dayanimm 1400 MPa’in iizerinde kaldigi goriilmistiir.
Diisiik menevis sicakliklarinda 820 °C ostenitleme sicakligi
sonuglar1 daha iyiyken, menevis sicakligiin yiikselmesiyle
orantilt olarak 840 °C ve 850 °C dstenitleme sicakliklarinda
alman sonuc¢larin daha iyi oldugu goriilmiistiir. Menevis
sicakliginin artmasiyla orantili olarak, yiiksek Ostenitleme
sicakliklarinin  daha iyi sonuglar vermesi ve menevis
sicakliginin 400 °C iizerine yiikselmesine bagli olarak
gbzlenen dayanim kaybi; G. Irsel (2022) ve arkadaslarmin
calismasiyla da paralellik gostermektedir [6].
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< 1700 ve alti menevis sicakliklarinda ise 4340’ m tokluk degerleri o 2 2 = = e Sek1108 € gosterllrplstlr; Mequls s.?c%khlfl.a.rl yukseldlkge
= 4140 1 izerindedi R b (350 °C harig) sertlik degerlerinin diisiis egiliminde oldugu
= sonugiafinn uzefindedir. 4 gosterilmistir. Yiiksek asinmaya maruz kalan kirici uglart
g . . i¢in istenen 450 HV fizeri sertlik isterini 500 °C menevis
g Literatiir incelemesinden sonra gézlenen ek bir sonug olarak Sekil 6. Strain-gauge test sonuglari. sonuclar haric timii karsilamaktadir
§ 1500 temperleme isleminin dstemperlemeye gore oldukea yiiksek ¢ ¢ 3 ’
= tokluk sonuglar1 verdigi ve 4140 ve 4340 i¢in bu islemin Ugtan alinan ortalama gerilim 3 MPa olarak 6lgiilmiistiir. -
1400 daha uygun oldugu sdylenebilir [10]. Test diizeneginde sadece dik pozisyonda vurusun etkilerini
6lgmek miimkiindiir. Fakat saha calismalarinda kayalarin o
1300 3.1. Kiria1 Ug Analizi diizensiz seklinden ve operatoriin kullanimindan 6tiirii farkls 560

1200
4140 4340 4140 4340 4140 4340 4140 4340 4140 4340

250 300 350 400 500
MENEVIS SICAKLIKLARI {°C)

Sekil 4. 4140 ve 4340 ¢cekme dayanimlari.

Optimum 1s1l islemin belirlenebilmesi i¢in dayanim ve
tokluk degerlerine ortak olarak bakilmalidir. Sekil 5°te
gosterilen darbe testi sonuglarina gore 850 °C Ostenitleme
sicakligiin diger sicakliklari geride biraktig1 goriilmektedir.
Ayrica menevis sicakligr arttikga malzemelerin toklugunun
arttig1 gozlemlenmistir.

Yalnizca; 4340 malzemesi 840 °C ostenitleme sicakligi ve
350 °C menevis sicakliginda normalin iizerinde bir deger
yakalamuistir.
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Kirici ucu i¢in istenen dayanimin belirlenmesi i¢in MTB 125
model kirici izerinde Sekil 2°de gdsterilen test diizeneginde
strain-gauge kullanilarak test yapilmistir. Kirict ucundan
alman test sonuglan Sekil 6’da gosterilmistir.

agilarda darbe gergeklesebilmektedir. Bunlart analiz
edebilmek i¢in Solidworks ortaminda analiz yapilmistir. Uca
gelen kuvveti bulabilmek igin gerilim ve ug¢ capi
kullanilarak;

PA=F (1)
3.57,52. = 31,16 kN

Olarak bulunmaktadir. Bu kuvvetle yapilan analizde yiiksek
darbeli ve agir galisma sartlart diisiiniilerek 6 emniyetli
olarak 250 MPa i¢in (malzeme dayanimi isteri 1500 MPa
olarak belirlenmistir) analiz yapild1 ve 1500 MPa ve iizeri
dayanim sonucu olan malzemelerin uygun olduguna karar
verildi. Kirici ucuna yapilan analiz sonucu S$ekil 7’de
gOsterilmistir.
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w o
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SERTLIK {HV)
2

41404340414043404140434041404324041404340
250 300 350 400 500
MENEVIS SICAKLIKLARI (°C)

Sekil 8. Maksimum sertlik degerleri.

Maksimum sertlik degerlerinin de optimum sonuglari
degistirmedigi  gorlilmiistir. Tim elenen sonuglar
¢ikarilarak olusturulan yeni ¢ekme ve darbe testi sonug
grafikleri Sekil 9 ve Sekil 10°da gosterilmistir.
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3.3. Ozel Analizli Dékiim Malzemenin incelenmesi

Belirlenen optimum 1s1l islem 6zel analizli (3 farkli analiz)
olarak doktiiriilen numunelere uygulandi. Krom ve

§ d titanyumun birlikte ¢aligma etkileri ve titanyum oraninin
= 1600 N , malzeme Ozelliklerini nasil etkileyecegi arastirildi. Fakat
53_ Cizelge 4’te gosterilen sonuglardan da anlasilacag: iizere
3 1550 malzeme c¢ok gevrek Ozellik gostermistir. Neredeyse
é’ uzamadan tiim analizler gekme testini tamamlamustir.

S 1500 —#—350 4140 \x

—8—350 4340

1450 _ap04140

—=— 400 4340
1400
B40°C 850°C

HIZLI SOGUTMA SICAKLIKLARI (°C)

Sekil 9. Kabul edilebilen alan gekme testi karsilagtirmasi.

T T . T L
1 2 3} 4 5 6 7 F % W H EBE I W B W 7 B W X

Haddelenmis malzemeler olan AISI 4140 ve 4340
celikleriyle dokiim malzemenin kiyaslandi. Kullanilan krom
ve titanyum ekleme fikrini c¢iriitmiistir. Malzemedeki
titanyum orami arttikga malzemenin gevrekligi Once artip
daha sonra azalmustir.

4140, 4340 ve o6zel analizli malzemelerin uzama yiizdeleri
grafigi Cizelge 4’te goriilmektedir.

TestNoktas o
—#— 350 4140 Sekil 11. 8.2 kodlu numune sertlik taramasi ve mikro Cizelge 4. Malzeme Kodlari.
e —e—3504340 yapilari. (0 noktasi malzeme yiizeyi, 20 noktasi ise Malzeme | Cekme Dayanimi (MPa)
s 400 413D malzemenin ¢ekirdegidir) OAl 825,3
120 —a 400 4340 . OA2 275
Onemli bir diger konu 4140 ve 4340 maksimum sertlik OA3 530,1
= degerleri birbirlerine yakin olsa da 4140 geliginin sertligi
¥ 10 ¢ekirdege dogru azalirken, 4340 ¢eliginin sertligi ¢ekirdege Cizelge 5. 4140, 4340 ve dzel analizli numunelerin uzama
'g_‘ kadar sabit kalarak bu konu fark yaratmaktadir. Yiizeyden yiizdeleri.
0 cekirdege dogru mikroyapt goriintiileri incelendiginde Parca Kodu | Uzama Yiizdesi
yapida martensit fazi oraninda dikkate deger bir degisim 8.1 8,862
goriilememistir. 8.2 10,911
o 14.1 16,475
Sekil 9 ve 10’da karsilastirilan 4 farkli numunenin mikro 14.2 15,711
. yap1 gorselleri Sekil 12°de verilmistir. Mikro yapida perlit, OA1 3,857
840 850 ferrit, kalinti Gstenit ve martensit fazlar1 goriilmektedir. OA2 2,468
MENEVIS SICAKLIKLARI (*C) Yapidaki martensit faz1 oran1 menevis sonrasi azalmistir. OA3 3,459

Sekil 10. Kabul edilebilen alan darbe testi karsilasgtirmasi.

Tim sonuglar arasinda en iyi sonu¢ 8.2 kodlu, 4340
malzeme 840 °C Ostenitleme sicakligi ve 350 °C menevis
sicakligl numunesinden alinmistir. 4140 malzemesi igin ise
en iyi sonug 14.1 kodlu, 850 °C ostenitleme sicakliginda ve
400 °C menevis sicakliginda 1s1l islem yapilan numuneden
almmustir.

Iki malzemenin ortak olarak optimumda calistig1 1s1l islem
sicakliklart ise 4340’m da iyi sonug verdigi; 850 °C
Ostenitleme sicakligi, 400 °C menevis sicaklifi olarak
belirlendi. 4140 ve 4340 numunelerinin en iyi sonuglarinin
sertlik taramalar1 ve mikro yap1 goriintiileri karsilagtirilarak
grafik olusturuldu (Sekil 11).

110

Azalma oran1 4140 malzemede %20 oraninda iken 4340
malzemede bu degisim oram1 %10 degerinin altinda
kalmistir.

L Mg (O g 11

Sekil 12. a) 8.1 kodlu numune mikro yapisi (x200).
b) 8.2 kodlu numune mikro yapisi (x200).
¢) 14.1 kodlu numune mikro yapisi (x200).
d) 14.2 kodlu numune mikro yapisi (x200).
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4. Sonug¢

Kiricr uglari i¢in en iyi sonucu 8.2 kodlu numune olan 4340
malzemeli, 840 °C Gstenitleme sicakligi ve 350 °C menevis
sicakligr bulunan numune vermistir.

4140 malzemesi optimum davranisini 850 °C Ostenitleme
sicakligt ve 400 °C menevis sicakligl 1sil islemleriyle
gostermistir. Bu 1s1l islem, 4340 malzemesi de oldukca
yiiksek performans gosterdiginden dolayi, ortak optimum
deger olarak se¢ilmistir.

Ozel analizle doktiiriilen malzemelerden alinan sonuglar
beklendigi gibi ¢cikmamigtir. Dokiim olmalari, 4140 ve 4340
gibi  haddelenmis  malzemelerin  altinda  sonuglar
beklenmesine yol agmasina ragmen, alinan sonuglar
beklenenin de altinda kalmistir. Malzemedeki krom
elementine karsilik titanyum elementi beklendigi gibi
calismamis olabilir. Krom elementinin gevrek davranisi
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arttirict etkisinin karsisinda, malzeme iceriginde yeterince
mangan, molibden veya nikel gibi elementler kullanilmamis
olabilir. Analiz yeniden olusturularak ve malzeme
haddelenerek yeni deneyler yapilmalidir.

Tesekkiir

Yazarlar Inan Makina Sanayi ve Ticaret A.S.'ye
minnettardir. Deneylerin gergeklestirilmesindeki yardimlari
i¢in sirkete tesekkiir ederiz.
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Sementasyon Prosesi Uygulanmis Tuz Ortaminda Su Verme islemine Tabi
Tutulmus 14NiCr14 Celikte Kriyojenik Sicakliginin Kalinti Ostenit Miktari
Uzerine Etkisinin XRD Metodu ile incelenmesi
Investigation of the Effect of Cryogenic Temperature on the Residual Eustenite amount in
14NICR14 Steel Subjected to Quenching Process in Salt Medium by XRD Method

Zeynep Ece DOGRU, Nisanur KISA, ilknur PEHLIVAN

Kale Kalip Makine
Turkiye

Abstract

In this study, it is aimed to remove the residual austenite with
the variation of different salt and cryogenic process
temperature parameters applied after the carburising process
of 14NiCr14 samples. After the samples were austenitised at
temperatures between 900-930°C, the residual austenite
phase formed after cooling in salt medium at temperatures
0f200°C, 250 °C and 300°C was analysed by microstructure
and XRD method. After the examination, it was observed
that the amount of residual austenite remaining in the
structure increased with the increase in salt ambient
temperature. The samples with the lowest residual austenite
after quenching were subjected to cryogenic treatment at —

80°C, -120°C and -150°C and the amount of residual
austenite was analysed. After cryogenic treatment, temper
was applied at 250°C. The surface hardness of the samples
after quenching, cryogenic treatment and tempering were
measured with Rockwell C and the relationship between the
amount of residual austenite and hardness was analysed. As
a result of the study, it was determined that the lowest
amount of residual austenite was obtained after quenching at
200 °C salt temperature and cryogenic treatment at -150°C.

Ozet

Bu c¢aligmada, 14NiCrl4 numunelerinin sementasyon
prosesi sonrasi uygulanan farkli tuz ve kriyojenik iglem
sicaklik parametrelerinin degisimi ile kalintt Gstenitin
giderilmesi amacglanmaktadir. Numuneler 900-930°C
araligindaki sicakliklarda oOstenitlendikten sonra 200°C,
250°C ve 300°C’deki sicakliklarda tuz ortaminda
sogutulduktan sonra olusan kalint1 dstenit fazi, mikroyap1 ve
XRD metodu ile incelenmistir. inceleme sonrasinda tuz
ortam sicakligindaki artis ile yapida kalan kalint1 &stenit
miktarinin arttigr goriilmiistiir. Su verme sonrasinda en
diisiik kalint1 stenit tespit edilen numunelere -80°C, -120°C
ve -150°C ‘de kriyojenik islem uygulanmis ve kalint1 stenit
miktar1 incelenmistir. Kriyojenik islem sonrasi 250°C’de
temper uygulanmistir. Su verme, kriyojenik islem ve temper
sonrast numunelerin yiizey sertlikleri Rockwell C ile
Olgiilerek kalint1 Ostenit miktar: ile sertlik arasindaki iliski

incelenmistir. Yapilan ¢aligma sonucunda; 200°C’de tuz
sicakliginda su verilen ve -150°C’de uygulanan kriyojenik
islem sonrasinda, en diisiikk kalinti Ostenit miktarr elde
edildigi tespit edilmistir.

1. Giris

Endiistride ¢elik malzemeler yaygin olarak kullanilmaktadir.
Savunma sanayisinde sementasyon celikleri dnemli bir yere
sahiptir.

Sementasyon c¢elikleri, ylizeylerinin sert ve asimnma
direnglerinin yiiksek, merkezlerinin yumusak ve tokluk
ozellikleri igeren bir yapiya sahip olmasi istenen, degisken
ve darbeli yiiklere karsi dayanikli pargalarin imalatinda
kullanilan, ¢cok az miktarda karbon iceren alasimsiz veya
alasimli yapiya sahip ¢eliklerdir [1].

Sementasyon, yeterince sertlesmeyen ve karbon miktar1 en
fazla %0,22 olan geliklere, malzemenin yiizeyinden itibaren
diftizyon yoluyla belirli bir derinlige kadar karbon niifuz
ettirilmesi islemidir. Malzeme igerisinde karbon difiizyon
hizi oda sicakliginda ¢ok kiigiik, hatta sifir oldugundan,
karbonun kolayca niifuz edebilecegi Ostenitik sahaya kadar
celik 1sitilmalidir. Oda sicakligindan itibaren sicakligin
artmasiyla karbonun demir igerisindeki diflizyon hizinin
iyilesmesine ve ferrit igerisinde difiizyon hizinin Ostenite
nazaran yaklasik 40-50 kat yiiksek olmasina karsin ferrit
icerisinde karbonun ¢oziilebilirliginin ¢ok diisiik olmast
sebebiyle, Ostenitik bolgeye ¢ikilmasi zorunludur. Krom ve
benzeri alasim maddeleri karbonun difiizyon hizini
azaltirken, azot ortami ¢elige karbon gecisini kolaylastirir ve
karbonun difiizyon hizin1 yiikseltir [2].

Sementasyon prosesinin arkasindan geliklerde sertlik elde
etmek icin su verme prosesi uygulanir. Sogutma amaci igin
yaygin olarak kullanilan tuz banyolari, genellikle yar1 yariya
sodyum nitrat ve potasyum nitrat icerirler. Bunlar 160-
500°C arasinda kullanilirlar. 500-600°C arasinda kullanilan
tuz banyolar1 da mevcuttur. Tuz banyolar1 makul 6lgiide iyi
bir sertlesebilirlige sahip bir ¢elik i¢in, ideal bir su verme
ortamidir.
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Geleneksel 1s1l iglemden sonra metallerin mekanik ve
fiziksel Ozelliklerini iyilestirmek i¢in ihtiyag gorildiigii
takdirde kriyojenik islem uygulanir.

Sifiralt1 iglem olarak da bilinen kriyojenik iglem, diger 1sil
islemler gibi sertlik, yorulma direnci, tokluk ve asmmma
direnci gibi konularda iyilestirme yapmak igin
kullanilmaktadir. Iyilestirmeler kalint1 dstenitin giderilmesi
ve martenzite dontistiirilmesiyle elde edilir [3].

Kriyojenik islem, uygulanan sifir alti sicakliga baglh olarak
s1g (-80°C ile -140°C arasinda) ve derin (-140°C ve -196°C
arasinda) kriyojenik islem olarak iki farkli sekilde
smiflandirilmaktadir [4].

Kriyojenik islemin devaminda genellikle temperleme islemi
gelmektedir. Bunun sebebi ise malzemenin mekanik
ozelliklere katkisinin olmasiyla alakalidir [3].

2. Deneysel Calismalar

Calismada; Tablo 1°de bilesimi verilen 14NiCrl4
kalitesindeki c¢elik malzeme kullanilmigtir. Malzeme
kimyasal bilesimine HITACHI marka Foundry-Master
Smart model spektral analiz cihazi ile bakilmistir.

Tablo1. Deneyde kullanilan malzemenin kimyasal bilesimi
Kimyasal Bilesim %wt

14NiCr14 C Si Mn P S Cr Ni

0,15 1 0,21 | 0,60 | 0,009 | 0,025 | 0,75 3,39

10x20x100 mm boyutlarinda 6 adet deney numunesi
hazirlanmigtir.  Numunelere uygulanan 1sil  islemlerin
sicaklik ve siireleri Tablo 2’de verilmistir.

Tablo 2. Deney numunelerinin 1s1l islem bilgileri

Numune | Ostenitleme Su verme Kriyojenik | Temper
No Sicakhig ve Ortam ve islem Sicakhigi
Siiresi Sicakhigi Sicakhigi

S1 910°C 30 dk. Tuz Banyosu - -
300°C

S2 910°C 30 dk. Tuz Banyosu - -
250°C

S3 910°C 30 dk. Tuz Banyosu - -
200°C

S4 910°C 30 dk. Tuz Banyosu - 80°C -
300°C

S5 910°C 30 dk. Tuz Banyosu - 120°C -
300°C

S6 910°C 30 dk. Tuz Banyosu - 150°C -
300°C

S7 910°C 30 dk. Tuz Banyosu - 150°C 250°C
300°C

Deney numunelerine sementasyon prosesi uygulanmustir.
Ostenitlestirme 1s1l islemi, 910°C sicaklikta 30 dk. beklemek
iizere yapilmistir. Ostenitlestirme islemi sirasinda ortama
%0,9 — %1,2 araliginda karbon verilmistir.
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Ostenitlestirme isleminin ardindan; S1, S2 ve S3 numaralt
numuneler sirastyla; 300°C, 250°C ve 200°C’de tuz
banyosunda sogutulmustur.

S4, S5.S6 ve S7 numarali numuneler 910°C sicaklikta %0,9
— 1,2 karbon atmosferinde 30 dk. Ostenitlestirme islemine
takiben 300°C tuz banyosunda sogutulmustur.

S4, S5 ve S6 — S7numarali numuneler sirasiyla -80°C, -120°C
ve -150°C sicakliklarda kriyojenik isleme tabi tutulmustur.

S7 numarali numune sementasyon ve kriyojenik
islemlerinden sonra 250°C’de 2 saat temperlenmistir.

Deney numuneleri XRD analizi i¢in 10mm x 20mm x 10mm
(en, boy ve et kalinlig1) boyutlarinda Struers Labotom-5
kesme cihazi ile kesilmistir. XRD Analizi Panalytical
Empyrean marka model XRD cihazinda yapilmistir.

Mikroyapt analizi i¢in numuneler sirasiyla 80-1200
mesh’lik  zimparalarla  zimparalama islemine tabi
tutulmustur. 3 pm elmas siispansiyon ile ¢uhada
parlatilmistir. Parlatilan numunelere %2’lik nital daglama
¢ozeltisinde daglama islemi uygulanmigtir. Daglama
islemini takiben, Nikon MA200 marka Ters Tip Endiistriyel
Mikroskopta 500X biiyiitme ile numunelerin gorselleri
almmuigtir.

Numunelerin sertlikleri; Emcotest DuraScan G5 Mikro
Sertlik Olgiim Cihazinda, HV1.0 cinsinden 6lgiilmiistiir. Her
numuneye 1,0 mm derinlige kadar sertlik taramasi
yapilmustir.

3. Sonuglar ve Tartisma

3.1. XRD Sonuclar

S1 — S7 numunelerinin XRD patern ¢ekimleri Sekil 1-7°de
verilmistir. XRD analizleri ile numunelere uygulanan farkl
181l iglemler sonrasinda numune yapisinda olusan kalinti

Ostenit miktarlari incelenmistir.

Sekil 1°de 300°C sicaklikta tuz banyosunda su verilen Si
numunesinin XRD analizi verilmistir. Yapida martenzite

doniisemeyen  kalinti  Ostenit  yapisina  ait  pikler
gorlilmektedir. XRD cihaz1 ile yapilan Rietveld analizi
sonucunda kalintt  Ostenit miktar1  %27,99 olarak
hesaplanmustir.
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Sekil 1. 300°C Tuz Banyosunda Sogutulmus
S1 Numunesinin XRD Sonucu.

Sekil 2°de 250°C sicaklikta tuz banyosunda su verilen S2
numunesinin XRD analizi goriilmektedir. XRD cihaz1 ile
yapilan Rietveld analizi sonucunda kalint1 dstenit miktart
%31,85 olarak hesaplanmistir. 300°C’de tuz banyosunda
sogutulan S1 numunesi, 250°C tuz banyosunda sogutulan S2
numunesine kiyasla kalint1 dstenit miktarinin %12 oraninda
azaldigi tespit edilmistir.
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Sekil 2. 250°C Tuz Banyosunda Sogutulmus
S2 Numunesinin XRD Sonucu.

Sekil 3°’de 200°C sicaklikta tuz banyosunda su verilen S3
numunesinin XRD analizi goriilmektedir. XRD cihazi ile
yapilan Rietveld analizi sonucunda kalint1 ostenit miktart
%52,89 olarak hesaplanmistir. 250°C’de tuz banyosunda
sogutulan S2 numunesi, 200°C tuz banyosunda sogutulan S3
numunesine kiyasla kalint1 dstenit miktarinin %40 oraninda
azaldig: tespit edilmistir.
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Sekil 3. 200°C Tuz Banyosunda Sogutulmus
S3 Numunesinin XRD Sonucu.

Sekil 4’de 300°C sicaklikta tuz banyosunda su verilen ve
-80°C’de s1g kriyojenik igslem gérmiis S4 numunesinin XRD
analizi goriilmektedir. XRD cihazi ile yapilan Rietveld
analizi sonucunda kalint1 Ostenit miktar1 %15,8 olarak
hesaplanmistir. -80°C’de kriyojenik islem gormiis S4
numunesinin 300°C su verme sonrast kriyojenik islem
gbrmemis S1 numunesine kiyasla kalint1 dstenit miktarinin
%44 oraninda azaldig: tespit edilmistir.
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Sekil 4. 300°C Tuz Banyosunda Sogutulmus
-80°C Kriyojenik Islem Gormiis S4 Numunesinin XRD
Sonucu.
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Sekil 5. 300°C Tuz Banyosunda Sogutulmus
-120°C Kriyojenik Islem Gormiis S5 Numunesinin XRD
Sonucu.

Sekil 5’de 300°C sicaklikta tuz banyosunda su verilen ve
-120°C’de kriyojenik islem gormiis S5 numunesinin XRD
analizi goriilmektedir. XRD cihaz1 ile yapilan Rietveld
analizi sonucunda kalinti Ostenit miktar1 %14,9 olarak
hesaplanmistir. -80°C kriyojenik islem gormiis S4+ numunesi
-120°C’de kriyojenik islem gérmiis S5 numunesine kiyasla
kalintt Ostenit miktarinin %6 oraninda azaldigi tespit
edilmistir.
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Sekil 6. 300°C Tuz Banyosunda Sogutulmus
-150°C Kriyojenik Islem Gormiis S6 Numunesinin XRD
Sonucu.

Sekil 6°de 300°C sicaklikta tuz banyosunda su verilen ve
-150°C’de derin kriyojenik islem gbrmiis S6 numunesinin
XRD analizi goriilmektedir. XRD cihazi ile yapilan Rietveld
analizi sonucunda kalinti Ostenit miktar1 %5,8 olarak
hesaplanmistir.  -120°C  kriyojenik islem gormiis Ss
numunesi -150°C’de  kriyojenik islem gormis S6
numunesine kiyasla kalint1 dstenit miktarinin %61 oraninda
azaldigi tespit edilmistir.
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Sekil 7. 300°C Tuz Banyosunda Sogutulmus
-150°C Kriyojenik Islem Gormiis ve 250°C’de
Temperlenmis S7 Numunesinin XRD Sonucu.

Sekil 7°de 300 °C sicaklikta tuz banyosunda su verilen,
-150°C’de  kriyojenik islem gormiis ve 250°C’de
temperlenmis S7 numunesinin XRD analizi goriilmektedir.
XRD cihazi ile yapilan Rietveld analizi sonucunda kalinti
Ostenit miktar1 %0,2 olarak hesaplanmistir. -150°C
kriyojenik iglem gormiis numunenin 250°C temper
sonrasinda, kalint1 &stenit miktarinin %97 oraninda azaldigi
tespit edilmistir.

3.2 Mikroyapi sonugclari

Ostenit icerisinde ¢oziinmiis olan karbon atomlar1 hizli
sogutma yapildiginda difiizyon i¢in zaman bulamazlar ve
yapidan ayrilamazlar. Bunun sonucunda Ostenit yiizey
merkezli kiibik yapidan karbonla asirt doymus hacim
merkezli tetragonal yapiya doniigiir. Bu yapiya martenzit
denir. igne bicimindeki taneler martenzit fazim, beyaz
bolgeler ise martenzite doniisemeyen kalinti Ostenitleri
gostermektedir [5].

S1 — S7 numunelerinin mikroyap1 gériintiileri Sekil 8-14 ‘de
verilmistir.

S1 numunesinin mikroyap1 fotografi incelendiginde gozleme
dayal1 olarak 300°C tuz banyosunda sogutulduktan sonra
mikroyapida ignemsi formun martenzit, beyaz bdlgelerin ise
kalint1 6stenit oldugu tespit edilmistir (Sekil 8).

Sekil 8. 300°C Tuz Banyosunda Sogutulmus
S1 Numunesinin Mikroyap1 Goriintiisii, 500X Bilyiitme,
%?2 Nital.

S> numunesinin mikroyapi fotografi incelendiginde gézleme
dayali olarak 250°C tuz banyosunda sogutulduktan sonra
mikroyapida martenzit ve kalinti Ostenit tespit edilmistir
(Sekil 9). S2 numunesinde tespit edilen kalint1 Gstenitin S1’e
kiyasla daha fazla oldugu goriilmiistiir.

50 ym

Sekil 9. 250°C Tuz Banyosunda Sogutulmus
S2 Numunesinin Mikroyap1 Goriintiisii, 500X Biiyiitme,
%?2 Nital.

S3 numunesinin mikroyapi fotografi incelendiginde gézleme
dayali olarak 200°C tuz banyosunda sogutulduktan sonra
mikroyapida martenzit ve kalinti Gstenit tespit edilmistir
(Sekil 10). S3 numunesinde tespit edilen kalinti Gstenitin
250°C ve 300°C tuzda sogutulan numunelere kiyasla daha
fazla oldugu goriilmiistiir.

Mikroyapilara bakildiginda, tuz banyosu sicakligi arttikca
martenzit olusumuna gegisin daha net oldugu goriillmektedir.
Buna bagli olarak da kalint1 6stenit miktar1 azalmaktadir.

50 yim

Sekil 10. 200°Cuz Banyosunda Sgutulmus
S3 Numunesinin Mikroyap1 Goriintiisii, 500X Biiyiitme,
%2 Nital.

S4 numunesinin mikroyap1 fotografi incelendiginde gozleme
dayali olarak, 300°C tuz banyosunda sogutulduktan sonra
-80°C’de kriyojenik islem sonras1 mikroyapida martenzit ve
kalint1 Ostenit tespit edilmistir (Sekil 11). 200°C, 250°C ve
300°C sicakliklardaki tuz banyolarinda su verilmis
numunelere kiyasla si1g kriyojenik islem uygulanmis
numunelerde tespit edilen kalint1 Gstenit miktarinin 6nemli
olgiide azaldig: goriilmiistiir.

© LT,

A R R g
Sekil 11. 300°C Tuz Banyosunda Sogutulmus,

-80°C Kriyojenik Islem Gormiis S4 Numunesinin

Mikroyap1 Goriintiisii, 500X Biiylitme, %2 Nital.

S5 numunesinin mikroyapi fotografi incelendiginde gozleme
dayal1 olarak 300°C tuz banyosunda sogutulduktan sonra
-120°C’de kriyojenik iglem sonrasi mikroyapida martenzit
ve kalint1 Sstenit tespit edilmistir (Sekil 12). S5 numunesinde
tespit edilen kalint1 6stenitin -80°C kriyojenik islem gormiis
S4 numunesine kiyasla daha az oldugu goriilmiistiir.
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Sekil 12. 300°C Tuz Banyosunda Sogutulmus,

-120°C Kriyojenik Islem Gormiis S5 Numunesinin
Mikroyap1 Goriintiisii, S00X Biiyiitme, %2 Nital.

S6 numunesinin mikroyapi fotografi incelendiginde gozleme
dayali olarak 300°C tuz banyosunda sogutulduktan sonra
-150°C’de derin kriyojenik islem sonrast1 mikroyapida
martenzit ve kalint1 Ostenit tespit edilmistir (Sekil 13). Sé6
numunesinde tespit edilen kalintt Ostenitin  -120°C
kriyojenik islem goérmiis S5 numunesine kiyasla daha az
oldugu goriilmiistiir.

Sekil 13. 300°C Tuz Banyosunda Sogutulmus,
-150 °C Kriyojenik islem Gérmiis S6 Numunesinin
Mikroyap1 Goriintiisii, 500X Biiytitme, %2 Nital.

S7 numunesi, 300°C tuz banyosunda sogutulduktan sonra
-150°C’de  kriyojenik iglem uygulanmis ve 250°C
temperlenmistir. S7 numunesinin mikroyap1 goriintiisi
incelendiginde temperlenmis martenzit ve kalint1 Ostenit
fazlar1 tespit edilmistir (Sekil 14). Temper prosesi sonrasi,
S7 numunesi kriyojenik islem uygulanmis S4, S5 ve Se
numuneleri ile kiyaslandiginda martenzit fazinin
temperlenmis martenzite donistiigii ve yapida var olan
kalint1 6stenit miktariin da azaldig goriilmektedir.
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Sekil 14. 300°C Tuz Banyosunda Sogutulmus,
-150°C Kriyojenik Islem Yapilmis, 250°C Temper Sonrast
S7 Numunesinin Mikroyap1 Goriintiisii,

500X Biiyiitme, %?2 Nital.

3.3 Sertlik Sonuclari

St- S7 numarali numunelerin sertlik derinligi sonuglari
Tablo 3 ve Tablo 4’de HV1 cinsinden verilmistir.

Tablo 3. 300°C, 250°C ve 200°C sicakliklarda tuz
banyosunda sogutulmus S1, S2 ve S3 numunelerinin sertlik
sonuglari.

Numune Adi S1 S S3
Mesafe Sertlik Sertlik Sertlik
mm HV1 HV1 HV1
0,1 735 660 659
0,2 740 680 677
0,3 520 517 480
0,4 506 497 443
0,5 457 455 428
0,6 424 444 407
0,7 430 431 384
0,8 416 423 387
0,9 422 436 398
1,0 424 418 396

Tablo 3 ’de gorildigii gibi; en yiiksek sertlik degerini S1
numunesi, en diisiik sertlik degerini S3 numunesi
gostermigtir. Bunun sebebi; artan tuz sicakliginin kalinti
Ostenit miktarini diisiirmesinden kaynaklidir.

Tablo 4. 300°C sicakliklarda tuz banyosunda sogutulmus ve
-80°C, -120°C ve -150°C’de kriyojenik islem gormiis S4, S5
ve S6 numunelerin ve 250°C’de temperlenmis numunelerin
sertlik sonuglari.

Numune Ad1 S4 Ss Se S7
Mesafe Sertlik | Sertlik | Sertlik | Sertlik

mm HV1 HV1 HV1 HV1
0,1 835 860 870 686
0,2 703 751 754 646
0,3 540 600 619 463
0,4 439 452 444 433
0,5 407 412 422 411
0,6 390 386 405 395
0,7 395 391 398 379
0,8 395 384 400 379
0,9 392 381 391 387
1,0 380 378 397 385

Tablo 4 ’de, -150°C’de kriyojenik islem gérmiis S6
numunesinin en yiiksek sertlik degerine sahip oldugu
gorilmistiir.

4. Sonug

Calismada; martenzit fazinin arttirillip kalintt  Gstenit
miktarinin  disirilmesi i¢in 200°C, 250°C ve 300°C
sicakliklarda tuz ortaminda sogutma yapilmis olup -80°C,
-120°C ve -150°C kriyojenik sicakliklarinda 1s1l islem
prosesi uygulanmigtir. Kalinti Ostenit miktar1 en diisiik
Olciilen numune 250°C’de temperlenmistir.

Yapilan deneylerden asagidaki sonuglar elde edilmistir:

1. Farkli parametreler kullanilarak uygulanan 1sil
islemlere gore mikroyapida degisimler
gozlemlenmistir. XRD ve Mikroyap: analizleri
sonucunda malzeme yapisinda kalintt Gstenit ve
martenzit fazlart tespit edilmistir. XRD ve
Mikroyap1 analizlerinde kalint1 6stenit ve martenzit
fazlarinin miktarlar1 benzerlik gostermektedir.

2. Degisen tuz Dbanyosu sicaklik  degerleri
numunelerin mikroyapilarini etkilemistir. Su verme
ortam sicakligi arttikca martenzit doniisiim
miktarmin artmis oldugu ve buna bagli olarak
kalint1 dstenit miktarinin azaldigi goriilmiistiir.

3. 300°C’de tuz banyosunda sogutulmus parcalardaki
kalint1 6stenit miktari, 200°C’de tuz banyosunda
sogutulmus numuneye gore %47 azalmustir.
14NiCr14 ¢elik malzeme i¢in ideal sogutma ortam
sicakligmm 300°C oldugu tespit edilmistir.
Deneyde karar kilmman ideal ortam sicakliginin,
malzemenin martenzit baglangi¢ sicakligina (Ms)
en yakin olan sicaklik oldugu goriilmiistiir.
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4. XRD ve Mikroyap1 sonuglarinda; 14NiCr14 ¢eligin
degisen sicakliklarda yapilan kriyojenik islem
sonrasinda kalinti Ostenit miktarinin azalan
kriyojenik islem sicakligina bagli olarak azaldigi
goriilmiistir. Buna bagli olarak martenzit
miktarinin arttig1 tespit edilmistir. -80°C’de si1g
kriyojenik islem gbrmiis numunenin -150°C derin
kriyojenik islem gormiis numuneye kiyasla kalintt
Ostenit miktarinin %63 oraninda azaldigi tespit
edilmigtir. 14NiCr14 malzeme i¢in ideal kriyojenik
islem sicaklig1 -150°C’dir.

5. Sertlik incelemeleri sonucunda artan tuz banyosu
sicakligina bagl olarak kalint1 Gstenit miktarinin
azalmasiyla birlikte sertlik degerlerinin arttig1
tespit edilmistir. Kriyojenik islem sicakliklarinin
diismesi ile birlikte, yapida olusan martenzit
miktar1 artis gostermistir ve buna bagli olarak
sertlik degerlerinin arttig1 goriilmistiir.

6. Yapilan ¢alisma sonucunda; sulama ve kriyojenik
islem sicakligi  optimize edilen numune
temperlenmistir. XRD ve Mikroyapt sonucunda
numunenin incelenen bolgesi icin kalinti Ostenit
miktar1 %0,2 olarak dl¢tilmiistiir.

Tesekkiir
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Genel Miidiirii Sayin Selim Erol’a en igten duygularimizla
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Deneysel ¢alismalarda katkilarindan dolayr Kale Seramik
AR-GE Midiirii Saymn Yildiz Yildinm’a en igten
duygularimizla tesekkiir ederiz.

Referanslar

[1] O. Pamuk, Yiizeyi Karbiirlenmis AISI 8620
Sementasyon Celiginin Merkezinde Cift Fazli Celik
Yapisinin Uretimi ve Bu Yapinin Cekme Ozellikleri
Uzerine Etkisi, Yiiksek Lisans Tezi, Gazi Universitesi Fen
Bilimleri Enstitiisti, 2001, Ankara

[2] M. A. Topbas, Isil islemler, 1993

[3] Liu, S., Wu, X, Shi, L.,,Wu, Y. and Qu, W. (2015).
Influence of Varied Cryotreatment On The Wear Behavior
of AISI D2 Steel, Journal of Materials Science and Chemical
Engineering. 3(9), 297-309.

[4] SreeramaReddy,T.,Sornakumar, T., VenkataramaReddy,
M., & Venkatram, R. (2009). Machinability of C45 Steel
With Deep Cryogenic Treated Tungsten Carbide Cutting
Tool Inserts. International Journal of Refractory Metals and
Hard Materials, 27(1), 181-185.

[5] Oztiirk, S. (2019). Metalurji ve Malzeme Miihendisligi
Ders Notlar1, (Karadeniz Teknik Universitesi).



2" Bosphorus International Heat Treatment Symposium

2. Bogazici Uluslararasi Isil Islem Sempozyumu - 2,
BOSPHORUS 25-26 April / Nisan 2024, ISTANBUL MISAD = METEM

Mikro Alasimli Celiklerde Isil islem
Heat Treatment of Micro Alloy Steelsd

Caner TUNA', Giirkan GUMUS', Hakan ERCAY’, Tuncay DiKiCi?

'Ozkan Demir Celik, “Dokuz EylUl Universitesi
Turkiye

Ozet

21. ylizyilin ikinci yarisinda gelistirilen yeni celiklerden en 6nemlisi mikro alagimli celiklerdir. Genellikle yiiksek
mukavemetli diigiik alagimli ¢elikler (HSLA) olarak adlandirilan mikro alasimli ¢elikler otomobil, petrol ve gaz iletim
boru hatlar1, kopriiler ve elektrik giic iletim hatlar1 gibi ¢ok farkli alanlarda yiiksek mukavemet, tokluk ve
kaynaklanabilirlik 6zelliklerinden dolay: kullanilmaktadir. Mikro alasimli ¢eliklerin kullanimindaki itici gii¢ gerilim
giderme, dogrultma ve dévme sonrasi isil islem gerektirmemesi, daha iyi islenebilirlik ve buna ek olarak diisiik
maliyette {iretilebilme 6zelligidir. Mikro alagimli ¢elikler, mamul ¢ekirdeginden yiizeyine kadar homojen mikro yapiya
sahiptir ve gelik pargalarda mekanik 6zellikler kesit boyunca degiskenlik géstermez. Mikro alagimli ¢elikler vanadyum
(V), niyobyum (Nb) ve/veya titanyum (T1i) gibi elementler icerir. Mikro alagim elementleri bor, molibden, krom, nikel
ve bakir gibi dayanim artirict bilesenler ile kullanilir ve bunlarin kullanimina kiikiirt, oksijen, nitrojen ve fosfor gibi
diger yabanci elementler eslik eder. Isil islem, metal ve alasimlarin i¢ yapilarini ve mekanik, fiziksel ve kimyasal
ozelliklerini 1sitma ve sogutma altinda degistirmek amaciyla yapilan bir prosestir. Mikro alagimli geliklerin 1s1l islem
veya termomekanik islem; ferrit-perlit yapiy1, poligonal ferrit, yari-poligonal ferrit, graniiler-beynitik ferrit, beynitik
ferrit ve ignemsi ferrit dahil olmak tizere gesitli fazlara donistiiriir. Kontrolli haddeleme ve kontrollii sogutma iglemleri,
tane incelmesi, dispersiyon ve faz doniisiimleri lizerindeki birlesik etkileri nedeniyle yiiksek mukavemetli alasimlar elde
edilir.

Abstract

The most important of the new steels developed in the second half of the 21st century are micro-alloyed steels. Micro-
alloyed steels, often called high-strength low-alloy steels (HSLA), are used in many different areas such as automobiles,
oil and gas transmission pipelines, bridges and electrical power transmission lines due to their high strength, toughness
and weldability properties. The driving force in the use of micro-alloyed steels is that they do not require heat treatment
after stress relieving, straightening and forging, have better machinability, and in addition, they can be produced at low
cost. Micro-alloyed steels have a homogeneous microstructure from the product core to the surface, and mechanical
properties do not vary across the cross-section. Microalloyed steels contain elements such as vanadium (V), niobium
(Nb) and/or titanium (Ti). Microalloy elements are used with strength-increasing components such as boron,
molybdenum, chromium, nickel and copper, and their use is accompanied by other elements such as sulfur, oxygen,
nitrogen and phosphorus. Heat treatment is a process performed to change the internal structure, mechanical, physical
and chemical properties of metals and alloys under heating and cooling. Heat treatment or thermomechanical treatment
of micro-alloyed steels; It transforms the ferrite-pearlite structure into various phases, including polygonal ferrite, semi-
polygonal ferrite, granular-bainitic ferrite, bainitic ferrite and acicular ferrite. High-strength alloys are obtained due to
the combined effects of controlled rolling and controlled cooling processes on grain refinement, dispersion and phase
transformations.
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1. Giris

Son yarim yiizyilda, daha hafif ve mukavemetli ¢eliklere yonelik pazar taleplerini kargilamak i¢in metaliirji ve malzeme
iiretim tekniklerinde dnemli gelismeler olmugtur [1]. Diinya ¢elik iiretiminin dnemli bir kismini olusturan mikroalagimli
celikler; diisiik oranlarda vanadyum (V), niyobyum (Nb), ve titanyum (Ti) elementleri iceren, uygun 1sil ve
termomekanik islemlerin uygulanmasi ile yiiksek mukavemet ve tokluk, diisiik siinek-gevrek gecis sicakligi, iyi
diizeyde kaynaklanabilirlik ve uygun maliyet gibi 6zelliklere sahiptir [2, 3]. Kullanilan alagim elementlerinin az olmasi,
yiiksek dayanima sahip olmasi, hafif, yiizey ozelliklerinin ve iglenebilirliklerinin iyi olmast mikroalasimli geliklerin
diger avantajli dzellikleridir [4, 5]. Mikro alagim elementleri, yeniden kristallesmeyi engellemek, tane boyutunu
kiigliltmek ve ¢okelme sertlesmesini saglama gibi rolleri vardir.

Cizelge 1. Mikroalagimlamanin tarihsel gelisimi [6].

Element Miktar1 Ulke Tarih Akma Dayanimi

(% Agirlik) (N/mm®)

Vanadyum 0,01-0,02 USA 1916 275-345

Vanadyum 0,1 Almanya 1945 >390

Niyobyum 0,02-0,03 USA 1959’dan 6nce 325-345

(1940 patent)
Niyobyum | 0,005-0,05 | Ingiltere 1959 350-425
Titanyum 0,1-0,2 Almanya 1921 260-550

2. Mikroalasim Elementleri

Niyobyum

Yap: iginde karbiir ve nitriir olusturan en 6nemli mikroalasim elementidir. Ostenitin yeniden kristallesmesini
geciktirerek ferrit tanelerinin olusumunu saglar ve boylelikle ¢eligin mukavemet ve toklugunu artirir. Yiiksek karbon
icerikli gelikte % 0.15 oranindaki Nb miktar1 ¢eligin doniisiim sicakligini diigiirmeye yoneltir [7, 8].

Titanyum
Yiiksek sicakliklarda nitriir olusturan titanyum elementi, haddeleme ve dovme islemlerinde Ostenitin tane biiyiimesini

engeller. Kaynak islemi sirasinda kaynaktan etkilenen bdlgede titanyum nitriir ¢okeltisi ¢dziinmeden kalabilir ve
boylece iri taneli yapinin olusumunu 6nler, toklugu da artirir [8, 9].

Vanadyum
Vanadyum, diger elementlere (Nb ve Ti) nazaran daha diisiik sicakliklarda karbiir ve nitriir olusturabilir ancak bu

elementler kadar yaygin kullanimi s6z konusu degildir. Azot ve karbon orani yiiksek ¢eliklerde olusan VN ¢okeltisi
dovme isleminde tane boyutunu kiiciiltme imkani saglar [8, 10].

Karbon

Yiiksek karbon orani, kaynaklanabilme kabiliyetini ve toklugu disiirmektedir. Mikroalagimli ¢eliklerde sicak
haddeleme uygulamalarinda maksimum kullanim orani %0.2 civarindadir. Bu oran, otomotiv pargalar i¢in kontrollii
sogutmanin oldugu dévme isleminde kullanilan gelikte %0.25 ‘in iizerinde olabilmektedir [3].
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Sekil 1. Mikro alagim elementlerinin etkileri. [10]

Element Mekanizma Yap iizerindek:
etki
TiL Nb
Coziinmeyen - - - -
pargaciklar Ostenit tane incelmes N Tane
j’ nceltme
Nb, T1
Yeniden kristallesmenin Tekstiir
Ostenit 'te Nb, T1 * ecikmesi >
ckelme
Nb, T
Déniisiim gecikmesi - Dislokasyon
" 7| sertles 1
Ostenit 'te T Nb » sertieymest
kati ¢ozeln
- Ferrit yada faz smirlan G okelme
V.Ti. Nb 7| g¢okelmes: 7| sertlesmesi

3. Isil islem Uygulamalar

Daha ¢ok yasst ve dovme mamul seklinde iiretilen mikro alagimli gelikler otomotiv pargalari, basingli kap, niikleer
enerji tesislerinde konstriiksiyon elemani olarak farkli kullanim uygulamalarinda karsimiza ¢ikmaktadir. Mikroalagimli
celiklere uygulanan termal ve mekanik igslemlerin birlesimi olan termomekanik haddeleme 1100-1200°C de yapilan
sicak haddeleme ve 700-800°C de gerceklestirilen tamamlama (finishing) islemi olarak iki asamada yapulir.

Yeterli oranda V, Nb, Ti gibi mikroalagim elementleri bulunmadigi zaman, C ve N’nin tiimi karbiirler ve nitriirler
halinde olugsmaz. Serbest C ve/veya N’nin dislokasyonlarla etkilesimi nedeniyle mikroalasimli gelikte gerinim
yaslanmasi1 goriilecektir. Arayer atomlari ile dislokasyonlarin etkilesimi, artan ¢gekme dayanimi, azalan siineklik, artan
gerinim serlesmesi oranini sonucunu igerir. Celigin yapisindaki bu degisiklikler zararli ve olumsuz neticeler dogurabilir
[12].

Bilindigi lizere mikroalasgimli ¢elikler mukavemet ve toklugun iyi bir kombinasyonudur ve genellikle mikroalagim
elemanina bagl olarak hedeflenen mekanik 6zellikleri elde etmek igin Ostenit tane boyutunun incelmesi ve ¢okelme
sertlesmesi olarak iki farkli yol mevcuttur [13]. Bu nedenle, herhangi bir deformasyon olmaksizin Ti-V mikroalagiml
celik i¢in su verme ve menevisleme islemi ¢okeltilerin tiirii, yogunlugu ve boyutu iizerindeki etkileri mutlaka goz
ontinde bulundurulmalidir. Uygun dongiisel sicaklik ve siire parametreleri alasim elementlerinin kati ¢ozelti igerigini
garanti eder. Genel olarak mikroalagimli celikler lizerine yapilan c¢aligmalar karbonitriirlerin ¢okelmesi, dinamik
yeniden kristallesme davranisina ve deformasyon siirecleri sirasindaki mikroyapisal degisime odaklidir [14].

4. Sonu¢

Son yillarda kullanimi hizla artan ve diisiik oranlarda V, Ti, Nb elementlerini i¢ceren mikroalasimli celikler, otomobil,
petrol ve gaz iletim boru hatlari, kopriiler ve elektrik giic¢ iletim hatlar1 gibi endiistrinin birgok farkli alanlarinda yiiksek
mukavemet, tokluk ve kaynaklanabilirlik ozelliklerinden dolay:r kullanilmaktadir. Mikroalagimli ¢elikler, gerilim
giderme, dogrultma ve dovme sonrasi sertlestirme islemi gerektirmemesi, daha iyi iglenebilirlik ve buna ek olarak diisiik
maliyette iiretilebilme ozelliklerinden dolayr gelecekte cogunlukla tercih edilecek celik tiplerinden biri olacagi
ongoriillmektedir.
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VF-1D-A-696 Tipi Vakum Firininin NADCA Testi Sogutma Performansi ve
Enerji Tiketimi Analizi

Cooling Performance and Energy Consumption Analysis of NADCA Test on
VF-1D-A-696 Type Vacuum Furnace
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Sistem Teknik Sanayi Firinlar
Turkiye

Abstract

The NADCA#207-2018 standard contains the acceptance
criteria established as a result of joint decisions taken by
NADCA member organizations within the scope of material,
heat treatment and special quality requirements of tool
steels. In this study, the performance of 1.2344 (H13) hot
work tool steel, in the VF-1D-A-696 type vacuum quenching
furnace manufactured by Sistem Teknik Sanayi Firinlari
A.S. within the scope of the NADCA#207-2018 standard
published within the scope of the North American Die
Casting Association (NADCA) was examined. The cooling
rate of the test block was observed as 33,5 °C/min. and the
energy consumption of the furnace was calculated as 1.77
kWh/kg.

Ozet

NADCA#207-2018 standardi, takim ¢eliklerinin malzeme,
1s1l islem ve Ozel kalite gereklilikleri kapsaminda NADCA
iiyesi kuruluslar tarafindan alinan ortak kararlar neticesinde
olusturulan kabul kriterlerini i¢cermektedir. Bu caligmada,
1.2344 (H13) sicak is takim geliginin, North American Die
Casting Association (NADCA) kapsaminda yayinlanan
NADCA#207-2018 standardi kapsaminda Sistem Teknik
Sanayi Firinlar1 A.S. tarafindan iiretilen VF-1D-A-696 tipi
vakum su verme firminda performans: incelenmistir. Test
blogunun soguma hizi1 33,5 °C/dak. olarak gézlemlenmis ve
firinin enerji tiikketimi 1,77 kWh/kg olarak hesaplanmustir.

1. Introduction

Tool steels are characterized as the basic material group
involved in the forming and manufacturing of all material
groups. In the heat treatment of tool steels, the physical and
metallographic properties of the workpiece such as strength,
hardness, toughness and microstructure are the only qualities
underlying its suitability for service. Obtaining the desired
physical and metallographic properties on a properly
designed mold is possible with a heat treatment furnace
where control of heating and cooling can be achieved.
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Nowadays, vacuum furnaces are frequently preferred for
heat treatment of tool steels in order to prevent intergranular
corrosion and deformation.

Within the scope of this article, the performance of 1.2344
(H13) hot work tool steel, one of the most widely used steel
type, in the VF-1D-A-696 type vacuum quenching furnace
manufactured by Sistem Teknik Sanayi Firinlar1 A.S. within
the scope of the NADCA#207-2018 standard published
within the scope NADCA was examined. It was observed
that the furnace met the desired performance criteria and
reached the desired hardness values on the material.

2. Material and Method

The NADCA#207-2018 standard contains the acceptance
criteria established as a result of joint decisions taken by
NADCA member organizations within the scope of material,
heat treatment and special quality requirements of tool
steels. It is stated that the test procedure specified in the
standard applies to the vacuum furnace with high pressure
gas cooling capability. In this context, it is emphasized that
the cooling rate in the vacuum furnace should be fast enough
to provide the desired metallurgical properties in the
material, but controlled at a level that does not risk distortion
and cracking. In particular the characteristics of vacuum
austenitizing and high pressure gas quenching are
emphasized to be critical for A series Premium H13 hot work
tool steel. In this context, it is important that the cooling rate
should enough to cool the workpiece from the specified
austenitizing temperature with a minimum of 28°C/min [1].
Within the scope of the standard, the mold dimensions to be
considered as a test sample are not clearly expressed
according to the furnace useful volume. However, it is stated
that the quality requirements expected as a result of the test
may not be valid for parts larger than 400 mm. In this
context, within the scope of the NADCA test, H13 grade hot
work tool steel with dimensions of 400 mm x 400 mm x 400
mm with a mass of 500 kg based on the maximum length
within the scope of the standard was used, which can be
located within the useful volume of the VF-1D-A-696 type
vacuum furnace. The layout of the test material in the
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furnace is given in Figure 1 and the NADCA test recipe
applied is given in Table 1.

Figure 1. Placement of the NADCA test specimen in the
furnace.

Table 1. NADCA test recipe.

Step
Parameter 1 2 3 4 5 6 7 8
Tem'(’f(‘;’;‘“” 20 | 630 | 630 | 830 | 830 | 1030 | 1030 | 70
Ramp
Clmin 667 | 366 | 0 | 366 | 0 8 0 0
Time 3 11694 | 5 | 5459 | 5 | 2875 | 30 | 30
(min)

On the top surface of the block shown in Figure 1, 4 pieces
@3 mm N type surface thermocouples were placed at a depth
of 16 mm. 1 piece @3 mm N type core thermocouple was
placed at a depth of 200 mm on the front surface in
accordance with the NADCA standard . As can be seen from
Table 1, 630°C was determined as the first preheating
temperature, 830°C as the second preheating temperature
and 1030°C as the austenitizing temperature, which are the
values specified in the NADCA standard for A1885. In
addition, in accordance with the NADCA standard, the
heating ramp kept below 220°C/h at preheating
temperatures, much faster at austenitizing temperature, and
the maximum difference between the surface and core
thermocouple (GSoak value) is defined as 110°C up to the
first preheating temperature and 14°C at the second
preheating and austenitizing temperature. According to the
standard, the transition to the cooling stage can be realized
under one of two different conditions. The first one is 90
minutes after the surface thermocouples reach the GSoak
value specified at the austenitizing temperature and the
second one is 30 minutes after the core thermocouple
reaches the GSoak value specified at the austenitizing
temperature. The 7th step given in Table 1 was added for this
purpose. Finally, in the cooling stage, the furnace was cooled
with a fan speed of 2700 rpm under 8 bar nitrogen pressure.

3. Results and Discussion
The SCADA screenshot of the furnace control, load

thermocouples and the furnace internal pressure during the
NADCA test is given in Figure 2.
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Figure 2. SCADA trend screen of NADCA test.

In the figure, test thermocouples 1, 2, 3 and 4 show the
values of the surface thermocouples and thermocouple 5
shows the values of the core thermocouple. As can be seen
from the figure, after loading the NADCA test block into the
furnace, the furnace was first vacuumed and when the
vacuum level reached below 0.5 mbara, the resistances were
powered and the heating process was started. It was observed
that the furnace reached 9x102 mbara value as a result of the
time value of 3 minutes entered in the recipe during
vacuuming. It was determined that the furnace set and
control thermocouples in harmony with each other at the
heating process at the specified ramp and the furnace internal
temperature was kept stable according to the GSoak values.
At the end of the waiting step at 830°C, the furnace was
placed under rough vacuum and the austenitizing
temperature was reached under a partial pressure of 2 mbara.
After reaching the GSoak value specified for the
austenitizing temperature of the core thermocouple in
accordance with the NADCA test in austenitizing, it was
waited for 30 minutes and the cooling phase started. The
trend screen of the cooling phase is given in Figure 3.

Figure 3. SCADA temperature trend screen of cooling
phase of NADCA Test.

In Figure 3, it is observed that the surface thermocouple
curves have a increasing and decreasing fluctuated character
due to the core temperature being higher than the surface
temperature depending on the changing time of the diversion
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valves that allow the nitrogen to be directed from top to
bottom or from bottom to top during the cooling phase. It is
known that the fluctuated character is minimized by
reducing the change of direction time to less than 30
seconds. During cooling, the value shown by the furnace
control thermocouple dropped below 70°C in about 8§
minutes. Surface thermocouples reached from 1030°C to
540°C at different times. In the calculation of the cooling
rate value in the NADCA test result, the surface
thermocouple number 3, which reached 540°C the slowest,
was considered. Accordingly, the cooling rate was
calculated as 33.5 °C/min.

Comparative graphs of the electrical power drawn from the
grid during heating and cooling of the NADCA test
specimen are given in Figure 4.
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Figure 4. Energy consumption during NADCA Test.

As can be seen from the figure, it is observed that the power
requirement from the grid increases when the furnace is on
the heating ramp, but decreases in the holding step as the
temperature inside the furnace starts to saturate and the
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material temperature approaches the predetermined GSoak
values. During the heating of the furnace, it was observed
that the current drawn at peak load increased with the
increase in the set temperature value. During cooling, the
cooling fan was found to draw current in a balanced manner.
It was calculated that a total of 460 kWh and 440 kWh
energy was consumed in heating and cooling respectively
during the NADCA test. In total, it was determined that 900
kWh energy was consumed. When the electrical energy
drawn by the vacuum pumps and other electrical equipment
is added to this value, it was determined that 1007 kWh
energy consumption was determined by the energy meter
built into the oven. Considering that the NADCA test block
was 500 kg and the loading grid was 67.5 kg, the energy
consumption during the NADCA test was calculated to be
1.77 kWh per unit mass. At the end of the test, the visual of
the test block after opening the oven door is given in Figure
S.

Figure 5. Test block after NADCA test.

As can be seen from the figure, the NADCA test block was
brighter and cleaner compared to the image when it was first
loaded into the furnace. In addition, no cracks and
deformations were found on the block and a homogeneous
distribution of 51-53 HRC was observed in the hardness
measurements taken from the each four corners and center
on the block surfaces.

4. Conclusion

It was observed that the performance of the VF-1D-A-696
type vacuum quenching furnace was satisfactory within the
scope of NADCA#207-2018 standard. The energy
consumption of the furnace was calculated as 1.77 kWh/kg.
It is obvious that the 28.5°C/min cooling rate obtained in the
NADCA test performed under 8 bara pressure and 2700 rpm
fan speed would be higher if the furnace was operated under
maximum operating conditions of 10 bara pressure and 3000
rpm. However, since the required minimum cooling rate was
achieved under 8 bars pressure, nitrogen and energy
consumption was saved.
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Factors Affecting Hardness and Microstructure in Heat Treatment of Steel
Materials in Production of Steering and Suspension System Parts
Direksiyon ve Stspansiyon Sistemi Parcalarinin Uretiminde Celik Malzemelerin Isil isleminde
Sertlik ve Mikro Yapiyi Etkileyen Faktorler
Sefer KOCAK, Giray CAKIR

Ditas Dogan Yedek Parca imalat ve Teknik
Turkiye

Abstract

Heat treatment cause - effect analysis, Investigation of
factors affecting hardness and microstructure. Investigating
the changes that will occur in the part caused by these factors
and the procedures to be followed in the event of an error
were investigated.

Introduction

The factors affecting hardness and microstructure are;
annealing furnace temperature, annealing furnace time, oil
temperature, oil conveyor speed, tempering temperature,
tempering time, oil analysis, atmospheric value, washing
bath temperatures. As a result of these, the changes that may
occur in the part structure were examined.

2. Factors affecting hardness and microstructure

2.1 Annealing furnace temperature

if it is high; Grains get bigger, Toughness decreases. The tool
causes breakage in the working area. if low; The part cannot
be annealed sufficiently, the phase transformation is not fully
realized. It cannot harden in oil. As a result of low hardness,
it cannot provide the desired strength in the vehicle.
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Figure 2.2
Surface and Core Hardness Measures

2.2. Temperature furnace duration

if it is high; decarburization occurs on the surface. The surface
of the part remains very soft. It makes easy wear inside the
vehicle. if it is low; Phase transformation does not occur
completely. While the surface of the part hardens, it becomes
soft towards the center.
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Figure 2.3 Decarburization part
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Figure 2.4
Surface and Core Hardness Measures

2.3 Oil temperature

if it is high; It reduces the cooling rate of the part, the
hardness after oil is low, there is also the risk of ignition of
the oil (196°C). if it is low; By cooling the part much faster
than desired, it shows the effect of water and there is a risk
of cracking due to warping.

2.4 Oil conveyor speed

if it is high; The parts do not cool enough, the microstructure
is also undesirable. Since the part coming out of the oil is not
hard enough, it remains soft after tempering and causes creep
in the vehicle. if it is low;

As a result of waiting for too long in the oil even though the
parts have cooled down, accumulation in the oil pool and
mass coming out of the oil; When the pieces enter the
tempering collectively, overlapping occurs.

2.5 Temperature of temper

if it is high; Pieces show softer than desired. It causes
breakage by creeping during operation. if it is low; Pieces
come out harder and more brittle than desired. It causes
brittle fracture in the vehicle.

Figure 2.6 Core Hardness Measures

2.6 Temper time

if it is high; Pieces show softer than desired. It creeps inside
the vehicle and causes breakage. if it is low; Pieces come out
harder and more brittle than desired. It causes brittle fracture
in the vehicle.

Figure 2.7 Core Hardness Measures

Figure 2.8 Core Hardness Measures

2.7 Oil analysis

if there is water in the oil; Although the hardness is correct
when the material falls into the oil, cracks will occur in the
internal structure. The vehicle will have a short life, as a result,
it will cause breakage.

3. Results and Discussion

What should be done when the temperature drops to the
desired temperature and rises; Stop the temper band and add
the time you wait for the temperature to rise or fall and the set
time. If the time exceeds the upper tolerance in the operator
instruction, wait for the parts to come out and pull them to the
suspect material area. Then repeat the operation from the
beginning. Double the number of checks.

What to do; Adjust the set value according to the instructions
of the parts, check whether it is correct after each set value is
entered.

What to do; If the oil residence time is short, the operation is
repeated, if the oil residence time is long and continuous
furnace, it should not be taken into the tempering furnace.

In case the oil temperature rises or falls, the annealing furnace
band is stopped. Wait for it to heat up or cool down. If the
upper tolerance in the instruction is exceeded, the materials are
withdrawn to the suspect area.
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What should be done as soon as the temperature drops to the
desired temperature or rises; Stop the tempering tape.

Add the time you wait for the temperature to rise and the set
time. If the time exceeded the upper tolerance in the
operator's instruction and/or the tempering temperature fell
below the lower tolerance, wait for the parts to come out, pull
them to the suspect material area and then repeat the
operation from the beginning.

What to do; Adjust the set value according to the instructions
of the parts, check whether it is correct after each set value is
entered.

What to do; Follow the duration of the oil analysis. Prepare
a sample for oil analysis every 6 months, notify the workshop
supervisors in case of delay.

What to do; Check the air and natural gas valves if the
atmosphere is low. Work with a ratio of 5/8. If it is high, stop
the washing band and purge the oven with nitrogen for 1
hour.

What to do; Set the washing temperatures according to the
temperatures required by the chemical you use, and check it
at each batch loading. If the temperature is in the wrong
range, inform the workshop manager.

Conclusion

Heat treatment has an important place in the automotive
industry. Errors that may occur in the heat treatment process
significantly change the properties of the produced part. In
this case, if the part is salvageable, it will be revised,
otherwise it will be wasted, and this will create a separate
cost for the manufacturer. For this reason, minimum error
should be targeted.

As a result of this research, it has been revealed how
important the heat treatment process is.
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