
New DevelopmeNts iN  
ADvANceD HigH-streNgtH  

sHeet steels
30 May–2 June 2017 

Keystone ResoRt & ConfeRenCe CenteR

Keystone, Colo., usa



about the PRogRaM
Advanced high-strength sheet steels (AHSS) are of increasing importance, 

particularly to the automotive industry, where their application enables reduced fuel 

consumption while guaranteeing passive safety. The scope of the conference is to 

bring together the international community to highlight state-of-the-art research 

and development pertaining to AHSS. The conference will focus on the latest 

developments in dual phase, twinning-induced plasticity, martensitic, quenched and 

partitioned, medium-manganese steels, other third-generation AHSS concepts and 

hot-stamped steels along with recent experiences with industrial implementation 

and end-user application performance. A broad distribution of presentation topics 

is scheduled from international and domestic speakers from industry as well as 

academia. The conference is the latest installment in a series of product-specific 

conferences following the AHSS symposia in Winter Park, Colo., in 2004, Orlando, 

Fla., in 2008 and Vail, Colo., in 2013.

Who should attend
The conference should be attended by steel researchers interested in new high-

strength sheet steel products, along with engineers responsible for the production 

and implementation of the products in steel mills, automotive facilities, and other 

industries, along with government and academic professionals and students.

Visit AIST.org/byoyp for more information

oRganized by
AIST’s Metallurgy — Processing, Products & Applications Technology Committee 

and The Colorado School of Mines’ Advanced Steel Processing and Products 

Research Center.
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tuesday, 30 May 2017
4–6 p.m.
Registration

6 p.m.
Reception

Wednesday, 31 May 2017
7 a.m.
Registration and Continental Breakfast

8 a.m.
introductions and opening Remarks

8:05 a.m.
Persistent Challenges to advanced high-
strength steel implementation
Curt horvath, C. Matthew enloe, Jason Coryell and 
Jatinder P. singh, general Motors Co.
Significant progress in the industrial-scale production 
of retained austenite containing advanced high-
strength steels that exhibit tensile strengths greater 
than 1,000 MPa has been achieved in recent 
years. Application and implementation of this new 
class of steel to the automobile body structure is 
intended during the latter years of this decade, but 
persistent technical challenges remain to ensure the 
actualization of targeted and concurrent benefits to 
vehicle mass reduction, vehicle cost, and passenger 
safety. Most among the remaining obstructions to 
complete implementation include an acceptable 
joining strategy with respect to zinc-coated sheet 
steels; robust numerical methods for forming, crash 
performance and fracture prediction; and grade 
homologation within the global steel industry. These 
challenges are demonstrated, and strategies for 
retained austenite containing advanced high-strength 
steel application are outlined for comparison to 
current technology and alternative methodologies for 
vehicle mass reduction.

8:30 a.m.
the spectrum of enabling technologies for 
implementation of ahss
narayan Pottore, sriram sadagopan and shrikant 
bhat, arcelorMittal
New grades of steel with higher strength and ductility 
are being developed worldwide to simultaneously 
facilitate weight reduction and enhanced safety in 
automotive structures. Many of the steel designs 
that are utilized to produce such grades, however, 
could result in significant challenges to meet the 
implementation requirements for part forming, 
assembly and in-use component performance. This 

paper provides examples of some of these challenges and potential 
approaches that may help overcome the likely impediments to the 
successful application of the new steels.

8:55 a.m.
development, design and industrial launch of next-
generation steel
grant thomas and Jeremy hansman, aK steel Research
Next-generation advanced high-strength (AHSS) steels are being 
implemented in automotive structures in order to meet the demands 
for automotive lightweighting. Many of these new grades of steel (e.g., 
quenched and partitioned steel) require processing controls that differ 
slightly from those of conventional steel grades. Special considerations 
of chemistry, thermal control, and atmospheric conditions are 
required to meet property and coating requirements while maintaining 
industrial feasibility for steelmakers and automotive original equipment 
manufacturers. The present contribution highlights development of such 
grades at AK Steel, capital improvements enabling production of these 
grades, industrial launch and characterization of industrially produced 
steel.

9:20 a.m.
new zn Multi-step hot stamping innovation at gestamp
Paul belanger, gestamp
Over the past two decades, the hot press forming, or press hardening, 
of steel (PHS) has become an important technology enabler for meeting 
today’s safety requirements. Its ability to do this while at the same 
time lightweighting body structures has been an advantage. The widely 
used steel grade for hot forming is the boron-added steel 22MnB5 
(0.22%C-1.2%Mn), which achieves nominal strengths of approximately 
1.5GPa. State-of-the-art PHS processing of that material has included:

- Austenitizing a developed blank in a conventional oven.

-  Forming and press hardening of the heated blank in relatively slow, 
5 strokes per minute or lower, hydraulic presses. 

- Laser cutting to the final dimensions. 

Future fuel economy and safety regulation increases are demanding 
even more aggressive vehicle mass reductions without jeopardizing 
cost targets. New steels and processes with tailored strengths and 
faster production speeds are needed. This investigation explores the 
feasibility and validation of a next-generation zinc-coated material 
and hot stamping process technology that equates to a revolutionary 
advancement in the hot stamping process.

9:45 a.m.
Break

10:10 a.m.
axial and bending Crash Performance of advanced high-
strength steels
todd link and brandon hance, united states steel Corporation
Advanced high-strength steels (AHSS) are used in automotive structures 
to absorb crash energy and minimize intrusion to the passenger 



compartment. The combination of high strength and good formability 
contributes to improved performance and potential weight savings. 
However, the application of higher strength level AHSS can be limited 
by fracture during impact deformation. In this work, the performance 
of 980- and 1,180-MPa AHSS was investigated by drop tower crash 
testing in both axial and bending modes. The results show that energy 
absorption correlates well with strength and sheet thickness, while some 
measures of local formability provide promising indications of fracture 
resistance.

10:35 a.m.
application and stability of Retained austenite in ahss
l. Wang, y. zhang, s. zhou and y. zhong, baosteel R&d Center
Two important objectives of the automotive industry are the decrease 
in car weight and improvement in safety. High-strength steels (HSS), 
especially advanced high-strength steels (AHSS) and third-generation 
HSS, are the main measures to reduce automotive weight and improve 
safety in steel industry. In order to achieve good balance properties 
between tensile strength and elongation, the phase of the retained 
austenite is necessary for the new-generation AHSS phase design. In 
this paper, application of retained austenite in AHSS such as TRIP, QP, 
medium-manganese and TWIP steels were reviewed at Baosteel, and the 
stability of retained austenite in different steels was evaluated.

11 a.m.
advanced high-strength sheet steels in Chassis 
applications
andreas frehn, benteleR automotive
Advanced high-strength steels (1st generation) have been successfully 
developed and applied in many applications. Due to the fact that the 
steels are mainly cold rolled and partly coated, they have been used 
mainly in structural components, such as seat rails, bumper beams 
or A/B pillars. But also in chassis parts, showing mostly higher wall 
thickness values due to stiffness and corrosion issues, these steels 
(as hot-rolled grades) are gaining in importance during the last years. 
The different steels show specific beneficial properties for the different 
components (like control arms, rear twistbeam axles, subframes), 
leading to the successive replacement of the well-known high-strength, 
low-alloy steels and enabling lightweight construction in this sector. 
Besides showing several examples combined with a look on the relevant 
important properties, the presentation will also cover the challenges, 
which can be currently seen for AHSS steels of the 2nd and 3rd 
generation for this application area.

11:30 a.m.
Lunch

12:30 p.m.
Properties of ultrafine-grained v-Microalloyed dual-Phase 
steels
Colin scott, babak shalchi, fateh fazeli and irina Pushkareva, 
CanmetMateRials
Vanadium microalloying additions are very effective in refining DP 
microstructures. This study demonstrates that it is easily possible 

to achieve ferrite grain sizes of the order of ~1.5 μm and submicron 
martensite islands using conventional annealing cycles. The tensile 
properties of the new alloys are very good; YS ~600 MPa, UTS >1,200 
MPa, UE 8–10% in the as-quenched condition. This is mostly due to the 
ferrite phase, which is strengthened by grain refinement and selectively 
strengthened by V(C,N) precipitation. Processing is more robust as 
the mechanical properties are much less sensitive to the martensite 
fraction, i.e., these alloys can tolerate larger variations in the intercritical 
annealing temperature. The impact of the reduced strain incompatibility 
between the ferrite and martensite phase on tensile fracture strains and 
hole expansion behavior as a function of martensite fraction has been 
determined.

12:55 p.m.
bending Performance improvement of dual-Phase steel 
With 1,000 MPa tensile strength
dongwei fan, negin Jahangiri, Pallava Kaushik and howie Pielet, 
arcelorMittal, and hyungjo Jun, exxonMobil Research and 
engineering Co.
Formability is one of the required characteristics of advanced high-
strength steel. In the present study, the formability of dual-phase steel 
with 1,000-MPa tensile strength was evaluated by using a 90° V-bend 
test. Samples were investigated by using a scanning electron microscope 
(with and without automation) and cathodoluminescent microscope. A 
fractography study indicated that the causes of bend failure were the 
inclusions near the steel surface and the diffusible hydrogen in the steel. 
The impacting inclusions were identified as calcium aluminate, alumina 
and spinel. Bending performance could be improved either by reducing 
inclusion amount at steelmaking stage, or by removing the diffusible 
hydrogen through a final heat treatment. However, the latter process 
would change the tensile properties of the steel.

1:20 p.m.
design and development of advanced high-strength 
steels using non-Peritectic Carbon Composition for thin-
slab Continuous Casting Compact strip Production (CsP) 
steel Mill
Ranga nikhil v yellakara, nikhil Kulkarni and Jagnyaseni tripathy, 
steel dynamics inc., and haley doude, Center for advanced vehicular 
systems, Mississippi state university
Global steelmaking technology moves closer to the CSP process, which 
requires the steel to be continuously cast into thin, 65-mm slabs before 
rolling. Continuous casting of peritectic steels to produce thin slabs is 
often difficult and critical as it may lead to bad surface quality, cracks, 
breakouts, etc. The current study focuses on developing AHSS using 
grades with non-peritectic carbon content (C<0.08%) and microalloy 
addition. The mechanical behavior of such steels is to a large extent 
a function of the microstructure. The microstructure is, in its turn, a 
result of the chemical composition and the process parameters during 
its production. The connection between microstructure and mechanical 
properties is studied, with a focus on the microstructure development 
after hot rolling and during annealing in a continuous galvanizing line. 
In-line plant trials have been carried out in order to investigate the impact 
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of alloying elements and process parameters on the 
microstructure.

1:45 p.m.
Phase transformation behavior of 
austenite in intercritically annealed 
advanced high-strength steels
luis garza-Martinez and erik Pavlina, aK steel 
Research and innovation
The phase transformation behavior during cooling 
of intercritical austenite depends on the relationship 
between the volume fraction of the intercritical 
austenite and the composition of the austenite — 
both which are a result of the intercritical annealing 
temperature. The cooling profile of a continuous 
annealing operation, such as a hot-dip galvanizing 
line, presents additional complexity as a result of 
the need to utilize isothermal holds at different 
temperatures to accommodate the coating operation. 
The phase transformation behavior dictates the 
final mechanical properties, since these depend 
on the resulting products of the transformed 
intercritical austenite. This investigation assessed 
the phase transformation behavior of austenite in an 
intercritically annealed Fe-0.09C-2.1Mn-0.2Si-0.55Cr-
0.12Mo steel using dilatometry and other standard 
techniques. Results indicate that the martensite start 
temperature increases as the fraction of intercritical 
austenite increases. Regardless of the intercritical 
austenite fraction, the bainite transformation starts 
almost immediately after quenching to temperatures 
corresponding to the zinc bath temperature in hot-dip 
galvanizing lines. Rapidly cooling the steel below the 
martensite start temperature prior to entering the zinc 
bath may minimize the formation of bainite during 
hot-dip coating.

2:10 p.m.
Modeling of age-hardening Kinetics during 
Coiling of high-Performance nb-Mo steel
Matthias Militzer and Jean-yves Maetz, the 
university of british Columbia; Jer Ren yang, 
national taiwan university; nam hoon goo, 
hyundai steel Co.; and bian Jian, niobium tech 
asia
Precipitation strengthening and tempering of the 
bainitic ferrite microstructure has been investigated 
in four Nb-Mo-bearing high-strength, low-alloyed 
(HSLA) steels. Hot torsion tests were conducted 
to simulate a typical hot strip rolling schedule in 
conjunction with a range of coil cooling and aging 
conditions. The obtained microstructures were 
characterized using electron backscatter diffraction, 

highlighting the effects of Nb and Mo additions on formation and 
tempering of the bainitic ferrite microstructures. Further, the evolution 
of nanometer-sized precipitates was quantified with high-resolution 
transmission electron microscopy studies. The resulting age-hardening 
kinetics has been modeled by combining a phenomenological 
precipitation strengthening model with a tempering model for bainitic 
ferrite. Analysis of the model suggest a coiling temperature window 
to maximize the precipitation strengthening potential in bainite/ferrite 
HSLA steels to be narrower than that for conventional HSLA steels with 
polygonal ferrite/pearlite microstructures.

2:35 p.m.
Work hardening of ferritic steel Containing nanometer-
sized Carbides
noriaki Kosaka and yoshimasa funakawa, Jfe Corp.
The work hardening in the early stage of plastic deformation of ferritic 
steels containing the several sizes and amounts of TiC was investigated. 
According to Ashby’s theory, a well-known theory of metals with 
hard particles, the work hardening is related to the size and amount 
of particles. Hence the carbide size varied from 3 nm to 15 nm by 
controlling the isothermal treatment temperature after hot rolling, and 
the amount of carbides was changed by addition of C and Ti. In the steels 
containing nanometer-sized carbides, a specific plastic deformation 
appeared; namely, the incremental stress suddenly changed at certain 
plastic strain. The phenomenon is explained only by Ashby’s theory. The 
generation of geometrically necessary dislocation around carbide during 
plastic deformation should be taken into account. A new model that can 
explain the work hardening of ferritic steel with nanometer-sized carbide 
was proposed.

3 p.m.
Break

3:25 p.m.
effects of grain Refinement on Mechanical Properties of 
dual-Phase low-Carbon steel
nobuhiro tsuji, Myeong-heom Park and akinobu shibata, Kyoto 
university
Dual-phase (DP) steels composed of soft phase (ferrite) and hard phase 
(martensite or bainite) are known to show good strength-ductility 
balance, but the reason for their superior mechanical properties is 
still unclear. In the present study, the microstructural refinement 
of the DP structures in a 2Mn-0.1C steel was achieved by various 
thermomechanical processes. The grain size of ferrite in the DP 
structures, where ferrite is surrounded by martensite (prior austenite), 
ranged from 58 μm to 4 μm. It was found that the grain refinement 
significantly changed the tensile properties of the DP steel at room 
temperature and, interestingly, both strength and ductility were enhanced 
together. The mechanism of the improvement of mechanical properties 
will be discussed in the presentation.



3:50 p.m.
effect of al addition on the end use Properties of uncoated 
Commercial dual-Phase 1180 steel
sriram sadagopan, narayan Pottore, gang huang and hassan 
ghassemi, arcelorMittal global R&d
This paper presents the results of intentional aluminum addition on 
the formability and weldability of commercially produced DP1180 steel 
grades produced at ArcelorMittal. Formability was evaluated using 
a suite of “standard” tests such as hole expansion, bendability and 
the plane strain forming limit, FLD0, and some simulative formability 
bending under tension tests such as stretch bend and the draw 
stretch tests. Results of the formability test demonstrate that the local 
formability of the product with the higher Al addition was improved in 
comparison with the nominal Al product. Weldability was evaluated using 
the current range and maximum load determined using the cross-tension 
test where the improved performance of the product with the higher Al 
addition was demonstrated. In addition, more detailed microstructural 
characterization and mechanical behavior of the products was conducted 
to further the understanding of the effect of Al on the performance of the 
DP1180 steel.

4:15 p.m.
Microstructure Control for improving Warm deep-
drawability in low-alloy, high-strength tRiP steels
elijah Kakiuchi, toshio Murakami, naoki Mitzuta and tatsuya asai, 
Kobe steel ltd.
Tensile strength reduction in warm forming temperature was investigated 
for low-alloy, high-strength transformation-induced plasticity (TRIP) 
steels in order to improve deep drawability in warm forming. Volume 
fraction of ferrite and carbon content of retained austenite were 
controlled to investigate their effect on tensile strength reduction. 
Tensile strength was minimized at 473K and it was found that tensile 
strength reduction was increased as carbon content of retained austenite 
decreased. Deformation-induced martensite transformation behavior 
was investigated and it was found that retained austenite volume 
fraction was hardly changed during 473K tensile testing in all steels, 
but decreased in inverse proportion to carbon content of retained 
austenite during room-temperature tensile testing. The results indicated 
that tensile strength reduction was determined by the difference of 
the amount of retained austenite transformed to martensite during 
deformation at room temperature and warm forming temperature.

4:40 p.m.
Challenges With design and Processing of Carbide-free 
bainitic ahss sheets
fateh fazeli, Colin scot, babak shalchi amirkhiz and irina Pushkareva, 
CanmetMateRials
Superior AHSS sheets are required for the manufacture of lightweight 
body-in-white components to address stringent safety and fuel economy 
regulations. Carbide-free bainitic (CFB) sheets are potential candidate 
steels with mechanical properties exceeding current commercial 
TRIP and DP steels. The main challenge is to develop suitable alloy 
compositions that can be processed by existing continuous annealing 

or galvanizing lines. This study describes proper processing routes 
for the manufacture of CFB sheets and presents alloying strategies to 
tailor the phase transformation response of potential candidate steels. 
Some examples of alloying systems that have been optimized for 
different processing lines and their ensuing mechanical properties with 
tensile strength between 1,200 to 1,500 MPa will be demonstrated and 
discussed.

5:30 p.m.
Reception

thuRsday, 1 June 2017
7 a.m.
Continental Breakfast

8 a.m.
introduction and opening Remarks

8:05 a.m.
implementation Challenges With generation-three 
advanced high-strength steels
louis hector, tyson brown, John Carsley, li sun and anil sachdev, 
general Motors Research and development
Generation-three advanced high-strength steels (GEN3 AHSS) are 
typically multi-phase TRIP steels that exhibit unprecedented strength 
and ductility. Consequently, they hold significant promise as room-
temperature stampable alternatives to hot-stamped steels. GEN3 AHSS 
properties are achieved by regulating the stability of austenite retained 
at room temperature through sophisticated heat treatments and alloying. 
Balancing the amount of retained austenite and the kinetics of the 
stress-assisted or strain-induced transformation to martensite provides 
control over the yield behavior, work-hardening rate and necking onset. 
Once GEN3 AHSS becomes commercially available, they must meet 
specific requirements for integration into vehicle body structures. These 
requirements can broadly be categorized as material-related, e.g., 
micro- and macroscale deformation behaviors for forming and vehicle 
performance, and manufacturing-related, e.g., weldability, springback, 
formability, coatings. The purpose of this paper is to discuss these 
challenges in the perspective of implementing GEN3 AHSS in automotive 
applications.

8:30 a.m.
effect of strain Rate on tensile deformation behavior of a 
Quenched and Partitioned steel
Whitney Poling, Kip findley, emmanuel de Moor and John speer, 
Colorado school of Mines
The effects of strain rate on tensile properties and strain-induced 
austenite to martensite transformation were investigated for a quenched 
and partitioned steel. A 0.3C-3Mn-1.5Si (wt.%) steel was subjected to 
quenching-and-partitioning heat treatments to produce a microstructure 
composed of martensite and 14 vol.% austenite. Tensile testing was 
performed at 10 different rates in the strain rate range 0.0001 to 200 s-1. 
At four of the strain rates, the tests were interrupted at various strain 
levels up to failure. The extent of retained austenite transformation as 
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a function of strain, measured with x-ray diffraction 
performed on interrupted tensile test specimens, was 
similar across the strain rate range. Yield strength 
increased with increasing strain rate, but tensile 
strength was independent of strain rate. Ductility had 
a minimum value at a strain rate of 1 s-1. The results 
are compared to strain rate effects in other steels 
with high martensite content.

8:55 a.m.
Microstructural evolution during 
Quenching and Partitioning of 0.2C-1.5Mn-
1.3si steels With Cr or ni additions
dean Pierce, oak Ridge national laboratory; dan 
Coughlin, los alamos national laboratory; Kester 
Clarke and emmanuel de Moor, Colorado school of 
Mines
The influence of Cr and Ni additions and quench 
and partition (Q&P) processing parameters on 
microstructural development during Q&P, including 
carbide formation and austenite retention, was 
studied in two steels with a base composition of 
0.2C-1.5Mn-1.3Si wt.% and additions of 1.5 wt.% 
Cr (1.5Cr alloy) or Ni (1.5Ni alloy). Additions of 
1.5 wt.% Cr significantly reduced the kinetics 
of austenite decomposition relative to additions 
of 1.5 wt.% Ni at all partitioning temperatures, 
promoting greater austenite retention in the 1.5Cr 
alloy after Q&P. Mössbauer effect spectroscopy, 
transmission electron microscopy, and atom probe 
tomography were used to quantify and characterize 
the amount, structure and composition of carbides 
in the microstructures. In general, carbide amounts 
below ~0.3 vol.% were measured in both alloys after 
partitioning for short times (10 seconds), irrespective 
of quench or partitioning temperature, which 
corresponds to a relatively small portion of the bulk C 
in the alloy.

9:20 a.m.
lüders and Portevin-le Châtelier bands in 
a Medium-Mn tRiP steel
Mingxin huang, the university of hong Kong
Lüders band and Portevin-Le Châtelier (PLC) bands 
in a medium-Mn transformation-induced plasticity 
(TRIP) steel were investigated by in-situ digital image 
correlation (DIC) technique coupled with in-situ 
full-field temperature measurement. The full-field 
strain and heat source measurements are used 
concurrently to investigate in-situ the propagative 
bands. The local Lüders strain is demonstrated both 
space- and time-independent, and its magnitude is 
equivalent to the macroscopic Lüders strain. The 

spatio-temporal independent characteristic is also verified on the local 
strain in the PLC bands. Then the estimated heat sources are applied to 
establish an experimental energy balance during the plastic deformation. 
The quantitative energy analysis reveals that the strain-induced 
martensitic transformation takes place in the Lüders band but barely in 
the PLC bands. The ex-situ x-ray diffraction measurement on the phase 
content and surface hardness testing of the material confirm well this 
determination.

9:45 a.m.
Break

10:15 a.m.
tensile behavior of Medium-Mn steels that exhibit two-
stage tRiP behavior
daniel field and david van aken, Missouri university of science and 
technology
Medium-manganese steels often demonstrate dynamic strain aging and 
rapid work hardening. Tensile behavior of three medium-manganese 
steels are studied in both the hot band condition and a cold worked and 
batch annealed condition. Starting microstructures were a combination 
of γ-austenite, ε-martensite, α-martensite and α-ferrite. Intrinsic stacking 
fault energies calculated at room temperature, varied between –2.1 
and 0.2 mJ/m2. Tensile strengths ranged from 1,215 MPa to 1,404 
MPa with total elongations of 23.6% to 34.1%. Interrupted tensile 
tests were performed and x-ray diffraction was used to characterize 
the strained microstructures. All three alloys showed evidence of 
two-stage transformation-induced plasticity (TRIP) where the starting 
microstructure TRIP’d in sequence of γ→ε→α or ε→α. One of the alloys 
was modified with 4.4 wt.% Cr and the dynamic strain aging observed 
in the hot band condition was significantly reduced as a result of 
M23(C,N)6 precipitation during batch annealing for 20 hours at 600°C. 
Strain hardening exponent for the Cr-bearing steel decreased from 
n = 0.78 in the hot band condition to n = 0.29 in the batch annealed 
condition.

10:40 a.m.
effect of starting Microstructure and intercritical 
annealing Parameters on Mechanical Properties of a 
Medium-Mn third-generation advanced high-strength 
steel
Joseph Mcdermid, daniella Pallisco and elizabeth Mcnally, McMaster 
university; and frank goodwin, international zinc Co.
Third-generation advanced high-strength steels (3G AHSS) are 
relatively cost-effective alloys with superior combinations of high 
strength and ductility that make them promising candidates for vehicle 
lightweighting. The present work investigates the microstructural 
evolution and mechanical properties of a prototype 0.2C-6Mn-1.5Al-
0.5Si 3G AHSS resulting from heat treatments that are compatible with 
the continuous galvanizing process. This paper will discuss the effects 
of starting microstructure and intercritical annealing parameters on the 
microstructural evolution of the alloy, focusing on retained austenite 
volume fraction and morphology, and resultant uniaxial tensile properties 
within the context of established U.S. Department of Energy targets.



11:05 a.m.
effect of Reheating temperature on the Mechanical 
behavior of lamellar Morphology 10Mn steel sheets
dong hwi Kim, yoon-uk heo and sung-Joon Kim, graduate institute of 
ferrous technology, PosteCh
Medium-Mn steels show a variety of microstructures and mechanical 
properties depending on the heat treatment conditions. In this research, 
the difference of tensile properties between ultrafine-grained (UFG) 
and lamellar structure with different annealing histories and the effect 
of tempering were investigated for an Fe-0.2C-10Mn-Al steel. The UFG 
structure was formed by annealing and water quenching after cold 
rolling. To obtain diverse volume fraction and mechanical stability of , 
three different annealing temperatures — 650, 700 and 750°C — were 
used. The heat treatment at 900°C was added before annealing to make 
lamellar structure. The UFG structure showed yield point elongation 
at 650 and 700°C. However, lamellar structure exhibited smooth and 
serration behavior, respectively. At 750°C, both structures showed low 
yield strength and severe work hardening due to the abrupt martensite 
transformation in unstable austenite. In order to overcome these 
weaknesses, tempering was applied. Through tempering at 200°C, very 
high yield strengths up to 900 MPa were achieved.

11:30 a.m.
double soaking of a 0.14C-7.14Mn steel
alexandra glover, emmanuel de Moor and John speer, advanced steel 
Processing and Products Research Center, Colorado school of Mines
Double soaking has been proposed as a novel heat treatment to create 
a microstructure of martensite and retained austenite in medium-
manganese steels. The primary soak, an intercritical annealing 
treatment, results in austenite nucleation and growth with manganese 
partitioning from ferrite/martensite to austenite. The secondary soak, 
conducted at temperatures above the primary soak, transforms some 
of the remaining ferrite to additional austenite. The secondary austenite 
transforms to martensite upon quenching, leading to a microstructure of 
martensite, austenite and potentially ferrite, depending on the secondary 
soak temperature. Substantial alloy partitioning during the secondary 
soak treatment is not desired, as this would reduce austenite retention 
after quenching. As an example of this concept, this paper presents 
the response of a 0.14C-7.14Mn (wt.%) medium-manganese steel to a 
double-soaking heat treatment using dilatometry, x-ray diffraction and 
tensile testing. Retained austenite fractions up to 30 vol.% have been 
measured after double soaking in this alloy. 

11:55 p.m.
Lunch

1:15 p.m.
Microchemical banding of si and Mn and their effect on 
the ahss
Monika Krugla, tata steel Research & development and delft 
university of technology; s. erik offerman and Jilt sietsma, delft 
university of technology; and dave hanlon, tata steel Research & 
development
The casting processes currently employed for producing sheet steels, 
although effective, result in macro- and microchemical segregations 
of the elements. The next production steps are not effective or even 
designed to remove those. The possibility of producing materials with 
banded microstructure is dealt with as a result. Much effort is put into 
preventing this since it can adversely affect the mechanical properties of 
the final product. Since most sheet steels are produced containing some 
levels of Si and Mn, an investigation was conducted on how the whole 
process is influenced by changing Si levels in model alloys Fe-Si-C and 
Fe-Si-Mn-C. The effect of bending on final properties is also considered.

1:40 p.m.
as-Cast Microstructure evolution in ahss grades and its 
effect on slab Quality
Rafael Coura giacomin and bryan Webler, Carnegie Mellon university
New advanced high-strength steel (AHSS) grades with elevated C, Mn 
and Si for the automotive industry must be compatible with existing 
steel production infrastructure. One of the challenges to this has been 
cracking of continuously cast slabs either before or during hot rolling. 
This study examines the three lab-scale ingots in the as-cast state with 
compositions 0.2 wt.% C; 3 wt.% Mn; and 0.5, 1.5 and 3.0 wt.% Si. The 
objective of this study was to identify features of solidification structure 
and microstructure that may influence the cracking. Macrostructure 
consisted of mainly columnar grains. The room-temperature 
microstructure presented granular bainite with proeutectoid ferrite as 
the main components. The steel Si level was identified as an important 
variable in microstructure development as the amounts of proeutectoid 
ferrite and retained austenite increased with Si.

2:05 p.m.
Comparison of different techniques to improve the Cold 
Rollability of high-strength ahss
annette baumer, ekaterina bocharova, Richard thiessen and Roland 
sebald, thyssenkrupp steel europe
Driven by the demands of the automotive industry, advanced high-
strength steels with increasing strength levels have been developed. 
In many cases, an increase in the final strength of the product is 
synonymous with an increase of the strength of the material during 
the manufacturing process. This means for example that cold rolling 
becomes more challenging. On the other hand, there are of course ways 
to meet these challenges like changing the process parameters of hot 
rolling, batch annealing of the hot strip or intermediate batch annealing 
between two cold rolling steps. Nevertheless, all these methods can 
influence the material properties of the final product. In this paper, the 
advantages and disadvantages of the methods are discussed.
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2:30 p.m.
evaluation of galvanizing line furnaces for 
the Production of advanced high-strength 
steels
John stedge, Primetals technologies usa llC
The development of third-generation advanced 
high-strength steels requires more challenging 
thermal processing: higher peak metal temperatures, 
faster cooling to lower temperatures, reheating and 
holding. Consideration of the practical limitations 
of modern strip heat treatment lines is a necessity 
when developing new steel grades. In many cases, 
due to the lack of market demand, modification of an 
existing line is more cost effective than investment 
in a new processing line. However, a modification 
not only adds physical constraints to the design of 
the thermal cycle, but it also presents the challenge 
of minimizing lost production by reducing outage 
time. An optimum solution considers the trade-offs 
with variations of the desired thermal cycles, as well 
as the existing and future needs of new material 
development. This paper reviews key aspects of 
furnace design for third-generation AHSS and 
a methodology for evaluating existing furnaces 
as candidates for modification to produce these 
products.

2:55 p.m.
Break

3:20 p.m.
Performance Characteristics of hyCal toll 
Continuous annealing facility
Mark blankenau, hyCal Corp.; Matthias 
brenninger, ebner; and Mark slack, ferrous Metals 
Processing Co. 
HyCAL has constructed a continuous annealing line 
for the toll processing of AHSS products in Gibraltar, 
Mich., USA. Ebner supplied the bulk of the equipment 
using their HiCON/H2® technology. The process 
will be described, and the facility’s capabilities 
demonstrated since the start-up in the fourth quarter 
of 2016 will be presented.

3:45 p.m.
annealing furnace Concept and oxide 
thickness Control from laboratory test to 
industrial Control tolerances
Kahoul Karim, danieli Centro Combustion
Nowadays, many papers describe the effect of the 
pre-oxidation of AHSS then the reduction and the 
effect the wettability of the strip through the zinc 
bath. This paper intends to highlight the different pre-
oxidation and reduction methods that can be used 

in the annealing furnace, in the direct flame, in the radiant section and 
through a muffle furnace. The paper intends also to explain the different 
kinetics at a process control level and highlight the limits of the available 
instrumentations compared to any test that can be done at the laboratory 
scale. The intention is to also describe possible new annealing furnace 
combinations that can further the quest for the processing of third-
generation AHSS.

4:10 p.m.
induction heating of advanced high-strength steels
gerald vellente, ajax toCCo Magnethermic
The production of advanced high-strength steels (AHSS) is gaining more 
importance in order to provide lighter-weight steels and, at the same 
time, maintain safety. Part of the process of producing these steels is 
reheating the steel prior to entering the coating pot. Most producers, 
whether in a new line or retrofitting an existing line, are considering 
induction heating to accomplish this reheat. One of the difficulties 
in determining what induction equipment is required is the magnetic 
properties of the steel at the point where the reheating is required. This 
paper will review the background information in determining these 
properties, setting up and performing lab tests, and comparing the 
theoretical information with the test data. The presenter will then discuss 
a typical application using the information developed and package an 
induction heating system.

4:35 p.m.
flash bainite: Room-temperature stamping 1,500 to 1,800 
MPa structural and energy-absorbing Components to <2t 
bend Radii
gary Cola, flash bainite
Flash® Bainite processing employs rapid thermal cycling (<10 s) to 
strengthen COTS steel sheet, plate and tubing into AHSS. In a continuous 
process, induction technology heats a narrow segment of the cross 
section in just seconds to atypically high temperatures (1,000–1,300°C). 
Quenching substantially immediately follows. Flash processing optimizes 
the inherent heterogeneity of steelmaking to create an intragranular 
multi-chemistry, complex mixture of bainite, martensite and other 
morphologies. Carbon migration and carbide dissolution are controlled 
by limiting time in the austenitic range. Unlike conventional heat treating, 
homogeneity is intentionally avoided. Flashing steel such as AISI1010 
(1,100 MPa UTS) and AISI1020 (1,500 MPa UTS) has shown excellent 
room-temperature stampability.

6–9 p.m.
Reception/Dinner

fRiday, 2 June 2017
7 a.m.
Continental Breakfast

8 a.m.
introductions and opening Remarks



8:05 a.m.
study on hot Press forming (hPf) die development for 
Cooling efficiency improvement With direct spray Process
John hyung and Jin Moon, Corelink tech; Chung-gil Kang, Pusan 
national university; baeg-soon Cha, KiteCh; okdong lim, autogen
Demand for higher safety and fuel efficiency of the automobiles has 
increased because of environmental regulations. Weight reduction and 
high-performance materials are needed to fulfill this demand. Ultrahigh-
strength steel parts are the answer, which are made through hot press 
forming operation. Compared to cold press forming, hot press forming 
has lower productivity. Hot press forming requires longer time for press-
hardening. To shorten this, a direct spray process is preferable over 
indirect cooling process by a gun drill. In this study, sprayers and cooling 
runners will be manufactured on die surface to cool heated blank with 
the direct spray process. As a result, a deviation of blank temperature 
within ±10˚C was achieved and more than 50% efficiency was secured 
on the pressing duration of 14 seconds. When the mechanical properties 
of blank were evaluated, the tensile strength was 1.5 GPa. However, 
recently, the issue of hydrogen embrittlement on ultrahigh-strength steel 
has come up. Considering this, hydrogen diffusivity and penetration were 
studied, which occur by external factors of ultrahigh-strength steel parts 
using the direct spray process. Based on this study, the direct spray 
process was applied to a center pillar die and studied.

8:30 a.m.
fe-zn Reactions during annealing of a galvanized 22Mnb5 
steel
sung-Joo Kim, Jee-hyung Kang, doyub Kim and dong-hwi Kim, 
graduate institute of ferrous technology, PosteCh; and young-duk 
seo, Kyungpook national university
Hot sheet metal forming involves annealing of steel sheets normally up 
to ~900°C. When galvanized steel sheets are introduced to hot stamping, 
the process is complicated by Fe-Zn reactions at the interface during 
the annealing. In order to investigate the Fe-Zn reactions, galvanized 
22MnB5 steel sheets were annealed at 500–900°C for 5 minutes. Fe-Zn 
intermetallics and Zn-rich α were observed to generate following their 
equilibrium compositions. The intermetallics are formed at the interface 
and grow toward the coating, while Zn rich α forms at both the substrate/
coating interface and grain boundaries of substrate and Γ1. The 
morphology of Zn-rich α depends on temperature. At the temperatures 
< 800°C where Γ1 is stable, Zn-rich α assumes submicron grains along 
the grain boundaries of the substrate. However, at both 800 and 900°C, 
both Γ1 and a part of substrate are rapidly consumed by large Zn-rich α 
grains.

8:55 a.m.
third-generation ahss: nanonphase Refinement and 
strengthening during Cold deformation
daniel branagan, alla sergueeva, andrew frerichs, brian Meacham 
and sheng Cheng, the nanosteel Co.
The historical development of autobody steels has demonstrated a 
paradoxical relationship between strength and ductility. Automotive 
lightweighting requires increased strength, but current steels have 

ductility that is too low for cold formability, resulting in geometric 
constraints in part design and manufacturing. This effect ultimately 
limits usage of the higher-strength steel grades in automobiles. 
NanoSteel’s new class of third-generation AHSS has a unique and 
compelling combination of tensile strength (~1,200 MPa) and elongation 
(~50%) with high cold formability. In this presentation, the role of the 
enabling cold-deformation mechanism called nanophase refinement 
and strengthening will be demonstrated in association with property 
changes and structural evolution involving complex interaction of 
dislocation dominated deformation mechanisms with sequential 
phase transformation, nanoscale phase formation, nanoprecipitation 
and dynamic strain aging effects. The role of each structural 
microconstituent in the deformation process leading to advanced 
property combination of the third-generation AHSS will be discussed.

9:20 a.m.
effects of grain size on Mechanical Properties of silicon-
added high-Mn tWiP steel
sukyoung hwang, yu bai, si gao, akinobu shibata and nobuhiro tsuji, 
department of Materials science and engineering, Kyoto university
Twinning-induced plasticity (TWIP) steel is well known for the 
outstanding mechanical properties combining high strength and 
ductility, which result from formation of mechanical twin during plastic 
deformation. However, the yield strength of the TWIP steel is not as high 
as other advanced high-strength steels (AHSS). Grain refinement is one 
of the methods to increase the strength, especially the yield strength, 
of polycrystalline materials according to the well-known Hall-Petch 
relationship. In the present study, the 22Mn-0.6C-3Si TWIP steel having 
fully recrystallized ultrafine grain (UFG) sizes were produced through 
repetitive cold rolling and subsequent annealing processes. Mechanical 
properties at room temperature are discussed in relation to the 
microstructures, focusing on the effect of silicon on the strain hardening 
and the microstructure evolution during deformation.

9:45 a.m.
third-generation ahss: new factors affecting local 
formability
alla sergueeva, daniel branagan, andrew frerichs, brian Meacham 
and sheng Cheng, the nanosteel Co.
For advanced high-strength steels (AHSS), local formability has proven 
to be a challenging limitation for designers seeking to use these materials 
for automotive lightweighting applications as evidenced by unpredicted 
failure in stretch bending and edge stretching. There are various factors 
known to influence local formability in autobody steels, including hole/
edge preparation method, total elongation, hardness differences of 
structural phases, yield to tensile strength ratio, true strain at fracture, 
and post-uniform elongation. In many cases, these existing correlations, 
especially when derived from global tests such as uniaxial tensile testing, 
do not represent observed local formability results for AHSS grades. 
In this presentation, both existing and new factors enabling substantial 
improvement of local formability due to unique mechanistic responses 
in NanoSteel third-generation AHSS will be discussed. Local formability 
response will be demonstrated using hole expansion ratio testing in 
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correlation with deformation mechanisms and 
resulting structural evolution.

10:10 a.m.
Break

10:35 a.m.
investigation of strain instabilities in 
third-generation Medium-Manganese 
tRiP steels
Michael Callahan and Jean-hubert schmitt, 
Centralesupelec
Efforts of the automotive industry in vehicle 
lightweighting has led to the development of third-
generation advanced high-strength steels, notably 
medium-manganese steels. Engineering of the 
strain hardening rate of these steels is difficult due 
to undesirable Lüders and Portevin-Le Châtelier-
type strain instabilities that are sometimes present. 
The tensile properties of a Fe-0.2C-5Mn-2.5Al 
medium-Mn TRIP steel were investigated to study 
the strain hardening behavior of the alloy. Intercritical 
annealing temperatures of 740°C, 760°C and 780°C 
produced varying rates of strain-induced martensitic 
transformation (TRIP). Previous work showed that 
the strain instabilities coincide with the TRIP effect. 
Here, the strain rate was varied and to investigate 
its effects on both the strain instabilities and TRIP 
effect. Bake-hardened specimens were tested as well 
to observe the effects of low-temperature anneals 
on instabilities. The results of these experiments are 
presented along with an explanation of the source of 
the strain instabilities.

11 a.m.
deformation-induced Martensite 
transformation and serrated Plastic flow 
in Medium-Mn steels
binhan sun, nicolas vanderesse, Jianqiang 
Chen, Philippe bocher and stephen yue, Mcgill 
university; and fateh fazeli and Colin scott, 
CanmetMateRials
The stability and dynamic transformation of retained 
austenite upon straining remain critical in controlling 
the mechanical performance of medium-Mn steels. 
In the present study, the phenomenon of serrated 
plastic flow due to the Portevin-Le Châtelier (PLC) 
effect was observed in duplex ferrite and austenite 7 
and 10 wt.% Mn steels with certain austenite stability. 
The kinetics of deformation-induced martensite 
transformation (DIMT) is essentially affected by this 
localization of plastic flow. In order to investigate the 
interplay between these two, the magnetic induction 
method with a Feritscope was used to characterize 

the DIMT of the steel samples during tensile tests at different strain 
rates. Further, the PLC banding behavior of the tensile specimens was 
investigated by digital image correlation. A discontinuous martensite 
transformation behavior was observed, and its contribution to the overall 
work-hardening behavior of the medium-Mn steels was further analyzed.

11:25 a.m.
deformation Mechanism of ultrafine-grained high-Mn 
austenitic tWiP steel
yu bai, hiroki Kitamura, akinobu shibata and nobuhiro tsuji, Kyoto 
university; and yanzhong tian, shengyang national laboratory for 
Materials science, institute of Metal Research, Chinese academy of 
sciences
In a previous study, it was found that high-Mn austenitic TWIP steels 
with fully recrystallized ultrafine-grained (UFG) structure having mean 
grain sizes smaller than 1 μm could be fabricated by simple cold rolling 
and annealing process without severe plastic deformation. The UFG 
TWIP steels showed both high strength and large ductility, but the 
reason for such good mechanical properties was not understood yet. 
In the present study, the deformation mechanism of UFG 31Mn-3Al-3Si 
steel was investigated. It has been believed that deformation twinning 
is suppressed with decreasing the grain size of austenite. However, the 
fraction of deformation twins increased in the UFG specimen. It was also 
confirmed by in-situ synchrotron diffraction that the dislocation density 
increased rapidly at the yield point in the UFG specimen. Based on these 
results, the deformation mechanism of the UFG TWIP steel is discussed.

11:50 a.m.
Lunch

1 p.m.
segregation in Quenched and Partitioned steels: the Role 
of hot Rolling Parameters
ali smith and luciano bozzetto, Centro sviluppo Materiali 
Quenched and partitioned (Q&P) sheets steels are fabricated by hot and 
cold rolling, annealing, and a quench and partitioning heat treatment. 
The aim is to produce a steel microstructure of tempered martensite and 
metastable austenite, which exhibits superior mechanical properties 
combinations (e.g., 15% total elongation with tensile strength of 1,500 
MPa). An essential component of these steels is the addition of several 
percent of manganese for improved hardenability. However, manganese 
promotes segregation, leading to banding and non-uniform mechanical 
properties. For industrial production of sheets with uniform properties, 
the hot rolling parameters should, therefore, be optimized to reduce the 
banding phenomenon as far as possible. Based on these considerations, 
the current work presents results of laboratory rolling trials on a Q&P 
steel, illustrating the effects of hot rolling parameters on microstructural 
banding.



1:25 p.m.
non-equilibrium thermodynamics of Quench and Partition 
steels
amit behera and greg olson, northwestern university
Quench and partitioning (Q&P) is a novel concept that promises to 
take the third generation of advanced high-strength steels (AHSS) 
to better combinations of strength and ductility while reducing the 
overall manufacturing costs. Thermodynamics-based genomic design 
approach supported by advanced microstructural characterization 
techniques would help design optimized processing routes and new 
steel compositions without the need for prolonged experimental studies. 
The current work endeavors to understand and model non-equilibrium 
thermodynamics behind the different phase transformations occurring 
during the Q&P cycle. Experimental measurements are used to quantify 
stored energy for displacive transformations. Models based on the 
thermodynamic and kinetic aspects of these transformations are 
developed and simultaneously used to design optimized processing 
cycles and new alloy compositions. The thermodynamic and kinetic 
simulations with use of commercially available software such as 
ThermoCalc and DICTRA are calibrated and compared to highly accurate 
experimental measurements using electron microscopy and three-
dimensional atom probe.

1:50 p.m.
Recent advances in tMR-dQP Processing for tough, 
ductile high-strength strip steels
Mahesh Chandra somani, david Porter, Jukka Komi and l. Pentti 
Karjalainen, university of oulu; and Raja devessh Misra, university of 
texas at el Paso
The TMR-DQP processing route developed at the University of Oulu, 
comprising thermomechanical rolling followed by direct quenching and 
partitioning, has shown good potential for the development of not only 
tough ductile ultrahigh-strength structural steels but also hard abrasion-
resistant steels. Right from designing appropriate compositions to 
establishing the DQP parameters with the aid of physical simulation, the 
emphasis was essentially made to ensure that the process was cost-
effective and amenable for industrial hot strip production. Evaluation 
of DQP-processed laboratory-rolled samples confirmed achieving the 
desired martensite-austenite microstructures and targeted mechanical 
properties. Ausforming in Tnr regime resulted in extensive refining and 
randomization of the martensite packets/laths besides fine division 
of interlath austenite, thus resulting in an all-around improvement 
of mechanical properties, including low-temperature toughness and 
uniform elongation. The paper will highlight recent advances made in the 
direction of TMR-DQP processing and the associated challenges.

2:15 p.m.
Revealing the Condition of austenite decomposition during 
Partitioning in Q&P steels
Wei Xu, northeastern university
Quenching and Partitioning (Q&P) steels presents a very promising 
solution of the third-generation AHSS steels, of which only partitioning 
of carbon is assumed during the partitioning stage and no decomposition 

of austenite is taken into account. However, various studies have 
suggested that the austenite decomposition may actually take place 
and hence place a very important role in determining the mechanical 
properties, depending on the chemical composition and Q&P processing 
parameters. In this study, the isothermal decomposition of austenite 
during partitioning stage is systematically investigated using dilatometer, 
on a series of alloys with different Mn concentrations, following both 
one-step and two-step Q&P process routes. The microstructures 
are characterized in detail. The results reveal the composition and 
processing domains wherein the austenite decomposition cannot 
be ignored. The results can be used as guideline for the design and 
optimization of Q&P process window.

2:40 p.m.
Break

3:05 p.m.
influence of oxidizing gas and surface Microstructure on 
high-temperature oxidation of advanced high-strength 
steel
Mary story and bryan Webler, Carnegie Mellon university
This work examined how steel surface microstructure affected oxidation 
behavior under conditions typically encountered during continuous 
annealing. Alloy chemistry and annealing furnace conditions can lead to 
surface oxides that inhibit galvanized coating adherence. Surface oxide 
growth and morphology of a dual-phase CMnSi steel (0.0902 wt.% C, 
0.906 wt.% Si and 2.019 wt.% Mn) were viewed in-situ during heating 
with a confocal scanning laser microscope (CSLM). These results 
were correlated with information obtained via thermogravimetry (TG). 
Experiments investigated oxidizing gas, surface microstructure, gas flow 
and heating rate. The effects of these variables on promoting internal 
oxidation over external oxidation were examined.

3:30 p.m.
enhanced Pickling speeds and surface Preparation of 
ahss using oxigen-X™ Molten salt
david sequeira and dan balcer, fives st; louis Pignotti and Jim 
Malloy, Kolene Corp.; and oscar lanzi, arcelorMittal Research & 
development
Silicon, manganese, aluminum and other alloying elements used to 
improve the mechanical properties of high-strength steels will diffuse 
to the surface of the steel during hot milling operations. The resulting 
surface is an alloy-rich scale that requires slower pickling speeds to 
remove. Even with decreased line speed, complete surface preparation is 
difficult to obtain with acid immersion alone. Traditional line speed can 
be obtained by using Oxigen-X molten salt in combination with traditional 
hydrochloric acid pickling. Work presented here includes surface 
analysis of AHSS samples treated with and without Oxigen-X molten 
salt. The results of the analysis show the samples treated with Oxigen-X 
molten salt have an improved surface over the samples that were pickled 
only.
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3:55 p.m.
shearing and slitting ahss-asKo hXttM 
Knives
brian shaw and Joel Kneisley, asKo inc.
The mechanical properties of AHSS are rapidly 
increasing beyond the capabilities of in-place 
processing equipment. Pickle lines, galvanizing 
lines and service centers face the challenges of 
processing steels with tensile strengths from 600 
to 1,700 MPa. Most existing equipment and knives 
were not designed to sidetrim, scrap chop, shear or 
slit AHSS grades. To address this challenge, ASKO 
has developed its HXTTM knife technology (patent 
pending) to process third-generation advanced high-
strength steels on existing equipment, producing 
optimum sheared edge quality. For many pickle 
lines and processors, ASKO HXTTM knives have 
demonstrated 3X to 6X the life of conventional knives. 
The HXTTM combines knife material grade, heat 
treatment and edge conditioning.

4:20 p.m.
selective oxidation of advanced high-
strength steels and ultrahigh-strength 
steels (uhss) utilizing direct-fired 
burners
scott brown, frank beichner, david schalles and 
Matthew valancius, bloom engineering Co. inc.
This paper will address the utilization of direct-fired 
burners for the production of advanced high-strength 
steel (AHSS) and ultrahigh-strength steel (UHSS) 
utilizing the selective oxidation process. The paper 
will concentrate on hot-dip galvanizing lines (HDGLs) 
to show how to implement the selective oxidation 
process, utilizing direct-fired burners, to increase 
the wettability of the steel in the zinc coating pot, as 
well as improving physical properties of the steel. 
The process discussed will include placement of the 
selective oxidation zone in the furnace, combustion 
setup needed to perform the process, as well as 
common process parameters. This paper will also 
discuss the way that new and current HDGLs can be 
built or retrofitted to allow for the selective oxidation 
process, by utilizing direct-fired burners.

4:45 p.m.
the effect of internal oxidation on the bendability of 
ultrahigh-strength steel
yuyi zhu and barbara shollock, Warwick Manufacturing group; and 
Wanda Melfo Prada, tata steel
Ductile ultrahigh-strength steels (UHSS) are finding increased use 
in automotive applications. The so-called third generation of AHSS 
utilizes alloy additions that may have negative consequences for 
surface quality. During steel processing, external and internal oxides 
form and can affect the forming of final products. The current research 
is focused on the simulation of the surface/subsurface reactions 
that lead to the formation of the internal oxides during processing 
and establishing the link between the near surface condition and the 
formability of the final product. The internal oxidation depth largely 
depends on the temperature, atmosphere, top surface composition and 
alloying additions. Rolling, hot coil cooling, pickling and annealing were 
simulated under lab conditions to create a better understanding of how 
internal oxides develop during the whole flat steel production process. 
Microstructural characterization, including EBSD and STEM, were used 
to determine the nature and distribution of the internal oxides formed on 
the hot coil. Bendability tests were conducted on as-annealed material.

5:10 p.m.
Conference Adjourn



RegistRation fees
Advance registration by 17 April 2017: Member US$1,075, Non-member US$1,290. 

Registration after 17 April 2017: Member US$1,175, Non-member US$1,390. 

RegistRation inCludes
Registration fee includes receptions Tuesday and Wednesday, continental breakfasts 

and lunch Wednesday through Friday, dinner Thursday and conference proceedings.

hotel aCCoMModations
A block of rooms has been reserved at The Keystone Lodge and Spa and the 

Keystone Conference Villages. Please call the hotel at +1.800.258.0437 by 8 May 

2017 to secure the AIST discount rate of US$125–149 per night for single/double 

occupancy. Please note that each room night has an additional US$15 resort fee 

per night. This includes: complimentary self-parking, wireless internet access in 

guestrooms and public areas, business center access and fitness center, pool and 

hot tub access at Keystone Lodge Spa, and other amenities. Also, when staying one 

or more nights, the resort offers the Play for Free deal, which includes activities such 

as free 9 holes of golf after 4 p.m. on day of arrival, free yoga or fitness classes, free 

guided hike, free scenic lift ticket for kids under 12, and free cookies upon arrival.

US$1,075
AIST Member

US$1,290
Non-MemberRegistRation
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uPCoMing events

   24th annual Crane symposium
11–13 June 2017  |  Pittsburgh, Pa., USA

   Managing technology — big River steel
12–14 September 2017   |  Memphis, Tenn., USA

   sheet Processing and finishing lines — a Practical 
training seminar
17–21 September 2017  |  Ypsilanti, Mich., USA

   Material handling and transportation logistics
10–12 October 2017  |  Louisville, Ky., USA

   Continuous Casting — a Practical training seminar
16–19 October 2017  |  Fort Wayne, Ind., USA

   secondary steelmaking Refractories — a Practical 
training seminar
23–26 October 2017  |  Milwaukee, Wis., USA

   Maintenance solutions — a Practical training seminar
5–8 November 2017  |  Charleston, S.C., USA

   Modern electric furnace steelmaking — a Practical 
training seminar 
5–9 February 2018  |  Memphis, Tenn., USA


