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 Recent Publications 

 

 

 

 

Outline 



Introductions: 
 

 My background is in Metallurgical Engineering 

 Metallurgy - study of the physical, mechanical, and chemical 

behavior of metals, their alloys, and intermetallic compounds 

 Labs:  

 Advanced Metallic Materials Characterization Lab  

 Foundry and Thermal Processing Lab  

 Research:  

 Lightweight high performance alloys and metal matrix composites 

 Advanced coatings for extreme environments  

 Computational modeling of fluid flow, heat transfer, and phase 

transformations 

 



Introduction to metal casting 

Merriam-Webster definition: 
Process by which a metal is 
melted, heated to proper 
temp., poured into a mold, 
and allowed to solidify 

Much more science behind 
the definition! 

Complex shapes in a single 
step process 

Sizes range from a fraction 
of an inch to over 30 ft 

More than 90% of all 
manufactured goods 
contain castings  
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Why is Metal casting 

important? 

Many things we take 

for granted would be 

impossible without 

metal casting 

 90% of all 

manufactured goods 

contain castings 

Metal casting science 

is constantly evolving 

 New materials and 

processes drive 

technology 



Castings in the automotive industry 

 The average 

vehicle has 

more than 600 

lbs. of 

castings! 
 



Metallurgy and Metalcasting Science is Constantly 

Evolving 

    

 Greater understanding of structure 

property relationships 

 Increased automation and efficiency 

 Process modeling and design  

 More environmentally friendly 

 



Our Metal Casting Program at 

Texas State 

 

 Texas State is one of 

the few universities that 

has a working foundry 

 Our students melt and 

cast most types of 

engineering alloys into 

useful items  

 Texas State is one of 

only 20 Foundry 

Education Foundation 

accredited schools 



Texas State is an FEF accredited 

school 
 Foundry Education Foundation 
 Mission Statement: strengthen the metal 

casting industry by supporting 
partnerships among students, educators 
and industry: helping today's students 
become tomorrow's leaders. 

 Why you should register with FEF. 
1. Links to careers in the metal casting 

industry 
2. Scholarships and student design 

competitions 
3. CIC – College Industry Conference – 

Largest recruiting event of the year 
4. Link to website 
 
 

 
Texas State students at 2014 CIC 

http://www.fefinc.org/students/student-home.php 

More than $44,550 in scholarships  

Presented to 20 students at 2014 CIC 



What is AFS and why join? 

 AFS -American foundry 

Society - leading U.S. based 

metalcasting society 

 Supports areas of 

technology, management 

and education in the 

metalcasting industry 

 Networking and job searches! 

 Tours of several foundries and 

trips to regional and national 

conferences! 

  

 

 

 

 Career development – Full time 

and internship job opportunities 

(all kinds of engineering and 

technology majors) 

 Scholarships and Internship 

assistance 

 AFS  meetings  and events –   

1. Guest lectures from industry 

+ free pizza! 

2. Metalcasting Congress 

(April) – Columbus, OH    

3. Open Foundry Days! 

 

 



Texas State AFS Students host Open 

Foundry Day 

 Texas State Student Chapter of the American Foundry Society hosts 

Mountain Valley Middle School in Canyon Lake for Open Foundry 

Day. 

 



October 2014 Open Foundry Day 

 First Open Foundry Day of the fall semester was a great 

success 

 Attracted lots of new students interested in metalcasting 



October 2014 Open Foundry Day 

 Brass bobcat heads are a hit with the students! 

 Perhaps we can invite the football team next time and 

get some good press! 



Texas State Foundry Casts Brass Medallions for 

the Winners of the City of San Marcos Storm Drain 

Design Competition 

 City of San Marcos and Texas State 

University sponsored an art competition to 

design storm drain manhole covers that 

have been installed on all new City-owned 

storm drains 

 This past summer the Texas State 

Foundry cast brass medallion replicas for 

the winners, Mabel Lopez and Andrea 

Weissenbuehler  

 Brass medallions were a 1/6 scale model 

of the artists’ original design and were 

presented to the artists this July in a 

ceremony that took place in the Texas 

State Foundry  

 Actual storm drains are made of cast iron 

and were cast by East Jordan Ironworks in 

Ardmore OK  

 



 AFS and FEF Students 
attend Industry Tours 
and National 
Conferences 

 Last academic year more 
than $15,000 was 
awarded in scholarships 
to AFS and FEF students 
from Texas State 

 This academic year we 
plan to award almost 
$20,000 in scholarships 

 



Material Advantage and AIST 

• Material Advantage – Student professional society for  

   Materials Science and Engineering 

• AIST – Association for Iron and Steel Technology  

 



WHO ARE THE PARTNERS OF 

MATERIAL ADVANTAGE? 

– The American Ceramic Society 

(ACerS) 

– The Association for Iron & Steel 

Technology (AIST) 

– ASM International® (ASM)- The 

materials information society 

– The Minerals, Metals, & Materials 

Society (TMS) 

Material Advantage 



Association for Iron and Steel Technology 

 AIST 

 Association for iron and 

steel technology 

 Professional society to 

advance the technical 

development of steel 

More than $600,000 worth 

of scholarships annually 

 Internships and full time 

careers! 



WHERE: 

RFM 4231 

 
Join us for 

breakfast! 

WHEN: 

Wednesday, March 4, 2015 

9:00 - 9:50 a.m. 

Free Donuts 

and Drinks! 

•Learn more about 3-D printed 

materials! 

•Find out about internship and 

full time job opportunities! 

http://www.afs-tx.org/index.htm
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Why else should you join AFS and Material 

Advantage? 

 Because it’s a lot of fun!!! 

 And you get to play with Hot Metal! 



Structure 

Properties 

Processing 

Design of novel high strength and lightweight alloys 

Performance 

Mechanical 

Properties 

Crystal structure 

Phases 

Microstructure 





Mine Resistant Ambush Protected 

MRAP 

“V” shaped hull for blast protection  

Insufficient side protection from EFPs 



 Need a lightweight alternative 

to cast 4130 steel 

 New material needs to: 

1. Meet military specifications  

2. Have good castability  

3. Have equivalent mechanical 

properties as 4130 

 What makes good armor 

plate? 

 Main factors to consider: 

1. Composition  

2. Processing history 

 

 

 

Lightweight steel for Military P900 Armor Plate 



 

Use of computer modeling to prevent cold shuts 

 in armor plate 

•Common defect in P900  

 Low superheat 

Poor venting 

Oxide films 

 

 



300º superheat  

0º tilt 

300º superheat  

15º tilt 

Velocity profile – minimize 

turbulence 



Use of solidification 

modeling to predict defects 

100º superheat 300º superheat 



Mechanical Properties of lightweight steel 

 Mechanical properties meet or exceed that of Q&T 4130 

currently used for P900 at almost 15% reduction in density! 

Alloy 
Brinell 

Hardness 

0.2% 
YS, 

MPa 
UTS, 
MPa 

Total 
Elongation 

CVN Energy 
(J), 

 -40°C 
 DFT, kJ/m2 

(room temp.) 
Cast 4130 341 867 1,011 13% 15 94 
   Lightweight steel 

1.07% Si 

303 728 795 28% 53 376 

350 873 953 20% 18 153 

1.56% Si 
309 800 834 30% 23 265 
360 937 1,016 13% 11 144 

0.59% Si 
304 - - - - 242 
366 - - - - 95 



Why is Lightweight Steel Important? 

• Reduce CO2 emissions 

• Reduce fuel consumption 

• Safety requirements 

 

Car structure 

mass  

reduction 

• Down-gauging 
 

• Higher crash performance 
  

• Cost effective 

    Reduced 

 Injuries 

Transitioning Lightweight Steel to Transportation 

Industry 

A-frame reinforcement Bumper Beam 

 Roof bow 

Front side members 

B-pillar reinforcement 

Floor side  

Reinforcement 

Rear side member Floor side 

inner  sill 





What are lightweight 

steels? 

 Fe-Mn-Al-C steels 

 Originally developed as 
alternatives to Ni and Cr SS 

 Mn (15 to 30%) and 
aluminum ( up to 12%) 

 Cast microstructure → 
austenite dendrites or 
duplex structure  

 Age hardenable grades: > 
5% Al and 0.3% C 

 Up to 18% reduction in 
weight! 

 Up to 2GPa in strength and 
70% elongation  

 



Typical Heat Treatment 

 Base composition → 

    Fe-30Mn-9Al-XSi-0.9C-0.5Mo 

 “as-cast” alloy is soft with low 

toughness 

 Heat treatment to improve 

mechanical properties 

1. Solution treatment 

2. Quench 

3. Age harden - 530°C 

 precipitation of κ-carbide, 

(Fe,Mn)3AlC 

Alloy is a nano-strengthened 

material 

Fe-30Mn-10Al-XC 

Kappa carbide 



Lightweight steels in comparison to 

traditional wrought steels 

 



Most Recent Research Featured in JOM  

 Special issue on high 

strength lightweight 

steels 

 Paper focuses on fracture 

and mechanical 

properties of high Mn and 

Al steels 



“An Atom Probe Study of Kappa Carbide 

Precipitation and the Effect of Silicon Addition” 

 Results of this study published 

in Metallurgical and Materials 

Transactions A 

 Open access article through 

Springer 



New opportunities for lightweight 

steel: Bradley Fighting Vehicle 

Began service in 

1981 

Crew of 3+ 

Top speed: 41 

mph 

Weight: 30 tons 



Bradley Track Shoe 

Forged SAE 8620 
steel 

166 track shoes on 
Bradley fighting 
vehicle 5810 lbs total 

Replacement with Fe-
Mn-Al-C reduces 
weight by 860 lbs  

Needs to have the 
same wear resistance 
as SAE 8620 steel 

4 Inch 



Abrasive wear results 

Lightweight steel: 

comparable wear 

resistance to forged 

8620 at 10% 

reduction in density  

Current studies:  

surface treatment to 

increase wear 

resistance 

8620 

Worse wear resistance 

better wear resistance 



Metalcasting Congress 2015 Paper 

 Nitriding of Mn and Al 

steels can be 

accomplished in an 

N2 atmosphere  

 Up to a 600 μm case 

depth of AlN can be 

produced in a few 

hours between 900 

and 1100ºC 

 AlN is very hard and 

wear resistant 

 May also promote 

improved corrosion 

and fatigue 

properties 



Nitriding of Fe-Mn-Al-C steels 

 Nitriding was discovered by accident 

in specimens that were solution 

treated in air 

 Initial study completed as part of 

undergraduate AFS/FEF student 

technology contest 

 In a nitrogen atmosphere, kinetics 

are increased 

 Case depth of 200 μm after 2hr 

solution treatment at 1100ºC 

 Depletion of Al from surrounding 

matrix would also increase 

toughness and wear resistance 

 

 



Nitriding of Lightweight steel 

 Studied different Al and Si 

compositions to determine 

the effect on kinetics of 

coating growth 

 Different temperatures and 

times 



Experimental Procedure 

 Rectangular test specimens were milled from the 

center of plate and Y-block castings 

 Solution treated at 1050° C for 2 hrs in protective 

stainless steel heat treating bags 

 Quenched into ice water  

 Surface  polished to a 0.3 μm finish and ultrasonically 

cleaned in ethanol 

 Heat treated 900 to 1100°C under 99.9% pure N2 

flowing at a rate of 30 SCFH  

       



Optical Metallography of Nitrided Steels 

 After 2 hrs at 900°C, the 6% Al specimen has an AlN case depth that is twice 

the depth of 8.8% Al specimen 

 Depth of the AlN layer increased with time 

 After 6 hrs at 900°C the AlN layer depth was 170 μm and 230 μm for Steels B 

and C, respectively 

 

Steel B (8.8% Al, 1.6%Si)  Steel C (6% Al, 1.6%Si) 

Mounting material 

Steel substrate 

AlN Layer 

2 hrs @ 900°C 



Optical Metallography of Nitrided Steels 

 Increasing time and temperature increases kinetics - AlN layer more 

than 300 μm. 

 Decrease in kinetics with increasing aluminum content 

 Silicon (1 to 1.6%)  - no statistical effect  

Mounting material 

AlN Layer 

Steel substrate 

6 hrs @ 1000°C 

Steel B (8.8% Al, 1.6%Si)  Steel C (6% Al, 1.6%Si) 



Electron Microscopy – Influence of Si 

 Case depth is similar regardless of Si  

 Interfacial energy for the growth of AlN is lowest between (0001)AlN║(1-11)FCC - 

AlN plates grow along γ-(111) 

 10-15 μm Oxide layers: MnAl2O4 and Al2O3 developed only after 8 hrs at 900°C 

Steel B 

(8.8% Al, 

1.6%Si)  

8 hrs at 

900°C 

Steel A (8.8% 

Al, 1.1%Si) 

 8 hrs at 

900°C  

AlN needles 

Steel 

substrate 



Electron Microscopy – Influence of Al 

 Steel B, the AlN consists as a high density of longer and typically 

thinner plates that grow in (111) directions within the austenite   

 As the Al content is reduced to 6%, density of AlN is much less - 

plate thickness is greater and case depth is almost 200 μm 

greater than in Steel B.   

Steel C (6% 

Al, 1.6%Si)  

8 hrs at 

1100°C 

Steel B 

(8.8% Al, 

1.6%Si) 

 8 hrs at 

1100°C  

AlN needles 



AlN Depth as a Function of Time and 

Temperature 

 Growth of the AlN layer with time shows typical parabolic 

growth kinetics  

 No statistical influence of Si on kinetics 

 Decreasing Al increases growth of AlN layer over time 



Summary of Kinetic Analysis 

 Both Steel A and B show similar kinetic behavior with activation energies of 79 

and 78 kJ/mol, respectively.   

 Steel C was determined to have the fastest kinetics and the lowest activation 

energy of 64 kJ/mol 

Steel T, °C k, m/s DN, m2/s Q, kJ/mol 

Steel A 900 7.93E-13 1.49E-11 

79 

1000 2.00E-12 3.76E-11 

1100 2.56E-12 4.79E-11 

Steel B 900 6.75E-13 1.27E-11 

78 

1000 1.30E-12 2.43E-11 

1100 2.16E-12 4.04E-11 

Steel C 900 2.56E-12 3.32E-11 

64 

1000 3.29E-12 4.26E-11 

1100 6.77E-12 8.77E-11 

Experimentally determined kinetic parameters 



Nitriding of Fe-Mn-Al-C steels 
 High aluminum content 

allows steel to be surface 

nitrided even in air! 

 In a 100% nitrogen 

atmosphere, kinetics are 

increased 

 Case depth of 200 μm after 

2hr solution treatment at 

1100ºC 

 Depletion of Al from 

surrounding matrix would 

also increase toughness 

and wear resistance 

 Plasma nitriding at Bodycote 

 Future plans: Characterize 

wear resistance 
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