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Introductions:

My background is in Metallurgical Engineering

» Metallurgy - study of the physical, mechanical, and chemical
behavior of metals, their alloys, and intermetallic compounds

e r‘-.—..«-i..; ’:’ Labs
=  Advanced Metallic Materials Characterization Lab

0

= 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

MEMBER THE TEXAS STATE UNIVERSITY SYSTEM™



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

DI1IALL
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Castings in the automotive industry
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The average vehicle has more than 6DO0 Ibs.iof icastings from
myrlad metals and p! 'ocesses.
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— LERLLL e ing scat-belt retactor incluahg Hlinder hoatts, crankshafts,
Gk pistons and conne:
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S SR i% The average

i nant metal for casting engine blocks,
though compacted graphite iron is
PRRRENERRE galning traction (see page 7).

vf“f:tttt{ | TTIT " vehicle has
- ;f'- S-==  more than 600
Ibs. of

castings!

Automotive manufacturers are
increasingly using LED light-

ing, which commonly feature
diecast housings.

e —
-— o “ Two essential pleces of a vehicle's suspension often are cast aluminum. b~ o=
S snu ing knuckles, which support and position the wheel bearing and spindle, - In addition to the wheels, the braking ——
= - -ast in aluminum to allow for radi, fillets and draft. Those knuckles are e = system Includes a number of cast compo- e ——
—— :unr\lc(od to the frame by control arms, which can be designed as hollow - nents, including calipers, master cylinders i - N
parts to significantly reduce weight while not affecting performance. - and rotors, friction rings and discs. S ——
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Metallurgy and Metalcasting Science is Constantly
Evolving

3
P

Greater understanding of structure
property relationships

Increased automation and efficiency
» Process modeling and design
» More environmentally friendly
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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

The rising STAR of Texas MEMBER THE TEXAS STATE UNIVERSITY SYSTEM™



State I1s an FEF accredited 9l
=
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.

0
0

00

d

o ' - More than $44 in scholarshi
% Why you should register with FEF. ~— J88 18 P00 et at 2014 CIC
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

e N T

http I'www.fefinc.org/students/student-home.php
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AND THE INSTITUTE

What is AFS and why join?

AFS -American foundry % Career development — Full time

Society - leading U.S. based and internship job opportunities
metalcasting society (all kinds of engineering and

s Supports areas of technology majors)
technology, management < Scholarships and Internship
and education in the assistance
metalcasting industry

“ AFS meetings and events —

D I I I .
» Networking and job searches! 1. Guest lectures from industry
s Tours of several foundries and + free pizza!

trips to regional and national 2. Metalcasting Congress

conferences! (April) — Columbus, OH
3. Open Foundry Days!

Texas AFS Chapter

of the American Foundry Society




Texas State AFS Students host Open
Foundry Day

s Texas State Student Chapter of the American Foundry Society hosts
Mountain Valley Middle School in Canyon Lake for Open Foundry

TEXAS  ow.
STATE

UNIVERSITY
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October 2014 Open Foundry Day

¢ First Open Foundry Day of the fall semester was a great

success
TE‘&XASQ < Attracted lots of new students interested in metalcasting
STATE
UNIVERSITY
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October 2014 Open Foundry Day

44 — o | S
]

+» Brass bobcat heads are a hit with the students!

TE‘)*((AS@ * Perhaps we can invite the football team next time and
STATE get some good press!
UNIVERSITY
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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

Texas State Foundry Casts Brass Medallions for
the Winners of the City of San Marcos Storm Drain
Design Competition

STATE UNIVERSITY SYSTEM™
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Bank of Texas Chapter AFS (&
FEF Schelarship

s AFS and FEF Students
NS L attend Industry Tours
ppp— and National

Lo 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

THE TEXAS STATE UNIVERSITY SYSTEM™
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Material Advantage and AIST

™. - A
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FOUNDATION

« Material Advantage — Student professional society for
Materials Science and Engineering
« AIST — Association for Iron and Steel Technology



Material Advantage

< WHO ARE THE PARTNERS OF Take ADVANTAGE of Your FUTURE
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"
TE%([AS@ A ADVANTAGE

ST ! TE The Student Program for Materials Science and Engineering

UNIVERSITY
The rising STAR of Texas MEMBER THE TEXAS STATE UNIVERSITY SYSTEM™



 AIST

ASSOCIATION FOR IRON & STEEL

TECHNOLOGY

+» Association for iron and
steel technology

¢ Professional society to

AISTech

CALENDAR

LOCAL MEMBER

SEARCH

ociation for Iron and Steel Technology

Q

FOUNDATION | STEEL NEWS
TECHNOLOGY CONFERENCE & RESOURCES
COMMITTEES EXPOSITIONS

Get international exposure for your work! Submit your abstract today

advance the technical
development of steel

** More than $600,000 worth
of scholarships annually

“* Internships and full time
careers!

and Technology of Ironmaking

UPCOMING EVENTS

Ladle Refractory and Secondary
Steelmaking

06 - 08 Oct 2014 | Indianapolis, Indiana, USA

Refractory maintenance is vital to both
productivity and safety in a meltshop, it is
important for those involved to have a
thorough understanding of the basic concepts

TEXAS

STKTE |

UNIVERSITY
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» ALL EVENTS

for AISTech 2015 — The Iron & Steel Technology Conference and
Exposition, 4-7 May 2015 in Cleveland, Ohio, USA_ AlSTech 2015 will
hold the ICSTI 2015 — The 7th Intemational Congress on the Science

HEADLINES

TimkenSteel Strengthens International
Presence

26 September 2014

AISI: Preliminary Steel Imports
Decrease 5% in August

26 September 2014
ThyssenKrupp’s InCar Plus: New

Solutions in Autos for Energy Efficiency,
Electromobility, Weight Reduction

26 September 2014
ArcelorMittal Helps Automotive

Manufacturers Meet Fuel Economy
Targets for Pick-Ups

MEMBER THE TEXAS STATE UNIVERSITY SYSTEM™

Login

PUBLICATIONS STUDENTS &

FACULTY

Czll]for Pzioars

P e Setlations;

MONTHLY JOURNAL

Process Metallurgy &
Product Applications
2014 October Issue
Installation of test piles in the

construction of the New NY
Bridge, which will replace the
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. Engineers

Speaker: Mike Browning

((‘TC Sales Manager
— ExOne Digital Part Materialization
WHEN: _ sLearn more about 3-D printed
Wednesday, March 4, 2015 WHERE: materials!
9 (e)onegs5§y, e RFM 4231 *Find out about internship and
:00 - 9:50 a.m.
' N ]
Join us for full time job opportunities!
breakfast!

Free Donuts = Egees
and Drinks!

DIGITAL PART MATERIALIZATION



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

Q Homg¢ ™ —

American Foundry Society Texas State University Chapter

American Foundry Society v Liked | | v Following Message
Texas State University Chapter

Education
The American Foundry Society is the leading U.S. based metalcasting society, assisting member companies @S . =
AMERY E 7

(metalcasting facilities, diecasters and industry suppliers) and individuals to effectively manage their production
operations, profitably market their

About - Suggest an Edit Photos Likes

“» Because it's a lot of fun!!!
¢ And you get to play with Hot Metal!



Design of novel high strength and lightweight alloys

«

Mechanical
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Structure
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Crystal structure
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ADVANCED HIGH STRENGTH AND
LIGHTWEIGHT STEELS FOR MILITARY,
TRANSPORTATION, AND ENERGY
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Mine Resistant Ambush Protected
MRAP

“V” shaped hull for blast protection

UNIVERSITY Insufficient side protection from EFPs
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eight steel for Military P900 Armor Plate

** Need a lightweight alternative
to cast 4130 steel

| % New material needs to:
Meet military specifications
Have good castability

Have equivalent mechanical
properties as 4130

»  What makes good armor
plate?

¥ Main factors to consider:
1. Composition
2. Processing history

W N =

L)
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Use of computer modeling to prevent cold shuts
In armor plate
Common defect in P900

» Low superheat

» Poor venting

» Oxide films

AT T
v ) ° '




\elocity profile — minimize
turbulence

Velocity

VYeloci
[cm/s] ol

[emis]

Empty

75.00
69.64
64.29
58.93
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48.21
42.86
37.50
32.14
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0.00
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0.00

300° superheat 300° superheat

TEXAS 0 tilt 15° tilt
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Use of solidification
modeling to predict defects

Temperature Temperature
[C] [*C]

Empty Empty
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hanical Properties of lightweight steel

STATE

UNIVERSITY

The rising STAR of Texas

0.2% CVN Energy
Brinell YS, UTS, Total (J), DFT, kJ/m?2

- | Alloy |Hardness| MPa | MPa |Elongation| -40° C (room temp.)

Cast 4130 341 867 | 1,011 13% 15 94
Lightweight steel

303 728 795 28% 53 376
1.07% Si 350 873 953 20% 18 153
309 800 3834 30% 23 265
1.56% Si 360 937 | 1,016 13% 11 144
304 - - - - 242
0.59% Si 366 - - - - 95

¢ Mechanical properties meet or exceed that of Q&T 4130

TE*X,AS currently used for P900 at almost 15% reduction in density!

MEMBER THE TEXAS STATE UNIVERSITY SYSTEM™




itioning Lightweight Steel to Transportation
Industry

A-frame reinforcement
. ROOf bow

Floor side
inner sill

Why is Lightweight Steel Important?

* Reduce CO, emissions Car structure * Down-gauging
* Reduce fuel consumption mass « Higher crash performance
- Safety requirements reduction . Cost effective

Reduced
Injuries




ANIMALS ¢

HISTORY ADVENTURE + VIDEO + Q

& > TECH . SPACE © HUMAN . EARTH -

NEWS

Finally, An From Trekking The World In
Invisibility To Survival To 2025: 10
INOTELIKETHIS Cloak! Well, Sports, Check Scientific
Sort Of Out ‘; Breakthroughs
Adventure!

New Steel Alloy Stronger Than Titanium

FEB 4, 2015 01:04 PM ET // BY GLENN MCDONALD

I want flea R tick protection Talk to me.
for up to 12 Weeks. o~

U st m'&"s\
iy

Bravecto is for dogs 6 months of age or older. k
Side effects may include vomiting, decreased BR/A\/EC TO
appetite, diarthes, lethargy, excessive thirst, /(FLUBALANER)

and flatulence.

DNEWSVideo

’ PLAY VIDEO > : - =
TEXAS D= 30mm  EHT= 500 kV SignalA=InLens  Date 25Jan20W Time :17:21:48
=
S TATE Annealed microstructure of high-specific-strength steel (HSSS). Fine FeAl-type B2 precipitates form during annealing in
between the B2 stringer bands in steel matrix. The specimen was annealed for 15 min at 900 C.
UNIVERSITY = =

Thesising BIAR oflerss Big news from the metallurgy desk this week: It looks like steel is about to get a lot steelier. DNews: A New Rea

son Why Soda
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What are lightweight

o0

00 00

00
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* Age hardenable

o
R

steels?

» Fe-Mn-Al-C steels
Orlglnally developed as

alternatives to Ni and Cr SS

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

Cast microstructure —
austenite dendrites or
duplex structure

5% Al and 0.3% C
Up to 18% reduction in

weight!
* Up to 2GPa in strength and

70% elongation

The rising STAR of Texas

grades:

>

Density in ga’cm3

MEMBER THE TE.~
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Reduction in specific weight
=~ due to lattice parameter dilatation
-

Total reduction in specific weight
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Aluminum content in weight percent
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Negative percent density change




cal Heat Treatment |
*» Base composition — -
Fe-30Mn-9AI-XSi-0.9C-0.5Mo  § =
- +» “as-cast” alloy is soft with low
toughness e |
< Heat treatment to improve SEmen e o pereent

. . Fe-30Mn-10AI-XC
mechanical properties _— -

1. Solution treatment

2. Quench

3. Age harden -530° C
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weight steels in comparison to
traditional wrought steels
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Most Recent Research Featured in JOM
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¢ Results of this study published
in Metallurgical and Materials
Transactions A

¢ Open access article through
Springer
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“An Atom Probe Study of Kappa Carbide
ecipitation and the Effect of Silicon Addition”

An Atom Probe Study of Kappa Carbide Precipitation

1

2

, and the Effect of Silicon Addition

4

5 LAURA M. BARTLETT, DAVID C. VAN AKEN, JULIA MEDVEDEVA,

& LIETER ISHETM, NADEZHDA I MEDVEDEVA, and KAT S0MNG

2

g The influence of silicon on x-car ide precipita ton in lightwsizht austenitic Pe-300n-2A%0 59
9 1S6RE0SC0 SMo mst steels wos mvestigated milizing transmission elactron microscopy, 300
L] atnm-prahe iomagraphy, X-ray dffaction, ab teires alonbions, and thermadynamic madds-
11 ing. Increasing the amount of silicon fram 099 10 156 pet 5 acceleraed formation of ghe
12 x-carhide preapiiaies bui did not increase the vohme fraction. Sikicon was shown 1o ncrease
13 the activity of carbon in anstenite and stahilze the xcarhide at higher empearamre. Increasing
4 the sillican from 059 to 1.5 pal increased the paristioning cosffident of carhon om0 29
15 for sieels aged 60 hours a1 802 K (530 “C). The inarease in strength during aging of Fe-Mn-A LD
14 sieels was found to he 2 direat function of the increase i the concentration a mplitnde of carbon
17 during spinodal decamposition . The pradicted increasein the vield strength, asdetermined using
1% 2 spinadal hardening mechaniem, was caloolated o he 130 MPafat pa Si for specimens agad at
k] BO5E (530 3C) for 60 hours and this & in agreement with expermentadores ohs. Slicon was
A shown to partition 4o the austenie during aging and to shighily reduee the austenie lattice
i | parameter. Fanst-principles o lon lations show that the Si<C infemadiion i repols ve and this is the
I remson for enhanced carbon activity in auseniie. The bitice parameter and thermody namic
3 siahility of x-carbide depend on the carbon stoichiometry and on which suhlaitice the silicon
) suhstinies. Silioon was shown o favor vamncy ardering in w-cerhide doe toa strong attractive
15 Si-vamncy imteraction. Tt was predicted that 5i oocupies the P sites in nonsioxchiometric
-] x-carhide and the formatian of Si-vacancy complexss inorasges the stahility ax well ax the lattice
7 paramater of xcarhide A comparison of how 5i affacs the enthalpy of formation for ansten it
F- ) and x-carbide shows that the most energatically Bvorahlepasiton for siloon & in austensie, in
ﬁ agreement with the expenimenially messured paristaning Tatios.

3 DOT 10.0007/511661-014-2187-3
1 & The Mineralks, Menls & Materiak Sodiety and ASM Tniemational 2014

£ I. INTRODUMCTHON quenchad and empersd stesls when aze hardenad. 44

1 CAST Eghtweight austenitic Fe-Min- ALC sieek have

3 both bow mehting poims, less than (1623 K) 138005,

3T and %.'Hhﬂ filling characteristics which are smilar tocast
£ 5 9 jo [0 wipg L

K I T Adchisnn o qEnmmum rediyces

Hermever, the b gh manganess (20 4o 30 vt pot) required 45
io sizhilze an ausientic matix may relegate this 6
class of sted to castings, since elctrobytic manganess & 4
required o Emi phosphorus and may be too costly for 45
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New opportunities for lightweight
steel: Bradley Fighting Vehicle

. “*Began service in |
1981

*Crew of 3+

“*Top speed: 41
mph

“*Weight: 30 tons
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Bradley Track Shoe

2 Forged SAE 8620
steel

+* 166 track shoes on
Bradley fighting
vehicle 5810 Ibs total

“* Replacement with Fe-
Mn-Al-C reduces
weight by 860 Ibs

+* Needs to have the
- same wear resistance
T as SAE 8620 steel
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*» Lightweight steel:
comparable wear

| 8620 at 10%

reduction in density

¢ Current studies:

surface treatment to

INcrease wear
resistance

r
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resistance to forged

Vol loss alloy/Vol loss 1020
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Abrasive wear results

Worse wear resistance
‘ A
A
A
A
I A
: better wear resistance |
l A9Al
A
A A6 Al
A A3Al
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%Al/%C
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Metalcasting Congress 2015 Paper

Nitriding of Mn and Al
steels can be
accomplished in an
N, atmosphere

Up to a 600 uym case
depth of AIN can be
produced in a few
hours between 900
and 1100°C

AIN is very hard and
wear resistant

May also promote
Improved corrosion
and fatigue
properties

NITRIDING OF LIGHTWEIGHT HIGH MANGANESE AND ALUMINUM STEELS

L N. Bartlett and 5. Serino
Texas State University, San Marcos, TX

Copyright 2015 American Foundry Society
ABSTRACT

Austenitic high msnganese and alominom steels have
exceptional combinations of hizh swength and toughness
with excellent wear resistance. Adding alumimmm in
levels from § to 5.8wi% reduces the demsity by 10 to
15% compared with quenched and rempered Cr and Mo
steels bur zlso decreases strain hardening and abrasive
wear resistance.  Wear resistance may be improved by a
low cost heat Tesmment in a3 nitrogen ammosphers to
produce 2 hard layer of surface AIN. In the current study,
the effect of aluminum and silicon content on the kinetics
of nitriding process was evaluated for a Fe-30%:Mn-(d-
D) A1-(1-1.6%)5i-0.9%C steel in the temperature range
of 900 to 1100°C. FResults show that up to a 550 pm
thick surface layer of AN plates can be produced,
depending on the time and temperatare.  Increasing the
amount of silicon from 1.1% o 1.6%5i had no statstical
effect on the diffusion of nitrogen in the temperature
range of 900 to 1100°C. Increazsing the amount of
ahmninum from 6% to 8.8% Al decreased the diffusivicy
of nitrozen and increased the calounlated activation ensrgy
from 64 to 78 kl'mol. The lower than expected values of
the actvadon energy for the diffusion of nimogen in
amstenite s suggested to be the result of the development
of high diffusivity patbways at the interface befween the
AN and the austenite matrix_

Fe-30Mn-0AI-15i-0.9C0.5Mo  nominal composition
This composiion was chesen fo produce a completely
Fustenitic mucrosmucture when solution treated above
050° C.* Adding 9941 produces an steel that is 15% lass
dense than maditional steels with up wo three dmes the

ic factare toughnes: of guenched and tempered
ATSI 4130 Silicon is added to increase the fluidity and
to lower the melting point as well a= o prevent the
formation of brittle f-Mn during azing

Mechanical properdes of cast Fe-Mn-4-C alloys vary
with composition, age-hardening, and alloy cleanliness.
Age hardening greatly increases strength i cast alloys but
sharply reduces work hardening, tonghness, and abrasive
wear resistance. ' In sddition to use in tough and wear
Tesistant awtomotive components and ballistic armor plate,
Fe-Mp-Al-C steels could be considered as a lighroveight
alternative for sieel ground engaging components of rack
type wehicles as well as components in the mining
industry. For example, if Fe-Mp-Al-C alloys with 15%
lower density were substinmed directdy for the SAE 8620
steel mack shoes of the Bradley Fighting Vehicls (BFV

the weight savings would be approximasely 500 Ibs.'

However, the wear resistance of these alloys 15 dependent
on composidon and age hardening. Recently, Buckhalz ot
al smdied the abrasive wear resistance and sfain
hardening ability of a Fe-30Mn-(3-9.5)A1-15i40.8-1.8)C
stee] with respect to composition and age hardening with
the goal of using a this steel as a lightweight alternative to
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Nitriding of Fe-Mn-Al-C steels

e
Ry

Nitriding was discovered by accident
In specimens that were solution
treated in air

% Initial study completed as part of
- undergraduate AFS/FEF student
e technology contest

% In a nitrogen atmosphere, kinetics
are increased

s Case depth of 200 uym after 2hr
solution treatment at 1100°C

¢ Depletion of Al from surrounding
matrix would also increase
toughness and wear resistance

r

(
’
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Nitriding of Lightweight steel

«»» Studied different Al and Si

compositions to determine

the effect on kinetics of

coating growth
% Different temperatures and

times

Table 1. Chemical composition of alloys in weight percent
Allay Fe L Si Mn P 5 Mo Mi Al Cu
Stesl A Bal. a.ed 1.07 J0.42 Q.00 0.006 0.54 - 583 0006
Stesl B Bal. 0.e9 1.56 25.97 0.002 0.007 0.52 - .81 0006
Steal © Bal. 0.e4 1.57 2022 0.0 0.012 0.67 o011 598 0.010
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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 ym finish and ultrasonically
cleaned in ethanol

» Heat treated 900 to 1100° C under 99.9% pure N,
flowing at a rate of 30 SCFH

Wl
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Optical Metallography of Nitrided Steels

Mounting material

L

AIN Layer / ;
Steel substrate iom e o i 100 um
Steel B (8.8% Al, 1.6%Si) Steel C (6% Al, 1.6%Si)

X/
0.0

After 2 hrs at 900° C, the 6% Al specimen has an AIN case depth that is twice
the depth of 8.8% Al specimen

Depth of the AIN layer increased with time

After 6 hrs at 900° C the AIN layer depth was 170 ym and 230 um for Steels B
TE and C, respectively

STl A U O V)

UNIVERSITY

The rising STAR of Texas

K/
0.0

0
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Optical Metallography of Nitrided Steels

Mounting material

AIN Layer =

Ty Rl | | SN sl
Steel substrate i AN ~ 100um
Steel B (8.8% Al, 1.6%Si) Steel C (6% Al, 1.6%Si)

¢ Increasing time and temperature increases kinetics - AIN layer more
than 300 pm.
» Decrease in kinetics with increasing aluminum content

» Silicon (1to 1.6%) - no statistical effect

&

)
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<
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lectron Microscopy — Influence of Si
S&izltrate Steel B
(8.8% Al
8 1.69%Si)
8 hrs at

% Case depth is similar regardless of Si

< Interfacial energy for the growth of AIN is lowest between (0001)AIN || (1-11)FCC -
r AIN plates grow along y-(111)

- < 10-15 uym Oxide layers: MnAl,O, and Al,O, developed only after 8 hrs at 900° C



lectron Microscopy — Influence of Al

‘23;;“ 5¢~“’ . e - 5‘?5& Z4
e 2 .  Steel C (6%

- Al, 1.6%Si)
8 hrs at
1100° C

.éli‘

(8.8% Al,  § TR |
1.6%Si) |
Shrsat [
1100° C

AIN needles

s Steel B, the AIN 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 AIN is much less -

¢ plate thickness is greater and case depth is almost 200 pm
greater than in Steel B.



AIN Depth as a Function of Time and
Temperature

600 600

| msteel 900°C [ msteelA 1000°C ¢ 1100°C
500 . @ Steel B 500 F @SteelB 500
[ ®SteelC [ @ SteelC
. : @ i ¢
S 400 [ & S 400 5 ,, 400 4
o [ =
- : s § ® + *
4 [ ® S
£ 300 [ £ 300 S 300
270 f b * ® o
(=] r'y [=) ‘ <
z M z g o
£ 200 & g o < 200 i ® ® & 200
[ ¢ 9 A = z o ¢ msteel A
paney [ a o o ; < "] steel
N 100 | ° w00 [ @ 100 @hteelB
] N | (] [ @ Steel C
0 .- lllllllllllllllllllllll o . ------------------------ o llllllllllllllllllllllll
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Time, Hours Time, Hours Time, Hours

s Growth of the AIN layer with time shows typical parabolic
growth kinetics

» No statistical influence of Si on kinetics
» Decreasing Al increases growth of AIN layer over time

4
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Summary of Kinetic Analysis
Experimentally determined kinetic parameters

Steel T, °C k, m/s Dy, m?/s | Q, kd/mol

Steel A 900 7.93E-13 1.49E-11

1000 2.00E-12 3.76E-11

1100 2.56E-12 4.79E-11 79
Steel B 900 6.75E-13 1.27E-11

1000 1.30E-12 2.43E-11

1100 2.16E-12 4.04E-11 /8
Steel C 900 2.56E-12 3.32E-11

1000 3.29E-12 4.26E-11

1100 6.77E-12 8.77E-11 64

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



Nitriding of Fe- Mn-AI-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 um after
2hr solution treatment at
1100°C

Depletion of Al from
surrounding matrix would
also increase toughness
and wear resistance

Plasma nitriding at Bodycote gy
Future plans: Characterize

wear resistance
TEXAS

STALE Bodycote
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