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The Past Over the Years

Tech | gnd Engineering
1897 President Lyman Hall founded A. French School of
Textile Engineering — 3" School to open at GT

1924 Advent of kaolin industry - School of Ceramic
Engineering formed with B.S. degree program

Arthur Wan Henry
First Director of Ceramic Enginesring

Fictured in front of the
Ceramic Enginzering Building
1924-1923

1985 School of Materials Science & Engineering formed
from merger of Ceramics and Metallurgy

2003 Textile Engineering School renamed School of
Polymer, Textile and Fiber Engineering (PTFE)

2010 Merger of PTFE with Ceramics & Metallurgy into —r
largest and most diverse MSE program in nation Tie=g
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The' Present - By the Numbers

-  School of
Gec_i_rglﬁ Materials Science
eCcn  and Engineering

FACULTY

*40 Headcount, 8 joint appts., 35 majority

Apt. in MSE, 35.6 FTE
18 Courtesy and Adjunct Faculty

10 Chair & 6 Regents’ Professors

*7 Female (1 Chaired) & 3 URM Faculty
*13 NSF/ONR/DoE Career/YIP Awardees
*2 NAE (US), 1 NAE China, 1 NAS China

39 Prof. Soc. Fellowships (22 Faculty)

» Research Expenditures: $14M (35% Ind)

* Degree Profile: 17 MSE, 8 ME, 7 Chem,
6 Poly, 6 Met, 3 Textile, 2 Elect, 2 Math,
2 Ceramics, 2 Phys, 1 Civil, 1 Chem. Eng.

UNDERGRADUATE STUDENTS
* 364 total: 38%Female/62%Male
*52% GA/ 44% Out of State/ 4%Int
*100% Co-op/Internship/Research
*40% participate in Mentoring prog.
* USN&WR MSE Rank - 5t

GRADUATE STUDENTS
192 total: 88%Ph.D./12%M.S.
69%Male / 31%Female
61%Domestic / 39%
International
*20-25 Non-MSE students
*10% Internships (Industry+Natl.Labs)
* 10% Federal Fellowship Recipients

» USN&WR MSE Rank - 7™
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The MSE Strateglc VISIOh & Mission

| Sclheal ef
Geglv_rglﬂ | Materials Science
ech || snd Engineering

Strategic Plan

Vision
MSE at Georgia Tech will define
the materials science and
engineering program of the 215
century and be recognized
globally as the preeminent leader
in materials education,
innovation, and research

Mission
To create the next generation of
materials science and
engineering leaders through
education, research innovations,
and service to society
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Materlals Scnence & Engmeermg (MSE) - The Present

» UG - B.S. Degree: 132 hours

e 21 hours in concentration and
6 hours of capstone design

e Conc: Bio-Materials, Polymer
& Fiber Materials, Structural
and Functional Materials

e Options: Co-op, Research,
Study-abroad, Business

» GRAD - Ph.D.

e 2 core + 5 elective + 3 Minor +
Seminar, Qualifier, Proposal,
Dissertation defense

* Internship, Entrepreneurship,
Teaching Practicuum

e Matls Science & Eng; Bio-Eng.

"@Kgioe‘ering

Certificate Programs

ol for Georgia Tech Under, g,nd Students

Materials
Certificate
Programs

; Mi’fenals Science
¥ ngmeermg

Ci rrllhcu te Programs

for Georgia Tech Undergraduate Students

General Perspectives

Objectives
The object of the undergraduate certificd

axpe|
ing. Extensive opportunities Im avd
the certificate requir umnnrs
Course of Study
Semester Hours Program
A Required Core Courses [6 hours, 4791 5
1. 4791 Mechanical Behavior of Composites
2. 4793 Composite Materials and Processing
B. Eleciives (6 hours) (these courses CANN
|. COE 3001 Mechanics of Deformable Bod
Behavior of Materials

2. ME/CHE/MSE/PTFE 4775 Polymer Sciend
3. PTFE 2200 Fiber Science

4. CEE 4520 Reinforced Concrete Design

5. Relevant undergraduate or graduate coul
SPECIAL PROBLEMS IN COMPOSITES.
Special fopics fo be orranged using approd
* Special requirements may have fo be met for regi
egrienng

Students intereste]
Dr. 5§
s

Computational
Materials Science
& Engineering

Multidisciplinary Composites Certificate Program

the study of composites. The program is] ] y
students while simultaneously demanding|

mandatory core. The requi ed:nrnm

behavior and also offers hnd

Certificate

B chaolof :
~ Materials Science
i~ '@ipe_ering

Certificate Programs

may be eamed by completing the 12 credit hours
taken from the list of classes below
REQUIRED CLASSES:
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MSE Education and Research Paradigm




CREATING THE NEXT® in materials

Georgia
Tech

School of
Materials Science
and Engineering

The World of Materials Research in MSE @ GT

Communications

tructure 3

Materials Informatics & Machine Learning

Prediiction

Inverse design
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Bio- enabled and Bio- msplred Materials

Mohan

Srinivasarao

Applications of Cond

ih.g Pol

Light Emitiing Divde

Vladimir Tsukruk

== PMETAI,, layer

Optics & physics of polymeric fluids
& nematic liquid crystals

L L Bredw a2 3l Chewica! Barciecy, 108, T (1004

= psS layer
3 PMETAI, star

Oligonucleotide
as reagents

Porous LbL Shell

=

2y

L

Intensity (em")

Valeria Milam

DNA-linked particle

ompetition-based g

disassembly of

Oligonucleotides|
as assembly tools

s Gold Seed

Design, synthesis, and
processing of soluble
conjugated organic
molecules and polymers
for electrochemical an

solid-state applications
John Reynolds -




CREATII\TG THE NEXT® in mAterials

School of
GeC_i_rglﬁ Materials Science
eCcn  and Engineering

Materlals For Health & Human Welfare

Paul Russo

B ¥
P K

Blair Brettmannke

Bio-compati'\l\flé‘*’
Nano-platforms

Bimetallic nanocrystals with plasmonic
and catalytic properties for applications in
surface-enhanced Raman scattering (SERS)

In-Situ SERS Monitoring
Stepwise Reduction and Oxidation Reaction

Pd -catalyzed Ag-catalyzed
reductlon ondauon
NaBHe Air
Hz 02
SH (H2) (0z)

Dual Catalyst  (4-NTP) (4-ATP) (trans-DMAB)

B
il

Adult Versior

Sundaresan

- Jayaraman
vdn{ant Version

Wearable Fabric

Data-Value Transformation Paradigm

ﬂ_m Results ©

Value

Added y 1
r Knowledge > Action

Value
Added

r Information > Insight

Value <::| In ®

Added
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Materials for Energy Storage & Harvesting

Mesoscale

Device

Xt -
Scale

Fuel cells, Batteries, Supercapacitors
for eff|C|ent storage & converswn

XA

1 um

Matt McDowell anode erearolyte cathode

Nanoscale

Polymer-based nanocomposites, block

PEC

| cmgggz:gv;jitfh ik

L "!l-‘lll i

Hollow C-
CNT
composite
» fiber with
tailored
interphases

T T T
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Active Materials & Self-powered Devices
—

Insulator
Semiconductor

Natalie Stingelin

@ 5it il T

100 A Ti
# 200 mbA Ti
i AS0 b Ti

LT R L

0 50 120 1 1m0
Ireadiation thee [rie]

H Active electronics Powering
Zho ng Li Wa ng 2D Material Electronics Harvesting
_ Piezotronics e " g Human Energy
{ 5 - -

= E = 3 Triboelectric
Smart Skin S Nanogenerator

Human-Machine ‘ Self-Charging
Interface Power Cell

Nanostructure growth

Hybrid Cell

Piezo-
phototronics

Piezotronics 2 L r In-vivo
e S el Nanowires I a Fiber-baseq ' onegenerater
nce, 1
Nano Letters, 3 (2003) 1625 LED Nanowires lezoelectric Nanogenerator
Assembly Nanogenerator
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Electronic Devices: Synthesis & Fabrlcatlon

Rosario Gerhardt
i Process-structure-

‘property relationg
in electronic
materials,
impedance
spectroscopy,
dielectric props.

Mark Losego
Synthesis via ALD Attachment of Molecular Catalysts
sputtering, ALD,
Untreated ALD Coated
su rfa ce Dye or catalyst ALD
N . molecule
polymerization, ad, Layer
and colloidal ) ;| & ‘
assembly of pd/sase acid/Base
urrent Current
pa rti Cl es Illumination llumination
. e still Functional
\/ -'-}.,/ I
- AN\
S % =% ﬁ
= .
- .
= = . Nano Letters 13 4802 (2013)

Electric displacement field (C/m2) x10‘ ,

Eric Vogel

Synthesis, structure,
and properties of
electronic materials

and devices

Graphene top layer

(suspended) Top gate

dielectric

Dielectric
pillar

Dielectric
pillar

New Synthesis Methods

€.

MoS.drilayer

8dim ‘

Chemical Vapor
Deposition of MoS,

Advanced Functional

Materials 24, 6389 (2014)

Novel Device Fabrication

Flexible/transparent
MoS, transistors

ACS Applied Materials &
Interfaces 7, 12850 (2015)

@ Oxygen ion

Filament formation in
metal oxide memory

IEEE Electron Device
Letters 35, 750 (2014)

Applications

v, L AgiagCl

Graphene-based
biosensor

2D Materials 2, 044008
(2015)
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Georgia
Tech

Electronic, Optoelectronic, Packaging & Devices

Nanophotonics, optoelectronics, plasmonic
nanodevices, optical metamaterials,
integrated photonics, optical sensing

Wenshan Cai

Engineered
nanostructures for,
light manipulation

Advanced Materials 27 1124 (2015)

Nonlinear optics with plasmonics

T Jole

Wearable and printable devices

0.5 15 25
Frequency (GHz)
Highly conductive, flexible polyurethane-based

adhesives for flexible and printed electronics

Nature Materials 14 807 (2015)

Rao Tummala

Capacitance Density (iFienv)

EADINGIEDGE
1!:"] .l'il‘,

Electrical Design  Mechanical Design

Interconnections, Assembly, Reliability
GLUBAINNDUSTRYS
GOLIABURATION]

ROSSIDI St PIINES
anyerioN

Nano-Materials  Nano-Components

Thermal Technologies
DYSTEN)
ERUJOIVEES]

System Integration

Technology 2
(LCP and Tefion

High Q, Low TGG,
Stability with
frequency

, W,

" current

Current
Technology 1

Eompositesy

Electrical Interconnects 3D Nanomanufacturing

HF-H,O,; Solution

Nano Thermal interface
materials (carbon nanotubes)

Thermally conductive IC
Encapsulant Underfill

eat flow

Thermally
conductive
Underfills
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Infrastructure and Transportation

Donggang Yao

Hybrid processes

Modeling & Simulation

ellulosic Nanomaterialg
& Nanocomposites

Twist-Gel Spinning

\ : e

Mubhlstein
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als Science and Design

Georgia
Tech

Multiscale modeling approaches can be
used to inform models at high scales with
data generated using sub-models simulated

at finer scales
!@' ;

Mesoscale(s)
Scale: ~100 nm — <1mm

i
L.

* Dislocation dynamics

using Coarse Grained MD

« Crystal Plasticity
)"’\ ¥

y‘.

i &}.; Y

%

* Molecular Dynamics

Karl Jacob

Experimental &
computational
approach to study
material behavior

Mo Li

Electromigration in Nanoscale

£=026

Macroscale
Scale: >1mm

e i 0
+ Empirical Models {e.g. s
Paris law) N . ;mpermeabls
+ Microstructure-sensitive intrafibrillar .
o volume S
plasticity macro models ¢ it
+ Informed QLTS
o
[+ (}
Liquid-liquid
phase
separation

Funding from NSF, DOE NEUP, ONR, NAVA=

Seung Soon Jang  Collagen Mineralization

Short-ranged Collagen fibril: L
o selectively
Electrostatic permeable
interactions £ membrane a
2l

Gibbs-Donnan effect:
roneutrality -
quilibrium y i -

cr /  intrafibrillar
K*,/  unbound water

o water molecule

E

unctional theory

CO m p utati O Molecular dynamics
Aided
Materials

Discovery

Functional Polymer Dielectrics Design
~

Singie repeat unit:

Materials Informatics & Machine Learning

Dielectric Degradation &t Breakdown
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Securlty Materlals Under Dynamlc Extremes

UItra-hard&ceraics (B4 and SiC) for light-
weight armor and ultra-high temperature

ceramics (ZrB, S|C) for aerospace application Thermal conductivity and emissivity

MATERIALS PROCESSING - — MECHANICAL BEHAVIOR
Traumatic Brain Injury o ————

e Short and
e 7f n long term

diagnostics
m/L & modeling

E R ]
gt )

Shock-consolidated (Nd-Fe-B/a-Fe) Hich T
exchange-coupled nanocomposite '8 -pressure.
permanent magnet (BH,,,,~18MGOe) Shock-Compression

B

Magnotistimionnts)

CHEMICAL REACTIONS
AV~ N

e NiAl
T 1(AH) Nl - ---
et

Inert ———

PHASE TRANSITIONS

Projectile Impact
P (uniaxial stress)

Naresh Thadhaniflh

Stress (GPa)

Poly-amorphism in
Vitrealoy 106 Zr-
based BMG

LRV A, ° 0 " 2
» (glom’)

Probing and processing materials
under extreme conditions of
dynamic high pressure & HSR

 Reive Volume
Measurement of change in Time-resolved diagnostics of expanded
compressibility provides indication state, wave-speed increase, light emission

of phase transition in metallic glass & strain gradients, reveal shock-initiation
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“Materials” Research Across Georgia Tech

MOLECULAR & CELL BIOLOGY

COMPUTATIONAL BIOLOGY
c & BIOINFORMATICS

Chemistry and .o
- ° Foi o I VO (1 o:}é;;rdsj;.n;
Biochemistry -+« x; [EEREES

__pag |
0

W
Cathy

Integrative & Systems Biology [}
@ Georgia Tech

BIOLOGY

Daniel Guggenheim Schoo
ing of Aerospace Engineering

EMORY

UNIVERSITY

Epitaxial ) Department 0
G . . . ;
Graphene Techy Biomedical Engineering

Georgia @ School of Electrical and

Tech || Computer Engineering

lz-]r[b[g.gygg PRUSSIISTHEITNE]
RESEARTH] EDUTATION]

Electrical Design  Mechanical Design  Maneo-Materials  Nano-Components

&
"
& -
ﬁ Interconnections, Assembly, Reliability  Thermal Technologies  System Integration
A GLOAL INDUSTRY BYSTEN])

- Continuum COLLAIORATION PROTOLIPES

. '\eéo

Mesoscale Material .

. .‘Ato* Selection gre &?vailabtlz . Georgla @
-Q%uanwn: Woodruff School of Mechanical Engin. Tech

Georgia &St"ategiceeorgia Renewable Georgia Research eorgia 4" Institute for Electronics

| :
Institute for Georgia @J Georgia Manufacturing
Meterials Tech =_STAM| Tech [ﬂlnstitute

Tech || Eheray Tech mﬂgﬁ:ﬁfgcts Tech | nstitute Tech|/and Nanotechnology
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| Materials
Characterization

Marcus Characterization Lab

Loc. in basement of Marcus.
FEI Nova Nanolab 200 FIB-SEM
Hitachi HD2700 STEM

Hitachi HT7700 TEM

Hitachi SU8230 FE-SEM

Hysitron T900 Nanoindenter
Keyence Digital Microscope
Kratos Axis-Ultra XPS

Thermo K-Alpha XPS
Thermo-Nicolet Confocal p-Raman
IONToF ToF-SIMS

Veeco Dimension 3100 AFM

Zeiss Ultra 60 FE-SEM

Empyrean
Multipurpose XRD

——

Panalytical X-ray Lab
Loc. in basement of Marcus
Empyrean — Multipurpose
XRD with SAXS
X'Pert Alpha-1 MPD
X'Pert PRO MRD XRD

School of

Ge‘.'i.rg'ﬁ Materials Science
eCchn | and Engineering

Prof. Eric Vogel, Director

Contact walter. henderson@len gatech edu

CNC Electron Microscopy

Located in PTB
e LEO 1530 SEM
e Hitachi SU8010 SEM
e JEOL 100 CXTEM
e Hitachi 2000 TEM
e FElITecnai F30 TEM

Hitachi
HD2700
STEM

I, I

T
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The MILL - Materials Innovation and Learning Laboratory

An Open-access Make & Measure Space

The equipment for the MILL has been acquired with
the generous support of the following sponsors.

M iiiad.. HOREL 3D
Gogria - Gogat cowancr

HEADQUARTERS
Erskine Love
Manufacturing
Building
Room 176
For more info,
email:

themillgt@gmai

l.com

Materials lnnovatton & Learning Laboratory

SEM/EDX ATR-FTIR UV/Vis

Ceramic Processing

3D Printers

Mechanical Hardness
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