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MSE Over the Years

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 Engineering

1985 School of Materials Science & Engineering formed | \/; Ce,am.c"ﬁ;:s:;::;";tﬁztzz

1924-1939

from merger of Ceramics and Metallurgy o
i !_ “b

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

2010 Merger of PTFE with Ceramics & Metallurgy into
largest and most diverse MISE program in nation

J. Erskine Lowve Jr. Manufacturing Building W e e | E=E l..
2000-preseq S -
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The Present MSE - Faculty by the Numbers

U 0O 0 0 0 0 C

41 Faculty, 9 joint appts., 35.57 FTE, 2 lecturers
34 Courtesy and Adjunct Faculty

6 Chair & 5 Regents’ Professors

9 Female (1 Chaired) & 3 URM Faculty

16 AFOSR/DOE/ONR/NSF/ Career/YIP Awards
1 NAE (US), 1 NAE China

22 Faculty Prof. Soc. Fellows (41 Fellowships)
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The Present MSE - Students by the Numbers
UNDERGRADUATE

275 total: 35%Female/65%Male
O 44% GA/ 56% Out of State/ 12% International

d  100% Co-op/Internship/Research
J  USN&WR MSE Rank — 4th

GRADUATE

204 total: 76%PhD/24%MS; 37%Female/63%Male
63%Domestic/37%International
O  20-25 Non-MSE students

d  10% Internships (Industry & Natl.Labs)
Q  USN&WR MSE Rank — 9th




CREATING THE NEXT® in materials

Georgia

School of
Materials Science

Tech  gnhd Engineering

Materials Science & Engineering (MSE) Programs

» UG - B.S. Degree: 132 hours

* 21 hours in concentration and
6 hours of capstone design

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

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

» GRAD - Ph.D.

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

* Internship, Entrepreneurship,
Teaching Practicuum

* Matls Science & Eng; Bio-Eng.

EXCEPTIONS

Bl An undorgrod disciok

D Materials Science
'@‘gme_ermg

for Georgia Tech Undergraduate Students

y Certificate

Materials
Certificate

Certificate Programs

earned by complefing the following requirement
gior Coune o on o letier-g

Multidiscinli s

<= |Programs

Certificate Program

significant
with high
- have had appropriate formal training in
need here by providing students from the
vanced composites.

Objectives

The object of the undergraduate certificd
the study of composites. The program i
students while simultaneously demanding
mandatory core. The required core covd
behavior and also offers hands-on expd
ing. Extensive opportunities are also avg
the certificate requirements.

Course of Study

Semester Hours

A. Required Core Courses (6 hours, 4791

1. 4791 Mechanical Behavior of Composites]
2. 4793 Composite Materials and Processing
[
1

Electives (6 hours) (these courses CANN

COE 3001 Mechanics of Deformable Bod
Behavior of Materials
ME/CHE/MSE/PTFE 4775 Polymer Sciend
PTFE 2200 Fiber Science

CEE 4520 Reinforced Concrete Design
Relevant undergraduate or graduate couf
SPECIAL PROBLEMS IN COMPOSITES:
Special fopics fo be arranged using approd
* "Special requirements may have o be met for regs
rogutering

nrwN

Students interestel
Dr. S§
s

» §
for G‘orgic'}och Undtrgm;m Students

General Perspectives

Materials Science
‘agme_enng

Certificate Programs

Fhe

Nanomateial

Certificate

may be camed by completing the 12 credit hours
taken from the list of classes below.
REQUIRED CLASSES.

A grade of “C” or better must be obtained in order to
count toward the certificate. Courses must be taken on
a letter-grade basis.

EXCEPTIONS: A student may not apply for any course
towards the certificate that is required for his/her major.

Program

For example, MSE mjors cannot use MSE 2021 as it is specifically required for the MSE major. At least 3
credit hours must be outside the student’s major field (cross-listed courses satisfy this requirement) at least 9
credit hours must be at the 3000 level or higher.

MSE 2001 Principles and Applications CHEM 341
of Engineering Materials Credits:
Credits: 3-0-3 Prerequisite: CHEM 1310 Prerequ

12 Physical Chemistry 1t
3

tes: CHEM 1311 and PHYS 2212
MSE 2021 Materials Characterization ECE 4752 Integrated circuit fabrication

Credits: 3-3-4 Prerequisite: PHYS 2212 Credits: 3-0-
Prerequisites: ECE 3040 or ECE 3710

MSE 3015 Electrical, Optical, and Magaetic

Computational
Materials Science
& Engineering

PHY 3143 M
Properties PHY 3143 Quantum Mechanics |
Credits: 3-0-3 Prerequisite: MSE 2001 es: ( PHYS 2212 or PHYS 2232 )
and (MATH 24
Applications
MSE 3015 P

rials Science
MSE 2001
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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 HEADQUARTERS

. Erskine Love
the generous support of the following sponsors.
THE & pportof the 4 Manufacturing

Buildi
M -, HORELID || womr

For more info,

email:
GEEI"QIE ! GEc:rgIH 4 College of themillgt@gmai
' Tech | Engineering l.com

Materials Innovation & Learning Laboratory

SEM/EDX ATR-FTIR UV/Vis 3D Printers Mechanical Hardness

Ceramic Processing
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MSE Education and Research Paradigm

Entrepreneurship

Enabling
& Innovation

Discipline

Curriculum plus Discovery of

Education New Materials
Experiential Deployment in
Learning New Applications
VISION MISSION
MSE at GT will define To create the next
the future of materials generation of leaders
science & engineering through education,
through academic & research innovations,

research excellence and service to society
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TOPICAL WORKING GROUPS IN MSE

Materials — Metals, ceramics, polymers, fibers, textiles,
composites, nanostructured, and bio-inspired materials

FUNCTIONAL SOFT/BIO STRUCTURAL
MATERIALS MATERIALS MATERIALS
< STRUCTURE CHARACTERIZATION >
. Health Infrastructure
. .nergy : Human Transportation
AVIFORMER Welfare Security
< COMPUTATIONS AND DATA ANALYTICS >
Energy storage Health and Load-bearing for
andinarvesting, Human welfare, infrastructure
AL E) smart textiles, transportatior;
photonic devices, multi-functional security and ’
electronic polymers and defense
packaging fibers
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The World of Materials Research in MSE @ GT

Optoelectronic Communications

N

& Health &
Human

CNT  Graphitized

f ‘ carbon
" Welfare ! M i vicsion 00 L

Y& 9#
[ Disordered

glassy carbon

Infrastructure _
Materials Informatics & Machme Learning

PredlCthn
IﬂVEI’Se dCSIgn

New Mater|a| <

[ ] RELT) E:l e
Features S

Lty

Materials Discovery tties ' Transportation - Mlmlcklng Nature
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Bio- enabled and Bio-inspired Materials

Vladimir Tsukruk

o 0

Intensity (cm™)

LA Adding S0

DO O UL Multivalent

2 OO salt G
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L

Porous LbL Shell

H,00r D0

q(nm’)

eaaras | POLYMERTHINFILMFOR ORGANIC ELECTRONICS
Srinivasarao

Applications of Conducting Polymer eration of Organic Electronics’

Light Emitting Diode Light Emitting
ap Diodes

0‘8}’%
Optics & physics of polymeric fluids h
e Hotovoltaic
& nematic liquid crystals cas T
Valeria Milam e Design, synthesis, anc

processing of soluble
conjugated organic
molecules and polymers
for electrochemical an

| solid-state applications
John Reynolds ~

ompetition-based
disassembly of
DNA-linked particle

Oligonucleotides
as assembly tools|

Oligonucleotides Gold Seed

as reagents
<\°

0“00 *51904/ - %%

R (\
<& J’/;)
'ﬂ“* / \ /’76




CREATING THE NEXT® in materials

- School of
Ge(_i_l" Q'g Materials Science
ec and Engineering

Materials For Health & Human Welfare

Paul Russo

Blair Brettmannl-

%

Phagocytosis - | Pinocystosis  "anomaterial s

Rac-p;:vc;‘n-dll-d _u e . ® ke, ca;ov %
ol P f o % " lathrin-mediated pits
e , e
P canaraison oo (@) powsonn (85 H"’:..J

Nano-platforms

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

&0
In-Situ SERS Monitoring

Stepwise Reduction and Oxidation Reaction

reductwn ox1dat|on
> N N
NaBHa Air
(Hz) (02)

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

Dual Catalyst

| |
e

Adult Versior

~Sundaresan

A Jayaraman
.—In{am Version

O

Wearable Fabric

Data-Value Transformation Paradigm

ﬁ@ Results @

Value

Added
r‘ Knowledge Action

Value
Added

Information ) Insight

Value
Added
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Materials for Energy Storage & Harvesting

Fuel cells, Batteries, Supercapacitors
for efficient storage & conversion

Hollow C-
CNT
composite
fiber with
tailored
interphases

Matt MCDOWG” Anode Electrolyte Cathode :'anoscale
Polymer-based nanocom(posnes block

—p—
L

polymers,‘Conjugate ymers
ﬂ:ré:%% m li'\'n‘\',

21Br-p-CD initiator 0=p-CD §
21-arm star-like

P4VP-h-PIBA

|\n 2 | (i) Reaction
sors

~ ,(,\/o):/\(," &)\0{«\/ )‘/\‘V\/ re pre

PAA
(i) Adding Hydrolysis

shell ( thermal

precursors annealing)
Pl

\ wondwa ) )

— T/ T T T T
0.000 0005 0010 02 04 06 08 1.0
CNT Concentration (wt.%)

(ii) Reaction

Zhiqun Lin
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Active Materials & Self-powered Devices

Energy Materials Optical Materials

Electronics & Photonics

Traraerisaion (%)

oS50 mMTI
=100 =M T
* 200 T
AASOAMTI
60 80 120 15 120
inadiation time (min)

Nanostructure growth

Nano Letters, 6 (2006) 1535
Sclence, 303 (2004) 1348
Nano Letters, 3 (2003) 1625

x

"Piezo-
phototronics

Piezotronics

Active electronics
2D Material
Piezotronics

I
il

i!:
| g
Nanowires
Assembly

Nanowires
LE

ADIAGT! pratiet
electiode

Bl Lo source

Insulator
Semiconductor

_,,m_[wb )

sl dsotance

Powering

Electronics Harvesting

~—= Human Energy
=

Triboelectric
Nanogenerator

Self-Charging
Power Cell

-Powered
nodevice

In-vivo
- Nanogenerator
Fiber-based
ec Nanogenerator

Nanogenerator
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Electronic Devices: Synthesis & Fabrlcatlon
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Mark Losego ¢ nthesis via Rosario Gerhardt
Yy ) ALD Attachment of Molecular Catalysts - Process-structure-
sputtering, ALD, ; lationd
‘ Untreated ALD Coated | property relations
Sur ace Dye or catalyst ALD : . I t .
I mer|zat|on malecule Layer |n e eC FOI’IIC
o] , .
POly . N R materials,
and colloidal / .
impedance
assembly of acid/Base aci/pase
. . ::‘:;ear:on ] Cu:rer:il S p e Ct rosco py,
particles umnination . ) ,
‘ , dielectric props. |
\ | | et Electric displacement field (C/m?) x10°fp)
S TE I
Sk | P 3
0.8

0.6
0.4
0.2

Atomic Scale Mechanisms

Nano Letters 13 4802 (2013)

Novel Device Fabrication Applications

Synthesis, structure,
and properties of
electronic materials

New Synthesis Methods

v, I Ag/AgCl

Graphene

Arbitrary Substrate (e.g. paper)

and devices

O Oxygen vacancy

’

MoS.drilayer

8dim ‘

Graphene top layer

@ Oxygen ion

Top gate

(suspended)
\ dielectric

Dielectric
pillar
"4

Dielectric
pillar

Chemical Vapor
Deposition of MoS,

Advanced Functional

Materials 24, 6389 (2014)

Flexible/transparent
MoS, transistors

ACS Applied Materials &
Interfaces 7, 12850 (2015)

Filament formation in
metal oxide memory

IEEE Electron Device
Letters 35, 750 (2014)

Graphene-based
biosensor

2D Materials 2, 044008
(2015)
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Electronic, Optoelectronic, Packaging & Devices

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

Wearable and printable devices

Metamaterials with exotic properties Nonlinear optics with plasmonics

Wenshan Cai
C. P Wong Frequle'r'?cy(GHz) 2
Engineered Highly conductive, flexible polyurethane-based
nanostructures for adhesives for flexible and printed electronics
||ght manipulation| Advanced Materials 27 1124 (2015) Electrical Interconnects 3D Nanomanufacturing

# Polymer matrix

Bump_ %

Juan-Pablo Correa-Baena , -
A ate ¢ '&
Nano Thermal interface

materials (carbon nanotubes)
S S Vi W3

rotron

Science::
A

X-ray beam

induced current Thermally conductive IC

Encapsulant Underfill
eat flow

PEROVSKITES

RO ALLANGLES

Thermally
conductive
Underfills

X-ray fluorescence

Understanding and controlling low-cost
semiconductor electronic dynamics at nanoscale
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Infrastructure and Transportation

Auxetic &
(@) '

Tens

egrity Structu Donggang Yao

Hybrid processes

Modeling & Simulation

g\ =43
EME r V7] o

P(Q.p)= 2P 1, g = H = Z T

Hamid Garmestani

Mechanical Design }—»( Properties ==—p-

1. Digitaland Mathematical Representation
of Microstructures (materials,..)

2. Mathematical Representation of
Processing and evolution (invertible
capabilities)

3. Proper and invertible Homogenization
Techniques

iap

* Materials Forensics

F(x“m=)“:cx> * Machining

Inverse Methodologies * 3D Manufacturing

Chris
Muhlstein

=

Stress Corrosion Cracking
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Computational Materials Science and Design

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

Mesoscale(s)
Scale: ~100 nm - <1mm

+ Dislocation dynamics
using Coarse Grained MD
* Crystal Plasticity

Funding from NSF, DOE NEUP, ONR, NAV/

+ Empirical Models (e.g.

|Seung Soon Jang  Collagen Mineralization

Short-ranged Collagen fibril: -
o i s
Electrostatic @ oy ;:':::::::::
interactions : 2 membrane o
L) °(e Lxes \'-

o

& h
& e f
> - 4 - O
: O Js o \ 12
Maintain .

. o
Paris law) ) A k/;mpermeable
* Microstructure-sensitive mtraf":bnllar i\ o o
plasticity macro models ¢ voiume : odbe
* Informed o I © 000
{ - | =
M A e i °e ®
2 Osmosis ! : Liquid-liquid
Long-ranged 7 I phase
b & : separation

Gibbs-Donnan effect: S

electroneutrality
osmotic equilibrium

2
¢

&

' K
cr / Intafibrillar
K*/  unbound water

£

= —watecmolecule |

Karl Jacob

Experimental &

computational
approach to study
material behavior §

Mo Li Electromigration in Nanoscale

Ratignal In Silico Materials Design
BN ‘: o  Density functional theory
Ramprasad gégr e ( :

Molecular dynamics \_/

Functional Polymer Dielectrics Design

Data driven approaches

Computatio
Aided
Materials
Discovery

Single repeat unit

Materials Informatics & Machine Learning

Dielectric Degradati Breakdown

e

Prediiction

Inverse design

New Materiy

ol

Properties



School of
Materials Science
and Engineering

Security: Materials Under Dynamic Extremes
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Tech

Ultra-hard éeraics (B4C and SiC) for light-
weight armor and ultra-high temperature
ceramics (ZrB,-SiC) for aerospace appllcatlon

Thermal conductivity and emissivity

" — MECHANICAL BEHAVIOR
Traumatic Brain Injury

Short and
long term
diagnostics
& modeling

Shock-consolidated (Nd-Fe-B/a-Fe) High ] :
exchange-coupled nanocomposite g -pressure.
permanent magnet (BH,,,,~18MGOe) Shock-Compression

PHASE TRANSITIONS
e Projectile Impact
vy NP g -
T (uniaxial stress)

Naresh Thadhani

Stress (GPa)

,1" Poly-amorphismin

Wﬂ__
o B8 & 8 8 8 B

Probing and processing materials R L

under extreme conditions of
dynamic high pressure & HSR

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

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
" & BIOINFORMATICS

Chemistry and

H. AlLO, (50 nm)
- - 0 . Sy CYTOP (45 nm)
Biochemistry -« - EEEas

Integrative & Systems Biology o"N"0
@ Georgia Tech Sty

4 6 8 10
Vos V)

Daniel Guggenheim Schoo
ving of Aerospace Engineering

Epitaxial e § Department o
Georgia | p. . f o
Graphene To2hy Biomedical Engineering & EMQRY N .
I Civil and @ylronmgqtal

Georgia T& School of Electrical an

Tech || Computer Engineering

[ Z‘l"ll}(ﬂ-ﬂ ¥DGE] CHROSSDRCIPLINZ
RESEARGH] EDUTGATION]

Electrical Design Mechanical Design  Nano-Materials  Nano-Components

o Wi

formance
<
i \\lé\e S
m— Part L P2 o
~ o X . - " 4
S el > \ e\?j\e . “\J\ Interconnections, Assembly, Reliability ~ Thermal Technologies ~ System Integration
29 Aug., 1997, Vol. 277 ot st > P 03\3‘5 g 606%\9 GLO2AL INDUSTRY BYSIEM]

5 Continuum a\’o‘\e“e COLLAZORATION PROTOTYPES
(e

z i Design methods - o - 1 'A - =
are available Georgia ﬁ& Institute for Gec‘i'légclﬁ A‘STAMI Georgia Manufacturing

85, Mesoscale

Atomistic

wx.. \WWoodruff School of Mechanical Engin. Tech

Quantum

Materials Tech| Institute

|
L

= =

TJech || Energy Bioproducts

Georgia & Strategic g o, gia | Renewable  Georgia Research (€ ERIEHUIIEY fold = e (Tl lle
¥ nstitiite Tech| |hstitute Tech | nstitute Tech|/and Nanotechnology
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Georgia Materials
Tech || Characterization Marcus Na notechnology Building
L Facility
Marcus Characterization Lab Panalytical X-ray Lab CNC Electron Microscopy
Loc. in basement of Marcus. Loc. in basement of Marcus el T T
| ElNowNorclap 0ABSM - Empyrean - Mulipurpese ||+ LEO 1530 SEMm
«  Hitachi HT7700 TEM D DA S *  Hitachi SU8010 SEM
- Hitachi SU8230 FE-SEM * XPertAlpha-1 MPD * JEOL 100 CX TEM
Hysitron T900 Nanoindenter * X'Pert PRO MRD XRD * Hitachi 2000 TEM
» Keyence Digital Microscope : * FEITecnai F30 TEM

* Kratos Axis-Ultra XPS
* Thermo K-Alpha XPS
* Thermo-Nicolet Confocal u-Raman
* |IONToF ToF-SIMS

* Veeco Dimension 3100 AFM

Zeiss Ultra 60 FE-SEM

Hitachi
“*  HD2700

Pl -r.. .
>£

J‘ &
-"
q

k ' | Contact: walter henderson@len gatech edu

N

Empyrean
Multipurpose XRD

)



mailto:walter.henderson@ien.gatech.edu

CREATING THE NEXT® in materials Georgia | School of

Materials Science
Tech | 3nd Engineering

Ll - AN it S
LT STRT S ™ 1/ A R A ? 3
TR 4L A y o 0 L A K S Z&b £ -
ViR N “F 5§ . ! \ o 2l Yot : P
- TN LT [ ) o s S TS
N A ey A R L TRATRE T AR EL
' alllp | , & } VRN T J
: i . : . e
4 WO ¢ ' | g AT - :
BdE ™ - ) ) ‘ Nk i »
P sy 'Y, ” b

T
(e 4

‘1) .‘/:4"
b o AT
Y 2 '\‘ NSy el




