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A multi-sensor approach has 
been developed in which multi-
ple infrared thermal sensors are 
integrated within a 3D printer in 
order to detect the occurrence, 
type, and severity of defects 
and allow the printer to take 
corrective action in real-time in-
stead of having to rely entirely 
on postprint inspection. Having 
this type of monitoring during 
a print facilitates higher quality 
parts, enhanced reliability, and 
reduced waste of materials and 
energy.

Defects within printed parts 
can lead to reduced strength 
and early failure, which can be 
costly and dangerous to end 
users of additively manufac-
tured components. Even when 
defects are found directly after 
printing, the number or severity 
of defects can require reprint-
ing of the entire part which in-
creases material usage, energy 
consumption, and lead time. 

Besides naturally occurring 
defects, malicious entities may 
seek to induce defects as a 
means of sabotaging printed 
parts via hacking of the printing 
apparatus. Thus, it is advan-
tageous to implement in-situ 
condition monitoring whenever 
possible in order to take correc-
tive measures during the print 
or abort the print entirely in the 
case of a critical defect condi-
tion.

Most conventional additive 
manufacturing techniques 
have limited detection of print 
process quality during the 
actual printing process. As a 
result, defects or abnormalities 
in the printing process may go 
unnoticed entirely or are only 
detected during the post-print 
inspection. Parts that contain 
defects that are too severe or too 
numerous must be scrapped, 
resulting in the waste of time, 
material, and energy. 

The technology and processes 
being developed in this work 
seek to change the current 
paradigm and make in-situ 
process monitoring accessible 
for even small printers and 
across different types of additive 
manufacturing. Data collection 
in real-time lets the operator or 
computer know where a defect 
has occurred as well as its likely 
type and size. With additional 
learning, corrective printing 
measures may be implemented 
or the print stopped entirely if 
the part cannot be saved. 

In the longer term, in situ 
process monitoring with real-
time defect detection will create 
new possibilities to establish 
a self-adaptive system with 
sophisticated machine learning-
enabled prediction features, 
which will transform additive 
manufacturing into a more 
dependable and commercially 
viable technique.

Rifat-E-Nur Hossain, 
a Ph. D. student at 
Louisiana Tech Uni-
versity and LAMDA 
researcher, prepares 
a thermal camera for 
image capture during 
operation of a 3D 
printer.

Real-time sensors developed to improve quality 
of 3D printed parts
Arden Moore, Louisiana Tech University
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An Atomistic-informed Continuum Model for  
Materials Microstructural Design
Ibrahim Altarabsheh, Xiang (Shawn) Chen, Louisiana Tech University

Louisiana Tech University re-
searchers have developed and 
verified a new computer model 
that predicts the effect of atom-
ic-details of microstructures on 
materials mechanical response 
at a much higher length scale 
range than previously available. 
The atomistic-informed Crystal

Plasticity Finite Element model 
was demonstrated on a Cu/
Ni bi-material with its interface 
properties measured from Mo-
lecular Dynamics simulations.

The ability to incorporate the 
atomic-accuracy into the con-
tinuum-level model enhances 
the predictive capability of 
complex materials modeling 
at the mesoscale. It provides 
a cost-effective approach for 
materials microstructures de-
sign, such as for precipitation 
strengthening in complex con-
centrated alloys.

Materials microstructures are 
often buried in bulk and dif-
ficult to access with ordinary 
experiments. Meanwhile, most 
of them extend to “mesoscale” 
(submicron to microns), which 
is beyond the size limit of typi-
cal atomistic simulations while 
most of the larger-scale mod-
eling alone are no longer accu-
rate or valid. The combination 
of these two scales in this work 
meet the challenge in the field 
for a cost-effective study and 
design of microstructures for 
improved material properties.

The National Science Founda-
tion’s support enabled Louisi-
ana Tech University (LATech) 

Ph.D. student, Ibrahim Altarab-
sheh, and undergraduate stu-
dent, Peter Ford, to collaborate 
with the LAMDA team and to 
contribute to better understand-
ing of the real-world needs in 
materials design while receiv-
ing training and pursuing their 
degrees. Ibrahim Altarabsheh 
submitted an abstract to the 

U.S. National Congress on The-
oretical and Applied Mechan-
ics and will present his work 
in June 2022. Peter Ford has 
presented his work at LATech, 
and will represent LATech at 
the University of Louisiana Sys-
tem Academic Summit in April 
2022.

Louisiana Tech University Ph.D. student Ibra-
him Altarabsheh conducting materials micro-
structure design research.
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A software application to predict 
and simulate curing behavior of 
3D printed filament made from 
ultraviolet (UV)-curable thermo-
set polymers is developed. A 
common cure kinetics model 
for photopolymers was imple-
mented, as well as experimen-
tal characterization data under 
various UV light intensity levels. 
Using this custom-designed 
code, a parametric analysis for 
various robotic parameters is 
performed to identify a range 
of acceptable parameters lead-
ing to the design of rigid speci-
mens.

UV-assisted printing methods 
using photopolymers show po-
tential for free-standing printing 
as material is solidified immedi-
ately after deposition. Combin-
ing these methods to robotic 

manipulators demonstrates 
new prospects for manufac-
turing of complex 3D shapes, 
enabling large-scale printing, 
extensive mobility, and cost ef-
fectiveness. However, robotic 
printing parameters to cure the 
filaments after extrusion and 
insure dimensional accuracy 
(UV light intensity, spotlight di-
ameter, printing speed, nozzle 
diameter) are typically selected 
based on extensive trial-and-er-
ror approaches. Therefore, this 
work addresses this limitation 
to accelerate research on UV-
assisted robotic 3D printing. 

A numerical MATLAB simula-
tor with a userinterface is de-
veloped, based on a common 
cure kinetics model and experi-
mental data for photopolymers, 
to easily compare the effect of 

Mr. Luis Velazquez, a Masters stu-
dent in the LSU Department of Me-
chanical & Industrial Engineering, 
next to the robotic 3D printing setup 
for which the simulator was devel-
oped, with several printed samples. 

Curing Behavior Simulator for  
Robotic 3D Printing of UV  
Curable Thermoset Polymers
Luke Weger, Luis Velazquez, Corina Barbalata, Debaroty Roy,  
Armaghan Naderi and Genevieve Palardy, Louisiana State University

printing parameters on solidifi-
cation behavior across the ex-
truded filament’s length and 
thickness. This technique can 
be adapted to other UV cur-
able thermoset shape memory 
polymers (TSMPs) or fiber-rein-
forced polymers, as well as to 
other cure kinetics models. It 
can be combined with 3D print-
ing code to accurately repre-
sent printed geometries. As a 
future optimization tool, it may 
be integrated with machine 
learning approaches account-
ing for material properties (i.e., 
viscosity) to provide a complete 
predictive framework including 
dimensional stability and me-
chanical performance.

Polymers and their composites 
(fiber-reinforced polymers) are 
lightweight materials widely 
employed in various industries, 
such as aerospace, automo-
tive, maritime, wind energy, oil 
& gas, and construction. The 
mechanical and functional per-
formance of 3D printed thermo-
set polymers and composites 
depend on their solidification 
behavior (also called curing 
behavior) and microstructural 
quality. The proposed simula-
tion framework for UV-cura-
ble thermoset printing uses a 
common engineering software 
(MATLAB) for which a graphical 
user-interface was developed.

Robotic-assisted printing of 
high-quality, free-standing 
structures (solidifying filaments 
through UV curing as there are 
extruded) would reduce manu-
facturing time and costs, and 
allow geometrical complexity 
through articulated industrial 
manipulators.
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A soft syntactic foam actuator with high recovery 
stress, actuation strain, and energy output
Siavash Sarrafan, Xiaming Feng and Guoqiang Li, Louisiana State University

Novel syntactic foams were pre-
pared by incorporating three 
types of glass microbubbles in 
a crosslinked cis poly(1,4-buta-
diene) (cPBD) matrix. Com-
pared to the pure cPBD, which 
was actuated under 0.32 MPa 
tensile stress, the foams were 
actuated under a much larger 
external tensile stress of up to 
1.6 MPa, signifying their supe-
rior actuation capability. 

The energy output is also much 
higher for the syntactic foam, 
up to 0.83 MJ/m3, compared to 
0.28 MJ/m3 for the pure cPBD. 
Furthermore, it has a working 
temperature below zero Celsius 
and may be actuated at tem-
peratures lower than most other 
available shape memory poly-
mer foams.

Although pure cPBD has exhib-
ited excellent 2W-SME even at 
frozen temperatures, the main 
limitation persists in its small 
actuation stress. If its actuation 
stress can be further increased 
and its density can be reduced, 
it will find many applications in 
lightweight structures and de-
vices, particularly in cold envi-
ronments. 

In this study, a novel syntactic 
foam with hollow glass micro-
spheres (HGMs) dispersed in 
cPBD matrix was prepared and 
tested. HGMs are chemically 
inert, inexpensive, and have a 
low coefficient of thermal ex-
pansion. With a low density, 
decent mechanical properties, 
and great actuation capability, 
the developed syntactic foams 
can be adopted for applica-
tions such as artificial muscles, 
biomedical devices, soft robots, 
sealants, and aerospace struc-
tures, which can be potentially 
manufactured by 3D printing.

Shape memory polymers 
(SMPs) are a class of polymers 
that can be programmed to 
keep a temporary shape and be 
triggered by mechanisms such 
as heat or light to switch to the 
original shape. While one-way 

shape memory polymers can 
memorize only one temporary 
shape, twoway shape memory 
polymers can memorize two 
different shapes and can re-
peatedly shift between the two 
states. 

Since the introduction of two-
way (2W) SMPs in 2001, many 
polymers have been developed 
with the two-way shape mem-
ory effect (2W-SME). However, 
very few of them function in low 
temperatures. By 2018, there 
had been only one polymer that 
could be used in temperatures 
below 0 °C, and the lowest op-
erating temperature was − 20 
°C. However, its actuation strain 
was limited to only 30% under 
tension. 

In 2018, our group reported a 
2W-SMP based on crosslinked 
cis polybutadiene (cPBD) that 
exhibited an impressive 2W-
SME under a maximum tensile 
load of 0.32 MPa. The cPBD 
could actuate with an expan-
sion upon cooling (EUC) and 
contraction upon heating (CUT) 
over 100%, when temperature 
cycles between − 40 and 60 °C. 
More remarkably, this 2W-SMP 
could function at temperatures 
much lower than most other 
2W-SMPs developed to date. 
Although the already devel-
oped 2W-SMPs exhibit excel-
lent actuation strain, achieving 
a higher actuation stress could 
be a substantial improvement 
as it makes the material even 
more attractive for applications 
such as sealants, artificial mus-
cles, and self-healing.

Mr. Siavash Sarrafan, a Ph.D. 
student in the Department 
of Mechanical & Indus-
trial Engineering at Louisiana 
State University, is preparing 
syntactic foam by mixing hol-
low glass bubbles with PBD 
solution and crosslinker.
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A thermoset shape memory pol-
ymer-based syntactic foam has 
been developed incorporat-
ing a high-temperature shape 
memory polymer (HTSMP) as 
the matrix and hollow glass mi-
crospheres

(HGM) as the filler. The excel-
lent fire retardancy and 3D 
printability, together with the 
high mechanical strength, good 
shape memory effect, record-
high recovery stress, and in-
trinsic lightweight, make these 
foams a potential candidate for 
lightweight structures and de-
vices in several industrial sec-
tors.

In the past three decades, stud-
ies have been conducted to in-
vestigate the structure-property 
correlations for syntactic foams 
and mechanisms for tailor-
ing different properties such 
as mechanical, electrical, and 
thermal properties. Combining 
shape memory polymer as the 
foam matrix can open up pos-
sible load-bearing structural 
applications, deployable struc-
tures, etc.

Here, using HTSMP introduces 
high Tg, flame-retardancy, high 
recovery stress in the syntac-
tic foam inherently. The foam 
shows excellent flame retard-
ant performance. Although it 
may not extinguish the fire com-
pletely, it can buy valuable time 
for firefighters to rescue lives 
and properties before the struc-
tural collapse. We also dem-
onstrated the 3D printability of 
the foam by an extrusion type 
of printer with several different 
structures, including a free-
standing structure.3D printabil-
ity along with the shape mem-
ory effect, record-high recovery 
stress, and flame retardancy 

can be beneficial in different 
types of applications in different 
sectors such as construction, oil 
& gas, automotive, deployable 
structures, electronics, marine, 
and aerospace, etc.

Syntactic foams are polymer 
composite materials filled 
with hollow spherical particles 
such as glass microballoons 
or microspheres, metallic mi-
crospheres, polymeric micro-
spheres, and ceramic micro-
spheres. 

Compared to open cell foams, 
closed cell foams or syntactic 
foams possess high stiffness, 
low moisture absorption, ex-
cellent compressive and hy-
drostatic strength, and dimen-
sional ability. Syntactic foam 
has gained popularity for its 
enhanced mechanical perfor-
mance and insulating capabil-
ity and is widely used in dif-
ferent sectors such as marine, 
automotive, sports, aerospace, 
deep-sea buoyancy materi-

als, coating, electromagnetic 
shielding, etc. In this study, 
we combined an HTSMP ma-
trix along with the hollow glass 
microspheres. The presence 
of the hollow space of the mi-
crospheres lowers the density 
of the foam whereas the rigid 
wall material enhances the stiff-
ness, resulting in high specific 
properties of the foam. Due to 
the high recovery stress of the 
matrix polymer, the syntactic 
foam also shows high recovery 
stress. We 3D printed this highly 
viscous syntactic foam using an 
extruder developed in our lab.

Honeycomb, sinusoidal shapes, 
and free-standing helical spring 
were printed for demonstration.

Therefore, the combination 
of high Tg, flame-retardancy, 
high recovery stress, and 3D 
printability makes this syntac-
tic foam an excellent candidate 
in different applications where 
lightweight, smart foams are re-
quired.

Rubaiyet Abedin, 
a Postdoctoral 
Research Asso-
ciate in the Dept.
of Mechanical 
Engineering at 
Southern Univer-
sity, is holding 
3D printed hon-
eycomb struc-
tures using the 
studied syntactic 
foam.

A thermoset shape memory polymer based syntactic foam
with flame retardancy and 3D printability
Rubaiyet Abedin and Guoqiang Li, Southern University
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Louisiana State University engineering 
undergraduate student, Ethan Devillier, 
works on machinery during his intern-
ship in Christiansburg, Virginia at MELD 
Manufacturing Corporation, a subsidiary 
of Aeroprobe Corporation.

Manufacturing using a MELD 
Machine acquired by LAMDA. 
Ethan is graduating in May 
2022 and plans to immediately 
enter the advanced manufac-
turing workforce, with intentions 
to later pursue a graduate de-
gree in materials science.

This experience showcases the 
benefits of the LAMDA E/RREU 
program on student education 
and development to enhance 
the U.S. manufacturing indus-
try. The E/RREU program de-
velops students into skilled and 
knowledgeable members of the 
manufacturing workforce and 
strengthens partnerships be-
tween academia and industry.

Undergraduate students in 
STEM are the future of the ad-
vanced manufacturing indus-
try, and their training is a critical 
component ensuring Louisiana 

remains economically competi-
tive in the industry. Industry and 
academic relationships are key 
to research advancement in 
additive manufacturing. The E/
RREU program and relationship 
with industry partners have had 
a direct impact on undergradu-
ate education and outreach and 
positively contributed to the ad-
vanced manufacturing pipeline.

Ethan Devillier’s summer intern-
ship gained him invaluable de-
sign experience working at an 
innovative manufacturing com-
pany. His knowledge and expe-
rience is compounding further 
through his senior design pro-
ject and on-campus research 
experiences, and in addition, 
MELD Manufacturing has ex-
tended an invitation to Ethan to 
return next summer.

In light of the pandemic restric-
tions, LAMDA researchers had 
to rethink the traditional Re-
search Experiences for Under-
graduates (REU) program, and 
modified it to limited and virtual 
experiences. The new Extend-
ed/Reverse REU program (E/
RREU) successfully provided 
students with meaningful re-
search opportunities and men-
toring that fit the social distanc-
ing restrictions. 

In one specific example, Ethan 
Devillier, a senior at Louisiana 
State University, participated 
in the E/RREU program as an 
undergraduate intern at MELD 
Manufacturing during summer 
2021. He continued research 
related to his industry experi-
ence with Dr. Shengmin Guo 
during the academic year. His 
senior capstone design pro-
ject is sponsored by MELD 

Success with Research Experiences for Undergraduate
Students During Pandemic Restrictions
Dr. Kristen Williams, Louisiana State University

The collaborative team in front of the MELD L3 
additive manufacturing machine (left to right): Dr. 
Congyuan Zeng, Dr. Shengmin Guo, Mr. Hamed 
Ghadimi, Mr. Ethan Devillier, and Mr. Brian Baker 
from Louisiana State University, and Dr. Chase 
Cox with MELD Manufacturing Corporation.
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Machine learning regression 
and Generative Adversarial 
Networks (GANs) were used to 
form an inverse design frame-
work. Optimal cellular unit cells 
that surpass the performance of 
biomimetic structures inspired 
from honeycomb, plant stems 
and trabecular bone in terms of 
natural frequency and impact 
resistance were discovered us-
ing machine learning. The dis-
covered optimal cellular unit 
cells exhibited 30–100% higher 
natural frequency and 300% 
higher energy absorption than 
those of the biomimetic coun-
terparts.

Inverse machine learning tech-
niques have been used to dis-
cover new molecules, poly-
mers, and drugs. This helped 
to speed up the process of 
discovering new materials with 
superior properties.

In our previous work, we devel-
oped the inverse design frame-
work to design optimal lattice 
truss unit cells with superior 
compression strengths. Here, 
we used the GAN and regres-
sion analysis to design thin-
walled cellular unit cells with 
superior strength and energy 
absorption capacities based 
on their natural frequency. The 
newly proposed cellular unit 
cells can be used to design 
lightweight sandwich structures 
with high energy absorption 
and damping properties. 

The inverse design frame-
work can be applied to any 
other structural designs target-
ing specific features such as 
strength, bucking load, acous-
tic insulation, and many other 
mechanical, thermal, and elec-

trical features required for a 
particular application.

Sandwich structures have been 
widely used in lightweight en-
gineering structures, such as 
aircraft fuselage, ship hull, 
car body, wind turbine blade, 
pressure vessel, pipeline, and 
bridge deck. The mechanical 
and functional performance of 
sandwich structures depends 
on the core structure.

While many core materials have 
been used such as foam and 
basal wood, further advance-
ment depends on design and 
manufacturing of new core 
structures. Using 3D printing 
and triple shape memory poly-
mer (TSMP) ink, these lattice 
cores are manufactured, which 
is a great challenge using clas-
sical reduction manufacturing 
approach. Therefore, the com-
bination of inverse design using 
machine learning and 3D print-
ing using TSMP ink opens many 
opportunities for developing ex-
tremely lightweight, robust, and 
smart sandwich structures of 
engineering applications.

Mr. Adithya Challapalli, a Ph.D. stu-
dent in the Louisiana State University 
Department of Mechanical & Industrial 
Engineering, is using a digital light 
processing (DLP) printer to print the 
machine learning optimized lattice 
core using a TSMP ink.

Discovery of Cellular Unit Cells with High Natural Frequency 
and Energy Absorption Capabilities by an Inverse Machine 
Learning Framework
Adithya Challapalli and Guoqiang Li, Louisiana State University

Mr. Challapalli holding several opti-
mized lattice cores 3D printed using a 
TSMP ink.
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High-entropy alloys (HEAs), 
equal concentration multimet-
als, have intriguing material 
properties, but their potential as 
catalysts has not been widely 
explored. Louisiana State Uni-
versity (LSU) and NASA’s Ames 
Research Center researchers 
show how a high entropy alloy 
of Cr, Fe, Co, and Ni significant-
ly improves hydrogen evolution 
activity vs. the individual base 
metals.

Hydrogen evolution reaction 
(HER) is key to renewable en-
ergy production. Pt is the most 
active element that catalyzes 
HER, with high expense and 
limited availability. This work 
shows that multimetallic al-
loys offer a large design space 
where compositions based on 
common elements may exist 
that mimic critical metals for 
specific catalytic reactions.

Catalysis is at the heart of en-

ergy conversion and chemical 
manufacturing technologies. 
Environmental sustainability de-
mands innovative, affordable, 
and active catalytic processes.

While the platinum group of 
metals have always played 
a significant role in catalysis, 
the need to replace them with 
Earth-abundant elements is 
keenly recognized by the U.S. 
government. High entropy al-
loys (HEAs) with designed 
compositions can be nanoengi-
neered to mimic these precious 
metals and create multifunc-
tional catalytic surfaces.

We demonstrate 
that a quaternary 
HEA composed 
solely of the 3d 
base metals Co, 
Cr, Fe, and Ni ex-
hibits activity for 
the electrochem-
ical hydrogen 

evolution reaction (HER) that 
approaches the activity of Pt. 
Crystalline CoCrFeNi random 
alloy is tested for the HEA for 
electrochemical HER used as a 
probe reaction for its simplicity 
and technological utility. 

Based on both electrochemi-
cal and theoretical studies, the 
results demonstrate that pure 
Ni sites are more resistant to 
oxidation than sites composed 
of the other metals, and that a 
partially oxidized HEA surface 
is the active state of the surface 
for catalyzing the HER.

Louisiana State University (LSU) 
Physics graduate student Frank Mc-
Kay conducting catalyst research at 
the LSU Center for Advanced Micro-
structures and Devices (CAMD).

High Entropy Alloy as Enhanced Hydrogen Catalyst
F. McKay, Y. Fang, O. Kizilkaya, P. Singh, D. Johnson, A. Roy, D. Young, P.T. Sprunger, J. Flake, S. Shelton, Y. Xu, Louisi-
ana State University
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mind, we developed a ma-
chine learning method to open 
a channel between two different 
groups of databases.

(b) One of the barriers for TSMP 
design with high recovery 
stress is that they often pos-
sess very high glass transition 
temperature. Therefore, the UV-
curable TSMP must be heated 
up significantly to trigger the 
SME, but the high trigger tem-
perature may be close to the 
decomposition temperature of 
the polymer. Our strategy is 
shown to solve this problem.

(c) Our model can partially 
overcome the difficulty of lack-
ing molar ratio information and 
quickly discovered 5 new UV 
curable TSMPS with mutually 
contradictory performances.

(d) We developed a reliable 
machine learning strategy to 
extract the really import fea-
tures from polymer structure.

SMPs are a new branch of 

smart materials, which can stay 
in a temporal shape and return 
to its permanent shape on ex-
posure to multiple external stim-
uli, e.g., heat or light. TSMPs 
have found many applications 
such as crack self-healing in 
lightweight structures, vitrimer, 
and deployable aerospace 
structures, etc. In this study, we 
would aim to design the TSMPs 
with high rubber modulus but 
moderate glass transition tem-
perature, which is limited by 
two barriers. Firstly, there are 
only thousands datapoints can 
be found for TSMPs and thus 
limits the performance of the 
model. Secondly, it is dilemma 
to design the TSMPs with high 
rubber modulus but moderate 
glass transition temperature. To 
solve these, a machine learning 
method called transfer learning

is utilized to solve the problems. 
With this approach, we are able 
to leverage the mass data from 
the existing drug databases 
and thus significantly improve 
our model design accuracy.

Researchers from Louisiana 
State University have devel-
oped enhanced machine learn-
ing, which is able to borrow 
knowledge from drug molecules 
to discover the desired new UV 
curable thermoset shape mem-
ory polymers (TSMPs). Firstly, 
leveraging transfer learning, 
we trained a variational autoen-
coder (VAE) model to succes-
sively learn knowledge from a 
big drug database and a small 
TSMP monomer/crosslinker da-
tabase. Secondly, we employed 
1D convolutional neural network 
to predict glass transition tem-
perature and rubbery modulus 
for TSMP, respectively. Thirdly, 
to validate the models, four dif-
ferent epoxy networks are syn-
thesized.

Lastly, we established a large 
chemical space with 8,019 new 
TSMPs and screened 5 UV cur-
able TSMPs with desired per-
formance. One of 5 UV curable 
TSMPs is synthesized and test-
ed to further validate the results.

This model learns molecule 
features of TSMP from drug 
molecules through a machine 
learning method. Therefore, the 
model paves the way for ma-
chine learning model to extract 
important features from a small 
TSMP database and exhibits 
some superior performance 
over previous machine learning 
method in this field.

(a) A crucial limitation for pre-
sent machine learning design 
is the database for TSMPs are 
relatively limited. On the other 
hand, the databases for drug 
molecules are plentiful, which 
are hundred folds greater than 
TSMP database. With this in 

From drug molecules to thermoset shape memory  
polymers: A machine learning approach
Cheng Yan, Xiaming Feng, and Guoqiang Li, Louisiana State University

Mr. Cheng Yan, a Ph.D. student in the Department of Mechanical & Industrial 
Engineering at Louisiana State University, is designing and encoding the 
machine learning pipeline.
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Here we report a dual-
crosslinked network through 
slightly coupling the low-mo-
lecular-weight branched poly-
ethylenimine with an ester-
containing epoxy monomer in a 
non-stoichiometric proportion.

The highly mobile and dense 
noncovalent hydrogen bonds 
at the chain branches and ends 
can not only complement the 
mechanical robustness (tensile 
strength of 61.6 MPa, elastic 
modulus of 1.6 GPa, and tough-
ness of 19.2 MJ/m3), but also 
endow the glassy thermoset 
polymer (Tg > 40 oC) with in-
trinsic self-healing ability (heal-
ing efficiency > 84 %) at 20 oC.

Moreover, the resultant cova-
lent adaptive network makes 
the thermoset polymer stable 
to high temperatures and sol-
vents, and yet readily dissolved 
in ethylene glycol through an 
internal catalyzed transesterifi-
cation. The application to room 
temperature delamination heal-
ing and carbon fiber recycling 
was demonstrated as a proof-

of-concept. 

The dual crosslinking strategy 
proposed here is a fantastic 
drop-in technology that can be 
easily used to develop a broad 
range of high-performance 
room-temperature self-heala-
ble and mechanically robust 
thermoset polymer. We be-
lieve these self-healable ther-
moset polymers can serve as 
polymer matrix for fabricating 
high-performance carbon fiber 
reinforced composite laminates 
with practicable self-healing 
ability in load-carry fields, such 
as construction and transporta-
tion. 

Moreover, the feasible recycla-
bility enables the recycling and 
reuse of expensive carbon fib-
ers. We believe that this work 
could expand the scope of self-
healing property and mecha-
nism and create new directions 
in developing multifunctional 
thermoset polymers. 

The advocacy of carbon neu-
trality and circular economy 

(A) Photographs illustrat-
ing the room-temperature 
self-healing property: 1) 
two separate pieces after 
fracturing, 2) the healed 
integral after 5 min at 20 
oC, 3) the state bearing a 
weight of 200 g. 

(B) Digital photos (top 
row) and SEM images 
(bottom row) of the new 
polymer based composite 
laminate before (left) and 
after (right) room-temper-
ature self-healing for 64 
h: inset image showing 
the impact damage zone 
on the back surface.

Room-Temperature Self-Healable and Mechanically 
Robust Thermoset Polymer for Healing Delamination 
and Recycling Carbon Fiber
Xiaming Feng, Louisiana State University and Guoqiang Li, Southern University

encourages people to pursue 
selfhealing and recycling of 
glassy thermoset polymers in 
a more realistic and energy-
saving manner, the best being 
intrinsic healing under room 
temperature. However, the high 
mechanical robustness and 
healing ability are mutually ex-
clusive because of their com-
pletely opposite requirements 
for mobility of the polymer net-
works. 

So far, to our knowledge, only 
very few papers reported the 
intrinsic room-temperature self-
healing of glassy polymers. The 
resulted polymers are rigid yet 
repairable at room temperature. 
However, all these polymers still 
belong to the category of ther-
moplastics, which are unstable 
to thermal and solvents. Moreo-
ver, the noncovalent crosslink-
ing of networks always means 
low mechanical strength. 
Therefore, easily implementing 
self-healing glassy thermoset 
polymers for practical applica-
tions at room temperature is a 
grand challenge.
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LAMDA researchers at 
the University of Louisiana 
at Lafayette are utilizing 
undergraduate students in 
research and outreach efforts 
and the students have proven 
to be highly capable and 
motivated by the project. 3D 
printing projects related to our 
LAMDA research are realizing 
synergistic benefits in student 
training, research, professional 
training, and K-12 outreach in 
STEM.

First, the undergraduate 
students are getting trained 
with 3D printing, which is a 
skill that is in high demand by 
employers, especially since 
it involves building on other 
fundamental skills such as 
Computer-Aided Design (CAD) 
and materials selection. 

Second, these students 
are writing up their work as 

a research poster for our 
internal college research 
competition, giving them 
practice and experience in 
research dissemination. Third, 
the research poster and the 
samples will be utilized in 
our College of Engineering’s 
“Engineering and Technology 
Day” where our College opens 
its doors to local high school 
students to educate and 
motivate these future engineers 
to pursue STEM degrees.

Much of the significance and 
transformative nature of this 
project relates to the multiple 
synergistic outcomes from the 
student training in additive 
manufacturing. After training, 
the undergraduate students 
have fundamental skills for 
creating 3D printed parts, 
and their knowledge is then 
leveraged to promote outreach 
to local high school students. 

Synergistic Research, Education, and Outreach 
through Undergraduate Projects in Additive 
Manufacturing

The students created a poster 
on what they have learned 
and will use what they have 
learned along with the tangible 
prototypes they have developed 
to conduct STEM outreach to 
high school students when 
they tour our College during 
our annual Engineering and 
Technology Day. 

While instructors and 
researchers often conduct 
education, STEM outreach, and 
research as separate tasks, we 
have been able to efficiently 
accomplish all three through 
this project with a select group 
of highly motivated students. 

In the near future, these students 
will make online videos of these 
shape memory composites for 
further outreach to the online 
community and to supplement 
outreach efforts by the College.

Sample actuator designed and 3D printed by undergraduate students for 
demonstrating shape memory polymers for K-12 outreach.
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LAMDA+: Leveraging research 
projects by engaging on-campus 
intellectual properties
Saber Nemati and Shengmin Guo, Louisiana State University

When working on an 
interdisciplinary team, it is very 
challenging to find a common 
scientific language between all 
collaborators. Louisiana State 
University (LSU) Ph.D. student, 
Mr. Saber Nemati, analyzed 
each parties’ needs and 
developed ideas for sustainable 
collaborations. 

The team selected and 
implemented a sustainable 
collaboration plan of including 
LAMDA’s research topics 
into routine courses that 
students take in the College of 
Engineering at Louisiana State 
University.

Mr. Nemati’s idea was 
developed by the LAMDA 
research team by identifying the 
intellectual properties at LSU, 
finding potential candidates 
and projects, and connecting 

Sample mini-projects based on LAMDA research needs designed for course-taking students.

the interested parties together. 

On a higher level, this enables 
the students to become better 
familiar with the researchers, 
state-of-the-art research and 
encourage them to build upon 
them in their courses.

Ultimately, the students 
may choose advanced 
manufacturing for their career.

All of the parties involved in 
LAMDA project have specific 
needs and motivation. 
Identifying these needs 
along with the strength and 
weakness of each party can 
help us discover sustainable 
collaborations. If two parties 
have at least one common 
need (and no conflicting need) 
during a period of time, there 
is a potential for establishing a 
sustainable collaboration. 

For example, faculty members 
and graduate students both 
need to have publications. 
Graduate students bring talent, 
knowledge, and persistence 
and faculty members bring 
research grant and supervision.

This can lead to a 2-year or 4-year 
sustainable collaboration.

Based on the proposed plan, 
the faculty members can define 
projects related to the current 
research project as part of the 
coursework that the students 
are required to complete. The 
research assistant for that 
particular project can break 
tasks into smaller components 
for students unfamiliar with the 
details of the subject matter so 
they can successfully complete 
the project in one semester.
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Supervised Machine Learning 
(ML)-based algorithms are being 
developed by researchers with 
the Louisiana Materials Design 
Alliance (LAMDA) for crack 
detection in X-ray tomography 
images. Using this method, a 
large number of images can 
be segmented with accuracy 
after training with just a limited 
number of manually segmented 
images.

In recent years, self-healing 
and recycling of fiber-
reinforced polymer composites 
have become a popular topic 
of research. However, most of 
the studies are either focused 
on damage healing of pure 
polymers or limited to damage 
healing of polymer composites 
with microscale cracks. In this 
study, by a novel combination 
of SMA z-pins and thermoset 
shape memory vitrimers, we 
are able to repeatedly heal 
wide-opened delamination in 

glass fiber reinforced vitrimer 
composites. The combination 
of SMA, shape memory and 
thermoset vitrimer opens up a 
new opportunity to develop the 
next generation of laminated 
composites for lightweight 
structural applications.

Continuous fiber-reinforced 
polymer composite laminates 
have been widely used in 
lightweight load-bearing 
structures. It is well known 
that laminated composite is 
vulnerable to impact damage. 

For example, even a drop of 
a hammer during a routine 
inspection of laminated 
composite structures 
represents a low-velocity 
impact event, which may 
induce delamination, matrix 
cracking, matrix/fiber interfacial 
debonding, and fiber fracture. 
Among them, delamination 
can reduce the compressive 

load carrying capacity of the 
composite by over 50%. On 
the other hand, recycling of 
the end-of-service laminated 
composites poses a solid waste 
disposal issue. Therefore, how 
to make a laminate composite 
that is self-healable, recyclable, 
and impact tolerant is highly 
desired. 

In this study, we used a 
combination of SMA z-pins 
and thermoset shape memory 
vitrimer to prepare SMA 
z-pinned, continuous glass fiber 
reinforced vitrimer laminated 
composite. The results show 
that SMA-pins have significantly 
reduced the delamination 
opening (from > 0.2 mm for 
those without SMA z-pins to < 
0.03 mm for those with SMA 
z-pins), and the vitrimer matrix 
can be healed and recycled 
repeatedly under multiple low-
velocity impact cycles.

Mr. John Konlan, a Ph.D. student 
in the Department of Mechanical & 
Industrial Engineering at Louisiana 
State University, is examining the self-
healing composite laminate. 

Recyclable Composites: The future of lightweight materials
John Konlan, Louisiana State University; Sam Ibekwe, Patrick Mensah, Karen Crosby, Guoquiang Li, Southern University

2021
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Supervised Machine Learning 
(ML)-based algorithms 
are being developed by 
researchers with the Louisiana 
Materials Design Alliance 
(LAMDA) for crack detection 
in X-ray tomography images. 
Using this method, a large 
number of images can be 
segmented with accuracy 
after training with just a limited 
number of manually segmented 
images.

The ability to efficiently detect 
the cracks and different types of 
inclusion in tomography images 
is a key component in evaluating 
and optimizing additively 
manufactured (AM) parts in 
the testing stage. This paves 
the way for developing faster 
and more intelligent algorithms 
with minimal supervision, which 
consequently leads to a more 

optimized way of designing 
stronger, premium alloys.

Creating suitable additively 
manufactured alloys for 
different applications is a 
challenging task, as it depends 
on many parameters during the 
designing, manufacturing, and 
testing processes. 

One of the most challenging 
phases of this process is the 
evaluation of the parts since 
defects in AM parts are hard 
to detect and cumbersome in 
nature. Tomography is a well-
known nondestructive method 
for observing the defects inside 
3D metal parts on micro scale. 

Due to recent advances in 
machine learning, there are 
a lot of efficient algorithms 
that can identify these defects 

Louisiana State 
University graduate 

students, Saber 
Nemati, Hao 

Wen and Brian P. 
Tsai evaluating 

different network 
architectures.

Developing artificial intelligence 
for defect detection
Saber Nemati, Hao Wen, Brian P. Tsai, Louisiana State University

and categorize them into 
different classes. With the 
implementation and validation 
of such algorithms, several 
days of manual work can 
be completed in a couple of 
seconds. 

Because of LAMDA’s 
interdisciplinary nature, the 
collaboration of experts with 
different scientific backgrounds 
is inevitable. One of the most 
valuable yet challenging 
outcomes of LAMDA is building 
a synergetic framework that 
makes use of each groups’ 
capabilities.
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Researchers with the Louisiana 
Materials Design Alliance 
(LAMDA) have developed 
an inverse machine learning 
approach using the generative 
adversarial network (GAN) and 
regression analysis. Using this 
technique, novel lightweight 
lattice and cellular structures 
with optimized biomimetic 
elements are discovered, 
which are used as sandwich 
core. Thermoset shape memory 
polymer (TSMP) is then used 
to 3D print these designs, 
which adds smartness to the 
sandwich structures. 

Inverse machine learning 
techniques have been 
previously used to discover 
new small molecules, polymers, 
and drugs. This helped in 
speeding up the process of 
discovering new materials 
with superior properties. Here, 
we used GAN and regression 
analysis to learn the correlation 
between the microstructures 
and mechanical properties 
of biomimetic rods and then 
further optimized the biomimetic 
rods into lattice and cellular 
structures as a sandwich core. 

3D printing of the newly 
discovered lattice core by 
TSMP makes the new core with 
robust structural properties 
and shape memory effect. This 
technique can be applied to 
any other structural designs 
targeting specific features 
such as strength, bucking load, 
vibration damping, acoustic 
insulation, and many other 
mechanical, thermal, and 
electrical features required for 
a particular application. 

By further generalizing this 
inverse design technique, 
it can be incorporated into 
existing computational and 
simulation software as a 
futuristic optimization tool or as 
an individual application that 
can predict optimal designs.

Sandwich structures have 
been widely used in lightweight 
engineering structures, such as 
aircraft fuselages, ship hulls, 
car bodies, wind turbine blades, 
pressure vessels, pipelines, and 
bridge decks. The mechanical 
and functional performance of 
sandwich structures depends 
on the core. While many core 
materials have been used, such 
as foam and basal wood, further 
advancement depends on the 
design and manufacturing of 
new core structures. 

Here, we use a combination of 
GAN and regression analysis 
and optimize lattice and cellular 
cores for sandwich structure 
with biomimetic rods, which is 
infeasible using the classical 
design approach. Using 3D 
printing and TSMP ink, these 
lattice and cellular cores are 
manufactured, which is a great 
challenge using the classical 
reduction manufacturing 
approach. Therefore, the 
combination of inverse design 
using machine learning and 
3D printing using TSMP ink 
opens up many opportunities 
for developing extremely 
lightweight, robust, and 
smart sandwich structures for 
engineering applications.

Mr. Adithya Challapalli, a Ph.D. 
student in the Louisiana State 

University Department of Mechanical 
& Industrial Engineering, is using a 

digital light processing (DLP) printer to 
print the machine learning optimized 

lattice core using a TSMP ink.

Inverse machine learning technique optimizes 
discovery of materials for sandwich structures 
Adithya Challapalli, Louisiana State University and Guoqiang Li, Southern University



18

Accelerating deep learning discovery of new 
thermoset shape memory polymers
Cheng Yan, Xiaming Feng, Louisiana State University; Collin Wick, Andrew Peters, Louisiana Tech University; 
Guoqiang Li, Southern University

Researchers with the Louisiana 
Materials Design Alliance 
(LAMDA) established a 
machine learning framework 
to predict the recovery stress 
of thermoset shape memory 
polymers (TSMPs) and to 
discover new TSMPs with 
superior recovery stress. The 
team leveraged a new linear 
notation computer language 
for the digital representation of 
polymers, called BigSMILES, 
to fingerprint complex TSMP 
structures and establish 
structure-property correlations 
using a small training dataset. 
This information helped to 
identify two new TSMPs 
predicted to have high recovery 
stress, which was synthesized 
in the lab to validate the model 
predictions. 

Finally, they explored a chemical 
space with 4,459 possible 
TSMPs and screened 14 mostly 
unknown TSMPs with higher 
recovery stress than any TSMPs 
in the training dataset. One 

Mr. Cheng Yan, a Ph.D. 
student in the Department 
of Mechanical & Industrial 
Engineering at Louisiana 
State University, is designing 
and encoding the machine 
learning pipeline.

of 14 TSMPs was modeled by 
molecular dynamics simulation 
and found to have calculated 
recovery stress in agreement 
with predicted values.

To our knowledge, this study 
is the first to discover TSMPs 
with high recovery stress by 
leveraging machine learning. 
Using a small dataset of about 
100 molecules, this method has 
the potential to greatly increase 
the ability to explore chemical 
space and bring remarkable 
advancements over previous 
materials discovery methods.

a) A bottleneck for current 
TSMPs persists in their low 
recovery stress in their rubbery 
state, limiting their applications 
as actuators or as crack 
closing devices in self-healing 
applications. 

b) Due to the time it takes 
to synthesize new TSMPs, 
the traditional trial-and-error 
method for materials discovery 

needs a long period of time, 
deep domain knowledge 
and skills, and some luck. 
This new method overcame 
these limitations and quickly 
discovered 14 new TSMPs. 

c) The machine learning 
approach is at least hundreds 
of times faster than the 
traditional molecular or 
atomistic computational 
approaches, such as molecular 
dynamics simulation and 
density functional theory based 
electronic calculation.

d) Traditionally, predictions of 
thermomechanical behaviors 
of TSMPs, such as recovery 
stress, rely on multi-parameter 
constitutive models, and most 
of the parameters need to be 
determined by curve-fitting. This 
machine learning model, on the 
other hand, only depends on 
the basic chemical structures 
and so can be applied nearly 
universally. 
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TSMPs are a new class of 
smart polymers, which, after 
deformation, can maintain their 
deformation nearly permanently 
until a stimulus, such as heat or 
an electric field, is applied. This 
stimulus causes the deformed 
TSMP to restore its original 
shape. 

TSMPs have found many 
applications, such as crack 
self-healing in lightweight 
structures, stents in medical 
applications, and artificial 
muscles in soft robots. However, 
a persisting critical limitation of 

existing TSMPs is their very low 
recovery stress in their rubbery 
state, usually less than a few 
Newtons per square millimeter. 
This recovery stress is too low 
for some critical applications, 
such as the crack closing. It is 
also too low to compete with 
shape memory alloys, which 
may have tens to hundreds of 
Newtons per square millimeters 
in recovery stress. 

Unfortunately, the chemical 
space constituting TSMPs 
is very large, and using trial 
and error approaches is not 

sufficient to identify new TSMPs 
with higher recovery stress. 

Therefore, machine learning is 
a natural choice. As compared 
to conventional polymers—
which have already had a large 
database in Materials Genome 
Initiative—only a limited 
number of TSMPs are available 
for training and fingerprinting. 
In this study, we successfully 
overcame this limitation and 
discovered 14 new TSMPs. This 
machine learning approach can 
be expanded to discover other 
types of materials.

Virtual Training Modules for Additive Manufacturing 
Bridges Knowledge Gaps During COVID Closures
Mohammad Khondoker, Southern University

A group of 72 attendees, 
including faculty members, 
g r a d u a t e / u n d e r g r a d u a t e 
students, participated in the 
workshop to learn about all 
seven categories of additive 
manufacturing technologies 
and their underlying process 
physics. 

Additive manufacturing 
development opportunities 
serve as a crucial early 
component for the workforce 
development initiatives aimed to 
benefit the U.S. manufacturing 
industry. In addition, faculty 
members and researchers 
from other disciplines have 
also gained the necessary 
knowledge to advance their 
research. 

More than 10 LAMDA-affiliated 
faculty members earned in-
depth knowledge on additive 
manufacturing which will be 
useful in performing LAMDA’s 
research activities (both 
SD-1 and SD-2), as well as in 
developing new grant proposals 

in that field.

Coursework that covers all 
seven categories of additive 
manufacturing is not available 
at universities in Louisiana. 
Therefore there was a need for a 
workshop training module to train 
graduate and undergraduate 
students in Louisiana. Through 
this workshop, more than 
15 graduate students and 
35 undergraduate students 
received the necessary 
knowledge to prepare them for 
the manufacturing industry in 
Louisiana.

Additive manufacturing (AM) is 
one of the core components of 
the fourth industrial revolution, 
called Industry 4.0. 

Therefore, it is essential that 
the U.S. manufacturing industry 
is supplied with a trained 
workforce that can utilize the true 
capabilities of AM technologies. 
There are seven different types 
of AM technologies with unique 
advantages/disadvantages. 

A manufacturing engineer 
needs to know the principles 
of these technologies and their 
underlying process physics, 
which will help in improving 
the performance and lower-
ing the cost of manufactured 
parts. Being a 
relatively new 
technology, 
AM is not well 
u n d e r s t o o d 
by students 
because most 
programs in 
higher educa-
tion do not of-
fer AM-related 
courses. 

Hence, ar-
ranging workshops to edu-
cate graduate/undergraduate 
engineering students on AM 
technologies plays a vital role 
in workforce development for 
the U.S. advanced manufac-
turing industry. Such initiatives 
will help the U.S. to remain the 
global leader in this field.

Dr. Mohammad 
Khondoker hosted 
the virtual event at 

Southern University.
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New specimen design improves rapid fatigue testing
Hamed Ghadimi, Louisiana State University

A new small-sized test 
specimen has been designed 
by researchers with the 
Louisiana Materials Design 
Alliance (LAMDA) to accelerate 
bending-fatigue testing. 

Small-sized test pieces are 
more adaptable, economical, 
and timesaving in fabrication 
processes and contain 
quantifiable imperfections 
and defects, which makes 
them highly desirable for rapid 
qualification of new alloys and 
new fabrication processes.

This new design of a small-
sized test specimen enables 
fatigue property studies of new 
3D printed alloys to be carried 
out rapidly and with significantly 
reduced cost. Rapid fatigue 
testing capability helps 
scientists to explore new alloys 
and 3D printing techniques for 
reliable and durable products.

Fabrication of test pieces and 
doing experiments on them 
is important, particularly for 
additive manufacturing (AM) 
studies, like developing new 
AM alloys, investigating proper 
AM design, and studying the 
effects of AM build parameters 
on the mechanical properties. 

Fatigue testing is an essential 
part of such studies, and the 
high-cycle life regimes are time-
consuming and costly, and a 
large number of test specimens 
with a suitable design are 
needed. 

For AM research, scientists also 
encounter severe restraints 
such as limited building-
capacity, small chamber size, 
high costs, and unpredictable 

microstructure defects. 

Ultrasonic high-frequency 
fatigue testing systems 
overcome the time- and cost-
related limitations, and in 
addition, reducing the size of 
the test specimens is a way to 
tackle the above-mentioned 
obstacles. 

Small-sized test specimens 
are also beneficial from the 
affordability point of view as 
they make the controlling of the 
manufacturing processes more 
feasible, and thus, they facilitate 
the production of more qualified 
specimens under a variety of 
different processing conditions.

Louisiana State University graduate student 
Mr. Hamed Ghadimi working with SHIMADZU 
USF-2000 ultrasonic fatigue testing system.
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Phosphate esters dynamic 
chemistry enables flame 
retardant vitrimers  
Xiaming Feng, Louisiana State University and Guoquiang Li, Southern 
University

Researchers with the Louisiana 
Materials Design Alliance 
(LAMDA) report the first 
phosphate esters based 
thermoset polymers that are 
mechanically strong, completely 
malleable and recyclable, and 
significantly safe under fire. 
These promising properties 
rely on the unique behaviors 
of β-hydroxy phosphate esters 
at low, medium, and high 
temperatures, respectively. 

At room temperature, the 
abundant hydrogen bonds 
in the network contribute to 
outstanding toughness (5.44 
MJ/m3). Around 100°C, the 
catalyst-free rapid exchange 
reaction between phosphate 
esters and neighboring 
β-hydroxyls endows the 
polymer with almost 100% 
recycling efficiency. Above 250 
°C, a cellular layer of charred 
phosphoric acid generated 
from β-hydroxy phosphate 
esters could separate/insulate 
the heat effectively, providing 
fire protection. In addition, by 
combining phosphate diesters 

and acrylates, a new polymer 
integrated with ultraviolet 
(UV) curability, recyclability, 
and flame retardancy are 
also developed. This highly 
crosslinked network exhibited 
attractive recyclability even 
at the temperature lower than 
glass transition temperature. 
The fast exchange reactions 
via catalyst-free mixed 
transesterification between 
phosphate diesters and 
carboxylate esters of acylate 
structures are validated.

The phosphate dynamic 
chemistry proposed here is a 
fantastic drop-in technology 
that can be easily used to 
develop a broad range of high-
performance vitrimers while 
possessing intrinsic flame 
retardancy. 

Coupled with the high 
transparency, these self-
healing fire-safe vitrimers 
can serve as multifunctional 
coatings for metallic structures 
or components with a high 
risk of fire and corrosion, such 

as in construction fields and 
electronics. The UV curability of 
the combination of phosphate 
diesters and acrylates enables 
the printing of customized 
and complicated structures in 
these advanced fields, such as 
robotics and aerospace, using 
digital light processing (DLP) 
technology. We believe that this 
work could expand the scope 
of dynamic covalent chemistry 
and create new directions in 
developing multifunctional 
thermoset polymers.

Fire hazards are a well-
known limitation for polymers. 
Thermoset polymers, while they 
have high mechanical strength 
and thermal stability, are usually 
not recyclable, which causes 
a significant waste disposal 
issue. Therefore, sustainability 
and safety have been one of the 
key issues in polymer science 
and engineering due to the 
shortage of natural resources, 
the crisis in waste disposal, 
and fire hazards caused by 
flammable polymers. 

Recyclable thermosets or 
vitrimers and fire-retardant 
polymers have been developed 
separately for years to address 
these challenges partially. To 
our knowledge, no other vitrimer 
has demonstrated fire-retardant 
capability without adding extra 
flame-retardant structures. 
Therefore, integrating robust 
mechanical performance, 
recyclability, and flame-
retardancy into one polymer 
using the new facile dynamic 
covalent chemistry initiated in 
this study is of significant value 
to both academia and industry.

(Top row) The broken thermoset 
vitrimer pieces after service can be 
reshaped into a new transparent 
sheet by a simple hot pressing for 
reuse.  (Bottom row) The vitrimer 
sheet under the cotton ball generates 
an expanded char layer upon 
external fire to protect the cotton ball 
from temperature rising and burning 
for a couple of minutes.
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CIMM researchers mentor 
and train undergraduates 
in materials science as they 
matriculate and join the future 
materials and manufacturing 
workforce in Louisiana and 
beyond. 

Mr. John Pojman, Jr., an 
undergraduate student in the 
LSU Department of Mechanical 
& Industrial Engineering, 
designed and manufactured a 
new extrusion-type 3D printer 
for printing materials with high 
viscosity such as metallic 
powders dispersed in a polymer 
matrix and hollow glass beads 
embedded in a polymer matrix 
(syntactic foam). In the test, 
several structures with complex 
geometrical shapes were 
printed using high viscosity 
syntactic foam.

Additive manufacturing (AM) is 
one of the core components of 

the fourth industrial revolution, 
called Industry 4.0. Therefore, 
it is essential that the U.S. 
manufacturing industry is 
supplied with a highly trained 
workforce that can design, 
manufacture, and use 3D 
printers for printing various 
structures and devices. 

Under the supervision of Dr. 
Guoqiang Li, the undergraduate 
student received systematic 
training in terms of designing 
the 3D printer using SolidWorks, 
deciding engineering 
specifications through 
thermofluidic modeling, and 
fabricating the 3D printer using 
various hands-on tools and 
machinery. 

He was able to successfully 
print various structures with 
not-easy-to-print materials 
such as syntactic foam with 
high viscosity. Figure 1 is the 

assembled 3D printer, and 
Figure 2 shows several syntactic 
foam structures printed using 
this printer. The training not 
only helps this student, but also 
other students who will further 
refine and use this printer for 
their research and training.

The fabricated 3D printer.

Student Training Yields New 3D Printer for Printing High 
Viscosity Materials
John Pojman, Jr., Louisiana State University (LSU) and  Guoqiang Li, Louisiana State University and Southern University

Several syntactic foam structures 
printed using the 3D printer. (a) 
honeycomb; (b) free-standing helical 
spring; (c) flower; and (d) 2D lattice.

2021
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New insights into microstructure 
formation of metal thin films and 
mechanical integrity of metal/
ceramic interfaces are being 
gained through an integrated 
computational materials 
engineering (ICME) approach, 
combining the development 
of new interatomic potentials, 
molecular dynamics simulations 
using these potentials, and 
experimental thin film synthesis, 
structural characterization, and 
microscale mechanical testing.

Mechanical responses of metal/
ceramic interfacial regions with 
well-defined structures were 
measured through microscale 
mechanical testing. Molecular 
dynamics simulations using 
new interatomic potentials 
elucidated physical 
mechanisms governing 
microstructure development 
and interfacial failure. 

This ICME approach followed by 
the LSU-LATech team gained 
new insights and enabled future 
design of strong metal/ceramic 
interfaces.

Simulations have increasingly 
provided insights into 
atomistic level mechanisms 
governing physical processes. 
Nonetheless, close 
correspondence between 
experimental observations and 
atomistic simulations remains 
rare.

In understanding microstructure 
and mechanical failures of Cu/
TiN interfacial regions, the multi-
institutional team from LSU and 
Louisiana Tech has achieved 
such a correspondence. 
Louisiana Tech (Wick/
Ramachandran) developed 
new interatomic potentials for 
the Cu-Ti-N system. Using 
these new potentials, LSU 

Metal/ceramic interfaces: An integrated computational 
materials engineering approach to understanding 
microstructure formation and mechanical integrity
Saber Nemati, Hao Wen, Brian P. Tsai, L Collin Wick and B. Ramu Ramachandran, Louisiana Tech University 
(LATech); Dorel Moldovan and Wen Jin Meng, Louisiana State University (LSU) ouisiana State University

(Moldovan/Meng) performed 
molecular dynamics/
Monte Carlo simulations of 
Cu deposition on TiN, as 
well as experimental vapor 
deposition of Cu on TiN(001), 
structural characterization, and 
microscale mechanical loading 
of Cu/TiN interfacial regions. 

The MD/MC simulations 
showed excellent 
correspondence between 
simulated Cu microstructure 
and experimentally observed 
microstructure of Cu/TiN(001), 
and elucidated the origin of 
nanotwins in Cu as a result of a 
Martensitic transformation. 

Additional MD simulations 
further illustrated dislocation 
interactions with Cu nanotwins 
and Cu/TiN interfaces, providing 
deep insights into critical factors 
governing mechanical failures 
of Cu/TiN interfacial regions.

An ICME approach 
undertaken by the 
LSU-LATech team to 
understand micro-
structure development 
and mechanical integrity 
of metal/ceramic inter-
facial regions: 

(upper left panel) 
generalized stacking fault 
energy (GSFE) surfaces 
for Cu(001)/TiN(111) 
interfaces calculated 
with density functional 
theory (DFT) and the 
new modified embedded 
atom method (MEAM) 
potentials; (upper right 
panel) a transmission 
electron microscopy 
(TEM) bright-field/dark-
field (BF/DF) image 
pair showing Cu(110)/
TiN(001) growth with 
ample Cu nanotwins with 

twinning planes in two perpendicular in-plane <111> directions; (lower right panel) molecular 
dynamics/time-stamped force-bias Monte Carlo (MD/tfMC) simulation of Cu deposition on 
TiN(001), showing a Nishiyama-Wasserman type shear transformation of BCC to FCC Cu, 
resulting in nanotwinning in excellent correspondence with the experimental observations; (lower 
left panel) scanning electron microscopy (SEM) observation of the morphology of a TiN/Cu/TiN 
micropillar failed under tensile loading, showing extensive plasticity and necking of the ~400 nm 
thick Cu layer, together with a MD simulation of plasticity and necking within a Cu pillar containing 
nanotwins.



24

Louisiana Tech University 
(LATech) researchers applied 
a computational approach 
previously validated against 
experimental results to predict 
the behavior of a metal/ceramic 
interface that has not yet been 
subjected to experimental 
investigations.

Experimentally validated 
simulations for metal/ceramic 
interfaces are useful to for 
designing such systems, and 
greatly reduce expensive 
laboratory trial-and-error and 
development time, and allow 
researchers to focus efforts on 
the most promising candidates.

The LATech team applied their 
simulation methods to study 
the Cr/TiN interface, which—to 
the best of their knowledge—
represents the first bcc metal/
NaCl type ceramic system 
to be subjected to such a 
computational study. The 
approach starts with first 
principles computations on a 
relatively small number of atoms. 
The results are then used to 
develop models for studies on 
larger systems containing many 
more atoms, and to investigate 
realistic systems.

From previous studies, 
which were validated against 
experimental results, the 
researchers identified 
properties from the first 
principles studies that reliably 
predict interfacial properties 
on a larger scale. In the case 
of Cr/TiN, the first principles 
simulations predicted that this 
system is able to resist shear 
deformation more effectively 
than previously studied metal/

ceramic interfaces. It also 
predicted that the interfacial 
failure, when it occurs, is likely to 
be in the ceramic phase, which 
is also a novelty compared to 
previously examined systems.

The LATech researchers 
then developed the model for 
larger scale studies on the Cr/
TiN system which are more 
appropriate for comparison 
to experimental results when 
they become available. This 
model allowed them to study 
the properties of the interface 

in relation to the so-called misfit 
dislocation networks which 
are manifested only at the 
larger scale. These simulations 
confirmed the conclusions 
drawn from the first principles 
studies that the interfacial 
failure occurs within the 
ceramic phase, away from the 
chemical interface separating 
Cr from TiN. The ability of this 
interface to withstand shear 
loading is attributed to the 
strong interaction between the 
nitrogen atoms in TiN with the 
Cr atoms in the metal phase.

Louisiana Tech University Researchers Successfully 
Predict Mechanical Behavior of a Metal/Ceramic 
System with Validated Computational Approach
Nisha Dhariwal, Bala Ramachandran, and Collin D. Wick, Louisiana Tech University

This illustration shows the approach used to study the Cr/TiN interface. The 
results of first principles simulations on a small system are used to develop a 
model to study the interface at significantly larger length scales. These studies 
predict that the Cr/TiN system is very good at resisting stress due to shear 
deformation. It was also found that interfacial failure occurs away from the 
chemical interface, within the ceramic layers. Illustration by Nisha Dhariwal, Bala 
Ramachandran, and Collin D. Wick, Louisiana Tech University.



A new methodology for applying electron backscatter diffraction (EBSD) based orientation imaging microscopy 
(OIM) to severe plastic deformation (SPD) of materials: (upper left panel from left to right) a mesoscale axisymmetric 
reverse extrusion setup, showing higher normalized extrusion pressure for Cu with larger grain size while its bulk 
flow stress is lower, the stored GND density within the deformed Cu is, however, higher at the larger grain size; 
(lower left panel from left to right) a microscale double-punch molding setup, showing lower punch gap filling ratio 
for Cu with larger grain size while its bulk flow stress is lower, the stored GND density within the deformed Cu is, 
however, higher at the larger grain size; (right panel) manually segmented disorientation angle map constructed 
from one EBSD dataset and the associated disorientation angle distribution together with a fitting methodology to 
obtain a quantitative assessment of GND density; (bottom) logical flow for how GND storage with SPD Cu provides 
a structure-based rationale for understanding experimentally observed mechanical anomalies.
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dislocation accumulation within 
such materials. This assessment 
methodology provided an 
understanding of observed 
mechanical anomalies and has 
broad applications.

Severe plastic deformation 
(SPD) of metals and alloys 
leads to rapid microstructural 
modifications, including grain 
size refinement and dislocation 
accumulation. In particular, 
quantification of dislocation 
density and dislocation structure 
over large specimen areas in a 
statistically significant manner 
has remained difficult, despite 
over 50 years of dislocation 
imaging with transmission 
electron microscopy.

Electron backscatter diffraction 
(EBSD) has increasingly 

been used to assess density 
of geometrically necessary 
dislocations (GNDs), but rarely 
applied to SPD materials. The 
LSU team obtained EBSD 
datasets on material slices site-
selectively extracted from SPD 
Cu, and devised a new analysis 
methodology to quantitatively 
assess GND density. 

Using this new methodology, it 
is shown that GND accumulation 
within Cu deformed under 
different geometries depends 
on its grain size. This result 
provides a structure-based 
rationale for experimentally 
observed mechanical 
anomalies during deformation. 
The new methodology can be 
applied to a broad range of SPD 
materials, including friction-stir-
based 3D printing.

While dislocation imaging 
with transmission electron 
microscopy has been 
performed for over 50 years, 
quantitative assessment over 
large areas remains difficult. 
LSU researchers applied 
a new orientation imaging 
microscopy methodology to 
assess dislocation density in 
a quantitative and statistically 
significant manner over 
much larger areas in severely 
plastically deformed materials.

Severely plastically deformed 
materials exhibit mechanical 
responses that deviate from 
conventional plasticity and 
fracture behavior. The LSU team 
performed orientation imaging 
microscopy and obtained a 
quantitative and statistically 
significant assessment of 

New quantitative assessment imaging technique for 
dislocation accumulations in materials
Wen Jin Meng, Louisiana State University (LSU)
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Using synchrotron-based, in-
situ X-ray diffraction, a group 
of Consortium for Innovation 
in Manufacturing and Materi-
als (CIMM) researchers have 
revealed the phase transfor-
mations and reaction steps 
between metallic powders and 
reactive gases under fast-laser 
processing conditions.

The revealed reaction steps 
give a better understanding 
about what is happening dur-
ing the fast laser irradiation pro-
cess. This will provide a power-
ful guidance for optimizing both 
laser surface treatment and la-
ser powder bed fusion additive 
manufacturing processes.

Laser-based material process-
ing, such as laser surface mod-
ification and laser powder bed 
fusion additive manufacturing, 
is widely used by industry. La-
ser processes typically have 
an extremely fast heating and 
cooling rate. For the majority of 
research work carried out in this 
field, the focus is predominantly 
on the properties and perfor-
mances of the products after 
laser processing.

Limited studies can be found on 
investigating the changes dur-
ing the fast laser irradiation pro-
cess. To fill this knowledge gap, 
CIMM researchers, supported 
by NSF, established a testing 

rig based on synchrotron X-ray 
diffraction for the study of high 
temperature reactions.

Dr. Guo and Dr. Sprunger’s re-
search groups have conducted 
several studies to reveal the 
in-situ phase changes and re-
actions for different alloy and 
reactive gas combinations on 
a hard X-ray beamline at the 
Center for Advanced Micro-
structures and Devices (CAMD) 
in Baton Rouge, Louisiana. The 
results can be used to optimize 
laser material processing pa-
rameters.

CIMM researcher Phil 
Sprunger and graduate 
student Frank McKay  at 
the LSU Center for Ad-
vanced Microstructures 
and Devices (CAMD) in 
Baton Rouge, Louisiana.

How we can track reactions under a fast laser-processing
Shengmin Guo and Phil Sprunger, Louisiana State University

2020
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This illustration shows the procedure for developing Cu-Ti-N interatomic potential model. First, the pure elements 
are fit, followed by their binary, and then the Cu-Ti-N ternary system. In each stage, a newly developed genetic 
algorithm was used to optimize the parameterization of the model to experimental and quantum mechanically 
derived properties. The new model is used to calculate interfacial properties, interfacial energies, and shear 
strength, with experimental validation.

and automobile components. 
While the phase diagrams for 
these systems are known, the 
mechanical behavior of metal/
ceramic interfacial systems in-
volving these elements (such 
as Ti/TiN and Cu/TiN) is not 
well-understood.

First-principles quantum me-
chanical (QM) calculations 
provide insights into highly lo-
calized interfacial behavior. 
However, to make comparisons 
with complementary experi-
ments, larger scale simulations 
that incorporate misfit disloca-
tions and different interfacial 
coherency scenarios are re-
quired. To achieve this, mathe-
matical functions that describe 
the interactions between atoms 
(interatomic potentials) are re-
quired. 

Louisiana Tech researchers 
have developed a potential that 
enables computational simula-
tion of systems consisting of all 
three elements. The inherent 

challenge is accurately trans-
ferring the information obtained 
from QM calculations at the 
smaller scales to larger scales.

To create the new model, physi-
cal properties at the atomic-
level were obtained from a 
combination of experimental re-
sults and QM calculations. The 
model was then parameterized 
to reproduce these properties. 
A genetic algorithm was used 
to efficiently screen parameters 
and arrive at optimum values. 

The resulting shear response 
of Cu/TiN systems predicted by 
this model is found to closely 
follow experimental observa-
tion, providing novel insights 
into the atomic mechanism for 
shear failure. Using this model, 
the application-specific charac-
teristics of Cu-Ti-N systems can 
be investigated under different 
process conditions, thus saving 
significant time and money for 
the manufacturing industry.

Louisiana Tech University re-
searchers have developed a 
new interatomic potential com-
puter model for simulating Cu-
Ti-N ternary systems at length 
scales of several nanometers. 
Shear loading simulations using 
the new model for Cu/TiN inter-
facial systems compare favora-
bly with those obtained from 
laboratory experimentations.

An experimentally verified sim-
ulation tool for predicting the in-
teratomic potential of materials 
involving Cu, Ti and N and their 
binary/ternary combinations 
such as metal/ceramic inter-
faces greatly reduces expen-
sive laboratory trial-and-error, 
reduces development time, and 
efficiently guides the develop-
ment of models for other metal/
ceramic systems.

Systems with binary and ternary 
combinations of Cu, Ti and N 
are found in many technological 
applications such as protective 
coatings in electronic circuits 

New Computational Model to Accurately Simulate
Mechanical Behavior of Metal/Ceramic Systems
Abu Shama M Miraz, Nisha Dhariwal, Bala Ramachandran, and Collin D. Wick, Louisiana Tech University
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To reach additional under-
served students, the Speaking 
of Science (SoS) outreach pro-
gram has developed a strategic 
partnership with the East Baton 
Rouge Parish School Library 
System to provide dynamic and 
compelling STEM education 
experiences in schools.

Speaking of Science is an es-
tablished speakers’ bureau of 
scientific researchers includ-
ing Consortium for Innovation 
in Manufacturing and Materials 
(CIMM) researchers and other 
university researchers covering 
hundreds of scientific topics. 
Traditionally, teachers book 
speakers for their classes, but 
are finding it increasingly dif-
ficult due to strict curriculum 
requirements. To help ease 
this burden on teachers, the 
SoS program reached out to 

the East Baton Rouge Parish 
Public School Library System 
to become a partner with the 
librarians for the K-12 popula-
tion of Louisiana’s capital city, 
Baton Rouge. SoS held two in-
formational and demonstrative 
presentations at professional 
development events for school 
librarians in the fall.

The librarians that were in at-
tendance have the potential to 
impact over 40,000 students a 
year by bringing SoS speak-
ers into the school libraries and 
school STEM fairs.

The East Baton Rouge Parish 
School district serves 40,743 
K-12 students, approximately 
5% of the state’s total student 
population. Additionally, each 
public school in EBR employs 
one school librarian whose pro-

Reaching East Baton Rouge Parish  
Students Through School Libraries
Shannon Domingue, Louisiana EPSCoR

fessional duties, time, and effort 
reach their entire school popu-
lation.

Therefore, Speaking of Science 
has partnered with the East 
Baton Rouge Parish School Li-
brary System to promote sci-
ence education through school 
library programming in an ef-
fort to reach as many students 
as possible and bring science 
education into school libraries.

The SoS speakers are research-
ers from universities across the 
state and speak about science, 
technology, engineering and 
math topics, including 3D print-
ing & design, computer coding, 
and robotics. SoS is supported 
by the NSF-funded Consortium 
for Innovation in Manufacturing 
and Materials (CIMM) and the 
Louisiana Board of Regents.

Dr. Darryl Holliday 
demonstrates 3D 
printing technol-
ogy in the form 
of pancake cook-
ing for students of 
Lee Magnet High 
School in Baton 
Rouge, Louisiana.
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Dr. Chester Wilson, a research-
er at Louisiana Tech University 
and the Consortium for Innova-
tion in Manufacturing and Ma-
terials (CIMM), is leveraging 
years of outreach efforts in the 
community to develop a busi-
ness incubator in Farmerville, 
Louisiana. Incubator partner-
ships have been developed 
with Louisiana Delta Commu-
nity College (LDCC) and local 
businesses.

The goal of the incubator is to 
foster the growth of high-tech 
companies in the area. In order 
to develop the workforce need-
ed for these ventures, courses 
to train and certify local stu-
dents in critical skills are being 
created. The first such course 
was piloted in the fall of 2019.

Dr. Wilson and his team offered 
a semester-long prep course 
for Fundamentals+ certification 
to juniors at Union Parish High 
School. Fundamentals+ is the 
foundational certification from 
the Computing Technology In-
dustry Association (CompTIA) 
for most IT career pathways. 
The course is on par with a col-
lege-level class, and success-
ful students can transfer these 
credits to LDCC to enter a tech-
nical training program there.

The Fundamentals+ prep 
course consisted of an online 
course covering IT concepts 
and terminology, software de-
velopment, database funda-
mentals, networking and se-
curity. The online course was 
enhanced with in-person labs in 

which students learned to iden-
tify hardware

components by taking apart 
desktops and laptops and reas-
sembling them. In-person labs 
were led by Dr. Wilson and stu-
dents from Louisiana Tech. The 
course culminated in a visit to 
LDCC to encourage students to 
pursue technical education af-
ter graduation.

Rural areas like Farmerville, 
Louisiana face a shortage of 

Dr. Nicholas Groden discuss-
ing computer hardware compo-
nents with students taking the 
IT Fundamentals+ prep course 

at Union Parish High School.

Outreach efforts in rural Louisiana culminate 
in the launch of an IT business incubator
Chester Wilson, Louisiana Tech University

employment opportunities, 
compounded by the lack of a 
skilled workforce. Attracting 
talent from outside of the area 
has proven to be ineffective for 
both building the workforce and 
building businesses. Develop-
ing in situ training programs 
tightly coupled to the needs of 
existing businesses and busi-
nesses interested in investing 
in the area will result in a highly 
skilled local workforce capable 
of supporting economic growth 
in the area.
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A group of CIMM researchers 
investigated the corrosion be-
haviors of metallic parts made 
by laser powder bed fusion 
based 3D printing and identi-
fied the methods to improve the 
corrosion performance of 3D 
printed metallic parts made out 
of stainless steel, titanium alloy, 
and copper alloy.

A good corrosion performance 
can lead to an increased life 
span and a reduction in the 
maintenance cost for indus-
tries. Knowing how to control 
the corrosion performance of 
3D printed parts will enable 
the large adoption of metal 3D 
printing technologies.

3D printing of metallic compo-
nents has gained attention in 
recent years. To fill the knowl-
edge gap regarding the elec-
trochemical performance of 3D 
printed metallic parts, a group 
of researchers supported by 
NSF investigated the corro-
sion behaviors of metallic parts 
(stainless steel, titanium alloy, 
and copper alloy) made by la-
ser powder bed fusion based 
3D printing.

As-printed stainless steel 316 
parts are found to have a bet-
ter corrosion resistance in com-
parison to the parts made by 
other conventional fabrication 
methods.

CIMM researcher, 
Ali Hemmasian 
Ettefagh, exam-
ines the corrosion 
performance of 
3D printed metallic 
parts at Louisiana 
State University.

Improving the corrosion-resistance 
of 3D printed metallic parts
Ali Hemmasian Ettefagh, Louisiana State University

However, for 3D-printed tita-
nium alloy (Ti64) and copper 
alloy (Cu10Sn), post heat treat-
ment processes are required 
to make the corrosion perfor-
mance comparable to the parts 
manufactured through conven-
tional methods.

Such material specific corro-
sion performances are found to 
be related to the phases formed 
during the 3D printing process. 
Post heat treatment, if applied 
correctly, can modify the as-
printed microstructures and 
relief residual stresses for im-
proved corrosion performance.
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Researchers in Louisiana have 
developed a way to synthesize 
crystals containing both metal 
and ceramic components with 
the layers of atoms arranged 
in differing orientations. These 
crystals will help with the re-
search on metal and ceramic 
interfaces, which are critical to 
developing better advanced 
manufacturing technologies.

Synthesizing these special 
crystals will help to understand 
the material response at the in-
terface between the metal and 
ceramic layers when stressed 
by advanced manufacturing 
tools. This fundamental science 
will develop an understanding 
of how the orientation of atoms 
in the crystals determine wheth-
er the layers will break, deform 
or stay intact.

A team of scientists from Loui-
siana State University and Loui-
siana Tech University as part 
of the statewide NSF EPSCoR-
funded CIMM, have designed 
and implemented ultra-high-
vacuum (UHV) vapor phase 
thin film growth capabilities, 
and used this capability to syn-
thesize copper-titanium nitride 
(Cu-TiN) thin film bi-crystals.

The research team created 
crystals with a new Cu/TiN ori-
entation relationship with a dif-
ferent habit plane.

New molecular dynamics po-
tentials have been developed 
by the team specifically for per-
forming simulations, to study 
the fundamental science of Cu/
TiN interfaces and their relation-
ship to interfacial structure.

This work continues the re-
search team’s ongoing effort 

on understanding the mechani-
cal response of metal/ceramic 
interfaces, and an opportunity 
to better correlate experimen-
tal testing results with physics-
based simulations. 

The results are expected to ad-
vance the frontier of our knowl-

edge on the mechanical integ-
rity of solid/solid interfaces, and 
enable a true materials-based 
design of high performance 
interfaces in wide ranging en-
gineering applications, such 
as engine components that are 
much more durable, lighter and 
less expensive.

Growing metal/ceramic bi-crystals to better 
understand interfacial mechanical integrity
W.J. Meng, Louisiana State University, Collin Wick and Ramu Ramachandran, Louisiana Tech University

(left) Illustrations of the cube-on-cube and the new Cu/TiN bi-crystal orientation 
relationship; (right) electron diffraction pattern and bright/dark field images of a 
Cu crystal on a TiN(001) template, with a new habit plane of Cu(110)//TiN(001).

X-ray reciprocal space mapping of a Cu/TiN bi-crystal thin film specimen, in which 
the Cu-TiN orientation relationship is Cu(110)//TiN(001) in the growth direction 
and Cu<111>//TiN<100> in-plane.
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Laser-induced ultrafast heating 
and melting dynamics of alu-
minum thin films have been in-
vestigated under varying laser 
powers and metal thicknesses 
for improved modeling of selec-
tive laser melting for 3D printing 
and additive manufacturing 
applications. A characteristic 
length scale of the heat pene-
tration depth (about 200 nm for 
aluminum) was experimentally 
determined.

Using ultrafast pump-probe re-
flectivity measurements com-
bined with optical microscopy, 
studies on fundamental laser-
metal interactions are conduct-
ed which can be used for opti-
mizing laser-based 3D printing 
of metal parts. The work is es-
pecially relevant for extending 

this field towards the nanometer 
and micrometer length scales 
of resolution.

Aluminum thin films of varying 
thickness ranging from 20 nm 
to 700 nm are deposited on a 
silica substrate and studied us-
ing ultrafast laser pump-probe 
reflectivity. For each sample, 
the power-dependent ultrafast 
reflectivity time traces are ac-
quired in order to determine 
properties such as the electron-
photon coupling lifetimes, melt-
ing thresholds, and changes in 
reflectivity.

Additionally, the samples are 
imaged using optical micros-
copy both before and after the 
laser irradiations to confirm the 
laser power threshold for melt-

Ultrafast laser 
laboratory for selec-
tive laser melting 
studies at Louisiana 
State University. 

(From left to right) 
Prof. Louis Haber, 
Dr. Rami Khoury, 
Dr. Joel Taylor, Dr. 
Zhenyu Zhang, and 
Dr. Jisun Kim.

Developing artificial intelligence 
for defect detection
Jeewan C. Ranasinghe, Prakash Hamal, Rami A. Khoury, Joel E. Taylor, Louis H. Haber, Louisiana State University

ing. The results indicate that 
the nanomaterial thin film be-
comes bulk-like as the thick-
ness becomes larger than the 
characteristic heat penetration 
depth, which is approximately 
170 nm for aluminum. At thick-
nesses below this length scale, 
the melting threshold is signifi-
cantly lower in power and the 
electron-phonon coupling life-
times are faster as compared to 
the thicker, more bulk-like thin 
film samples.

This work was conducted by a 
team of Consortium for Innova-
tion in Manufacturing and Mate-
rials (CIMM) scientists working 
in collaboration in the Depart-
ments of Chemistry, Physics, 
and Chemical Engineering at 
Louisiana State University.




