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Message from the Department Chair 

Greetings and welcome to the 
third newsletter.  I am pleased 

to report that the academic 
year 2015-16 has been truly 

exceptional and the 
forthcoming year promises 

even more excitement and 
progress. This challenge and 

excitement is a culmination of 

dedicated efforts of the faculty, 
post-doctoral research scientists, 

students and staff.  
It is exciting to report that effective September 5, 

2015, the Department added a new dimension by 
inducting the Biomedical Engineering program in the 

Metallurgical and Materials Engineering domain. The new 
name of the department is Metallurgical, Materials and 

Biomedical Engineering. This was considered appropriate 

for more reasons than one. Metallurgical and Materials 
Engineering is an interdisciplinary field and interacts 

freely with biomedicine and all science and engineering 
disciplines. Furthermore, materials engineers recognize 

the opportunities in biomedicine and the significant role 
that materials engineering play in biomedicine. Biological 

materials also exhibit processing-structure-property-
relationships similar to traditional engineering materials. 

For instance, metallurgical and materials engineers are 

well-positioned to contribute to the design and 
manufacturing of a conventional stainless steel or 

titanium implant through traditional education in physical 
metallurgy or materials structure-property relationships. 

There was already a great deal of interdisciplinary 
research in biomaterials in the department and a 

collaborative and collegial culture existed amongst 
faculty and students. The considerable amount of 3D 

printing and additive manufacturing of implant materials, 

as well as organ printing and related material issues will 
be well served by the combined program.  

In summary, by merging the two strands, 
Metallurgical and Biomedical Engineering programs, we 

primarily extended the metallurgy legacy to the frontiers 
of biomedical materials applications, technologies and 

innovations and preserved the heritage of metallurgy. 
The department enjoys a strong foundation. Its 

numerous achievements  continue  to  motivate students 

 

and faculty to develop their knowledge and skills with 

great enthusiasm. These accomplishments and strengths 
also provide a platform for our dedicated and diverse 

community of students and faculty to advance in many 
ways: through innovation and creativity; by nurturing 

friendship and partnership with community, alumni, and 
industry; and by reinforcing the internal structures that 

sustain us. In today’s globalized world, growth for its 
own sake is not considered a sufficient achievement; 

rather the measure of our success lies in the ability to 

engage the wider world through collaborative research 
and education. Developing a mechanism of scientific 

exchange is of vital significance to the Department’s 
future. Integrating education, research, and practice, 

combined with links to the industry and other academic 
institutions, and incorporating the ambience of scholarly 

activity – these are the important elements that we are 
focusing to ensure that the Department has a distinctive, 

holistic identity. There is a lot for the community to ask 

as to who we are – we can only say that our sole 
objective is “to excel in delivering high quality, distinctive 

education through integrated programs of teaching, 
research, and practical experience.”  

Research funding was at an all time high. Several 
grants were received from federal, state, private and 

international institutions. These include National Science 
Foundation, National Institutes of Health, Department of 

Defense, University of Texas System, National Natural 

Science Foundation of China, ArcelorMittal, CBMM-North 
America, and National Research Council of Science and 

Technology, South Korea, to list a few. 
In this issue of the Newsletter, we introduce two 

new faculty (Binata Joddar and Guikuan Yue) and two 
new adjunct faculty (Danny Olivas and Shalayna Smith). 

We hope to initiate a search for another new faculty 
member this year.  

You will also learn about the great work being done 

by our UTEP chapter of Materials Advantage, the most 
active professional student society driven by our 

undergraduates.  
On behalf of MMBME family, it is my pleasure to 

recognize and thank the growing community of alumni 
and friends, for their generous gifts and donations that 

helps ensure the future of the department. 
Hope you enjoy this issue and please drop me a line 

with your thoughts and comments.  
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Biomaterials Laboratory 
 

Upgrades to Polishing 
 

Teaching and Instruction 
Integrating Creativity in Curriculum: The 
department proposes to promote integration and 

embedding of research into the curriculum as a research-
based curriculum (upper division) and research-infused 

curriculum (lower division), enhancing the intellectual 
climate. Research is the unqualified source from which 

the life of the department springs. Research enhances 

our teaching. Great research (and the enthusiasm that 
goes with it) inspires teaching that leaves its mark on all 

students, whatever they do with the rest of their lives. If 
we did not inspire undergraduates, where would 

tomorrow’s researchers come from? The student 
involvement in the research or projects initiated in the 

classroom will serve as a springboard for independent 
research projects. We expect that this will present the 

student with a number of opportunities to work with 

primary sources, and to formulate and test hypotheses – 
for action learning, problem solving, independent inquiry, 

perseverance, communication, and all other components 
of the research experience.  

One of the main goals is to immerse students in the 
scientific process in terms of designing, implementing, 

and analyzing experiments in the context of the research. 
They will be asked to: (a) apply fundamental principles 

and relevant course materials to improve thinking, 

problem solving, and decisions, (b) learn to analyze and 
critically evaluate ideas, arguments and point of view, (c) 

learn how to find and use resources for answering 
questions or solving problems and (d) acquire experience 

how new knowledge is generated. Moreover, this 
approach will promote academic achievement and foster 

professional growth and advancement and prepare 
students to transition to graduate school. 

Another primary and strategic objective concerns 

excellence in materials education and the creation of a 
new generation of scholars equipped for the challenges 

of the future. In this regard, the department continues to 
successfully implement a new degree concentration in 

undergraduate education, i.e. Printing Nanoengineering 
(PNE). Peter Kim, whose brain child this is, developed 

the initiative as part of a co-operative agreement with 
Seokyeong University in Seoul, South Korea. The 

program includes study abroad opportunities for students 

from UTEP and Seokyeong University. UTEP is among 
the first in the country to be able to select printing 

nanoengineering (PNE) as an option in the MME degree 
plan.  

Another facet was a modification of the 
undergraduate and graduate curriculum by introducing 

two courses namely Computational Materials Science and 
Advanced Materials Processing at the undergraduate and 

graduate level, respectively. The knowledge imparted to 

the students through these courses is being corroborated 
with field trips, jointly organized by the department, and 
in association with our industrial partners (e.g., Freeport 
McMoRan, Nucor, US Steel). 

  

Revitalization and New State-of-the-Art 

Laboratories, Student Lounge and Conference 
Room: The revitalized metallography and sample 

preparation laboratory include replacement of 
equipments: high-speed saws, grinding stations, and 

polishing wheels. This has reduced sample preparation 
time to increase research time. Moreover, superior 

quality samples are producing high quality results. 
The new Biomaterials and Macromolecular Science 

and Engineering Laboratory, and Functional Materials 

Laboratory has a dedicated state-of-the-art 
nanomedicine and biomedical engineering facility, giving 

students hands-on-experience in the synthesis and 
characterization of hydrogels and nanoparticles and 

metallic scaffolds. 

When the new faculty, Guikuan Yue, joins in Fall 
2016, we intend to not only update our Extractive 

Metallurgy curriculum component but also renovate an 
associated laboratory with the objective of broadening 

the application of copper and its alloys to diverse areas 

such as an antimicrobial element in medical devices, 
microalloying element in advanced high strength steels in 

terms of nanoscale strengthening, phase transformation, 
and electronic devices for spacers.  

Furthermore, to provide 
students with an 

opportunity to relax and 
initiate dialogue, a student 

lounge imbued with a 

stimulating spirit of science 
is a new addition to the 

department, sponsored by 
US Steel. The department 

also has a new conference 
room named after the 

former chair (Larry Murr). 

Students and Faculty Encourage El Paso 
Students to Study Science and Engineering  
MMBME students and faculty continue to take their love 
for science and engineering to the El Paso community. 

For a number of years, the students and faculty of the 
department have partnered with local high school 

students through hands-on activities that help to engage 

young, local students and spur their interest in metals, 
materials, and biomedical devices. The students and 

faculty not  only  explain complex concepts to young kids, 
 

 

Student Lounge 
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Peter Kim illustrating 3D 
printing to high school 
students 
 

The 2015 Jerry Silver award was 
presented at AISTech 2015 (left to 
right): Sai Challa, Ron Radzilowski, 
Devesh Misra, and Steven Jansto 
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Binata Joddar (extreme 
left) with high school 
students discussing the 
impact of stem cells in the 
treatment of 
cardiovascular disease 
 

A view of the 2016 banquet 
 

but they do it bilingually as well. Engaging students in 

both English and their language, provides infinite 
possibilities to often underprivileged and 

underrepresented minority 
groups. Undergraduate 

students involved in 
outreach say that when you 

see their faces, they are so 
excited and happy to have 

someone doing activities 

with them and speaking 
their language. Students 

and faculty continue to 
break down barriers and 

open children’s eyes 
towards STEM (Science, 

Technology, Engineering, 
and Mathematics). They 

have promoted science and 

engineering education for a 
number of years now, 

motivating kids not just to 
go to college but pursue a STEM career in college.  

 
 
 
 
 
 
 
 
 
 
 
 
Undergraduate MME program students illustrating science 
and engineering concepts to high school students through 
support from Materials Advantage Chapter of ASM 
International 

Student News 
PeaceCorps Service in Mozambique 

John McClure, Professor 
Emeritus inspired 

graduating student 
(pictured), Ivan Gallegos to 

join PeaceCorps and 
broaden his horizon. Ivan 

Gallegos will be serving as a 
high school 

biology/chemistry teacher. The PeaceCorps Prep 

program at UTEP is open to part-time and full-time 
undergraduate students with any major across the 

campus. 
AIME Henry deWitt Smith Scholarship 

Jessica Buckner was awarded an AIME Henry deWitt 
Smith Scholarship, funded by the American Institute of 

Mining, Metallurgical, and Petroleum Engineers, of which 
TMS is a member society. The scholarship is awarded to 

graduate  students  majoring in  mineral, metals,  and/or 

 

materials engineering. She is currently pursuing a Ph.D. 

in materials science and engineering at UTEP. Her 
dissertation focuses on materials characterization of Ti-

6Al-4V space shuttle Columbia 
components and arc-jet samples in 

order to better understand the 
accelerated degradation of titanium 

in a re-entry environment. While 
pursuing her graduate degree, 

Jessica Buckner serves as the 

treasurer of Alpha Sigma Mu, a 
materials science and engineering 

honor society, and also worked as a 
teaching assistant in the department. 

AISTech Jerry Silver Award 
The 2015 Jerry Silver Award was presented to the 

graduate student 
Sai Challa, who is 

pursuing PhD with 

Devesh Misra. 
Originally 

established in 1991, 
then re-established 

as an AIST award in 
2005, this award 

was named in 
honor of Jerry Silver 

in recognition of his 

leadership in the 
development of 

student affairs and programs for the Iron & Steel Society. 
The award is presented to the author of a process 

metallurgy or product applications technical paper 
judged to be the best of class by the AIST Metallurgy – 

Processing, Products and Application Technology 
Committee. One of the authors must be a student. 

Celebration of Student and Faculty 
Accomplishments: MMBME Awards 
In keeping with the 

tradition of the past 
more than 25 years, 

the department 

recognized the 
outstanding 

contributions of 
undergraduate and 

graduate students 
at the annual 

banquet held on 
May 5, 2016 for 

excellence in professional activities. The event also 

recognized the accomplishments of graduate student 
researchers and innovators responsible for enhancing 

research enterprise of the department. 
 Undergraduate senior Juan Vargas received the 

“Carolina Munoz Memorial Award” for scholarship, 

service  to  the  profession,  department,  and  student 
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Steve Stafford – 2015 
Outstanding Faculty Award 
Recipient 
 

SK Varma (right) receiving 
2016 Outstanding Faculty 
Award at the annual banquet 
 

Larry Murr 
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engineering organizations. 

 Graduated senior Ramon Benitez received the 
“Henry P. and Margaret F. Ehrlinger Memorial 

Award” for excellence in professional activities. 

 Ph.D. Student Sai Challa received the “Ray W. 

Guard Memorial Award” for outstanding academic 
achievement including research. 

 Graduate student Haneul Du received the “John R. 

Serrano Memorial Copper Research Award” for 
copper research.  

 Sai Challa, Aleli Mojica Campbell, Gilberto 
Siqueiros, Kevin Schnittker, Jessica Buckner 
received the “Graduate Research Award”. 

In 2015, the department presented its first ever 
Teaching and Research Outstanding Faculty Award at the 

annual department banquet. Steve Stafford was the first 
recipient. This year, SK Varma was recognized for 

outstanding instruction, research and scholarship, service 

to the department and community.  

Faculty News 
Appointments 

Looking towards 

the future in Fall 
2016, we will 

welcome a new 
faculty, Guikuan 

Yue,  in addition to 
Binata Joddar, who 

joined in Spring 
2016. Guikuan Yue 

joins us from the 

University of British 
Columbia, Canada with expertise in Extractive and 

Process Metallurgy. He will be closely working with 
FreePort McMoRan. While Binata Joddar with PhD from 

Clemson University and several years of post-doctoral 
training in US and Japan, brings experience in Stem Cell 

research (see Research News).  
Two adjunct faculty appointments were made – they 

are Danny Olivas and Shalayna Smith. Danny Olivas 

graduated (BS) from UTEP in 1989, MS from University 
of Houston in 1993, and PhD in Materials Science and  

Mechanical Engineering from Rice University in 1996. Dr. 
Olivas served from 1998 through 2010 as a Mission 
Specialist Astronaut with NASA, flying aboard two space 
shuttle flights in  2007 and 2009. In  2013,  Danny Olivas 

joined UTEP as the Director of Space Initiative under the 

Office of Research and Sponsored Projects, where he 
established the Center for the Advancement of Space 

Safety and Mission Assurance Research (CASSMAR). 
Today, CASSMAR is home to research studies in the area 

of risk assessment and reduction in the human space 
flight industry. Topics of research include orbital 

environmental observation/modeling/characterization, 
spacecraft materials performance and degradation 

characterization and deep space risk assessment trade 

studies. The interdisciplinary Center presently houses 
technical disciplines in the areas of computational 

sciences, geology, planetary geology, astronomy, 
mathematics as well as civil, mechanical and materials 

engineering. A band of students under the guidance of 
Danny Olivas and Steve Stafford (Professor of MMBME) 

are engaged in an important mission of studying many 
key pieces of debris from the remnants of Columbia 

obtained in the field after the disaster. The research is 

also being applied to future NASA and conventional 
space flight materials assurance.  Shalayna Smith is BS 

(2003), MS (2005), and PhD (2009) in MME/MASE from 
UTEP and is currently working at Herrera, Stafford and 

Associates, El Paso. She is an expert in failure analysis 
and computational sciences. 

Institute for Metals Research/Chinese Academy of 
Sciences honors Larry Murr through Lee Hsun 

Lecture Award 

Professor Emeritus, Larry Murr, was the recipient of the 
2016 Lee Hsun Lecture Award 

instituted by the Institute of 
Metals Research, Chinese 

Academy of Sciences. Lee Hsun 
Lecture Award honors 

outstanding scientists who have 
made significant impact and 

made great contributions to the 

field of materials science and 
engineering both at home and 

abroad. It aims at continuously 
and regularly encouraging 

scientists with great influence on 
materials science and engineering to visit the Institute 

for Metals Research of Chinese Academy of Sciences to 
accomplish academic communication and cooperation, 

and promote the establishment of new subject areas.  

Larry Murr has just published a book in two volumes 
titled “Handbook of Materials, Structures, Properties, 

Processing and Performance”. 

New Low-Cost Printer Helps HIV Patients Keep 

Track of Their Health 
Biomedical Engineering researchers, led by Thomas 

Boland, have patented a low-cost device to monitor the 

health of HIV patients living in low-resource settings. 
Patients with HIV are encouraged to participate in 
regular checkups to keep track of their health. These 
health assessments are  made  with blood tests that take 

Binata Joddar 
 

Guikuan Yue 
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Thomas Boland 
 

several days to complete. In high resource settings, 

devices known as flow cytometers complete the tests by 
analyzing the blood. Flow cytometers, however, are 

bulky machines that run on electricity — a luxury that's 
not available to everyone. The machines also cost 

upwards of $50,000. "Flow cytometers are not practical 
for areas with limited resources like Africa or Mexico," 

said Thomas Boland, who along with doctoral biomedical 
engineering student Julio Rincon and MS student Silvia 

Natividad has created a less expensive, battery-powered 

health monitoring tool for use in third world countries.  
The portable device works by helping clinicians count 

the number of CD4 cells — cells that are attacked by HIV 
— in the body. HIV is known to decrease the number of 

CD4 cells an individual has. When CD4 counts are very 
low, that indicates the patient's HIV is progressing 

toward AIDS and a ramp up of medication is necessary. 
Here's how the device works: after drawing a 

patient's blood, clinicians mix in magnetic microscale 

beads that latch on to CD4 cells in the blood. The 
mixture is then placed in an inkjet printer that's been 

modified to print out cells instead of ink. Rather than 
printing vertically onto a sheet of paper, the cells are 

shot out horizontally on to a magnetized microscopic 
slide. CD4 cells in the blood automatically attach to the 

slide, while other cells that do not need to be counted 
dribble down into an excess container. 

Doctors can then look at the slide through a 

microscope to count the number of CD4 cells on it. That 
number is inserted into an equation that calculates the 

total number of CD4 cells in the individual's body. The 
procedure takes as little as 20 minutes, resulting in ultra-

quick results. 
Thomas Boland hopes his 

new printer will help doctors 
and patients in low-resource 

settings who don't have access 

to flow cytometers. "Our device 
can bridge that gap cheaply 

and quickly. HIV patients can 
be in and out of the doctor's 

office in no time for a diagnosis 
or check-up." "There's just not 

enough infrastructure in some 
places to get these important 

lab tests done," he explained.  

Global Experience and Academic Exchange 
The international collaboration and exchange is 

envisioned by MMBME as a high valued mechanism for 
promoting scientific discovery and maximizing the impact 

of academic and research excellence. In recent years, 
the faculty has collaborated with colleagues from Finland, 

UK, Germany, China, India, Brazil, and South Korea and 

is continuing. A conceptual benefit is that the students 
and faculty acquire greater awareness of expertize that 
exists at the two ends, broadening our insights and 
enlarging our views. This culminates in the development 

 

of international networks for joint initiatives and 

information exchange, and professional development.  
As part of the global experience, three 

undergraduate students (Daniel Cruz, Edgar Reyes, 
Sandra Najera) of Metallurgical and Materials 

Engineering program are visiting Ulsan University, South 
Korea for one semester, while graduate students Shilong 

Liu (University of Science and Technology, Beijing) and Li 
Zhi Chao (Northeastern University) are spending one 

year in the department under the United States – China 

study abroad program. The department hosted the visit 
of two professors, Dr. Wonho Gil (Sunkyunkwan 

University, South Korea) and Dr. Xing Zhang (Institute 
for Metals Research, China). 

Cooperative Agreement with Seokyeong 
University (SKU), South Korea  

The study abroad program – dual degree program with 
Seokyeong University was extended for another five 

years supported by $2 million grant from SKU. The 

cooperative program includes study abroad opportunities 
for MMBME students at UTEP and Seokyeong University. 

Participating students will gain international experiences 
by studying in countries that have Printing 

Nanoengineering (PNE) courses at their university.  

MMBME Advisory Board 
In Fall 2015, the department enjoyed a highly productive 

visit of the External Advisory Board. The Advisory Board 
members who attended the meeting include Carolyn 

Russell (NASA), Julio Maldonado (Chevron), Elizabeth 
Trillo (SWRI), Andrea Romero (Hunting Energy Services), 

Juan Sanchez (FMI), Sachin Mali (Medtronic), Joe Vehec 
(US Steel), David Katz (Williams), and David Chavez 

(Nucor). The group provided a set of perspectives and 
experiences that will help shape new initiatives and 

energize the existing efforts. Their constructive feedback 

and unwavering enthusiasm for the futuristic growth of 
the department was very valuable. Besides constructive 

dialogues with faculty and students, ideas were 
brainstormed for new initiatives. Suggestions for 

modification of curriculum, addition of new courses, new 
equipment drive, out of campus experience and greater 

alumni engagement was part of the discussion.  

Building Alliances with Industry 
A noteworthy initiative was to seriously engage local and 

national industry in a properly formulated structure and 
develop a strategic research partnership. A case in point 

is ArcelorMittal, who sponsored a PhD student for a 
period of 3 years with a support of $0.22 million. Other 

important instances of co-operative endeavor with the 
industry include Freeport McMoRan, US Steel, and 

Medtronic. The principle here is one of external inputs 

for shaping undergraduate and graduate curriculum that 
meets the needs of the industry. 

A new partnership with CBMM North America was 
established. CBMM North America also sponsored a 

doctoral fellowship with a support of $0.23 million.  
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Polymer Extrusion Laboratory of 

David Roberson. 

Grain boundary migration (indicated with arrows) in 

superplastic microalloyed steel. 

Research News: Advancing Innovation in 
Metallurgical, Materials and Biomedical 
Engineering 
The research activity in the Metallurgical, Materials and 
Biomedical Engineering Department is very diverse and 

distinctive, with a strong potential for transformative 

impact that includes the new fields of nanoengineered 
high strength-high ductility metals and alloys, 3D 

printable materials, organic-inorganic hybrid materials 
with tunable architecture, biomaterials, carbon-based 

materials, stem cell therapy, to list a few. Broadly 
speaking, the current research encompasses a wide 

spectrum of sectors including heavy engineering, health 

sciences, micro/nanomanufacturing, and energy. A 
number of innovative ideas continue to grow out of a 

desire to explore new territories such as tissue-
engineered scaffolds for bone healing, cardiac patch 

using stem cells, quantum dots for imaging of cancer 
cells, multifunctional platform for targeted drug delivery, 

antimicrobial systems for cleaner environment and 
portable water, light weight and high strength steels for 

transportation of oil and gas, and high performance bio-

sensors. These research illustrations are a testimony to 
the fact that research and development efforts in the 

department impinge upon more than one scientific 
discipline. This is not surprising considering that 

Materials Science and Engineering forms a bridge 
between basic sciences and engineering disciplines. 

Students and faculty are engaged in exploring new 
areas of knowledge and in crafting innovative solutions 

to society’s pressing needs, while preparing the new 

generation of leaders to face the unique challenges of 
the 21st century. It is important for us to keep in mind 

that our success is defined not only by the strides made 
on campus but also by the demonstrated impact our 

students and faculty are having on the community, the 
nation, and the world. Whether improving hip and bone 

replacement materials, injectable materials, making light 
automotive, off-shore platforms, or down-hole pipes, our 

researchers are contributing to the needs of industry and 

addressing real-world challenges and societal needs. As 
we continue to make remarkable breakthroughs in 

diverse areas of materials science and engineering, our 
objective is to expand the breadth and depth of research 

by collaborating with our colleagues at UTEP and with 
national and international researchers. 

The selected research examples briefly described 
below are a sample of the exciting and cutting-edge 

research underway in the department. We are also 

setting a new standard for materials and biomedical 
engineering education and research. 

The Novel Phase Reversion Concept to Process 
Nanocrystalline Austenitic Alloys Extended to 

Microalloyed Steels with Low Temperature 
Superplasticity: In recent years, Devesh Misra’s group 
has pioneered the phase reversion concept to obtain 
high strength-high ductility combination in  nanograined 

 

(NG) austenitic alloys. The innovative concept involves 

severe cold deformation (~60-80%) of metastable (FCC) 
austenite (γ) to strain-induced body-centered cubic (BCC) 

martensite (α’). Upon annealing at low temperature for 
short duration, martensite transforms back to austenite 

via a diffusional-reversion mechanism, without affecting 
the texture.  

Motivated by the success of the approach, the 
innovative concept was extended to microalloyed steels 

to obtain NG structure that was characterized by low 

temperature superplasticity. The experimental reports on 
superplasticity at low temperatures (<0.5Tm) are rare, 

and this is particularly true with low carbon microalloyed 
steels. Grain boundary migration occurred during plastic 

deformation, an attribute of grain boundary sliding 
associated with superplasticity, a significant finding in 

microalloyed steels. 

Multiaxial Forging of Mg-2Zn-2Gd Alloy Leads to 
Grain Refinement to Submicron Regime: 

Magnesium alloys have attracted significant attention for 
use in the automotive industry and for biomedical 

applications. The primary advantages of magnesium 
alloys from the perspective of automotive and biomedical 

applications are low density and good mechanical 

properties. The barrier that restricts the use of forged Mg 
and its alloys is limited formability because of limited 

number of active slip planes during deformation of hcp 
close packed crystal structures. As-cast and annealed 

samples were multiaxial forged (MAF) by Pramanshu 
Trivedi and colleagues, for a total number of two passes 

with a true strain of 
~2/pass. Using 

only two passes, 

multiaxial forging 
successfully 

reduced the 
average grain size 

to less than ~1 µm. 
The average 
mechanical 
properties of as-cast, 
annealed, and multi-
axially forged (2 pass) Mg-2Zn-2Gd alloy were yield strength 
– 227 MPa and elongation of 30%. 
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Pictorial view of 3D Printed Polymeric Materials 
Development in David Roberson’s group. 
 

Structural morphology of polymer nucleated on CNTs 

http://mme.utep.edu                                     Excellence in metals, materials and biomedical devices                         

 

  

 

Structural morphology of polymer nucleated on 

graphene. 

Structural morphology of polymer crystals wrapped 
on single-walled carbon nanohorn. 
 

3D Printed Polymer Blends: David Roberson’s 

research focuses on processing-structure-property 
relationships in 3D printed polymer blends consisting of 

polymers (ABS, polycarbonate, polylactic acid) with 
additives including metal oxides and carbon fibers. His 

group is exploring feedstock that can be used as ‘ink’ by 
material extrusion-based 3D printers, referred as fused 

deposition. He is addressing two fundamental questions: 
(a) the impact of functionalizing reinforcement additives 

on the material surrounding the reinforcing agent and (b) 

the extent of homogeneity in 3D-printed polymer blends 
that is critical to obtain the desired properties. 

The Potential Power of Graphene, Carbon 
Nanotubes and Carbon Nanohorns: Graphene is the 

thinnest material known to mankind, and one of the 
strongest as well. An atom-thick sheet of carbon, 

graphene was the first 2-D material ever discovered. 
Moreover, it can be stacked to obtain 3-D graphite and 

rolled to obtain 1-D carbon nanotubes (CNTs). Despite 
the promise of utilizing extraordinary mechanical and 

electrical properties at small concentrations (0.1 wt%) in 

polymers, their full potential is yet to be realized as a 
reinforcing phase. The reasons are: (a) the tendency to 

aggregate  due  to  strong interaction,  (b) covalent 

functionalization leads to disruption of conjugation, and 

(c) the non-covalent interaction is characterized by a 
weak nanostructured-polymer interface.  

To this end, Devesh Misra’s group discovered the 
exciting evidence that fostering direct nucleation of 

polymer crystals from solution on nanostructured carbon 
to obtain nanoscale hybrid architecture provides 

structural stability. The process culminates in interfacial 
adhesion, coming from electrostatic and van der Waals 

interaction in the hybrid organic-inorganic nanostructure. 

Periodic disk-shaped polymer crystals were nucleated 
along the long axis of CNTs. 
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(a) Size and morphology of silica nanospheres, (b) the 
rough surface of silica nanosphere with ZnO-based QDs 
embedded on it, (c) photoluminescence (PL) emission 
spectra of bare ZnO-based QDs and ZnO-based QDs 
embedded on silica nanospheres, (d) fifty-fold increase in 
photoluminescence intensity of immobilized ZnO-based 
QDs over bare ZnO-based QDs, and (e) scheme of synthesis 
of ZnO-based QDs embedded on silica nanospheres. 
 

Schematic of reactions and interactions involved in the 

synthesis of alginate-gelatin-NCC hydrogels, (a) chemical 

crosslinking by EDC/NHS, (b) ionic crosslinking of guluronic 

acid on alginate, and (c) orientation of NCC by hydrogel 

bond and hydrophobic interaction. 

In contrast, the nucleation and growth of polymer 

crystals on graphene oxide (GO) occurred in different 
orientations producing a structure that resembled leaf-

like or petals of a flower, while the structural morphology 
on single-walled carbon nanohorns (SWCNHs) was 

tubular. Interestingly, the structural integrity of the 
nanoscale hybrid architecture was preserved such that 

they acted as nucleants or precursors for continued 
nucleation of polymer crystals. The approach related to 

nanoscale architecture is transformative and opens the 

gateway for effective utilization of different 
nanostructured carbon in a polymer matrix, without 

influencing their inherent properties. 
Quantum Dots: Quantum dots (QDs) are man made 

semiconducting nanoparticles with unmatched optical 
and electronic properties used in medical imaging, LEDs, 

solar cells, lasers and optoelectronics. But QDs are 
expensive and complicated to make, and current 

chemical synthesis methods require heat, pressure and 

toxic solvents. The best available QDs for bioimaging are 
based on CdSe. However, there are issues concerning 

inorganic passivation and application to a broad range of 
pH and cytotoxicity from heavy metals, Cd and Se. These 

concerns have been addressed by successfully 
developing highly sensitive, biocompatible, and non-toxic 

nanoprobes.  

The innovative structural design of QDs involves 

immobilization of multiple manganese-doped zinc oxide 
QDs (~2-4 nm) on hydrophilic silica nanosphere (~100 

nm). ZnO with a band gap of 3.1 eV at room 
temperature provides a unique opportunity to tune the 

photoluminescence from green-yellow to orange-red 

(NIR) emission range via size and doping effects of QDs 
with 3d metal ions such as Mn2+. This is possible through 

modulation of size and dopant concentration, both of 
which decrease the band gap energy. This approach 
eliminates drawbacks of CdSe-based QDs, and provides 
significant  benefits  of ultra-sensitivity, high brightness, 

 

reliable and reproducible imaging of biomolecules. Lastly, 

these QDs have long term stability of up to 12 months 
with “size and dopant compositional tunable fluorescence 

emission” from visible to near-infrared biological window 
(~650-770 nm). 

ZnO:Mn2+ QDs are promising, compared to CdSe and 
CdTe QDs, because they are non-toxic photoluminescent 

semiconductor. Toxicity of ZnO, if any, is precluded by 
encapsulating with a thin silica shell which has 

advantages, including biocompatibility and excellent 

chemical stability. According to the FDA, silica is 
regarded as safe in human agents. As regards to Zn and 

Mn, even if oxidation of these QDs releases Zn and Mn, 
these elements are relatively harmless to living cells 

compared to CdSe. An added advantage of Zn is its 
therapeutic function. Thus, compared to CdSe, 

ZnO:Mn2+ QDs offer superior biocompatibility. 
Novel injectable and degradable hydrogel for 

delivery of cells and bioactive molecules: Hybrid 

injectable hydrogels comprising of alginate, gelatin and 
nanocrystalline cellulose (NCC) were conceived and 

processed by Kai Wang through adaptation of 
interpenetrated network of alginate-gelatin, ionic 

crosslinking of alginate, and supramolecular interaction 
approach.   

The design of hydrogel was based on the hypothesis 
that it provides  an environment that is  favorable for cell 
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Binata Joddar (left) with 
Graduate student Ivan 
Hernandez (right) with a 
bio printer in background.  
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A schematic of the cell response in 
the presence of electric field under 
static and dynamic conditions.  

proliferation, exchange of nutrients via porous structure, 

and is characterized by mechanical properties that 
closely resemble the native tissue. The hybrid hydrogels 

exhibited desired mechanical properties and were 
biocompatible. Interestingly, osteoblasts cultured within 

hydrogel using bone morphogenetic protein (BMP)-2 
demonstrated the capability to encapsulate cells and 

induce cell differentiation. The nanocrystalline cellulose 
had significant impact on degradation and interaction 

between hydrogels and cells. 

3D Printing and Nanoengineering: Peter Kim’s group 
is studying nano-ink systems with 3D printing 

instruments with the primary objective to completely 
transform printed structures. The advantage of such an 

approach is tuning feature size, which could well replace 
conventional lithography, with far reaching potential 

impact extending to solar cells, microfluids, and 
biosensors. One of the nanoparticle systems being 

explored by Peter Kim’s group for 3D printed structures 

is highly conducting copper and silver.  
More recently, 

Peter Kim, has 
enhanced the scope 

of his 3D printed 
research to include 

medical materials 
and devices. He 

proposes to 

successfully print 3D 
biomaterials that will 

create opportunities 
for advancement in 

the medical field by providing the means to develop and 
apply the bio-implantion of cells, artificial bones, and 

artificial skin among other medical aid and prostheses. 
Peter Kim’s research will enable students in the 

Printing Nanoengineering lab to work with 3D printing 

technology and biotechnology in order to generate data 
on printable materials, and to study the process used to 

create materials and the strength of artificial bone. 
Mending a Broken Heart Using Stem Cells: An 

estimated 80,000,000 
American adults (one in 

three) have one or 
more types of 

cardiovascular disease 

(CVD); 7,900,000 have 
a history of myocardial 

infarction (American 
Heart Association). So 

in every 34 seconds, 
someone in the United 

States has a myocardial 

infarction or a heart 
attack, accounting for 
1.5 million cases 
annually in the States alone (AHA). Myocardial infarction 

 

(MI) is the irreversible necrosis of heart muscle, due to 

prolonged ischemia which leads to cardiac arrest due to 
arrhythmia. Stem cell therapy is a promising approach 

for myocardial infarction repair, and the use of stem cells 
to repair a damaged heart is now mainstream in current 

cardiac research. Unfortunately, thus far direct injection 
of stem cells into the fibrotic area of infarcted hearts has 

met with limited success, probably due to the low 
retention and survival of stem cells in the necrotic areas, 

together with the limited cardiogenic differentiation and 

functional integration of delivered cells within the host 
heart tissue. Binata Joddar’s research will address these 

limitations with a new strategy, to design and optimize a 
tissue-engineered cardiac patch for delivering autologous 

adult human stem cell derived cardiac and vascular cells 
strategically layered and aligned within hydrogel 

scaffolds to repair the damaged myocardium. This work 
is also critical for the successful development of 

predictive drug and toxicology screens as well as safe 

and efficient cardiac therapies by testing them on using 
human stem cell-engineered cardiovascular sheets. To 

achieve this goal, Binata Joddar proposes to use 
‘bioprinting’ to fabricate cell sheets containing either 

human induced pluripotent stem cells (hiPSCs) or 
cardiomyocytes (CMs), vascular endothelial cells (ECs), 

and vascular smooth muscle cells (SMCs) derived from 
hiPSCs in varying ratios; for layering them into cardiac 

patches to test their in-vitro functionality and ability to 

integrate onto infarcted heart walls in vivo. To check the 
in-vivo applicability of bioprinted ‘cardiac patch’, she will 

perform animal testing where the patch will be implanted 
after left anterior descending artery (LAD) ligation in rats, 

for testing functionality and in-vivo integration of tissue-
engineered cardiac patches. Her research iis supported 

by NIH. The interdisciplinary research exposes students 
to 3D printing, biomaterials and stem cell work for the 

first time at UTEP. 

Electric Field-mediates Growth of Osteoblasts: The 
endogenous electric field plays an important role in 

accomplishing various functions including communication 
with brain and 

with different 
parts of the 

physiological 
system, 

wound 

healing, and 
cellular 

functions. 
Furthermore, 

the 
endogenous 

electric field 

can be 
modified 
using external 
electric field to induce changes in cell functionality. Given 

 
 

Example of 3D printed 
structure with highly viscous 
Cu nanopaste. 
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3D bioactive mesh structure and expression of fibronectin 
protein (green) and distribution of osteoblasts (blue).  
 
 

that the cells grow in contact with the dynamic flow of 

blood and nutrients, Alok Kumar, visiting scientist in 
Biomaterials group designed and developed a bioreactor. 

The electric field (0.5-1 V/cm) provided a guiding cue to 
cells to move toward the cathode. An interesting effect 

of electric field was the migration of cells toward the 
cathode with axis parallel to the direction of electric field 

such that the lamellipodia were aligned. Furthermore, 
there was absence of membrane blebbing or necrosis at 

cathode. Biological functionality was favorably altered in 

the presence of electrical field in the dynamic condition 
with consequent effect on cell proliferation, growth, and 

expression level of prominent proteins, actin and vinculin.  
The Response of Bioactive Titania-modified 3D Ti-

6Al-4V Mesh Structure provides a Favorable 
Pathway for Intercellular Communication and 

Osteoincorporation: Krishna Nune of Biomaterials 
group led by Devesh Misra is collaborating with the 

Institute for Metals Research, Chinese Academy of 

Sciences in the effort to reduce elastic modulus 
mismatch through fabrication of open cellular mesh 

structures. Monolithic interconnected dense structures of 
titanium alloys were successfully fabricated using an 

additive manufacturing (AM) (layer-by-layer fabrication) 
approach from precursor powders via electron beam 

melting (EBM). Three-dimensional porous structures 
have  the  added  benefits  of  promoting cell-cell contact, 

cell-matrix interactions, and the possibility of obtaining 

an efficient blood vessel ingrowth and enhanced oxygen, 
nutrient and waste flow. They were made bioactive via 

micro-arc oxidation (referred as plasma electrolytic 
oxidation) to form a thin layer of bioactive titania on the 

surface and also through growth of titania nanotubes via 
an electrochemical process. An outcome of the study 

addressed the challenges associated with the treatment 
of segmental bone defects and bone-remodeling and 

provided a foundation for practical application of 

bioactive 3D printed interconnected porous architecture.  
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The students and faculty are engaged in cutting edge original and interdisciplinary research. While 
pursuing research, students become competent in logical thinking and acquire experience and skills in 
using advanced scientific instrumentation. They become trained in a manner such that they can keep 
their career options open and have the ability to switch career tracks at the beginning of and throughout 
their professional lives. 
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