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From the Director
Dear Friends,

It is a pleasure to write to you again in 2011,
on the 21st anniversary of the founding of
HfMI. During the last few years the activities of
our research center have gone significantly
beyond the boundaries of the highly filled
materials. As you will see from our list of publi-
cations and presentations, we have applied our
core competencies on mathematical modeling,
rheology, mixing and processing, microstructur-
al analysis and ultimate properties of polymeric
suspensions and other complex fluids to very
diverse applications, including biomaterials
development and tissue engineering. For
example, during the last five years four PhD
theses were offered in the area of tissue engi-

. . . | Stevens Institute of Technology ..
neering (co-advised with Professors Wang, Yu 7

and Ritter of our Biomedical Engineering hampering our existing capabilities in the high-
Department—two of which have already been ly filled materials area. All of us at HfMI thank
completed. | am very happy to report that we you for your support and look forward to con-
have managed this significant broadening of tinuing to work with you on your important
our research (a byproduct of which is my projects.

recent appointment as a joint affiliate professor

of biomedical engineering at Stevens) without Dilhan M. Kalyon

Recent Projects and Capabilities

Biomaterials Research and Development

Four processes that rely on the application of folds with interconnected open pore structures
the variants of the twin-screw extrusion process that are graded in multiple directions with gra-
were developed to fabricate biodegradable dients in porosity, mechanical properties and
scaffolds for tissue engineering. The methods bioactive concentrations.

are suitable for the fabrication of novel scaf-
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Figure 1. Overview of HfMI's scaffold fabrication capabilities and collaborations.
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Recent prOjectS and Capabi"ties continued from page 1

Biomass Conversion Using Reactive Extrusion

The twin-screw extrusion process was adopted to generate a (Fig. 2). An invention disclosure was submitted to Stevens and
reactive extrusion process to allow the pretreatment of cellu- was accepted for conversion into a provisional patent.
losic biomass via shear stress application and chemical reaction

1 Gmm

Figure 2. Untreated biomass [a, b] versus pretreated biomass via reactive extrusion [c, d].

Energetic Materials

We have been funded by ARDEC in the areas of advanced coat-
ings and development of intumescent coatings and by Ensign
Bickford in the area of controlled feeding and mixing of powders.
We are continuing to maintain and develop our capabilities in the
areas of rheology, processing, tool design and microstructural
analysis of energetic materials.

Personal Care Products

Our funding and collaboration with P&G in the area of vesicle for-
mation from concentrated surfactant suspensions has lead to
interesting homogeneous multilamellar vesicles obtained upon
dynamic assembly. Our joint manuscript: H. Gevgilili, D. Kalyon, E.
Birinci, M. Malik, L. Goovaerts, R. Bacon and P. Mort, “Dynamic
assembly of anionic surfactant into highly-ordered vesicles”, is
available in Colloids and Interface Science
doi:10.1016/j.jcis.2011.01.011 (2011).

Figure 3. A view of HfMI's processing laboratory.

Synthetic Paper

We have received funding from PPG Corporation in the area of
manufacturing of synthetic paper.



Nanoparticles and Nanocomposites
In conjunction with our collaboration with Prof. Frank Fisher of
Mechanical Engineering of Stevens we are investigating the syn-
thesis, surface functionalization and compounding of myriad
nanoinclusions and the structure and ultimate properties of the
polymer/nanoparticle composites. The projects of G. Mago, K.
Dikovics, S. Vural focusing on C nanotubes are completed and
research of S. Senturk, S. Modi, B. Kang, N. Degirmenbasi on
synthesis and surface functionalization of nanoparticles is on-
going. The dispersion of the nanoparticles was identified as a
major issue that needed to be addressed (see Fig. 4 on the
effects of state of dispersion on elasticity of the resulting sus-
pensions) as well as the stability of the matrix polymers into
which the nanotubes are compounded.

We have received funding from Benet Laboratories and US
Army in the area of compounding of engineering polymers with
multi-walled carbon nanotubes and the functionalization of nan-
otubes (inside their lumens and outside surfaces) with various
metallic nanoparticles including Ag, Pt, Pd and Co (Fig. 5).
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Figure 4. Storage modulus, G’(w), as affected by the dispersion state of the carbon
nanotubes in a Newtonian fluid [Vural et al., Soft Matter, 6, 3870 (2010)]

Catalysis and Environmental

simulation.

Patents

During 2010 two patent disclosures were made to Stevens.
Both disclosures were accepted for conversion into provisional
US patent applications.

® S. Senturk, H. Gevgilili and D. Kalyon, “Novel Pretreatment
Method for Delignification of Cellulosic Biomass via
Flowability Control and Reactive Extrusion Process.”
(See Fig. 2)

e A. Ergun, D. Kalyon, H. Gevgilili, T. Valdevit, A. Ritter,
“Integrated multi-zonal bioresorbable cage/core devices
as bone graft substitutes and apparatus and method of
fabrication of such cage/core devices”, Provisional patent
application # 61/353,468 filed June 10, 2010. (See Fig.6)

A third application for a US Patent was recently approved by the
US Patent and Trademark Office.

D. Fair, D. Kalyon, S. Moy and L. Manole, “Cross-sectional func-
tionally-graded Propellants and Method of Manufacture”, US
application filed on February 11, 2005 (application number
10/906274) accepted by US Patent Office (2010).

We have collaborated with Kocaeli University in the area of biodiesel synthesis
using novel nanoalumina based catalysts (Boz et al., Applied Catalysis B:
Environmental, 89, 590-596 (2009)).

We have received additional funding from Environmental Technologies (Science &
Technology) of Corning Incorporated in the area of mathematical modeling and

Figure 5. Cobalt-functionalized nanotubes.
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Figure 6: Multizonal biodegradable device for spinal fusion and
its manufacturing method
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