
ne
ws

Highly Filled Materials Institute 
at Stevens

Winter 2009

Dear Friends,

This is the 20th anniversary of the
founding of the Highly Filled Materials Institute,
HfMI, at Stevens. During these twenty years, the
generous and continuous funding that we have
received in myriad areas (with over 130 funded
projects) has enabled us to develop core capa-
bilities in characterization, simulation, process-

ing, and structure/property tailoring of complex
fluids which we have applied to multiple indus-
tries and disciplines. All of us at HfMI thank you
for your support and look forward to continue
working with you on your important projects. 

Dilhan M. Kalyon

A new hybrid methodology that fully integrates
the processing capabilities of the twin screw
extrusion process (solids conveying, melting,
dispersive and distributive mixing, pressuriza-
tion, temperature profiling, devolatilization) with
electrospinning was developed at HfMI. The
hybrid process is especially suitable for the dis-
persion of nanoparticles into polymeric binders
and generation of nanoparticle-incorporated
fibers and nanofibers. The new technology will

be useful in multiple areas including filters,
biosensors, catalysis, energy and tissue engi-
neering areas. This process received the
Stevens Davis Memorial Award for Research
Excellence in 2009.

News items regarding the development of the
TSEE process have appeared in:

a. www.nanotechweb.org/cws/article/tech/33877
b. www.spinrati.com/interviews/kalyon.html
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Recent Projects and Capabilities

New Process: Hybrid Twin Screw Extrusion and 
Electrospinning (TSEE) Process

Novel Twin Screw Extrusion and Electrospinning Process of HfMI for generating functionally-graded nanofibrous meshes

[Nanotechnology, 19, 165302 (2008) and Biomaterials 29, 4065-4073 (2008)].

To control
and
monitoring
units

Polymer
solution/suspension
feed points

Collecting
platform

Twin
screws

Drive unit

Split die

High-voltage source

2 µm 50 µm

20 µm

8.6 mm

0.35-0.40 mm



2

Recent projects and capabilities continued from page 1

Nanocomposites
Our investigations in the utilization of C nanotubes were
carried out through the PhD project of G. Mago and the
M. Eng. Thesis of S. Vural. The studies of S. Senturk,  K.
Dikovics, B. Kang and Dr. N. Degirmenbasi are continuing.
One of the principal findings is that the incorporation of
the nanoparticles into polymeric binders does have the
potential of altering the crystallization kinetics of the 
polymer binder and the resulting crystalline morphologies.

Recently we have been funded by Benet Laboratories in the
area of nanocomposites generated by compounding of C nanotubes
into poly(ether ether ketone), PEEK. Both solvent processing and melt
processing are being used. We have also received funding from ARDEC
in the general area of compounding and shaping of multi-walled C 
nanotubes with engineering plastics and the characterization of the
microstructural distributions and ultimate properties of the resulting
nanocomposites. Additional funding was obtained also from ARDEC 
for the generation of nanoparticle incorporated C nanotubes and their
characterization.

Tissue engineering and controlled drug release: Tissue 
engineering involves the in vitro culturing of human cells on
biodegradable scaffolds, which are then implanted into the body,
where the cells continue to proliferate and differentiate while the
underlying scaffold material degrades. This exciting multidiscipli-
nary field is challenged by the complex gradations in cell type
and extra cellular matrix, ECM, microstructures found in human
tissues. To better meet this challenge tissue engineering scaf-
folds need to be tailored to consist of spatial gradations in physi-
cal and chemical properties. We have developed a number of

Biomedical Research and Development

New method of HfMI for the fabrication of tissue engineering and controlled drug release scaffolds and typical graded porous biodegradable scaffolds (a and b) and cell

proliferation (c and d). [Biomaterials, 30, 4336 (2009) and Journal of Biomedical Materials Research A, doi: 10.1002/jbm.a.32425 (2009)].

Different types of nanocarbon based morphologies from various engineer-

ing plastics [J.Nanoscience and Nanotechnology, 9, 3330 (2009) ; J. App.

Polym. Sci., 114, 1312 (2009); Macromolecules, 41, 8103 (2008) and J.

Nanomaterials, 3, 759825 (2008)].

fabrication methods that render this possible in conjunction with
the PhD theses of S. Ozkan, which was partially supported by
Merck Pharmaceutical Corporation, and C. Erisken and demon-
strated their utilization (see list of publications on page 4).

Other Biomedical: We have also received new funding from
Orthovita Inc. of Malvern, PA, in the area of biomaterials in col-
laboration with LifeTek Solutions of PA.

Twin screw extrusion spiral winding process Cell proliferation with time

Energetic Materials
We have continued to collaborate with ARDEC and the Indian Head
Division of NSWC in the area of continuous processing of highly
filled energetic materials. The ARDEC programs were expanded to
include the coating of grains and the determination/prediction of
concentration distributions in coated grains. Some of the resulting
publications are listed on Page 4.

Personal Care Products
Our work with P&G in the area of rheological characterization, pro-
cessing and structure control of complex fluids including multi-
lamellar vesicles, hydrogels and suspensions used in personal care
applications has continued.
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Flow instabilities are widely encountered during the extrusion of various
complex fluids, including polymers and polymeric suspensions and pre-
sent the principal bottlenecks to the increase of production rates. During
the last three years we have continued to investigate the source of the
development of such flow instabilities using both experimental and sim-
ulation means (for both polymer melts and polymeric suspensions). The
principal finding of the investigation is that conditions which give rise to
a contiguous and stable flow boundary condition at the wall of the extru-
sion die (whether stick or slip) give rise to stable flow that is free of
extrudate distortions, whereas flow conditions which give rise to a
change in the flow boundary condition from stick to slip along the chan-
nel wall give rise to unstable flow and associated extrudate distortions.

Catalysis and Environmental
We have completed a comprehensive investigation of the
rheology and extrusion behavior of complex fluids utilized
in the area of manufacturing of ceramic substrates for cat-
alytic converters for Corning Incorporated. The project
involved the rheological characterization using multiple
rheometers (capillary, slit, squeeze, rotational), microstruc-
tural analysis and mathematical modeling using 3-D FEM
source codes developed in house at HfMI since 1986. An
example to the application of our source codes can be
seen at “An integrated approach for numerical analysis of
coupled flow and heat transfer in co-rotating twin screw
extruders”, Int. Polym. Proc., 22, 293 (2007).

The FEM source codes of HfMI for the solution of extru-
sion flows were also expanded to include a pressure
dependent wall slip condition for both the extruder and
the die. Additional work is under way for the inverse
solution based determination of the corresponding wall
slip and constitutive equation parameters.   

In a separate investigation the synthesis of KF loaded
nanoalumina and application to the conversion of bio-
mass area was investigated with collaborators N. Boz
and N. Degirmenbasi: “Conversion of Biomass to fuel:
Transesterification of vegetable oil to biodiesel using KF
loaded nanoalumina as catalyst”, Applied Catalysis B:
Environmental, 89, 590 (2009).

Our collaboration with the Environmental Engineering
Center at Stevens in the treatment of the widely-found
human carcinogen hexavalent Cr resulted in: D. H.
Moon, M. Wazne, A. Koutsospyros, C. Christoudoulatos,
H. Gevgilili, M. Malik and D. M. Kalyon, "Evaluation of the
treatment of chromite ore processing residue by ferrous
sulfate and asphalt emulsion", J. Hazardous Mat., 166,
27-32 (2009).

Graduation 2009: 
S. Ozkan’s PhD thesis (co-advised by Kalyon and
Yu) was: “Development of Rheological Characteriza-
tion and Twin-screw extrusion/spiral winding
Processing Methods for Functionally-graded Tissue
Engineering Scaffolds and Characterization of
Cell/Biomaterial Interactions.” Dr. Ozkan is currently
with International Specialty Products of New Jersey. 

C. Erisken’s PhD thesis (co-advised by Kalyon and
Wang) was entitled: “Functionally graded Scaffolds
for the Engineering of Interface Tissues using Hybrid
Twin Screw Extrusion/Electrospinning Technology.”
Dr. Erisken is currently a post-doctoral research
associate in the Biomedical Engineering Department
of Columbia University in the area of tissue engineering. 

G. Mago completed his thesis (co-advised by Fisher and
Kalyon): “Processing, structure and properties of semi-crys-
talline polymer nanocomposites.” Dr. Mago is a research scien-
tist with Lubrizol Corporation of Ohio.

Newly minted PhDs: Dr. Ozkan, Dr. Erisken and Dr. Mago with Dr. Kalyon and Dr. Fisher.

Investigations on the Development of
Extrusion Flow Instabilities and Extrudate
Shape Distortions of Complex Fluids

Typical comparisons of predictions and experimental data on the development of flow

instabilities during the die flow of concentrated suspensions [Journal of Rheology, 52, 5,

1069-1090 (2008) ; J. Rheology, 52, 2, 507-526 (2008) and Non-Newtonian Fluid Mech.,

143, 133 (2007)].

S. Vural completed her M. Eng. thesis “Effects of Dispersion
State of multi-walled C nanotubes on the Swelling, Degradation
and Viscoelastic Behavior of Hydrogels.” Ms. Vural is currently
employed at HfMI as a research engineer. 
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7. C. Erisken, D. M. Kalyon, C. Ornek, H. Wang and J. Xu, “Osteochondral tissue formation through
adipose-derived stem cell differentiation using biomimetic tissue scaffolds with graded stimulator
concentrations,” submitted to Tissue Engineering (2009).
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wall slip,” accepted to appear in Polymer Engineering and Science (2009).
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Rheology, 52, 1069 (2008).

11. C. Erisken, D. M. Kalyon and H. Wang, “Functionally and continuously graded electrospun
polycaprolactone and β-tricalcium phosphate nanocomposites for interface tissue engineering
applications,” Biomaterials, 29, 4065 (2008).
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Biomedical Materials Research A, 88A, 94 (2008).
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Journal of Energetic Materials, 26, 29 (2008).
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International Mechanical Engineering Conference and Exposition (IMECE), November 11-15,
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Presentations:
26. D. M. Kalyon, “Characterization, simulation and structure development in processing of

concentrated suspensions,” presentation at LifeTek Solutions and Orthovita Inc., Malvern, PA, July
17, 2009.

27. G. Mago, D. M. Kalyon and F.T. Fisher, “Controllable nanocomposite interface microstructure via
polymer crystallization-induced wrapping of carbon nanotubes,” MRS-Fall 2008 Meeting, Boston,

MA, December 1-5, 2008.

28. D. M. Kalyon, “Rheology and processing of particle-loaded complex fluids at particle
concentrations that approach the maximum packing fraction,” Thomas Baron Award Lecture,

American Institute of Chemical Engineers Centennial National Meeting, Philadelphia, PA, November,
18, 2008.

29.D. M. Kalyon and M. Malik, “Incorporation of pressure dependent wall slip to the simulation of the
continuous processing of energetic suspensions,” American Institute of Chemical Engineers

Centennial National Meeting, Philadelphia, PA, November, 20, 2008.

30. R. Patel, P. Redner, H. Gevgilili and D. M. Kalyon, “Twin screw extrusion processing of a
nanoalumina based formulation in conjunction with a molding powder preparation methodology,”
American Institute of Chemical Engineers Centennial National Meeting, Philadelphia, PA, November,
20, 2008.

31. H. Tang, H. Gevgilili and D. M. Kalyon, “Inverse problem solution of squeeze, rectangular slit, steady
tosional and capillary flows to enable the determination of parameters of wall slip and shear
viscosity for energetic suspensions,” American Institute of Chemical Engineers Centennial National

Meeting, Philadelphia, PA, November, 20, 2008.

32. D. M. Kalyon, H. Gevgilili, H. Tang and M. Malik, “Effect of pressure on the development of wall slip
of complex fluids and ramifications on development of flow instabilities,” 15th Joint Ordnance

Commanders Group Meeting (JOCG-CMEUG), Rockaway, NJ, October 23, 2008.
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34. G. Mago, D. M. Kalyon and F.T. Fisher, “Characterization of crystal morphology and microstructure
in semicrystalline polymer nanocomposites,” Society of Plastics Engineers EPS Division Topical

Conference (TopCon), Wilmington, DE, October 13-14, 2008.

35. D. M. Kalyon, “Extrusion of concentrated polymeric suspensions and other complex fluids: Wall slip
and ramifications of development of flow instabilities,” New Jersey Institute of Technology, Otto H.

York Department of Chemical, Biological and Pharmaceutical Engineering, Newark, NJ, September
29, 2008.

36. G. Mago, D. M. Kalyon, and F.T. Fisher “Effect of nanoparticles on microstructure and crystallization
behavior of Polyvinylidene fluoride (PVDF) and PVDF nanocomposites membranes prepared using
immersion precipitation technique,” 236th National Meeting & Exposition of the American Chemical

Society, (paper number-182) Philadelphia, PA, August 17-21, 2008.
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11 nanocomposites,” 236th National Meeting & Exposition of the American Chemical Society,

(paper number-283) Philadelphia, PA, August 17-21, 2008.

38. G. Mago, D. M. Kalyon, and F.T. Fisher “Polymer crystallization induced wrapping of carbon
nanofibers,” 2008 Virtual Conference on Nanoscale Science and Technology (VC-NST), University
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43. S. Ozkan, D. M. Kalyon and X. Yu, “Twin screw extrusion processing and shaping of biodegradable
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44. C. Erisken, D. M. Kalyon and H. Wang, “Nanocomposites for tissue engineering applications
engineered using a novel twin screw extrusion and electrospinning process (SEEP-Screw Extrusion
with Electrospinning,” Annual National Meeting of the American Institute of Chemical Engineers,

Salt Lake City, Utah, November 8, 2007.

45. D. M. Kalyon, S. Ozkan, M. Malik, J. Kowalczyk and M. Mezger, “Twin screw extrusion of
nanoenergetics with processing geometries that are tunable to the targeted thermo-mechanical
history,” Annual National Meeting of the American Institute of Chemical Engineers, Salt Lake City,

Utah, November 8, 2007.

46. G. Mago, F. T. Fisher, D. M. Kalyon, “Nanoparticle-enhanced processing-induced crystallization of
PVDF and PVDF nanocomposites,” 44th Annual meeting of the Society of Engineering Science,

Texas A&M University, College Station, TX, October 21-24, 2007.

47. G. Mago, F.T. Fisher, D. M. Kalyon, “Effect of shearing on crystallization behavior and morphology
of PVDF nanocomposites,” Virtual Conference on Nanoscale Science and Technology (VC-NST),
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48. D. M. Kalyon, “Continuous processing and shaping of energetic materials: Challenges with
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49. G. Mago, F.T. Fisher, and D. M. Kalyon “Nanoparticle-enhanced shear-induced crystallization of
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and Materials (McMAT2007), Austin, TX, June 3-7, 2007.

50. D. M. Kalyon, “Rheology and processing of highly filled suspensions,” invited lecture, Merck
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Patent:
M. Wazne, D. Dermatas, D. M. Kalyon, X. Meng, M. Kauris and J. Morris, “Method of Treatment,
Stabilization, and Heave Control for Chromite Ore Processing Residues (COPR) and Chromium
Contaminated Soils,” US patent # 7,452, 163 issued on November 18, 2008.
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