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Targeting tumors with high metabolic rates is commonplace in medical imaging. 
Current technology requires expensive equipment such as PET and MRI.
The induction of ultrasmall nanoparticles to the medical field presents a unique opportunity for:  

Targeted drug  delivery 
Therapy  (e.g., Photothermal ablation , Photodynamic therapy)  
Diagnostics 

To reduce the cost of detection and/or treatment of diseases noninvasively using ultrasmall nanoparticles
Encapsulation and retention of NIR dyes in ultrasmall silica nanoparticles; purification of particles without agglomeration

DOD/CDMRP Breast Cancer Concept Award (2010-2011): Contract # W811XWH-10-1-0883

ULTRASMALL MULTIFUNCTIONAL SILICA NANOPARTICLES
Lisbeth Ruiz1, James Ashbaugh1, Megan Hahn1, Parvesh Sharma1, Kevin Powers1, Stephen R. Grobmyer2, Brij M. Moudgil1

2Department of Surgery, College of Medicine; and 
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Ultrasmall Nanoparticles Exploiting
Increased Cell Metabolism
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Industrial Relevance of Silica NPs

Future Work

Small particles
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Visible Light Activated Transparent Antimicrobial Coatings
Wei Bai1,2 Vijay Krishna2, Abhinav Thakur2,3, Ben Koopman1, 2 , Joseph Navarro4 and Brij Moudgil2,3
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1. Timeline: Concept to Product 2. Product Criteria
Transparent

Visible light active

Stable liquid formulation

Compatible with commercial sprayers

90% of microbes (e.g., MRSA) inactivation in 12
hours (i.e., 2x faster than competition)

3. Coating Design

Inert coating

Active coating: PHF/TiO2

0.25 m thickness

4. Visible Light Active Photocatalyst
Two layer coating system:
• Bottom coating: rutile or silica
• Top coating: anatase or P25
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5. Stable Liquid Formulation

TiO2

OH

OH

OH

6. PERC nanocomposite kills
MRSA surrogate 1.5 times faster

7. Broader Impacts and Industrial
Relevance

8. Timeline
Major Tasks

2011 2012 2013
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Task 1.1: Determine optimum weight ratio
of PHF/TiO2 in the nanocomposite (UF)

Task 1.2: Evaluate optimized PHF/TiO2
nanocomposite for destruction of target
microbes (UF)

Task 2.1: Select system for dispersing the
nanocomposite (UF)

Task 2.2: Stage I prototype testing (UF)

Task 2.3: Stage II prototype testing
(NanoHygienix)

Develop business plan (apply SBIR)

Removal of VOCs

Odor control & air sanitizer

Add in for presently used
household disinfectants

Controlled release of perfumes
and other actives

Antimicrobial coatings

Kemira
Cytec
Procter & Gamble
Unilever
Church & Dwight
Evonik

Ecolab/Nalco
Akzo Nobel
BASF
Ashland
Johnson & Johnson
NanoHygienix

Acknowledgements :
NSF–AIR (Grant # 1127830); CNBS; CPaSS



Eric Bidinger1, Molly Skinner2, Angelina Georgieva2, Vijay Krishna2, Ben Koopman3, and Brij Moudgil2  
Department of Chemical Engineering1, Particle Engineering Research Center2, Environmental Engineering Sciences3, University of Florida; Gainesville, FL 32611 

Effect of NaOH Concentration in Polyhydroxy Fullerene Synthesis 
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Objectives 
•    Determine the kinetics of hydroxide addition to 
     fullerene 
•    Find property differences in the products made 
    under different concentrations of NaOH 
Motivation 
•    Understand and control the synthesis of polyhydroxy 
fullerenes(PHFs) 

Acknowledgement: This material is based upon work supported by the National Science Foundation under Grant No. 0749481 and by the CPaSS industry members. 

Conc. 
NaOH 

 Days to          
completion 

19M <1 day 
6M 3 days 
5M 5 days 
4M 13 days 
3M 20 days 
2M ~120 days 
1M ~180 days 

Conclusions:  
•    FTIR spectra are reproducible 
•    Heating profiles are different 
     enough to suggest a difference in 
     structure due to differences in OH 
     concentration 
•    FTIR alone is not sufficient to 
    characterize PHF structure 

Future Plans:  
•    Continue experiment and model of 
PHF heating under near IR laser 

Before  
Reaction 

During  
Reaction 

After 
Completion 

FTIR spectrum before Sephadex FTIR spectrum after Sephadex 

Procedure: Dissolved C60 in toluene in the presence of 
surfactant tetrabutyl ammonium hydroxide (TBAH) 

and added 1-6M aq.NaOH.  Stirred them under 
nitrogen at room temperature until reaction completed.  

Toluene removed, water layer freeze dried, washed 
with cold MeOH, purified with Sephadex. 

As the concentration decreases, 
the time needed for completion 

increases 

Sephadex  
Purification 

References: 1. Li, J., Takeuchi, A., Ozawa, M., Li, X., Saigo, K. Kitazawa, K. C60 PHF Formation catalysed by Quaternary Ammonium Hydroxides . J. Chem. Soc., Chem Commun. 1993. 
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Kinetics of PHF Synthesis 
.25mg/ml C60, 6M NaOH 

Strong correlation to logarithmic model 

Industrial Relevance:  
•    PHFs have a wide range of 
    applications in cosmetics, 
    pharmaceuticals, and agriculture 
•    Photothermal applications can be 
     applied to tumor therapies, or 
     nutrient releases in agriculture 
•    Gadolinium PHFs can be used as a 
safer MRI contrasting agent    

Sodium Removal by Sephadex 

Large Sodium peak  
saturated the spectra 

 characteristic PHF peaks 
 are now evident 

Duplicated 6M NaOH FTIR 
 to show reproducibility 

Overlapping FTIR to show similarities 
between different concentrations 

Note: these spectra are stacked, they do not all start at the origin 

1634 C=C Stretching 

1364 C-OH Bending 

1066 C-O Stretching 

FTIR Analysis 
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Heating of PHF Solution by Near IR Laser 

19M PHF 
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Validation 

Comparison with Other Study 
Matsusaka et al.2 performed particle charge measurement using different types of particles in a metal pipe. 
They also found that the particle charge depends on the initial charge of the particle, the length of pipe, and 
the equilibrium charge. 
The relationship was summarized as:  
 
 
 

 - Pipe length Particle travel through  

 - Characteristic length 

 - Particle charge after L pipe length  

 - Initial particle charge 

 - Equilibrium charge of particle in  the pipe  
 
It was found that this relationship perfectly represented the charging profiles measured in the study. The 
characteristic lengths are 11.32m and  3.87m for borosilicate particles in natural glass pipe and copper pipe 
respectively. 

Department of Chemical Engineering, University of Florida; Gainesville, FL 32611 USA1 
Department of Chemical Engineering, Kyoto University, Kyoto 615-8510, Japan2 

 

Prediction of Particle Charging Behavior in Gas-Solid Pipe Flow 
Poom Bunchatheeravate1, Yusuke Fuji2, Jennifer Curtis1, Shuji Matsusaka2 
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Industrial Relevance:  
The ability to control particle charge can prevent undesired effects such as clogging or explosion. Charged particles can also be used in other particle processes 

Broad Appeal:
Technique can by applied to any dilute-phase pneumatic conveying process 

Objectives: To able to predict how particles charge in a pipe flow system by doing experiments on a laboratory scale 

Acknowledgement 
The author would like to acknowledge NSF PIRE program (NSF 

OISE 0968313) 

Materials and Method 

Feeder: 
• Two piezo electric vibrators are connected to the feeder table 
• Feeder controller sends electrical signal to the vibrator causing the feeder 
table to vibrate and feeds particle to the ejector section. 
• Particle mass flow rate in the system can be control led using the feeder 
controller 
• The particles are 52µm borosilicate spheres 

1 

Ejector: 
• The flow in the system is driven by compressed air  
• The compressed air creates suction that draws particles in from the 
feeder 

• Flow is set at 15m/s 
• Particles leaving the ejector enter into the particle charger 

 is the air flow path 

2 

Charger: 
• Particle charger developed by Matsusaka 
et al1 

• Voltage applied to the charger is used to 
control particle charge 

• The initial charge of the particle can be 
modified before entering the pipe section 

3 

Pipe: 
• Particles enter a 1m straight pipe to 
affect the particle charging in pipe 

• 2 types of pipe: 
 Copper pipe (conductor) 
 Natural glass pipe (insulator) 

4 

• Particles are pulled by vacuum into 
the FCE where total particle charge 
and total mass are measured 

• The average specific charge is 
calculated with the units (nC/g) 

• The initial charge (qin)and the 
charge after 1m pipe (qout)are 
measured at different qin 

5 

1) Feeder 

2) Ejector 

3) Charger 4) Pipe 5) FCE 

Faraday Cup 
Electrometer 
(FCE): 

Results 

Future Works 
•  Using a CFD model to predict impact frequency in the pipe flow  
•  Determine the charging relationship as a function of particle collisions  

Reference 
1.  Matsusaka S, Ando K, Tanaka Y; Development of electrostatic charge controller for particle in 

gasses using centrifugal contact. J Soc Powder Technol. 2008, vol. 45, p380-386 
2.  Matsuska S, Oki M, Masuda H; Control of electrostatic charge on particles by impact charging. 

Adv Powder Technol 2007. vol. 18 no 2, p229-244 

  

Borosilicate-Natural Glass Pipe 
In Figure 2: 
•  The red line is the initial particle charge (qin) vs the particle charge after 1m pipe (qout)  
•  The black line is qin = qout . 

 In Figure 2, it is possible to pick an initial particle charge (P0), and determine the particle 
charge at any one meter increment, this is done so by the following method 
1.  Find P0 in the qin = qout line 
2.  Draw a vertical line from P0 to qin vs qout line. This point is the charge after 1m pipe 

length 
3.  Draw a horizontal line from the intersection point from step 2 to the qin = qout line, P1. 
4.  Repeat step 2 and 3 for additional length increments 
 
Figure 3 is the charging profile of borosilicate particle in natural glass pipe. It is made by 
plotting P0, P1, P2, P3, etc. as a function of pipe length. Note that the particle charge 
reaches an equilibrium after a certain length 
 
Borosilicate-Copper  Pipe 

 Figure 4 presents the qin vs qout plot for copper pipe. In this plot the equilibrium charge 
can be visualized. 
Figure 5 shows the charging profile using initial particle charge of +300nC/g and -300nC/g 

The results are compared with experiments measuring the same particle type in the same type of pipe.  
For the validating experiment, particle charges are measured with 1m, 2m, 3m, and 4m pipe. The measured 
charge (circle dot) are plotted together with the charging profile calculated from qin vs qout relationship (solid 
line). 
Figures 6 and 7 shows the comparison for borosilicate particle in natural glass and copper pipe respectively 

Figure 1. Schematic 
of experimental setup 

Figure 2 Qin Vs Qout relation for borosilicate-natural glass pipe Figure 3 Charging profile for borosilicate-natural glass pipe 

Figure 4 Qin Vs Qout relation for borosilicate-copper pipe Figure 5 Charging profile for borosilicate-copper pipe 

Figure 6 Plot comparing the calculate charge profile (solid line) with 
experimental data (dot) for borosilicate-natural glass pipe 

Figure 7 Plot comparing the calculate charge profile (solid line) with 
experimental data (dot) for borosilicate-copper pipe 
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Biological Uptake of Polyhydroxy fullerenes in the Aquatic Environment 
Angelina Georgieva1, Eric Bidinger2, Vijay Krishna1, Jie Gao3, Jacquelyn Knapik3, David Barber4, Ben Koopman3, Brij Moudgil1 
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Introduction 
Exposure to chemicals in the environment can lead to adverse effects on the health of living organisms, from subtle 
biochemical changes to disease and death.  Fullerenes and polyhydroxy fullerenes (PHF) are widely explored for 

biomedical applications but there is limited information regarding their biocompatibility. Presented were already first 
evidences of their therapeutic applications. PHFs synthesized in our lab are fully water soluble derivatives of 

fullerenes with possible medical applications such as photoacoustic imaging. In the present work their environmental 
fate and their uptake by aquatic organisms Daphnia Pulex (water fleas) and Danio Rerio (Zebrafish) were studied.  

Results from Danio Rerio (Zebrafish) Exposure to PHF 
Neonates and  adult Zebrafish were exposed to varying concentrations of PHF– pictures and histological images were analyzed; ~50 total fish were tested, one casualty in 150 mg/L of a neonate.  

Acknowledgement: This material is based upon work supported by the National Science Foundation under Grant No. 0749481 and by the CPaSS industry members. 

Future Work 
•  Compare PHF effect to other dark liquids effect like Coffee 
or Coca-Cola on Zebrafish. 
• Further research to confirm the toxicity effects and 
publication of our results. 

Scheme 1. Synthesis Procedure for fullerene’s phase transition into water layer  

2 mg/L PHF  10 mg/L PHF  50 mg/L PHF  500 mg/L PHF  
H&E stained specimen Male: 500 

mg/L PHF  

Summary 
• Daphnia Pulex (water fleas) showed increased life span and stimulated reproduction 38% in 20mg/L of PHF.  

•  Danio Rerio (Zebrafish), neonates, survived exposure to PHF and no cranial and spinal malformation were noticed in neonates up to the studied 
150mg/l exposure. Danio Rerio (Zebrafish), adult, survived extended exposure to PHF up to 500mg/L with healthy brain, gills, heart and eyes. In 

the highest concentration necrosis and inflammation were observed in the focal muscle, gut, liver and pancreas in some cases. 

Phase transition of C60 from 
oil layer to water layer 

a b c 
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Growth of Daphnia 

Microscopic images  
of daphnids exposed to (a) control, (b) .001 mg/L of 

PHF, and (c) 20 mg/L of PHF after 2 days. Body lengths of tested daphnids over a duration of 8 days 

• Water fleas were 
exposed to varying 
concentrations of 
PHF up to 20mg/L 
over 8 days 
• No casualties were 
observed. 

Toxicological results: 
No acute toxicity; 

Extended life span and 
stimulated reproduction 
up to 20mg/L of PHF. 

Industrial Relevance 
Toxicological model study: Environmentally benign nanoparticles of PHF with possible therapeutic effects and photoacoustic imaging qualities were subject to test. 

Before After Before 10x 

Table 1. H&E Histological analysis results 

Intellectual Motivation for 
Research: 

Increased contrast of 
photoacoustic signal and 

decrease of mouse tumor by 
72% for area treated with 

PHF. 

Concentration
PHF (mg/L) Necrosis Inflamation Autolysis 
Control A   No No Gut & liver 

2A Muscle Mild Gut 
10A Focal Muscle Mild Gut & liver 
50A No Mild Gut & liver 

500A1 No Mild Gut 

500A2 Focal Muscle Mild 
Gut, 

Liver&Pancreas 
500B1 No Mild Gut 
500B2 No Mild Gut 

500C1 
Multifocal 

Muscle Mild 
Gut, 

Liver&Pancreas 

500C2 Focal Muscle Mild 
Gut, 

Liver&Pancreas 

Results from Daphnia pulex (water fleas) Exposure to PHF 

Toxicological  
result: No acute 
toxicity; Surviving 
of Zebrafish 
neonates in 150mg/
L of PHF and adults 
in 500mg/L of PHF 
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Center for Particulate & Surfactant Systems (CPaSS) 

Fundamental Research Program Proposal: Foaming and Frothing Behavior of 
Green Surfactants and Fine Particulate Systems 

Spring 2012 IAB Meeting – February 13-15, 2011 

Methods: Characterization of 
particles size by colloidal dynamics 
acoustosizer and dynamic light 
scattering; Measuring zeta potential; 
Macroscopic measurements of foam/
froth stability; Vibrational 
Spectroscopic Studies; Computational 
simulation. 

Intellectual Motivation: Fundamental research exploring foaming/defoaming properties of green surfactants and fine particles. Understand antagonistic 
and synergistic effects of hydrophobically modified fine particles and green surfactant formulations. 
Market Motivation:  
• The US market for defoamers gravitates increasingly toward silicone and water-based. 
• Use of fats and oils constitute a significant segment of overall demand.  
• Increasing oil prices and environmental regulations signify the importance of  developing renewable resources based foaming and defoaming modalities.  
Industrial Relevance: Global market for surfactants is forecast to reach $17.9 Billion by 20151 with ever-stricter regulations out of environmental 
consideration; 1) Increased market demand 5.3% per year for environmentally friendly defoamers up to $2.77 billion total in 20152;  
Broader Appeal: Foaming/defoaming formulations have important applications in mineral separations,  detergency,  boilers, paper, petroleum, paints, 
coating industry, biochemical separation, cosmetics, household industry and environmental remediation industries. 

Definitions: Foams are gas-liquid disperse systems, stabilized by the surface elasticity and surface viscosity of the liquid films. Froths are three-phase disperse systems – 
gas-liquid-solid. Defoamer is insoluble in the foaming medium and has surface active properties that promote coalescence of foam. Fine particles are known to strongly 
influence frothing characteristics, such as froth stability, froth viscosity and gas hold-up. 

Foaming power is desirable criteria of 
quality  in many industries: 
• food industries like beer, ice cream and 

cappuccino beverage production, 
• Firefighting industries 
• Household products (laundry 

detergents, dishwashing soaps) 

Foaming power is detrimental for: 
• Paper Industries 
• Food Industries 
• Petroleum industries 
• Paint and coating industries 
• Cement industry 
• Waste treatment industries. 
Foaming can cause leaky seals, pressure 
release, reduction of pump efficiency, 
bacterial growth, imperfection of the 
product, leading to rejection. 

500 nm 

150 nm 500 nm 

75 nm 330 nm 

Silica (left) & ferric hydroxide (right) 
nanoparticles 

Systems: 
• Sugar based and amino acid based green surfactants. 

• Fine particulate systems of silica (SiO2), kaolinite [Al2Si2O5(OH)4], calcite 
(CaCO3), hydroxyapatites [Ca10(PO4)6(OH)2] and ferric (hydr)oxides 

[Fe10O14(OH)2] 

References: 1.  Global Industry Analyst, Inc. : Surface Active Agents: A Global Strategic Business Report, 2010 
2. BizAcumen, Inc.: Defoamers – World Market Review, 2010 

Green surfactants dodecyl maltoside  
& sodium dodecyl glutamate 

Deliverables: New fundamental 
knowledge to assist in developing 
foaming/defoaming formulations 
and theoretical models for the 
industries. 



Characterization of abrasive particles or the resulting product

Electrical device characterization

Forces at solid/liquid or liquid/liquid interfac
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Chaos, Solitons & Fractals 37,

Properties and effects of corrosion inhibitors

Langmuir 16,

T t

Corrosion Sci. 53,

SKPM measures the work function of a 
surface, elucidating the local electronic 
structure.

The World Market for Scanning Probe Microscopes





Two-Fluid Modeling and Variable Gravity Experiments of Cratering of a Particle Bed by a 
Subsonic Turbulent Jet

Introduction 
The lunar soil surface is covered by a thick layer of granular material 

(dust, rocks, etc.)  
 High velocity particle spray due to the interaction of the impinging 

rocket plume with the lunar soil surface during the decent and ascent of 
lunar spacecraft. 
 Impinging rocket plume on lunar surface produces ground jet that 

moves radially and laterally away from the jet stagnation region  
 Interaction of rocket plume with the lunar surface causes particle 

liberation and regolith erosion: extremely hazardous particle spray.  
 Scientists1 estimate eroded particles velocities > 100 m/s 
 Accurate and robust modeling of rocket exhaust interaction with the 

lunar surface paramount to future space exploration  

Figures of gas particle bed interactions that lead to hazardous particle ejections and could benefit from 
continuum modeling; (from left to bottom right) artist rendering of the particle spray ejected during space 
craft descent2, Helicopter brown out3, and saltation causing the take over of a city4.  

Snap shots from an Apollo landing on the moon2. Image b haziness high velocity particle 
spray induced by the interaction of the lunar modules rockets with the lunar surface.  

a b 

For εs>εs,min 

CFD MODELING APPROACH 
• Two fluid model: separate mass, momentum balances for each phase 
• Balance of kinetic energy associated with particle velocity fluctuations 
• Solid phase stress – summation of kinetic, collisional and frictional 
contributions 
• Implementation in Fluent 
• Magnitude of frictional stress greatly affects cratering behavior 
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SIMULATION DOMAIN FRICTIONAL MODEL 

Experimental Data of 
Cratering Behavior5 

 Experimental parametric study cratering behavior due to a gas jet 
 Subsonic turbulent jet directed downward into a particle bed  
 Particle bed beach sand sieved to 100-180μm 
 The jet bisected by clear window crater evolution monitored by high 

resolution video and crater data extracted with surface tracking 
techniques.  
The effects of jet velocity, diameter, height above bed, density and 

viscosity were explored.  

Pipe Diameter 

12 in 

6 in Pipe Height 

Motivation 
A  multiphase continuum model  that can accurately predict the 
interaction of a high speed fluid jet with a dense particle bed. The 
dense phase fluid/solids interaction model will be used to help 
predict the high velocity spray created during ascent and descent 
of lunar space crafts.  
 

FUTURE PLANS 
 Cratering in lunar gravity and 2xEarth gravity: modeling 

 Investigate cratering of lunar soil simulants and nonspherical particles: 
experimental and modeling 

 “Multi-scale” modeling to particle phase stress to incorporate particle 
shape 

 

 

References: 1Jaffe, L. D., SP-284, NASA, Washington DC, (1972) 94-96., 2Provided by NASA: Lunar landing images and NASA Artist Concepts .,  3http://www.airsquadron.org/pages/africa2002/hires/2002-04-20_01%20Nouakchott.jpg., 4http://www.defenseindustrydaily.com/V-22-Osprey-A-Flying-Shame-04822/., 5Metzger et al., J. Aero. Eng., 22, 24 (2009)., 6Metzger, Private Communication (2009)., 7Anderson and Jackson, In. Eng. Chem. Fund., 33, 1439 (1967)., 8Jackson, Chem. Eng. Sci., 52, 2457 (1997).,9Jackson, Chem. Eng. Sci., 53, 1955 (1998).,10Lun et al., J. 
Fluid Mech., 140, 223 (1984)., 11Johnson and Jackson, JFM. 176, 67 (1990)., 12Schaeffer, J. Diff. Eq., 66, 19 (1987)., 13Ocone et. al. AIChE Journal, 39, 1261 (1993). 

CONCLUSIONS 
• The two-fluid fundamental CFD model (with the appropriate frictional stress model) is  capable of 
predicting the salient features of the particle cratering behavior via impinging jet.  
• A scaling analysis based on the governing equations in the model can describe the trends in the 
experimental data 

•Lower density particles crater much faster and produce a larger crater.  

•Cratering rate increases with decreasing gravity and the crater is larger in lower gravity.  

•Dominating cratering mechanism can change based on gravity 

ACKNOWLEDGEMENTS 
NASA – STTR, NASA-Kennedy Space Center, 
Dr. Philip Metzger, Dr. Christopher Immer 
Jennifer Lester 
Kala Galvich 

VARIABLE G EXPERIMENTS 
Cratering in Earth gravity (gee), lunar gravity, and 2-gees.  
Experiments performed with spherical particles 
Investigate effects of particle density and gravity on crater formation 

 

Experimental set up Experimental team in Zero G plane 

CRATERING IN VARIABLE GRAVITY 
 Cratering polystyrene 150-300 microns 

Crater depth ↓ as gee ↑ 

Cratering glass 150-300 microns 

Crater depth more sensitive 
to jet Re ↑ as gee ↓ 

Cratering glass and polystyrene 150-300 microns in 1/6-gee 

Inner crater glass width = overall 
crater width polystyrene 

Cratering of polystyrene much more sensitive 
than glass  to increased jet velocity 

Crater inner and outer width ↓ as gee ↑ 

t = 22 sec 

Re = 6590, 1/6-gee  

t = 22 sec 

Re = 6530, 1-gee  

Simulated and Experimental Parametric Study 
Johnson and Jackson11 Frictional Model: Fr = 0.05, n=2, p=5 

Experimental image of crater and 
solids volume fraction contour plot 

Effect of Jet Height 
Scales ~ 1/Hp 

Effect of Jet Velocity Scales ~ Re 

Effect of Jet Density/ Viscosity 
Scales with ~                   (LM)    p         g

Ut
2

Long time simulation 
prediction 

MODEL PREDICTIONS OF CRATERING 

EXPERIMENT MEASURABLES 

Initial Bed Height 

Crater Outer Width 

Crater Inner Width 

Crater Depth 

Founding provided by NASA-
STTR and PIRE-NSF 

Industrial Applications 
CFD modeling is a tool that can help increase efficiency by predicting 

better reactor or storage design, experimental insight 
CFD modeling has the ability to model large scale systems, which is 

necessary for industrial applications.  
Dense phase particle flows are prevalent in industry 
CFD has and can be used to improve the performance of multiphase flow 

technologies 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fluidized Bed Hopper Flow 
Gas/Solid Riser 

Pneumatic Conveying 



Two-phase flows are prevalent across a diverse range of industrial 
and geophysical processes including fluidized bed reactors, 
pneumatic and hydraulic conveyors, and sedimentation units. 
 
The presence of a second phase has an effect on the momentum, 
heat and mass transport properties of the flow. Knowledge of the 
behavior of two-phase flows is required for the development of 
accurate transport models that will help reduce problems with 
settled/stationary particles, improve the design of new slurry lines, 
and help determine optimum operating conditions in existing lines. 
 
 
 
Fluid particle flows can be categorized in two regimes: 
 
 
 
 
 
 
 
 
 
 
 
 
A method to quantify the response of particles to fluid fluctuations is 
the Stokes number, defined as: 
 
 
 
Where: 
Uf is the fluid velocity, ρs is the particle density, d is the particle 
diameter,  μ is the fluid viscosity and D the characteristic length. The 
convention to classify flows is approximately: 
 
 
 
 
  

Figure 1 Schematic of particle response at different Stokes numbers. 
               Fluid trajectory                   Particle trajectory   

 

Detailed Measurement of Particle-Laden Flows  
Using Laser Doppler Velocimetry 

Sarah E. Mena, Zhelun Li and Jennifer Sinclair Curtis 
University of Florida, Department of Chemical Engineering, Gainesville, FL, 32611 

  
 Depending on the particles response to fluctuations in the fluid, 

particle fluid interaction can be seen  as depicted in figure 1: two 
extreme behaviors of responsiveness and non-responsiveness 
with an intermediate region in between. 
 

For high solid concentrations the index of refraction between the 
fluid and the particles will be match to allow velocity measurements 
with LDV. Early tests for Pyrex glass and silica gel particles using a 
concentrated solution of sodium iodide were conducted showing 
encouraging results. Pictures for some tests are shown in Figure 3. 

Viscosity dominated regime Inertia dominated regime 
Momentum and energy transfer occur 
through the fluid 
 
 
Systems where the two phases have very 
similar densities, small particles size and 
low flow rates are expected to be viscosity 
dominated flows. 
 
Typical examples:  
Gas-solid and liquid-solid flows with small 
particles. 

Momentum and energy transfer occur by 
direct interaction between particles 
without being affected by the fluid.  
 
Systems with large particles and where the 
particles have a greater density than the 
fluid are expected to be inertia dominated 
flows. 
 
Typical examples: 
Gas-solid flows with larger and denser 
particles. 

F

Stokes Numbers <1  Stokes Numbers ~5-30 Stokes Numbers >40 

Test section Test sectio

Sampling tank 

Research Objectives 

Research Methods 

Perform a systematic investigation of the effects of Reynolds number, 
particle size and particle concentration on the transport profiles for 
both the fluid and particle phase. This will include measurement of 
mean and fluctuating velocities of both phases at varying flow rates 
for viscous-dominated and transitional regimes systems.  

A unique pilot flow facility was constructed and is fully functional for 
the investigation of turbulent two-phase flows.  
 
The equipment, depicted in Figure 2, can accommodate a wide range 
of flow rates, particle sizes and concentrations.  
 
The system selected for the study is water at room temperature as 
the fluid and glass spheres as the particles. 
 
Flow data will be acquire using non-intrusive laser Doppler 
velocimetry (LDV) technique. LDV is high resolution  laser based 
technique that can be used to obtain instantaneous and averaged 
velocity measurements. LDV is one of the most popular methods for 
the measurement of local velocity. 
 

There is a lack of experimental data for the viscous-dominated 
(Stokes <~1) and transitional regime (Stokes ~5-30).  
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Polyhydroxy Fullerenes - Spectral Data Analysis 
Angelina Georgieva1, Vijay Pappu2, Vijay Krishna1, Ion Ghiviriga3, Ben Koopman4, Brij Moudgil1, Pando Georgiev2 and Panos Pardalos2 
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Industrial Relevance: 
 New mathematical approach for faster and 
more precise data analysis, applicable for 

quantitative evaluation of every spectral data 
in the chemical and biochemical industry 

Intellectual 
Motivation for the 

Research 
Polyhydroxy 
fullerenes (PHF)’s 
estimation of number 
of hydroxyl groups is 
needed: 
 In order to 
understand 
electron scavenging 
properties of PHF.  
 Since so far no 
successful example 
in the literature on 
elucidation of 
structure of PHF.  
 Preparation 
Methods Used  
 Modified Kitazawa 

(alkali) method (Li et 
al., 1993) 
 C60Br24 method 

(Schulz at al, 1996).  
Characterization  

Methods Used  
 FTIR 
 XPS 
 NMR 
 TGA 

Mathematical 
Methods Used  
 GlobalSearch  
Algorithm 

�  Our Approach: We developed 
algorithm for quantitative analysis 

of large amount of  
Fourier Transform Infrared Spectral 

Data in order to elucidate  
the structure of  

PHF  

�  13C NMR method 

Summary 
 Developed was new mathematical 
algorithm to analyze spectral data 
more precisely and time efficiently. 
 Cross-validated were different 
methods to find out the accuracy and 
precision of the different  data 
analysis. 

Future Work 
 Analyze by better resolution XPS 
standard sample of PHF. 
  Correlate experimental FTIR and 
NMR peaks with quantum 
theoretical predictions.  
  Publish our results. 

�  FTIR Spectra of PHF – Raw Data 

Acknowledgement: This material is based upon work supported by PERC, CNBS and CPaSS industry members. 
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1364cm-1 C-O-H 
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�  All Gaussian Curves of 3 FTIR Dataset 
– Inverted – Shown Essential Area 

2000-800cm-1 

�  FTIR Spectra of Area of 
Individually Fitted Database 

Gave the Number of Hydroxyl 
Groups 

C60(OH)18-19 

Min 

a,μ,σ 

�  Mathematical Formulation 

N –  number of observations in each dataset 
p  –  number of peaks in the fitted curve 
m –  number of datasets for each experiment  

j =  1,2,..m 
r =  1,2,..p 
k = 1,2,..p 
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Bioengineering Applications of Green Polymeric Nanoparticles: 
Tissue engineering

Sathish Ponnurangam1, Grace D. O’Connell1, Ponisseril Somasundaran1 and Clark T. Hung1 and V. Runkana2
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Release Kinetics & Mechanical properties

Acknowledgements

Mechanical properties of engineered tissues

Synthesis of polymer and microgels

• Nanotechnology for biomedical applications:
• Nanogels & nanoparticles for actives extraction & 

release for tissue engineering and cosmetics
• One specific application: Articular human cartilages. 

Goals

Broader Scope - Nanogels
• Controlled delivery of drug and

nutrients
• Extraction of toxicants
• Diagnostic devices
• Sustained delivery of actives or

fragrances in personal care
• Improving strength during

setting of cement  

Conclusions and Future Work
• Sustained delivery of nutrients or drugs with no 
initial burst effect
• Cultured hydrogels with nutrient-loaded
microgels improved mechanical properties.
• Collagen conformation and content of engineered 
tissue remain poor compared to native cartilage. 
• Future aim is to improve collagen content relative 
to GAGs by delivering chondroitinase-ABC 

Introduction – Articular cartilage engineering
• Extracellular matrix elaborated during tissue culture in a 

hydrogel scaffold hinders further diffusion of nutrients,
causing spatially inhomogeneous mechanical properties.  

Objective is to use polymeric
microgels (as delivery vehicle)
embedded in a chondrocyte-
seeded agarose scaffold for
sustained delivery of 
essential nutrients to 
overcome hindered diffusion 
(Scheme 1).  

Drug Delivery

Tissue engineering

Diagnostic and 
contrasting agents

http://media.wiley.com/wires/WNAN/WNAN14/nfig006.jpg
http://www-cgi.uni-regensburg.de/Fakultaeten/Pharmazie/Pharmtech/php/en/forschung_tissue_6.php
http://www.uic.edu/labs/bpslab/drug_delivery.html

Hydrogel scaffold Microgel w/ nutrientsChondrocytes

Degrading microgels and released nutrients

Increasing time

Scheme 1: Hydrogel scaffolds with embedded microgels

poly(Sebacic anhydride) Synthesis of microgels) Synthesis of microgelsy g
•Microgels synthesized using
double emulsion (W/O/S) of
water/methylene chloride/solid
(bioactive) by solvent evaporation

•Sebacic anhydride polymer, PSA,
dissolved in oil phase coated the
internal solid phase (nutrients or
bioactive molecules).  

•Microgels encapsulated with ~20
mg of vitamin-C and glucose
powders synthesized separately.  

Scheme 2 Synthesis of microgels
W/O/W double emulsion method

W/O/W double emulsion

Thermal crosslinking
Solvent Evaporation
(Methylene Chloride)

Nutrient encapsulated 
Polyanhydride microgels

Centrifuge, washed and 
freeze dried

Confocal fluorescence
image of microgels; 
Green shell- polymer,
Black core- VitaminC Release of amitriptyline drug from

poly(sebacic anhydride)-based 
microgels.  
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• Linear release of
amitriptyline observed
and ~ 28 % of drug was
released by day 12 (see
right).  

• Microgels (with
vitamin-C or glucose)
were embedded in
agarose hydrogel with
30M/mL chondrocytes. 
A gel without microgels
served as the control.  

• Raman spectra of engineered cartilage and native 
juvenile-bovine articular cartilage clearly demonstrated 
that the collagen content and the helical conformation 
was still lower in the engineered constructs (below). 
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• Both the Young’s (EY) (10% compressive strain) and dynamic 
moduli of microgel constructs greater than control (see 
below). 

Compressive modulus

Dynamic modulus

Raman analysis of articular cartilage  tissue

Bian, L., S. L. Angione, et al. (2009). 
Osteoarthritis and Cartilage 17(5): 677-685.

This study is supported in part by CPaSS, NSF grant no. 0749481, NSF grants 0749461 
and 0925232, Tata Research Development and Design Center (TRDDC), India, and 
NIH/NIAMS grants AR46568 and AR60361. 





  Represents a new market with untapped 
revenue potential. 
•  One million MRI screenings are needed per year 

for breast cancer. (http://www.ncbi.nlm.nih.gov/pubmed/
17036340) 

•  Projected cancer costs in 2020 to exceed 2010 
costs by at least 27 percent. $16.5 billion was 
spent on treating breast cancer in 2010. (http://
www.esmo.org/no_cache/view-news.html?tx_ttnews[tt_news]
=1031&tx_ttnews[backPid]=585&cHash=b58a05da78)  

   Pharmaceuticals 
•  Safer multimodal product with imaging contrast 

and therapeutic capabilities 
•  Photothermal release of actives (Transdermal 

patch with laser/radiofrequency irradiation) 

  Other Markets 
•  Photothermal release of nutrients and pesticides 

in agriculture  sector 
•  Photothermal release of nutrients and other 

actives in consumer product sector 

  General Synthesis Method 
•  Generalized to produce other biodegradable 

particles - nutrient loaded nanoparticles for 
cosmetics or agricultural applications 

  Motivation 
•  Develop multifunctional,  biocompatible particles 

for imaging and targeted delivery in medical 
applications.   

  Objectives 
•  Synthesize PHF/Chitosan nanoparticles (optimize 

particle size, composition) to increase 
biocompatibility, retention time, and test their 
safety and therapeutic efficiency through in vivo 
studies. 

•  Incorporate Gd atoms into the PHF in order to 
enhance MRI contrast. 

  Synthesis procedures for nanoparticles (charge interactions) 

0.10wt% PHF- 0.20wt% Chitosan  
(10 x Dilution) 

0.10wt%TPP - 0.20wt% Chitosan 

0.10wt% PHF -0.10wt% TPP - 0.20wt% 
Chitosan (10 x Dilution) 

Spring 2012 IAB Meeting – February 13-15, 2012 

This project is based upon work supported by the 
Department of Defense, M.Q. Landenberger 

Foundation and PERC. 

Future Work 
 Further optimize synthesis of PHF/
Chitosan nanoparticles using 
chitosan of different molecular 
weights. 

 Test Gd loaded nanoparticles for MRI 
contrast properties and photothermal 
therapy with laser/radiofrequency 
irradiation. 

 Assess applicability for image-guided 
cancer therapy  using photoacoustic 
imaging, MRI and photothermal 
ablation.  

UV-Vis Absorbance of PHF/Chitosan Nanoparticles 

                          (peaks move left) 

SEM image of Chitosan-PHF nanoparticles (0.25wt% chitosan) 

  PHF successfully encapsulated into 
Chitosan. 
  Chitosan concentration influenced the 
Chitosan-PHF particle size. 
  Particles with optimum size of PHF- 
Chitosan (less than 100nm) were 
synthesized. 

1Department of Materials Science and Engineering, 2Department of Environmental Engineering Science,  
3Particle Engineering Research Center, 4Department of Surgery, University of Florida, Gainesville, FL, 32611. 

Synthesis and Characterization of Biocompatible PHF-Chitosan Nanoparticles 
Ailin Qin1,3, Eric M. Bidinger3, Vijay Krishna3, Ben Koopman2,3, Stephen Grobmyer4 & Brij Moudgil1,3 

  Motivation & Objectives 

Results 

Industrial Relevance  

Acknowledgement 

Methods 

+
Chitosan PHF-TPP-Chitosan PHF 

Model synthesis of PHF/Chitosan Nanoparticles, Gd will be incorporated inside of a PHF molecule 

+ 
TPP 

wt% 

           Particle Size of PHF-TPP-Chitosan nanoparticles 

TPP solution (0.10 wt%) 
PHF solution (0.10 wt%)  
Chitosan-TPP-PHF solution= 6:5:1 (V/V) 

Summary 

Photothermal ablation of tumor  
with PHF/chitosan nanoparticles 
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Deposition of Benefit Agents in Skin from Emulsion Cleansers upon Dilution 
Jose Martinez Santiago, P. Somasundaran  

Spring 2012 IAB Meeting – February 13-15, 2012 

Industrial Relevance:  Obtaining a fundamental understanding of flocculation in emulsion cleansers upon dilution will lead to streamline-driven processes for defining the right composition 
of industrial formulations containing polymers, surfactants, and oils, and will help optimize deposition of beneficial agents in skin.  

Broad Appeal: Fundamental models and theories developed will be helpful to product developers and formulators in industries where flocculation is a key process; such as personal care 
household, pharmaceuticals, mining technologies, etc.  

Acknowledgement: This material is based upon work supported by the National Science Foundation under Grant No. 0749481 and by the CPaSS industry members. 

Proposed hypothesis Preliminary results 

Conclusions 

Effect of fatty acid on the floc size 
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                    Fatty acids may mask the polymer and inhibit flocculation 

Effect of fatty acid chain length on the floc size 
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Floc dispersion turbidity 
Dilution: 0.5% emulsion in water 

Flocculation inhibition increases with fatty acid chain length 

Stable  
cleansing  
emulsion 

Polymer-surfactant interaction 
Polymer induced flocculation 

2. Floc size plays a key role in deposition 

Coacervate  
carries oil 

Floc of oil droplets 

Dilution Dilution 

Factors affecting deposition of benefit agents upon dilution in 
surfactant-oil-polymer systems 

 Polymer 
Type 

Molecular weight 
Charge Density 
Conformation 

Surfactant 
Type 
HLB 
CMC  

Oil 
Type 

Polarity 
Melting Point 

Deposition Mechanism upon foaming and dilution 
•  Electrostatic interaction 
•  Polymer-Surfactant Interaction 
•  Flocculation of oil droplets  

COMPLEX SYSTEM, DIFFICULT TO PREDICT 

External factors   
•  Breakage of flocs due to shear 
•  Re-flocculation of broken flocs 
•  Floc Size  

•  Dilution factor 
•  Temperature 

More consumers are using liquid body washes 
There is an increased demand on deposition of Benefit Agents from 

 rinse-off products 

 Liquid body wash market 

Cross-sectional 
skin surface 

Deposited  
ideal size floc 

Skin friction ridge 

Studying the dynamics of flocculation upon dilution will help:    
 1. Elucidate mechanisms of deposition   

          2. Predict and optimize deposition  
Proposed techniques for floc characterization: Optical 
microscopy, light scattering (floc size), zeta potential, 
fluorescence sp. etc. 

•  Deposition of beneficial agents from rinse-off cleansers in skin is challenging 
•  Floc size distribution is a key factor in the deposition process 
•  Deposition mechanisms need to be elucidated for emulsion systems 
•  Preliminary results showed that floc size distribution is  
  significantly affected by pH and addition of fatty acids 

Proposal objectives:  To optimize deposition of beneficial agents on skin  from rinse-off emulsion cleansers  
Challenges: Polymer induced flocculation upon dilution is a complex process due to numerous factors,  including; dilution factor, interaction between polymer and surfactant, pH, and the 

interaction of other ingredients in the cleanser. 

1. Upon dilution, flocs are formed through polymer-surfactant 
interactions and flocculation of oil droplets 

without fatty acid 



Chem. Mater. 
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Targeting of Polyhydroxy Fullerenes for Photothermal Applications 
Neha Saxena1,2, Vijay Krishna2, Stephen Grobmyer3, Ben Koopman4, & Brij Moudgil1,2 

1Dept. of Materials Science & Engineering, 2Particle Engineering Research Center, 3Dept. of Surgery, 4Environmental Engineering Sciences, University of 
Florida: Gainesville, FL 32611  

Goal 

Conjugate polyhydroxy fullerenes to 
targeting agents for site-specific delivery 

Polyhydroxy 
Fullerene (PHF): 

Antibody: 

Objectives: 
 Attach PHF to antibodies 
 Retain photothermal and targeting 
capabilities  

C60(OH)22-24 

The hydroxyl groups on the PHF 
react with amine groups present on 
specific amino acids  

+ =
Lysine 

Acknowledgements 
Dept. of Defense, BCRP Concept Award (W81XWH-10-1-0805); M. Q. Landenberger Foundation; Particle Engineering Research Center; Major Analytical Instrumentation Center; Water Reclamation & Reuse Laboratory 

 

Preliminary Results: Photothermal Effects of PHF 

Future Work 
Determine how many PHF molecules are 
conjugated to one antibody and where they are 
present on the antibodies using mass spetrometry 
 
 Optimize conjugation protocol to minimize 
aggregation  
 
 Determine the targeting efficacy of the PHF-Ab 
conjugates  
 
 Perform in vivo studies to target breast cancer 
tumors 

Industrial Relevance: Pharmaceuticals; Imaging 
 

Broader Impacts: Disinfection; Photoacoustic imaging 
for trace mineral detection 

Judicious simple mixing results in fewer aggregates. Mass spectrometry 
analyses are in progress to evaluate the conjugation efficiency.  

Conventional Approach to Conjugation: 
many steps; tricky chemistry 

Proposed One-Step Approach to 
Conjugation: mix PHF with antibody 

Pros: covalent bonding; conjugates tough as nails
Cons: Aggregation; active sites hidden 

Active site open 
to interact with 
cell receptor 

Aggregates due to PHF 
reacting with more than 
one antibody 
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 Fewer available active  
    sites 

Decreased targeting  

Research Approach & Novelty 

Heating rates maintained for PHF-Ab 
conjugates  

Summary 
 

 PHF seems to heat just as well when conjugated to 
    antibodies as it does in solution by itself 

 

785 nm laser at ~500 mW 
10 PHF molecules per 1 antibody  
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Industrial & Biomedical applications of MnOx

Silica-manganese oxides as MRI contrast agent
Advantages of  SiO2 Nanoparticles:

High surface-to-volume ratio
Non-toxic and biocompatible
Surface modification for bioconjugation and targeting

Pros and cons of Manganese oxide Nanoparticles:

Mn-chelated Teslascan (a clinically approved contrast agent)
Poor in-vivo stability and toxicity
SiO2-Manganese oxide hybrids  :  incorporates benefits from both  SiO2 and MnOx
while mitigating limitaions

Manganese Acetate Microemulsion MnSiO2

http://www.avachemicals.net/manganese-acetate-tetrahydrate.html

Future work: 
  Exploration of particle potential as nano-scavenger 
  Evaluation as high field ( 17T) MRI contrast agent 

Acknowledgements:  
    

 

Manganese oxides  are one of the strongest oxidants that  in redox reactions.
Deposit on the surface of silica nanoparticles (support medium) leads to reduction of 
diffusion path and enlargement of contact area.
Applications: 

Sequestration on heavy metals (removal of  Cr, Pu, U,  by biogenic MnO)
Energy Storage (Dry cell battery, Ultracapacitor)
Catalysis (CO oxidation, Ozone Decomposition)
Bioimaging (MRI contrast agent) Nano Res (2009) 2: 54 60

Mn(III)

Mn(IV)

Mn(IV)-Mn(III)The crystal structures 
of birnessite

• Negative charges arise in Mn(IV) 
oxide minerals because of the 
presence of some Mn(III). 

• Protons or alkali, alkaline earth, 
and transition metal cations are 
sorbed to compensate the 
negative charge.

Nelson & Lion 2003



Is TiO2 a Visible Light Photocatalyst? 
Abhinav Thakur1, Wei Bai2, Vijay Krishna1, Ben Koopman2, Brij Moudgil1 

1Particle Engineering Research Center, 2Department of Environmental Engineering Sciences, University of Florida, Gainesville 

At the Macro Scale 
 

Rutile phase of TiO2 is used as a UV protectant in 

sunscreens. 

The anatase phase of TiO2 shows photo catalytic activity 

in UV-light at the macro scale. 

 
 
 

 

Why TiO2? 
 
 

 
 
 
 
 
 
 
 
 

Industrial Relevance 

 
 
 
 
 
 
 
 

The carrier diffusion length needed by an electron – 
hole pair is less in case of nano-sized particles. Hence 
the amount of carriers harvested are much more than 
with larger particle sizes. 

Future Work 
 

Various formulations of anatase and 

rutile TiO2 will be experimented with to 

get an optimal mixture. 

Bacteria and microorganisms could be 

tested for the visible light photo 

catalytic activity of TiO2 
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Results 

Harvested to Create 
Free Radicals 

Electron recombination 
due to large particle size 

Conduction Band 

Valence Band 

Eg=3.2ev (385nm) 

Conduction Band 

Valence Band 

Eg=3.0ev (413nm) 

Rutile Anatase 

TiO2 photocatalytic coatings can be 

used in air filters for emission 

reduction and air purification. 

Self cleaning and sterile surfaces can 

be prepared by coating them with 

TiO2 coatings. 
 

Harvesting Nanotechnology for better 
Photo Catalytic Performance 
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Degradation of Dye by Two Layer TiO2 Coating 

Rutile (Micro) Rutile (Nano) Anatase (Nano) Degussa P25

The dye degradation data clearly suggests that Rutile and 
Anatase are both much more photo-active at the nano scale. 

Hypothesis: Both Rutile and Anatase phases of 
TiO2 are photo active at the nano scale when 
exposed to visible light. 
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The Effect of Indoor Light Luminosity on Photocatalysis
Laurence Vincent1,2, Wei Bai1,3, Ben Koopman1,3, Vijay Krishna3, and Brij Moudgi3,4
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The goal of this project is to understand the effects of light 
luminosity on photocatalysis in a realistic indoor environment. To do 
this, a dye-degradation experiment was carried out using TiO2 and
Procion red dye. Ceramic tiles covered in TiO2 and the dye were 
exposed to light for 12 hours, and the degradation was measured 

to note the change as a function of light luminosity. The luminosities 
were chosen to emulate a realistic office environment.

Introduction

Materials and Methods
The backing to the dye-degradation experiments were white 

tiles. The TiO2 layer was created by first applying TiO2 particles
of diameter 5nm in the rutile form, and then applying TiO2 in the 
anatase form with a particle diameter of 7nm. Once this layer 
dried, the tiles were then coated with dye. The environment’s 
luminosity was detected using a global radiometer, and the 

exposure time was 12 hours, with measurements taken at 0, 1, 
3, 6, and 12 hours. Degradation was measured through visible 

light spectrophotometry, measuring the absorbance of the tile at 
each time.

Data and Results
The two data sets were compared at the 

observed absorbance peak of 519nm. The 
results are as follows and are graphed below:

Luminosity of 1.9 W/m2:
o 55% degradation after 6 hours
o 67% degradation after 12 hours

Luminosity of 5.0W/m2

o 75% degradation after 6 hours
o 81% degradation after 12 hours

0
10
20
30
40
50
60
70
80
90

100

0 5 10 15

%
 D

ec
re

as
e

Time (h)

Percent Decrease in Absorbance

5W/m^2
1.9W/m^2

Industry Relevance
This application of photocatalysis can be used 
for all of the following:

Removal of VOCs
Odor control & air sanitizer
Add-in for presently used household disinfectants
Controlled release of perfumes and other actives
Antimicrobial coatings




