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ABSTRACT 
 
The objective of this work was to develop sustained 

release formulation for hydrophilic drugs with minimal 
burst effects. For this purpose, nanoparticles of a 
hydrophilic drug were produced using supercritical CO2, 
which were then encapsulated into polymer microparticles 
using an anhydrous method, followed by studying their 
sustained in-vitro drug release. A hydrophilic drug, 
dexamethasone phosphate, was dissolved in methanol and 
injected in supercritical CO2 with ultrasonic field for 
enhanced molecular mixing (SAS-EM technique). 
Supercritical CO2 rapidly extracts methanol leading to 
instantaneous precipitation of drug nanoparticles of 150 
nm. These nanoparticles, on encapsulation in poly(lactide-
co-glycolide) polymer using anhydrous s/o/o/o technique, 
resulted in the well-dispersed encapsulation of drug 
nanoparticles in polymer microspheres of ~70 µm. Their in-
vitro drug release showed sustained release of 
dexamethasone phosphate over a period of 700 hours with 
almost no initial burst release.  

 
Keywords: sustained/controlled drug release, PLGA, SAS-
EM, dexamethasone phosphate, s/o/o/o, supercritical CO2, 
nanoparticle. 
 

1 INTRODUCTION 
 
Sustained release formulations of active pharmaceutical 

ingredients (API) using biodegradable polymer 
microencapsulation have been developed for delivery via 
oral [1,2], transdermal [3,4], subcutaneous depot [5] and 
other routes. Various microencapsulation procedures have 
been developed such as o/w solvent evaporation [6],  w/o/w 
double emulsion [7], hydrous w/o/o [8], w/o/o/o [9], s/o/w 
[10], anhydrous s/o/o/o [11] and some novel phase 
separation techniques [9,12]. However, various problems 
with drug encapsulation and release, protein instabilities, 
aggregation, and denaturation still persist [13]. Some 
advances have been made in resolving these problems and 
stabilizing these API [14]. However, the problem with 
hydrophilic drugs still persists in that the drug particles are 
not very small as compared to the encapsulating polymer 
microparticles or are encapsulated in the form of small 
clusters within the polymer matrix, resulting in a high 
initial release. 

Hence, the objective of this work is to produce sustained 
release formulations made of PLGA microparticles, with 
fine nanoparticles of a hydrophilic drug, dexamethasone 

phosphate encapsulated in them. Formulation is achieved in 
two steps. The first step is reducing the particle size of the 
drug particles by the use of supercritical antisolvent 
technique with enhanced mass transfer (SAS-EM®) [15]. 
The second step is microencapsulation of drug 
nanoparticles using s/o/o/o phase separation/coacervation 
technique [16]. Both these steps are completely anhydrous 
and hence are easily extendible to formulations of 
hydrophilic drugs including rigid proteins [11,17 ]. 

Two different issues have been addressed in this work. 
The problem of ‘initial burst release’ is solved by reducing 
the particle size by using the SAS-EM technique such that 
the relative size of the drug is very small as compared to the 
size of the polymer microparticles allowing the drug to be 
well dispersed in the polymer matrix. The other problem of 
poor percentage encapsulation of the drug in the polymer 
microparticles was resolved by using the anhydrous s/o/o/o 
technique that gives maximum encapsulation efficiencies 
for hydrophilic drugs and proteins [10]. 

 
2 MATERIALS  

 
Poly(lactide-co-glycolide) (PLGA 50:50; inherent 

viscosity = 0.39 dL/g in HFIP @ 30oC) was obtained from 
Birmingham Polymers. Sodium salt of dexamethasone-21-
phosphate was obtained from Sigma Chemicals. 
Dichloromethane (99.9% ACS grade), silicon oil 
(dimethicone, 350 cSt) were purchased from Sigma 
Aldrich, and methanol (HPLC grade), phosphate buffer 
saline (PBS, Labchem Inc., pH=7.4), and hexane (HPLC 
grade) were obtained from Fisher Scientific. All the 
materials were used as received. 

 
3 APPARATUS AND PROCEDURE 

 
3.1 Formation of Drug Nanoparticles  

SAS-EM process for forming drug nanoparticles is 
explained in depth by Gupta and Chattopadhyay [18].  A 
schematic of the SAS-EM apparatus is shown in Figure 1. 
The main component of the apparatus is a high-pressure 
precipitation cell (R) with an approximate total volume of 
80 cm3. A titanium horn (H, Sonics and Materials, Inc.) 
with a tip of 1.25 cm in diameter is attached to the 
precipitation cell to provide the ultrasonic field generated 
by a 600 W (max. power), 20 kHz ultrasonic processor (U, 
Sonics and Materials, Inc). The experiment was carried out 
at constant temperature of 40oC and constant pressure of 
1500 psi to maintain supercritical conditions of CO2. The 
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constant pressure was maintained by using a Teledyne 
ISCO syringe pump (Model 500D), and constant 
temperature by heating coil, temperature sensor and RTD 
controller device. Supercritical CO2 was fed inside the 
precipitation cell through the inlet port located at the 
bottom of the vessel and purged from the exit located at the 
top of the vessel through an inline membrane filter to 
prevent the loss of any drug particles. At steady 
temperature and pressure conditions and known ultrasonic 
intensity, 10 mg/ml dexamethasone phosphate solution in 
methanol was injected into the precipitation cell, at the rate 
of 2 ml/min using a pump (Lab Alliance, Series 1500, dual 
head piston pump with pulse dampener). During the 
injection process, CO2 was continuously being purged to 
allow extraction of methanol out of the system. The 
solution was injected through a horizontally placed 1/16th 

in. PEEK nozzle of internal diameter 100 µm, touching the 
center of the horn, so that the liquid jet experiences 
maximum ultrasonic intensity. These ultrasonic vibrations 
break the liquid jet into very fine droplets, their diameter 
being controlled by the ultrasonic intensity, which in turn is 
controlled by changing the amplitude of the ultrasonic 
vibration. 90 W power was used to drive the ultrasonic horn 
[14]. 

 

 
 

Figure 1. Schematic of SAS-EM apparatus. R: 
Precipitation Cell, H: Titanium Horn, U: Ultrasonic 
Processor, D: Drug Solution, CI: CO2 Inlet, CE: CO2 Exit, 
P: High Pressure Liquid Pump with Pulse Dampener, P1: 
ISCO Syringe Pump for supercritical CO2, I: Inline Filter, 
G: Pressure Gauge, C: Heating Coil with Temperature 
Sensor & RTD Controller. 
 

After injecting the solution, the ultrasound was turned 
off and the system is allowed to purge with fresh CO2 

almost 5 times the volume of the precipitation cell to 
completely remove methanol from the cell. The cell was 
then depressurized to collect the drug nanoparticles.  

 
3.2 Encapsulation of drug nanoparticles  

Drug nanoparticles obtained from SAS-EM were 
encapsulated in PLGA microspheres by using the non-
aqueous s/o/o/o solid dispersion technique [19,20]. 400 mg 
PLGA was first dissolved in 5 ml dichloromethane. 20 mg 
dexamethasone phosphate nanoparticles were then finely 
dispersed into 5 ml PLGA/ dichloromethane by sonication. 
A fine suspension of drug nanoparticles with no 
sedimentation was obtained. Under continuous mixing at 
around 1000 rpm, five ml of 350 cSt silicon oil was added 
to this suspension resulting in the coacervation of the 
organic phase. This caused PLGA to precipitate in the form 
of microspheres encapsulating drug nanoparticles. This 
suspension was added to 75 ml hexane, pre-cooled to 5oC, 
to extract out the dichloromethane and silicon oil. The 
microparticles were collected by vacuum filtration through 
a Whatman no. 1 filter paper. The microparticles were 
washed with cold hexane, to remove residual 
dichloromethane, and silicon oil. These microparticles were 
then air dried under mild vacuum to remove residual 
hexane.  

Similar procedure was repeated for the encapsulation of 
dexamethasone phosphate particles as provided by the 
supplier without any further particle modification (termed 
as “unprocessed drug particles” henceforth) for 
comparative analysis.  

 
3.3 Particle size analysis  

The unprocessed drug particles, drug nanoparticles 
obtained from the SAS-EM process as well as the 
encapsulated drug/polymer microparticles obtained from 
the s/o/o/o technique were analyzed for their sizes and 
surface morphology using a scanning electron microscope 
(SEM: Zeiss, model DSM 940). The particles were initially 
spread on a carbon tape glued to an aluminum stub and 
coated with Au using a sputter coater (Electron Microscopy 
Systems, model EMS 550) under a vacuum of 0.2 mbar. 
The Au layer of ~10 nm thick is coated to make the particle 
surface conductive to electrons in the SEM. The amount of 
Au coated is insubstantial as compared to the size of the 
particles so as not to alter the particle morphology or 
surface texture. The particles were then observed under 
SEM and micrographs were recorded. Multiple images of 
different areas of the SEM stub were recorded for particles 
size analysis.  

 
3.4 Extent of encapsulation 

To determine the percentage of drug nanoparticles that 
were not encapsulated into the polymer (termed as surface 
drug), 5 mg of the above microparticles were suspended in 
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2 ml of PBS buffer. This aqueous buffer was then filtered 
through a 5 µm Alltech® syringe filter and tested for the 
drug content using HPLC (Model 600, Waters Corp.) for 
dexamethasone phosphate. The HPLC is equipped with a 
7725i Rheodyne® six-port injection valve, model 600 
HPLC pump controller with dual head pump, model 2410 
refractometer and model 2487 Dual λ UV spectrometer. To 
determine the total amount of dexamethasone phosphate 
encapsulated, 5 mg of the microparticles were dissolved in 
1 ml of dichloromethane and equilibrated overnight with 2 
ml of PBS buffer. The aqueous phase was then tested for 
dexamethasone phosphate content using HPLC. In HPLC, 
the mobile phase was kept acidic to maintain the sodium 
salt of dexamethasone phosphate in un-dissociated form. 
Hence, the mobile phase was modified to 0.05 M PBS 
buffer : acetonitrile : acetic acid in the ratio of 70:28:2 
flowing at 1 ml/min through a 3.9 mm x 150 mm Novapak 
C-18 column. The UV detector was set to 244 nm.  

 
3.5 In-vitro release rate study  

The release rate of the drug from the polymer 
microparticles was studied over a period of time. About 50 
mg of PLGA microparticles, containing drug nanoparticles 
encapsulated in them, were suspended in 100 ml of 0.05 M 
phosphate buffer saline (PBS, pH=7.4) at 37oC in an 
incubator, and stirred at 50 rpm. Simultaneously, 50 mg of 
PLGA microparticles, containing unprocessed drug 
particles encapsulated in them, were also suspended in 100 
ml PBS at similar conditions. Samples, after being filtered 
using a 5 µm filter, were taken approximately once or twice 
a day and analyzed for dexamethasone phosphate using 
HPLC as described above.  

 
4 RESULTS AND DISCUSSION  

 
The process of supercritical antisolvent precipitation 

with enhanced mass transfer is well explained earlier [21].  
In this technique, the drug is dissolved in a solvent and 
injected in supercritical CO2 in the form of a fine spray. The 
ultrasonic vibrations enhance mass transfer between 
supercritical CO2 and the organic medium. CO2 acts as an 
antisolvent and removes the organic solvent from the fine 
droplets resulting in the formation of drug nanoparticles. 

The process of coacervation has been well established 
[22]. In this case, the ratio of drug to polymer was 
maintained to 1:20 in order to achieve a good dispersion of 
the drug in the polymer matrix. The polymer was about 6 
wt. % of the polymer solvent i.e. dichloromethane.  

 
4.1 Particle size and morphology  

The unprocessed dexamethasone phosphate particles as 
provided by the supplier were ~50-100 µm irregular shaped 
crystalline particles (Figure 2a). By the SAS-EM technique, 
dexamethasone phosphate particles were converted into 
nanoparticles of 150-200 nm size (Figure 2b).  

            
(a)    (b) 

Figure 2. SEM micrographs of (a) dexamethasone 
phosphate microparticles as provided by the supplier and 
(b) dexamethasone phosphate nanoparticles obtained by 
SAS-EM. 

 
The microencapsulation of dexamethasone phosphate 

nanoparticles into the PLGA microparticles yielded 70-80 
µm large particles (Figure 3a-b). Since the size ratio of drug 
nanoparticle to polymer microparticle is about 1:400, the 
drug nanoparticles can be imagined to be well dispersed 
within the polymer microparticle matrix. Whereas, the 
encapsulation of unprocessed drug particles resulted in 
some smaller particles in the range of 40-50 µm and some 
extremely large particles of about 100-120 µm (Figure 3c-
d). Hence, only part of the drug particles got encapsulated 
and some PLGA particles had no drug loading.  

 

           
(a)    (b) 

           
(c)    (d) 

Figure 3. SEM micrographs of drug/ polymer 
microparticles containing (a-b) drug nanoparticles and (c-d) 
unprocessed drug particles.  Each microparticle contains 10 
wt.% dexamethasone phosphate nanoparticles, and 90 wt.% 
PLGA. 
 
4.2 Percentage encapsulation  

For the case where the unprocessed drug particles as 
provided by the supplier were used, out of the total quantity 
of drug taken, the net drug encapsulated was only 70%. 
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This shows that only smaller drug particles were 
encapsulated leaving behind the larger ones. However, for 
the case where drug nanoparticles were used for 
encapsulation, the surface drug was only about 1.5%. The 
net percentage of drug nanoparticles encapsulated was 
about 90% with minimal drug loss.  

 
4.3 In-vitro release rate study 

In-vitro drug release of dexamethasone phosphate 
nanoparticles encapsulated in PLGA microspheres was 
compared to that from the unprocessed drug particles also 
encapsulated in PLGA microspheres. The in-vitro drug 
release of the unprocessed drug particles (but 
microencapsulated) showed an initial burst release of about 
5% at time zero and all the drug was released within 24 
hours (Figure 4a). Whereas, the in-vitro drug release of the 
nanoparticles (also microencapsulated) obtained using 
SAS-EM showed a continuous release for 700 hours 
(Figure 4b).  
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Figure 4. In-vitro release profile of dexamethasone 

phosphate from PLGA microencapsulated (a) drug 
microparticles as provided by the supplier (Figure 2a) and 
(b) drug nanoparticles obtained from SAS-EM (Figure 2b). 

 
5 CONCLUSION  

 
Nanoparticles of dexamethasone phosphate can be 

produced using SAS-EM® technique. When 
microencapsulated, these nanoparticles provide high 
encapsulation efficiencies and sustained drug release 

without initial burst. Since the complete process is 
anhydrous, it can be easily extended to produce sustained 
release formulation of other hydrophilic drugs, peptides and 
proteins. 

REFERENCES 
 

[1] Ul-Ain, Q.; Sharma, S.; Khuller, G. K., Antimicrobial 
Agents and Chemotherapy, 47, 3005-3007, 2003. 

[2] Shalaby, W. S. W.; Jackson, R.; Blevins, W. E.; Park, 
K. Polymer Preprints (American Chemical Society, 
Division of Polymer Chemistry), 33, 470-71, 1992. 

[3] Karande, P.; Jain, A.; Mitragotri, S. Nature Biotech. 22 
(2004) 192-197.  

[4] Cormier, M. J. N.; Trautman, J. C.; Kim, H. L.; Samiee, 
A. P.; Neukermans, A. P.; Edwards, B. P.; Lim, W. L.; 
Poutiatine, A. I. PCT Int. Appl. (2001).  

[5] Johnson, O. L.; Herbert, P., Drugs and Pharm. Sci. 126 
(2003) 671-677. 

[6] Bodmeier, R.; McGinity, J.W., J. Microencapsulation 4 
(1987) 279–288.  

[7] Herrmann, J.; Bodmeier, R., Euro. J. Pharm. Biopharm. 
45 (1998) 75-82. 

[8] Viswanathan, N. B.; Thomas, P. A.; Pandit, J. K.; 
Kulkarni, M. G.; Mashelkar, R. A., J. Cont. Rel. 58 
(1999) 9-20.  

[9] McGee, J. P.; Davis, S. S.; O'Hagan, D. T., J. Cont. Rel. 
34 (1995) 77-86.  

[10] Iwata, M.; Tanaka, T.; Nakamura, Y.; McGinity, J. W.,  
Int. J. Pharm. 160 (1998) 145-156.  

[11] Iwata, M.; Nakamura, Y.; McGinity, J. W., J. 
Microencapsulation 16 (1999) 49-58.  

[12] Mandal, T. K., Drug Dev. Ind. Pharm. 24 (1998) 623-
629.  

[13] Jiang, W.; Schwendeman, S. P., Biotech. and Bioengg. 
70 (2000) 507-517.  

[14] Schwendeman, S. P., Crit. Rev. in Therapeutic Drug 
Carrier Systems 19 (2002) 73-98.  

[15] Chattopadhyay, P.; Gupta, R. B., Ind. Eng. Chem. Res. 
40 (2001) 3530-3539. 

[16] Carrasquillo, K. G.; Stanley, A. M.; Aponte-Carro, J. 
C.; De, J. P.; Costantino, H. R.; Bosques, C. J.; 
Griebenow, K., J. Cont. Rel. 76 (2001) 199-208.  

[17] Johnson, O. L.; Jaworowicz, W.; Cleland, J. L.; Bailey, 
L.; Charnis, M.; Duenas, E.; Wu, C.; Shepard, D.; 
Magil, S.; Last, T.; Jones, A. J. S.; Putney, S. D., Pharm. 
Res. 14 (1997) 730-735.  

[18] Gupta, R. B.; Chattopadhyay, P., U.S. Patent 
6,620,351 (2003).  

[19] Iwata, M.; Tanaka, T.; Nakamura, Y.; McGinity, J. W., 
Int. J. Pharm. 160 (1998) 145–156. 

[20] Iwata, M.; Nakamura, Y.; McGinity, J. W., J. 
Microencapsulation, 16 (1999) 49-58. 

[21] Chattopadhyay, P.; Gupta, R. B., AIChE J. 48 (2002) 
235-244.  

[22] Ruiz J. M.; Tissier, B.; Benoit J. P. , Int. J. Pharm. 49 
(1989) 69-77. 

SAS-EM® is a registered trademark of Thar Technologies. 

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6  Vol. 1, 2005 119


	Book1.1.pdf
	1132.pdf
	1132.pdf
	[13]  Lisa A. DeLouise, Peng Meng Kou, and Benjamin L. Mille



	Book1.2.pdf
	1064.pdf
	1064.pdf
	ABSTRACT
	2    TRIBOMECHANICAL ACTIVATION OF SOLIDS
	3     INDUCTION OF PROGRAMMED CELL DEATH-APOPTOSIS
	4    ANIMAL DATA
	5    HUMAN DATA

	CONCLUSION
	REFERENCES



	1124.pdf
	ABSTRACT
	To examine the roles of the adjuvant in antigen delivery, de
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	Phagocytosis of tomatine-antigen complexes by the DCs

	REFERENCES


	Book1.4.pdf
	825.pdf
	825.pdf
	 
	 
	ABSTRACT 
	The bioaccumulation of a large variety of inorganic trace elements in Bacillus subtilis was studied using an inductively coupled plasma mass spectrometer and compared to other related and unrelated species. Bacillus subtilis is a safe substitute for anthrax. Unique and reproducible chemical fingerprint for each species of organisms were determined. Additionally, it was found that these chemical signatures were very susceptible to laboratory and procedural effects, suggesting that this approach could be useful also as a forensic tool. In addition, quantitative analysis on these signatures have been performed to mathematically relate the chemical fingerprints of B. subtilis to the number of cells or spores present in an analyzed sample.  
	INTRODUCTION 
	METHODS 
	RESULTS 
	REFERENCE 




	828.pdf
	Elastic Properties of Aspergillus nidulans Studied with Atomic Force Microscopy 
	* Department of Chemical and Biochemical Engineering, UMBC, lzhao@umbc.edu 
	*** Department of Biological Science, UMBC, Baltimore, MD 21250 
	**** Department of Chemistry and Biochemistry, University of Maryland Baltimore County (UMBC), Baltimore, Maryland 21250 
	ABSTRACT 


	877.pdf
	ABSTRACT
	1.   INTRODUCTION
	3.  RESULTS
	REFERENCES


	175.pdf
	Nanofabrication of Bioselective Materials Using Diverse Nano


	Book1.5.1.pdf
	292.pdf
	292.pdf
	Nanotechnology  Based on Spatially Fixed DNA (RNA) Molecules
	ABSTRACT
	ON THE PRACTICAL APPLICATION OF NANOCONSTRUCTIONS
	The NaCs created by us are of interest for various areas of 





	557.pdf
	Testing

	307.pdf
	References

	743.pdf
	ABSTRACT
	1   INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES



	Book1.7.pdf
	1158.pdf
	1158.pdf
	Testing the response to NO
	Results and discussion


	1169.pdf
	1. INTRODUCTION
	2. RESULTS


	Book1.8.pdf
	407.pdf
	Name
	Label
	Sequence

	569.pdf
	Controlling Colorimetric Reversibility of Polydiacetylene Su
	Ji-Seok Lee*, Joo Seop Lee*, Hyun Wook Park*, Cheol Hee Lee*
	Dong June Ahn**, and Jong-Man Kim*
	*Department of Chemical Engineering Hanyang University, Seou
	**Department of Chemical and Biological Engineering, Korea U
	dja@korea.ac.kr
	ABSTRACT
	We have investigated colorimetric reversibility of polydiace
	Keywords: biosensor, polydiacetylene, reversibility, supramo
	INTRODUCTION
	The development of efficient chemosensors based on conjugate
	Among the conjugated polymers reported to date, polydiacetyl
	Scheme 1 : Schematic representation of polymerization of ass
	The advantage of the nanostructured polydiacetylenes as sens
	The polydiacetylene-based chemosensors reported to date, however, function via irreversible fashion. Accordingly, once the blue-phase shifts to the red-phase upon a given external
	Figure 1 : Structures of diacetylene lipids investigated for
	EXPERIMENTAL SECTION
	Preparation of Diacetylene Lipid Monomers
	The diacetylenic lipid monomers investigated in this study w
	Figure 2 : Structures of diacetylene derivatives used for th
	Preparation of Polydiacetylene Supramolecules.
	The polydiacetylene vesicles employed in this investigation 
	Thermochromism of Polydiacetylene Vesicles.
	In order to investigate colorimetric reversibility of the po
	The polymer vesicle solution prepared with PCDA-mCPE 2, an e
	Next phase of current investigation focused on the effect of
	In order to gain more information on the role of the phenyl 
	The effect of hydrophobic carbon chain lengths on the revers
	We next investigated the effect of the terminal carboxylic g
	Final phase of colorimetric reversibility with polymer vesic
	RESULTS AND DISCUSSION
	Several aspects of the results described above warrant detai
	The observations made with polymer vesicles prepared with PC
	Another important factor for the reversible thermochromism i
	Investigation of the effect of the hydrophobic chain length 
	Terminal carboxylic acid is recommended for two major aspect
	CONCLUSION
	The observations made during our effort for the understanding of the structural effects of reversible polydiacetylene sensors have led to a conclusion. It seems most probable that
	The lipid monomers which afford polydiacetylene supramolecul
	REFERENCES
	D. tyler McQuade, Anthony E. Pullen and Timothy M. Swager, C
	Jelinek Raz, Kolusheva Sofiya, Biotechnology Advances, 19, 1
	A. Singh, R. B. Thompson and J. Schnur, J. Am. Chem. Soc. 12
	Yang Yi, Lu Yunfeng, Lu Mengcheng, Huang Jinman, Haddad Raid
	Lee Dong-Chan, Sahoo K. Sangrama, Cholli L. Ashok and Sandma
	U. Jonas, K, Shah, S. Norvez and D. H. Charych, J. Am. Chem.
	Ahn Dong June, Chae Eun-Hyuk, Lee Gil Sun, Shim Hee-Yong, Ch

	714.pdf
	V. Martins*, L.P. Fonseca*, H.A. Ferreira**, D.L. Graham**, 
	INTRODUCTION
	EXPERIMENTALS
	Chemicals
	Spin Valve Sensors and Chip Design
	Experimental Set-up
	Surface Functionalization
	Antibody Surface Functionalization
	DNA Surface Functionalization
	Magnetic Particles Functionalization
	Labeling and Setup Measurements

	RESULTS AND DISCUSSION
	CONCLUSIONS

	172.pdf
	A
	ABSTRACT
	INTRODUCTION
	CELLULAR COMMUNICATION
	PETRI NET METHODOLOGY
	A Petri Net Model of Cellular Communication
	A Detailed Petri Net Model of Cellular Communication

	CONCLUSION
	
	
	REFERENCES




	737.pdf
	Figure 1: Hybrid Computational Approach


	Book1.10.pdf
	1137.pdf
	1137.pdf
	ABSTRACT
	AKNOWLEDGEMENT
	REFERENCE


	1138.pdf
	Department of Mechanical and Aerospace Engineering


	Book1.11.pdf
	417.pdf
	417.pdf
	1  SEARCHING FOR OPTIMAL MIXERS
	2  NUMERICAL METHOD
	ACKNOWLEDGMENTS
	REFERENCES


	198.pdf
	Antimicrobial Fabrics Coated with Nano-Sized Silver Salt Cry
	CTT Group, 3000 Boullé, Saint-Hyacinthe,Canada, J2S 1H9,
	dtessier@groupecttgroup.com
	E. coli
	S. Aureus
	Fabric
	Not treated
	Not treated


	REFERENCES



	Book1.12.pdf
	680.pdf
	680.pdf
	Ana Morfesis* and David Fairhurst**
	*Malvern Instruments USA Inc., Southborough, MA, 01772 ana.morfesis@malvernusa.com
	1INTRODUCTION
	1.1Solar Radiation and Sunscreens
	3OPTICAL PROPERTIES


	3.3Formulation parameters
	
	
	
	4CONCLUSIONS










