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Introduction

A Electrospray or electrohydrodynamicatomization, operatedin the stablecone
jet mode (right figure)producesnano- to micronscale

particlesin anarrow size distributionin electrospray, o

particlesare generatedin asingle stepunder ambient .

temperature andoressure Chemicabr biological y N

propertiesof the particles are preserveaithout

degradationdue toheator mechanicastresses

A Thescaling challengés to overcome thé.6-3 mg/h
particle outputlimit that asinglecapillary nozzle
produces Traditional means have typically involved
Increasinghe numberof capillaries into an array(e.gsee Deng et al.[1]While
logical, translating a simple array of caplillary nozzles into a commercially
scalable system presents formidable fabrication and operdturgles This
called for a radically different approach. Nanocopoeia accomplished this by
modifyingthe nozzle design to allow higher flow rate while maintaining the
same particle output.

A Design, fabricate, and evaluate a novel, multiple cidigh throughput
electrospray nozzle for producimgnoscalelrug formulations.

A Integrate multiple high throughput nozzles in a prototype commercial scale
modular electrospray system and demonstrate robust performance.

A Demonstrate the capability of controlling both particle size and morphology
using the modular electrospray system with high throughput nozzle.
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Nanocopoeias a drug delivery company providingno-enabled particle design
and API formulatioservices tahe pharmaceutical industry. Our patented
ElectroNanospray 0 9 b { 0 LINBdStacive prbcess Whickl roduces
homogenous nanoparticles in a unique estep continuous process at ambient
temperature and pressure. The ENS process leverages the advantages of
electrospray, while increasing the throughput approximately 200 times by usi
arrays of our new higthroughput nozzles. The modular equipment design allc
for easy entry at R&D scale moving to pilot and full scale production.

Buildingupon a design bfp. Chen[?
Nanocopoeialesigned a proprietary high (a)
throughputnozzlethat eliminatesthe

capillary structure as the key functional

unit. Instead an openchannel architecture
Isused. Sprajluid is delivered from a single
feed source to asmoothsurfaced open
channel, whicltarries the fluid to the spray
region as a sheet duid. Thespray region
consistof a series of projections. A spray
plume emits from each of the surface
projections, which serve as the functional
onozzletteg Thethroughput can be further (b)
Improved by increasing the number of
nozzlettesper nozzle.

(a) Image of 24
plumes when E24
nozzle is spraying.

(b) Pictures of first generation of12 (left)
and D24 nozzle (right).
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System Integration with High Throughput Nozzle

Themain functional components of thaatform,
iIncluding particle generation system, particle capture
system, environmental system, monitoring and control
system, etc.are designed in modules to facilitate rapid
changes. Spray capacity was increased by mounting
different numbers of nozzles into the platfordaigures
on the right showfour and eight E24 nozzles in linear
arrays, with the unique spray pattern from eaagbzzle.
Our standard working platform contains eighi2d
nozzles, with a throughput of over 0.5 graofsactive
pharmaceutical ingredient (API) per hour (assuming a
1% API concentration of the spray solution).

System Performance.

Array of 4 x E24 nozzles

Array of 8 x E24 nozzles
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Yieldfrom repeatedsprayruns with 2 D12 nozzles over 4 months period was 10.1
“ 7+ 0.41 mg /10 min, with a COV of less than 5%.

Mean = 10.12 mg
< — Standard Deviation = 0.41 mg
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Nanoparticle Generation and Characterization

Materials. Model drugs were griseofulvin (GF) anichconazolg(ITZ), both
selected for their poor water solublility. Polymers included polywoylrolidone
(PVPKollidor®)and polyvinykaprolactampolyvinyl acetatepolyethylene glycol
graft copolymer Soluplu®, SP). Different solvents, including ethanol, methan
ethanol/acetonemixture, and methanotetrahydrofuran(THF) mixture were use
to preparefeedsolutions at solid concentrations ranging from 1% to 10% )(w/v

All spray operationswvere conducted at ambient conditions. Solution feed flow
rates per nozzle wereontrolled by syringe pumps. An electric field was appliec
achieve stablce:onejet operatlon on each nozzlette A stainless steel plate was
L F OSR |G wHé (2 pé¢ 0St2¢g UKS y211Tf€[

Nozzle performancelimed runs and sample weights were used to determine
production rate. Collected dry particles were characterized for size and

morphology by scanning electron microscopy (SEM) imaging (S3400, Hitachi).

properties of the spray solution and critical machine operation parameters.
SEI\/IimagesbeIowshow monodisperse spherical particles of varisizes.

(a) 1°/d<ollidorf*>30 in ethanol/acetonenixture; (b) 1% GF, 1% SP In
ethanol/acetonemixture;(c) 1% ITZ, 1% SP in methanol/htbure; (d) 2.5%
Kollidor®12 inethanol.
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Results- Controlof ParticleSize (Cont.)

Even though our 3eries nozzle forms spray from a liquid film instead of a liquip
filament like most of other electrospray nozzles, the size distribution of particlg

produced by these two different nozzles are similar.

Figureon the rightshowsparticle size
distribution from realtime sampling | *°T
from particle stream using scanning s
mobility particlesizer The narrow -
distribution, together with SEM

Images, demonstrates the capabillity

of

particles. The most significant
difference between the Beries :
nozzle and a traditional single 00l
capillary nozzle is that the throughp

of

over 10 to 20 times.
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the Dseries nozzle is increased

Results- Controlof Particle Morphology

Kollidor® was used to study the effect of molecular weight (Mw) and type of
solvent on particle morphology.hree samples which were listed in the following
table were compared for their morphology.

Dissolved Solid

Sample
; MolecularWelght kD3 BoﬂmgPomt(s Viscosity ¢P

A
A

A
A

[1]

(a) Kollidon® 30
(b) Kollidon® 30
(c) Kollidon® 12

44-54
44-54

1.074
0.59
1.074

Ethanol
Methanol 65
Ethanol 78

10%
10%
10%
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ElectroNanospray A & | Fdos§ EirdglesteSsbrayfp@aess that
produces nanoparticles in a narrow, targetede distribution.

Ourrevolutionary nozzle designs enable the sagpecapabllity of electrospray
technology while leveraginiipe advantages of traditionadapillary nozzles
heprocess Is capable of controlling particle size and morphology.
hemodular equipment design allows for easy entry at R&D scale moving tp
pilot and full scale productian
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