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FLOW FOCUSING METHOD AND SYSTEM FOR FORMING

CONCENTRATED VOLUMES OF MICROBEADS, AND

MICROBEADS FORMED FURTHER THERETO

Field of the Invention

0001 The present invention relates generally to a method and system for forming microbeads,

and moτe particularly, to a flow focusing method and system for forming concentrated volumes

of microbeads, and to mtcrobeads formed fanner thereto.

Background of the Invention

0002 It may be preferable lor large scale manufacture of microbeads (such as, for example,

polymer microbeads) to allow for the control of various parameters. Some of these parameters

may include, among others, control over: (i) bead diameter, (H) degree of monodispersity, (iii)

bead surface morphology and functionality, and/or (iv) rate of production - i.e., preferably, so as

to enable a high-throughput.

0003 The act of binding nanoparticles - such as quantum dots (QDs) - to polymer microbeads

(e.g., for the use in diagnostic applications) may create additional manufacturing challenges

and/or may increase the need for high quality, uniform and stable polymer beads. These and

other potential uses for polymer microbeads may create a significant need for a large-scale

method and system for forming same,

0004 There is a known process for making polymer microbeads (or "microspheres" as they are

sometimes called) which uses a flow focusing technique. Issued U.S. Patent No. 6,1 16,51 6

(Qanan-Calvo) is illustrative in this regard. Heretofore, however, it may not have been readily

apparent to those of ordinary skill in the art how one might adapt such flow focusing techniques

to make polymer microbeads incorporating nanoparticles (e.g., in particular, QDs and/or

magnetic nanoparticles), inter alia, In a one-step method. That is, known processes may not

have been readily adaptable for use in association with the large-scale production of such

polymer microbeads.



0005 There may, therefore, exist a need for a novel method and system for large-scale

manufacture of polymer microbeads.

0006 Prior art flow focusing techniques may have been somewhat unsuitable for the

manufacture of microbeads in large quantities (e.g., quantities of miciobeads having a collective

weight of several grams), perhaps in part because of the significant volume of 'waste' liquid used

during the process. The significant amount of liquid previously used may have been due, to a

great extent, on the substantial flow rate of the focusing liquid. It may be desirable to effectively

address and creatively solve this problem - i.e., to deal with the large volumes of liquid

previously used by flow focusing techniques for forming polymer microbeads - since it is one

which may severely limit current production rates for microbeads. There may exist a need for a

method and system for microbead manufacture which may minimize and/or reduce the amount

of focusing fluid used, and/or which may afford greater control over the amount of focusing fluid

produced.

0007 A potentially serious concern arising from prior art microbead production methods may

have been ihe generally low concentrations of microbeads so produced. Perhaps due in part to

the volume of focusing liquid required in the prior art, microbeads may typically only be present

in relatively low concentrations in product solutions (e.g., < 0.02 wt %), Accordingly, for many

microbead applications, additional steps (e.g., one or more centrifugations) may have been

employed, on a more or less widespread basis, to bring the microbeads up to usable

concentrations. In view thereof, there may exist a need for a method and system for forming, or

manufacturing, microbeads at higher concentrations. Preferably, such a method or system would

minimize, reduce or entirely eliminate any need to perform any additional concentrating steps.

0008 It is, therefore, an object of one preferred embodiment according to the invention to

provide a method and/or a system for forming microbeads.

0009 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for forming polymer microbeads.

0010 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale and/or high-throughput manufacture of microbeads.



0011 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for forming microbeads which affords increased control over: (i) bead

diameter, (ii) degree of monodispersity, (Ui) bead surface morphology and ftinctionality, and/or

(iv) rate of production.

0012 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale manufacture of microbeads binding nanoparticles, such

as QDs.

0013 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale manufacture of high-quality, uniform and/or stable

microbeads.

0014 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale manufacture of highly concentrated volumes of

microbeads.

0015 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale manufacture of microbeads which reduces, minimizes

and/or eliminates any need for subsequent centrifugation steps to concentrate same.

0016 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale flow focusing manufacture of microbeads which reduces

and/or minimizes the amount of focusing fluid used, and/or which affords greater control over

the amount of focusing fluid produced.

0017 It is an object of one preferred embodiment according to the invention to provide a

method and/or a system for large-scale flow focusing manufacture of microbeads, with the

method and/or system being adapted to recycles at least some of the focusing fluid used.

0018 It is an object of the present invention to obviate or mitigate one or more of the

aforementioned disadvantages associated with the prior art, and/or to achieve one or more of the

aforementioned objects of the invention.



Summary of the Invention

0019 According to the invention, there is disclosed a method of forming one or more

concentrated volumes of microbeads. The method includes steps (a), (b), (c) and (d). In step (a)

a focused stream of a polymer solution and/or suspension is flowed towards a fluid bath. The

polymer solution and/or suspension includes a polymer dissolved and/or dispersed in a medium.

In step (b), a focusing stream of a focusing fluid is flowed towards the fluid bath, and into

intersection with the focused stream. In step (c), the focusing stream and the focused stream are

flowed from intersection with one another, so as to form the microbeads in the fluid bath, In step

(d), a volume of the focusing fluid is flowed from the fluid bath, so as to concentrate the

microbeads in the fluid bath.

0020 According to an aspect of one preferred embodiment of the invention, preferably in step

(d), the fluid bath may preferably, but need not necessarily, be controlled so as to be maintained

at a substantially constant liquid level.

0021 According to an aspect of one preferred embodiment of the invention, the substantially

constant liquid level may preferably, but need not necessarily, be maintained by balancing

respective flow rates for the focused stream in step (a), the focusing stream in step (b), and/or the

focusing fluid in step (d).

0022 According to an aspect of one preferred embodiment of the invention, preferably in step

(d), the volume of the focusing fluid may preferably, but need not necessarily, flow through One

or more filters.

0023 According to an aspect of one preferred embodiment of the invention, preferably in-step

(d), the filters may preferably, but need not necessarily, retain the microbeads - preferably, in the

fluid bath.

0024 According to an aspect of one preferred embodiment of the invention, preferably in step

(d), the filters may preferably, but need not necessarily, retain a substantially monodisperse set of

the microbeads, preferably in the fluid bath.



0025 According to an aspect of one preferred embodiment of the invention, preferably in step

(d), the filters may preferably, but need not necessarily, divide the microbeads into one or more

collections of microbeads. Each of the collections may preferably, but need not necessarily,

include a respectively monødisperse set of the microbeads.

0026 According to an aspect of one preferred embodiment of the invention, preferably at least

one of steps (a) and (b) may preferably, but need not necessarily, be performed within an interior

chamber of a flow focusing body,

0027 According to an aspect of one preferred embodiment of the invention, steps (a) and (b)

may preferably, but need not necessarily, be both performed within the interior chamber of the

flow focusing body. An outlet portion of the flow focusing body may preferably, but need not

necessarily, be located below a liquid level of the fluid bath. Preferably in step (c), the focusing

stream and the focused stream may preferably, but need not necessarily, flow out from the outlet

portion of the flow focusing body.

0028 According to an aspect of one preferred embodiment of the invention, preferably in step

(b), the focused stream may preferably, but need not necessarily, be focused by the focusing

fluid. Preferably in step (c), the focusing stream and the focused stream may preferably, but

need not necessarily, flow out from the outlet portion as a single flow stream.

0029 According to an aspect of one preferred embodiment of the invention, preferably in step

(c), the focusing stream may preferably, but need not necessarily, substantially surround the

focused stream - preferably, in tlie single flow stream.

0030 According to an aspect of one preferred embodiment of the invention, the method may

preferably, but need not necessarily, also include a preliminary step, preferably before step (a), of

providing the fluid bath within a sealed liquid-containing cell.

0031 According to an aspect of one preferred embodiment of the invention, preferably at least

one of steps (a) through (c) may preferably, but need not necessarily, be performed within the

liquid-containing cell.



0032 According to an aspect of one preferred embodiment of the invention, preferably in the

preliminary step, the liquid-containing cell may preferably, but need not necessarily, additionally

contain a volume of a gas, preferably at a predetermined pressure.

0033 According to an aspect of one preferred embodiment of the invention, preferably in the

preliminary step, a gas pressure source may preferably, but need not necessarily, pressurize the

gas, preferably via an inlet valve, and preferably in the sealed liquid-containing cell.

0034 According to an aspect of one preferred embodiment of the invention, the method may

preferably, but need not necessarily, also include step (c.1), preferably after the preliminary step,

of releasing a portion of the gas or the fluid baih, preferably via a pressure safety valve, and

preferably when the pressure exceeds a predetermined maximum safety pressure for the sealed

liquid-containing cell.

0035 According to an aspect of one preferred embodiment of the invention, the gas may

preferably, but need not necessarily, include an inert gas.

0036 According to an aspect of one preferred embodiment of the invention, the pressure of the

gas in the preliminary step may preferably, but need not necessarily, be predetermined -

preferably, in balance with respective flow rates for the focused stream in step (a) and/or the

focusing stream in step (b) - to maintain the fluid bath at a substantially constant liquid level.

0037 According to an aspect of one preferred embodiment of the invention, the method may

preferably, but need not necessarily, also include step (b.1), preferably after step (b), of

maintaining the fluid bath under stirring. The microbeads may preferably, but need not

necessarily, be allowed to solidify in step (c).

0038 According to an aspect of one preferred embodiment of the invention, preferably in step

(b.1), a stirring bar may preferably, but need not necessarily, maintain the fluid batfa under

stirring. The stirring bar may preferably, but need not necessarily, include an electric stirring bar

or a magnetic stirring bar.

0039 According to an aspect of one preferred embodiment of the invention, the method may

preferably, but need not necessarily, also include step (d.1), preferably after step (d), wherein



substantially solidified microbβads may preferably, but need not necessarily, be recovered from

the fluid bath.

0040 According to an aspect of one preferred embodiment of the invention, the method may

preferably, but need not necessarily, also include step (e) of recycling at least part of the volume

of the focusing fluid, preferably flowing from the fluid bath in step (d), and preferably as at least

part of the focusing stream flowing into intersection wilh the focused stream in step (b).

0041 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the medium may preferably, but need not necessarily, include an organic solvent.

0042 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the polymer may preferably, but need not necessarily, be substantially hydrophobic.

0043 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the polymer may preferably, but need not necessarily, include a polystyrene powder and/or a

derivative thereof.

0044 According to an aspect of one preferred embodiment of the invention, preferably in step

(b), the focusing fluid may preferably, but need not necessarily, include water.

0045 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the polymer solution and/or suspension may preferably, but need not necessarily, also

include particles dissolved and/or dispersed in the medium. Preferably in step (c), each of the

microbeads may preferably, but need not necessarily, bind an identifiable set of the particles.

0046 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the particles may preferably, but need not necessarily, include fluorophores.

0047 According to an aspect of one prefeiτed embodiment of the invention, preferably in step

(a), the particles may preferably, but need not necessarily, include nanoparticles.

0048 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the particles may preferably, but need not necessarily, include quantum dots.



0049 According to an aspect of one preferred embodiment of the invention, preferably in step

(a), the particles may preferably, but need not necessarily, include a combination of quantum

dots and/or magnetic nanoparticles.

0050 According to an aspect of one preferred embodiment of the invention, preferably in step

(a) the polymer solution and/or suspension may preferably, but need not necessarily, have a

concentration of about 0.04 by weight-weight percentage (4 wt%),

0051 According to the invention, there is also disclosed a microbead formed according to the

method in any one of the above methods,

0052 According to an aspect of one preferred embodiment of the invention, the microbead may

preferably, but need not necessarily, include one or more functional groups at a surface thereof.

The functional groups may preferably, but need not necessarily, be adapted to operatively bind

with biorecognition molecules

0053 According to an aspect of one preferred embodiment of the invention, the microbead -

preferably, operatively bound with the biorecognition molecules - may preferably, but need not

necessarily, be adapted for use as a probe, preferably in a multiplexed diagnostic test, and

preferably for detection of one or more diseases.

0054 According to an aspect of one preferred embodiment of the invention, the diseases may

preferably, but need not necessarily, include malaria, HIV, Hepatitis B, Hepatitis C, Dengue

virus, and/or avian flu (H5N1),

0055 According to an aspect of one preferred embodiment of the invention, the microbead -

preferably, operatively bound with the biorecognition molecules - may preferably, but need not

necessarily, be adapted for use as a probe, preferably in a multiplexed diagnostic test, and

preferably for detection of one or more genetic expression factors.

0056 According to the invention, there is additionally disclosed a system for forming one or

more concentrated volumes of microbeads. The system includes a fluid bath, a focusing fluid,

and a polymer solution and/or suspension including a polymer dissolved and/or dispersed in a

medium. The system also includes a flow focusing apparatus. The flow focusing apparatus



includes a polymer nozzle and a focusing nozzle. The polymer nozzle operatively delivers a

focused stream of the polymer solution and/or suspension. The focusing nozzle operatively

delivers a focusing stream of the focusing solution. The flow focusing apparatus operatively

delivers the focused stream and the focusing stream into intersection with one another. The flow

focusing apparatus operatively flows the focusing stream and the focused stream into the fluid

bath, so as to form the microbeads in the fluid bath. The system also includes a liquid-containing

cell which is shaped to define an outlet port. The liquid-containing cell operatively contains the

fluid bath. The liquid-containing cell operatively delivers a volume of the focusing fluid out

from the fluid bath, via the outlet port, so as to concentrate the microbeads in the fluid bath.

0057 According to an aspect of one preferred embodiment of the invention, operative flow

rates for (i) the focused stream through the polymer nozzle, (ii) the focusing stream through the

focusing nozzle, and/or (iii) the focusing fluid through the outlet port, respectively, may

preferably be predetermined - preferably in dependent relation upon one another, and preferably

so as to maintain the fluid bath at a substantially constant liquid level.

0058 According to an aspect of one preferred embodiment of the invention, the liquid-

containing cell may preferably, but need not necessarily, include one or more filters - preferably,

on the outlet port. The volume of the focusing fluid may preferably, but need not necessarily, be

operatively delivered, through ihe filters, preferably out from the fluid bath.

0059 According to an aspect of one preferred embodiment of the invention, the filters may

preferably, but need not necessarily, operatively retain the microbeads - preferably, in the fluid

bath.

0060 According to an aspect of one preferred embodiment of the invention, the filters may

preferably, but need not necessarily, retain a substantially monodisperse set of the microbeads -

preferably, in the fluid bath.

0061 According to an aspect of one preferred embodiment of the invention, the filters may

preferably, but need not necessarily, operatively divide the microbeads into one or more

collections of microbeads. Each of the collections may preferably, but need not necessarily,

include a respectively monodisperse set of the microbeads.



0062 According to an aspect of one preferred embodiment of the invention, the flow focusing

apparatus may preferably, but need not necessarily, also include a flow focusing body. The flow

focusing body may preferably, but need not necessarily, define an interior chamber and an outlet

portion. The focused stream and the focusing stream may preferably, but need not necessarily,

be operatively delivered into intersection with one another in the chamber. The focusing stream

and the focused stream may preferably, but need not necessarily, operatively flow out from the

outlet portion of the flow focusing body.

0063 According to an aspect of one preferred embodiment of the invention, the outlet portion

of the flow focusing body may preferably, but need not necessarily, be operatively located below

a liquid level of the fluid bath.

0064 According to an aspect of one preferred embodiment of the invention, the focused stream

may preferably, but need not necessarily, be operatively focused by the focusing fluid. The

focusing stream and the focused stream may preferably, but need not necessarily, operatively

flow out from the outlet portion as a single flow stream.

0065 According to an aspect of one preferred embodiment of the invention, the focusing

stream may preferably, but need not necessarily, substantially surround the focused stream in the

single flow stream.

0066 According to an aspect of one preferred embodiment of the invention, the liquid-

containing cell may preferably, but need not necessarily, be operatively sealed relative to the

outside environment.

0067 According to an aspect of one preferred embodiment of the invention, the flow focusing

apparatus may preferably, but need not necessarily, operatively deliver the focused stream and

the focusing stream, into intersection with one another, in the liquid-containing cell.

0068 According to an aspect of one preferred embodiment of the invention, the system may

preferably, but need not necessarily, also include a volume of a gas - preferably at a

predetermined pressure, and preferably operatively contained within the liquid-containing cell.



0069 According to an aspect of one preferred embodiment of the invention, the system may

preferably, but need not necessarily, also include a gas pressure source. The liquid-containing

cell may preferably, but need not necessarily, be shaped to define an inlet valve. The gas

pressure source may preferably, but need not necessarily, operatively pressurize the gas -

preferably via the inlet valve, and preferably in the liquid-containing cell.

0070 According to an aspect of one preferred embodiment of the invention, the liquid-

containing cell may preferably, but need not necessarily, be shaped to define a pressure safety

valve The pressure safety valve may preferably, but need not necessarily, operatively release a

portion of the gas and/or the fluid bath - preferably, when the pressure exceeds a predetermined

maximum safety pressure for the sealed liquid-containing cell.

0071 According to an aspect of one preferred embodiment of the invention, the pressure safety

valve may preferably, but need not necessarily, be provided on, and/or in operative fluid relation

with, the outlet port of the liquid-containing cell. The pressure safety valve may preferably, but

need not necessarily, operatively release a portion of the fluid bath, preferably when the pressure

exceeds the predetermined maximum safety pressure.

0072 According to an aspect of one preferred embodiment of the invention, the gas may

preferably, but need not necessarily, include an inert gas.

0073 According to an aspect of one preferred embodiment of the invention, (i) the pressure of

the gas, and/or operative flow rates for (ii) the focused stream through the polymer nozzle and/or

(iii) the focusing stream through the focusing nozzle, may preferably be predetermined -

preferably in dependent relation upon one another, and preferably so as to maintain the fluid bath

at a substantially constant liquid level.

0074 According to an aspect of one preferred embodiment of the invention, the liquid-

containing cell further may preferably, but need nut necessarily, include a stirring bar. The

stirring bar may preferably, but need not necessarily, operatively maintain the fluid bath under

stirring. The fluid bath may preferably, but need not necessarily, operatively allow the

microbeads to solidify.



0075 According to an aspect of one preferred embodiment of the invention, the stirring bar

may preferably, but need not necessarily, include an electric stirring bar and/or a magnetic

stirring bar.

0076 According to an aspect of one preferred embodiment of the invention, the liquid-

containing cell may preferably, but need not necessarily, be shaped to define a sealed orifice.

The sealed orifice may preferably, but need not necessarily, be selectively openable - preferably

so as to recover substantially solidified microbeads through the orifice, from the fluid bath.

0077 According to an aspect of one preferred embodiment of the invention, the system may

preferably, but need not necessarily, also include a conduit in fluid communication between the

outlet port and the focusing nozzle - preferably, so as to operatively recycle at least part of the

volume of the focusing fluid operatively delivered out from the fluid bath, preferably via the

outlet port, and preferably as at least part of the focusing stream operatively delivered by the

focusing nozzle.

0078 According to an aspect of one preferred embodiment of the invention, the medium may

preferably, but need not necessarily, include an organic solvent.

0079 According to an aspect of one preferred embodiment of the invention, the organic solvent

may preferably, but need not necessarily, include chloroform and/or dichloromethane.

0080 According to an aspect of one preferred embodiment of the invention, the polymer may

preferably, but need not necessarily, be substantially hydrophobic.

0081 According to an aspect of one preferred embodiment of the invention, the polymer may

preferably, but need not necessarily, include a polystyrene powder and/or a derivative thereof.

0082 According to an aspect of one preferred embodiment of the invention, the focusing fluid

may preferably, but need not necessarily, include water.

0083 According to an aspect of one preferred embodiment of the invention, the polymer

solution and/or suspension may preferably, but need not necessarily, also include particles



dissolved and/or dispersed in the medium. Each of the microbeads may preferably, but need not

necessarily, bind an identifiable set of the particles.

0084 According to an aspect of one preferred embodiment of the invention, the particles may

prefβiably, but need not necessarily, include fluorophores.

0085 According to an aspect of one preferred embodiment of the invention, the particles may

preferably, but need not necessarily, include nanoparticles.

0086 According to an aspect of one preferred embodiment of the invention the nanoparticles

may preferably, but need not necessarily, include semiconductor nanoparticles, magnetic

nanopartidfcs, metallic conductor nanoparticles, metal oxide nanoparticlcs, and/or fluorescent

αaπopamcles.

0087 According to en aspect of one preferred embodiment of the invention, the particles may

preferably, but need not necessarily include quantum dots.

0088 According to an aspect of one preferred embodiment of the invention, the particles may

preferably, but need not necessarily, include a combination of quantum dots and/or magnetic

nanoparticles.

0089 According to an aspect of one preferred embodiment of the invention, the polymer

solution and/or suspension may preferably, but need not necessarily, have a concentration of

about 0.04 by weight-weight percentage (4 Wt %).

0090 According to the invention, there is disclosed still another system for forming one or

more concentrated volumes of microbeads. The system is for use with a fluid bath, a focusing

fluid, and/or a polymer solution and/or suspension. The polymer solution and/or suspension

includes a polymer dissolved end/or dispersed in a medium. The system includes a flow

focusing apparatus. The flow focusing apparatus includes a polymer nozzle and a focusing

nozzle. The polymer nozzle operatively delivers a focused stream of the polymer solution and/or

suspension. The focusing nozzle operatively delivers a focusing stream of the focusing solution.

The flow focusing apparatus operatively delivers the focused stream and the focusing stream into

intersection with one another. The flow focusing apparatus operatively flows the focusing



stream and the focused stream into the fluid bath, so as to form the microbcads in the fluid bath.

The system also includes a liquid-containing cell which is shaped to define an outlet port. The

liquid-containing cell operatively contains the fluid bath and operatively delivers a volume of the

focusing fluid out from the fluid bath, via the outlet port, so as to concentrate the microbeads in

the fluid bath.

0091 TQ put it another way, the invention may be said to include a method of manufacturing

polymer microspheres. This inventive method includes the steps of: (a) directing a focusing

fluid through a focusing nozzle to create a focusing stream; (b) directing a polymer solution

and/or suspension (or "focused fluid") through a polymer nozzle to create a focused stream; (c)

intersecting die focusing stream and the focused stream inside a liquid-containing cell -

preferably, but not necessarily, below the liquid level in the cell - to form the microspheres. The

concentration of the microspheres in the cell may preferably, but need not necessarily, be

controlled by adjusting a volume of liquid in the cell.

0092 According to an aspect of one preferred embodiment of the invention, the focused fluid

may preferably, but need not necessarily, include a polymer solution and/or suspension. The

focusing fluid may preferably, but need not necessarily, include water.

0093 According to an aspect of one preferred embodiment, the invention also extends to a

system for manufacturing polymer microspheres. The system includes a liquid-containing cell

and a nozzle assembly. The nozzle assembly may preferably be positioned within the cell. The

nozzle assembly may preferably include a focusing nozzle producing the focusing stream and a

polymer nozzle (or "focused nozzle") producing a stream of the focused fluid. The nozzles are

preferably operative to intersect the focusing stream with the stream of the focused fluid, so as to

form microspheres from the focused fluid.

0094 Other advantages, features and/or characteristics of the present invention, as well as

methods of operation and/or functions of the related elements of the method and system, and/or

the combination of steps, parts and/or economics of manufacture, will become more apparent

upon consideration of the foilowing detailed description and the appended claims with reference

to the accompanying drawings, the latter of which are briefly described hereinbelσw.



Brief Description of the Drawings

0095 The novel features which are believed to be characteristic of the system and method

according to the present invention, as to their structure, organization, use, and method of

operation, together with further objectives and advantages thereof, will be better understood from

the following drawings in which presently preferred embodiments of the invention will now be

illustrated by way of example. It is expressly understood, however, that the drawings are for the

purpose of illustration and description only, and are not intended as a definition of the limits of

the invention. In the accompanying drawings:

0096 Figure 1 is a front view of a system for forming a concentrated volume of microbeads

according to a preferred embodiment of the present inveπti on;

0097 Figure 2 is an exploded view of the system shown in Figure 2;

0098 Figure 3 is a sectional front view of a flow focusing apparatus of the system of Figure 1,

showing area 3Λ in phantom outline;

0099 Figure 3A is an enlarged view of area 3A from Figure 3; and

0100 Figure 4 is an illustrative representation of a conjugated and bound microbtad according

to a preferred embodiment of the present invention.

Detailed Description of the Preferred Embodiments

0101 Referring now to Figures 1-4, it will be appreciated that the inventive system and method

presented herein may preferably include, or be used in conjunction with, a fluid bath 306, a

focusing fluid 300, and a focused fluid (preferably, a polymer solution and/or suspension) 150.

0102 As shown in Figure 1, the system preferably includes a flow focusing apparatus 10 and a

liquid-containing cell 100. The flow focusing apparatus 10 includes two fluid nozzles - i.e., a

focused fluid nozzle (alternately referred to as a "polymer nozzle") 20 and a focusing nozzle 30.

Preferably, the polymer solution and/or suspension 150 is fed to the polymer nuzzle 20. The

focusing fluid 300 is fed to the focusing nozzle 30. The flow focusing apparatus 10 also includes

a flow focusing body 40 which has an interior chamber 46 - operativcly, a locus for an



intersection 154 of a focused stream 152 flowing from the polymer no22le 20 and a focusing

stream 302 flowing from the focusing nozzle 30.

0103 The focusing fluid 300 in the focusing stream 302 is directed into contact with the

focused stream (alternately, referred to as the "polymer stream") 152 in tile interior chamber 46

of the focusing body 40, so as to focus the polymer stream 152 toward an outlet portion 50 of the

flow focusing body 40.

0 104 From the intersection 154 (and as best seen in Figure 3A), the focused stream 152 and the

focusing stream 302 flow as a single flow stream 402, through the outlet portion (or "pinhole")

50, and out of the flow focusing body 40. The focusing fluid 300 (in the focusing stream 302)

and the polymer stream 152 focused thereby flow, as the single flow stream 402, out from the

interior chamber 46 and through the pinhole 50. At that point, the focusing stream 302

substantially surrounds the focused stream 152 in the single flow stream 402, The single flow

stream 402 then flows out from the outlet portion 50 of the focusing body 40.

0105 Pendant droplets 406 detach from a leading edge portion 404 of the single flow stream

402, so as to form microbeads 500 (still wet) which are surrounded by the focusing liquid 300 in

the fluid bath 306.

0106 One preferred embodiment of the present invention utilizes a polystyrene polymer

solution and/or suspension as the focused fluid 150, and water as the focusing fluid 300. This

preferred embodiment is suitable to create polystyrene microbeads 500.

0307 The microbeads 500 are collected within the fluid bath 306 inside the liquid-containing

cell 100. Subsequently, the microbeads 500 are solidified.

0108 In a preferred embodiment according to the present invention, and as best seen in Figure

1, the outlet portion 50 of the flow focusing body 40 is immersed in the fluid bath 306.

Preferably, the fluid bath 306 also contains the focusing fluid 300 - i.e., preferably, a water

solution. The fluid bath 306 may preferably be maintained under stirring conditions (as

described elsewhere herein) for the duration of the process of solidifying the microbeads 500.

The microbeads 500 are preferably allowed to solidify before being recovered from the fluid bath

306.



0109 The flow focusing apparatus 10 is incorporated into the liquid-containing cell 100, as

shown in Figure 1, The ends of the nozzles 20, 30 are within the cell 100. As such, the fluid

streams 152, 302, 402 are emitted within the volume of the cell 100. The cell 100 is shown in

more detail in Figure 2 .

0110 The cell 100 includes a glass cylinder 200 sealed to an upper plate 210 and a lower plate

220 by o-rings 215 and 225, respectively. Although atmospheric pressure may preferably be

sufficient to push the filtrate through a filter 235 and into filtrate port 230, additional pressure

may be provided via a pressure inlet valve 260. As best seen in Figure 1, the cell 100 may

preferably be opeiatively sealed relative to the outside environment 98. The cell 100 may be

pressurized via a gas pressure source 330 supplying a pressurized, preferably inert, gas 320 (e.g.,

nitrogen) through pressure inlet valve 260.

0111 A pressure safety valve 232 may preferably be mounted on the filtrate port 230

(alternately, referred to as the outlet port 230), so as to help control the pressure within the cell

100, and so as to obviate (or reduce) any risk that the cell 100 might otherwise exceed a

maximum pressure which the glass cylinder 200 is able to sustain. For some exemplary glass

cylinders 200, the maximum pressure may typically be about 6 bar (90 psi).

0112 Fluid inlet ports 120, 130 preferably supply the polymer solution and/or suspension 150

and the focusing fluid 300, respectively, into the cell 100 and to the nozzles 20, 30 as shown in

Figure I . A first one of the fluid inlet ports 120 supplies the polymer solution and/or suspension

150 to the polymer nozzle 20, and a second one of the fluid inlet ports 130 supplies the focusing

fluid 300 to the focusing nozzle 30.

0113 A selectively openable orifice 250 allows the introduction of water into the fluid bath 306

in the cell 100. The flow focusing apparatus 10 is preferably immersed in the fluid bath 306. At

the end of the process, suspended and solidified microbeads 500 may preferably be removed

from the cell 100 through the orifice 250.

0114 A stirring bar 240, either magnetic or electric, is preferably provided to stir the contents

of the cell lOO for the duration of the process of solidifying the microbeads 500.



011 5 As best seen in Figure 2, the cell 100 may be selectively assembled and/or disassembled

by means of support posts 270 and screw knobs 275 Other assembly and disassembly methods

previously known in the art may, however, be used in place thereof.

0116 The size of the microbeads 500 formed according to the present invention may be

dependent upon the flow rates in the nozzles 20, 30 and the concentration of the polymer used.

The microbeads 500 are preferably retained (or trapped) within the cell 100 by the filter 235. A

volume of the focusing fluid 300 (preferably, water) is preferably removed from the fluid bath

306, via the filtrate port 230. The filter type may be predetermined in dependent relation upon

on the size of the microbeads 500 which are sought to be accumulated in the fluid bath 306.

0117 The filter 235 may also be used to ensure, facilitate or increase the likelihood of

monodispersity of the microbeads 500. (Though not shown in the drawings, it is contemplated

that a series of increasingly fine filters 235 might be used to divide the microbeads 500 into a

plurality of collections of differing monodispersity.) In these and other contemplated

embodiments, there may exist some risk of one or more filters 235 becoming clogged, and/or of

further purification of the focusing fluid 300 being required (e.g., before recycling the focusing

fluid 300).

0118 Example 1: To generate 6 µm polystyrene beads using the method and system described

herein, a commercial polystyrene powder (offered by Sigma-Aldrich Canada Ltd. of Oakville,

Ontario, Canada) was dissolved and/or dispersed into dicliloromethane to create a 4% polymer

solution and/or suspension. The resulting solution was then introduced into a commercial nozzle

(i.e., an Avant-1™ nozzle offered by Ingeniatrics S.L, of Seville, Spain) using a syringe pump

(i.e., a SP100F M syringe pump offered by World Precision Instruments, Inc. of Sarasota, Florida,

U.S.A.) at a rate of I mL/h, along with water as the focusing fluid 300, using a digital gear pump

(offered by the Cole-Parmer Instrument Company of Vernon Hills, Illinois, U.S.A.) at a rate of

ISO mL/h. During the reaction, the nozzle inside the ultrafiltration cell was immersed into a 100

mL water solution under stirring. The volume of water solution used is dependent on the volume

of the cell 100 and the location of the nozzle. Mixed cellulose ester filters 235 of 0.65 µm size

(offered by the Millipore Corporation of Billerica, Massachusetts, U.S.A.) were used. After



synthesis, the filtrate port 230 was closed and suspended microbeads 500 were removed through

the orifice 250.

0119 Example 2 : To create 5 µm polystyrene beads using the method and system described

herein, a commercial polystyrene powder (offered by Sigma-Aldrich Canada Ltd. of Oakville,

Ontario, Canada) was dissolved and/or dispersed into dichloromethane to create a 4% polymer

solution and/or suspension. The resulting solution was then introduced into a commercial nozzle

(i.e.. an Avant-1™ nozzle offered by Ingeniatrics S.L. of Seville, Spain) using a syringe pump

(i.e., a SP100F M syringe pump offered by World Precision Instruments, Inc. of Sarasota, Florida,

U.S.A.) at a rate of 0.5 mUh, along with water as the focusing fluid 300, using a digital gear

pump (offered by die Cole-Parroer Instrument Company of Vernoπ Hills, Illinois, U.S.A.) at a

rate of ISO mL/h. During the reaction, the nozzle inside the ultrafiltration cell was immersed

into a 100 mL water solution under stirring. The volume of water solution used is dependent on

the volume of the cell 100 and the location of the nozzle. Mixed cellulose ester filters 235 of

0.65 µm size (offered by the Millipore Corporation of Billcrica, Massachusetts, U.S.A.) were

used. After synthesis, the filtrate port 230 is closed and suspended microbeads 500 are removed

through the; mifine 2.1Ω.
0120 By controlling a liquid level 310 within the cell 100 in accordance with the flow rates of

the focused solution 150 and the focusing fluid 300, an equilibrium point may preferably be

achieved. In this manner, and due in part to atmospheric pressure, the volume of the liquid

suspension of the microbeads 500 in the cell 100 stays substantially constant over time. Excess

focusing fluid 300 is filtered out, As such, the concentration of die microbeads 500 within the

cell 100 increases. Accordingly, a higher concentration of the microbeads 500 may preferably be

produced in a smaller volume of the fluid bath 306, preferably without the need for multiple

centrifugations and/or for other concentration steps. Additionally, the extracted liquid can be

recycled and fed back in as the focusing fluid 300, via a conduit 280 (best seen in Figures 1 and

2). In this way, the system and method according to me present invention may preferably help to

reduce the need for large volumes of the focusing fluid 300 in large-scale production of

microbeads 500.



0121 For example, use of the present concentration-controlled flow focusing method and

system Io synthesize 5 µm microbeads over a period of 10 hours - using a 300 mL cell with the

volume of the microbead suspension within the cell being kept at 100 mL - would produce about

5820 million microbeads at a concentration of about 0.4 wt%. The 100 mL suspension of

microbeads may be further concentrated by splitting the volume into 2x50mL Falcon tubes and

centrifuging them. By contrast, over the same 10 how period, prior art synthesis methods might

produce roughly the same number of microbeads (i.e., about 5S20 million microbeads), but at a

concentration of only 0.02 wt% in a total volume of 1.9 L (1910 mL). To then concentrate this

solution would require the use of 39x50ml Falcon tubes hαthis example, the present invention

provides a microbead solution that is about 20 times more concentrated, over the same 10 hour

period. Use of a smaller cell may be expected to yield even more concentrated bead solutions,

perhaps up to 200 times that of the previous synthesis methods.

0122 Referring now to Figure 4, there is depicted a conjugate 800 including a microbead 500

produced according to a preferred embodiment of the present invention. The microbead 500

contains a set of particles 506 - more particularly, a set 506 of two types of quantum dots 506A,

506B - encapsulated within the microbead 500. A surface 502 of the microbead 500 possesses

functional groups 504 operatively bound with the biorecognition molecules 600 that are

themselves operatively bound to target molecules 700 (e.g., markers for infections, diseases

and/or genetic expression factors).

0123 The identifiable set 506 of the quantum dots 506A, 506B may be adapted to, following

irradiation, produce one or more identifiable spectral signals based on color and/or intensity.

0124 Other modifications and alterations may be used in the design and manufacture of other

embodiments according to the present invention without departing from the spirit and scope of

the invention, which, is limited only by the accompanying claims of this application.

0125 While the above preferred embodiments have been presented in the context of QDs, the

method and system is equally applicable to other particle, including nanoparticles. Types of

nanoparticles which are capable of being used in conjunction with the method and system

according to the present invention may preferably include, but are not limited to, hard



nanoparticles, polymer nanoparticles magnetic nanoparticles, metallic conductor nanoparticles

metal oxide nanoparticles, fluorescent annoparticles, and phosphorescent nanoparticles.

0126 The foregoing description has been presented for the purpose of illustration and is not

intended to be exhaustive or to limit the invention to the precue form disclosed. Many

modifications and variations are possible in light of the above teaching and will be apparent t o

those skilled in the art. It is intended the scope of the invention be limited not fay tin's description

but by the claims.



WHAT IS CLAIMED IS:

1. A method of forming one or more concentrated volumes of microbeads, the method

comprising the steps of:

(a) flowing a focused stream of a polymer solution and/or suspension towards a fluid

bath, with the polymer solution and/or suspension comprising a polymer

dissolved and/or dispersed in a medium;

(b) flowing a focusing stream of a focusing fluid towards the fluid bath, and into

intersection with the focused stream;

(c) flowing the focusing stream and the focused stream from intersection with one

another, so as to form the microbeads in the fluid bath; and

(d) flowing a volume of the focusing fluid from the fluid bath, so as to concentrate

the microbeads in the fluid bath,

2. The method according to claim 1, wherein in step (d), the fluid bath is controlled so as to

be maintained at a substantially constant liquid level.

3. The method according to claim 2, wherein the substantially constant liquid level is

maintained by balancing respective flow rates for the focused stream in step (a), the

focusing stream in step (b), and the focusing fluid in step (d).

4. The method according to claim 1, wherein in step (d), the volume of the focusing fluid

flows through one or more filters.

5. The method according to claim 4, wherein in step (d), the filters retain the microbeads in

the fluid bath.

6. The method according to claim 4, wherein in step (d), the filters retain a substantially

monodisperse set of the microbeads in the fluid bath.



7. The method according to any one of claims 4 and 5, wherein in step (d), the filters divide

the microbeads into one or more collections of microbeads, with each of the collections

including a respectively monodisperse set of the microbeads.

8. The method according to claim 1, wherein at least one of steps (a) and (b) is performed

within an interior chamber of a flow focusing body.

9. The method according to claim 8, wherein steps (a) and (b) εure both performed within the

interior chamber of the flow focusing body, with an outlet portion of the flow focusing

body being located below a liquid level of the fluid bath, and wherein in step (c), the

focusing stream and the focused stream flow out from the outlet portion of the flow

focusing body.

10. The method according to claim 9, wherein in step (b), the focused stream is focused by

the focusing fluid, and wherein in step (c), the focusing stream and the focused stream

flow out from the outlet portion as a single flow stream,

11. The method according to claim 10, wherein in step (c), the focusing stream substantially

surrounds the focused stream in the single flow stream,

12. The method according to claim 1, further comprising a preliminary step, before step (a),

of providing the fluid bath within a sealed liquid-containing cell.

13. The method according to claim 12, wherein at least one of steps (a) through (c) is

performed within the liquid-containing cell.

14. The method according to any one of claims 12 and 13, wherein in the preliminary step,

the liquid-containing cell additionally contains a volume of a gas at a predetermined

pressure.

15. The method according to claim 14, wherein in the preliminary step, a gas pressure source

pressurizes the gas, via an inlet valve, in the sealed liquid-containing cell.

16. The method according to any one of claims 14 to 15, further comprising step (c.l), after

the preliminary step, of releasing a portion of the gas or the fluid bath, via a pressure



safety valve, when the pressure exceeds a predetermined maximum safety pressure for

the sealed liquid-containing cell.

17. The method according to any one of claims 14 to 16, wherein the gas comprises an inert

gas.

18. The method according to any one of claims 14 to 17, wherein the pressure of the gas in

the preliminary step is predetermined, in balance with respective flow rates for the

focused stream in step (a) and the focusing stream in step (b), to maintain the fluid bath at

a substantially constant liquid level.

19. The method according to any one of claims 1 to 18, further comprising step (b,l), after

step (b), of maintaining the fluid bath under stirring, and wherein the microbeads are

allowed to solidify in step (c),

20. The method according to claim 19, wherein in step (b.1), a stirring bar maintains the fluid

bath under stirring, and wherein the stirring bar comprises an electric stirring bar or a

magnetic stirring bar.

2 1. The method according to any one of claims 19 to 20, further comprising step (d1), after

step (d), of recovering solidified microbeads from the fluid bath.

22. The method according to any one of claims 1 to 21, further comprising step (e) of

recycling at least part of the volume of the focusing fluid, flowing from the fluid bath in

step (d), as at least part of the focusing stream flowing into intersection with the focused

stream in step (b).

23. The method according to any one of claims 1 to 22, wherein in step (a), the medium

comprises an organic solvent.

24. The method according to claim 23, wherein the organic solvent comprises chloroform or

dichloromethane.

25. The method according to any one of claims. 1 to 24, wherein in step (a), the polymer is

substantially hydrophobic.



26. The method according to any one of claims 1 to 25, wherein in step (a), the polymer

comprises a polystyrene powder or a derivative thereof.

27. The method according to any one of claims 1 to 26, wherein in step (b), the focusing fluid

comprises water.

28. The method according to any one of claims 1 to 27, wherein in step (a), the polymer

solution further comprises panicles dissolved and/or dispersed in the medium, and

wherein in step (c), each of the microbeads binds an identifiable set of the particles.

29. The method according to claim 28, wherein in step (a), the particles comprise

fluorophores.

30. The method according to claim 28, wherein in step (a), the particles comprise

nanoparticles.

31. The method according to claim 30, wherein the nanoparticles comprise semiconductor

nanoparticles, majpietie nanoparticles, metallic conductor nanoparticles, metal oxide

nanoparticles, fluorescent nanoparticles, or phosphorescent nanoparticles.

32. The method according to claim 28, wherein in step (a), the particles comprise quantum

dots.

33. The method according to claim 28, wherein in step (a), the particles comprise a

combination of quantum dots and magnetic nanoparticleg.

34. The method according to any one of claims I to 33, wherein in step (a), the polymer

solution and/or suspension has a concentration of about 0.04 by weight-weight

percentage (4 wt%).

35. A microbead formed according to the method in any one of claims 1 to 34.

36. A microbead according to claim 35, comprising one or more functional groups at a

surface thereof, with the functional groups being adapted to operatively bind with

biorecognition molecules.



37. A microbead according to claim 36, wherein the microbead, operatively bound with the

biorecognition molecules, is adapted for use as a probe in a multiplexed diagnostic test

for detection of one or more diseases.

38. A microbead according to claim 37, wherein the diseases include malaria, HIV, Hepatitis

B, Hepatitis C, Dengue virus, or avian flu (H5N1).

39. A microbead according to claim 36, wherein the microbead, operatively bound with the

biorecognition molecules, is adapted for use as a probe in a multiplexed diagnostic test

for detection of one or more genetic expression factors.

40. A system for forming one or more concentrated volumes of microbeads, the system

comprising:

(a) a fluid bath, a focusing fluid, and a polymer solution and/or suspension

comprising a polymer dissolved and/or dispersed in a medium;

(b) a flow focusing apparatus comprising:

(i) a polymer nozzle operatively delivering a focused stream of the polymer

solution and/or suspension; and

(ii) a focusing nozzle operatively delivering a focusing stream of the focusing

solution;

with the flow focusing apparatus operatively delivering the focused stream and

the focusing stream into intersection with one another, and with the flow focusing

apparatus operatively flowing the focusing stream and the focused stream into the

fluid bath, so as to form the microbeads in the fluid bath; and

(c) a liquid-containing cell shaped to define an outlet port, with the liquid-containing

cell operatively containing the fluid bath and operatively delivering a volume of

the focusing fluid out from the fluid bath, via the outlet port, so as to concentrate

the microbeads in the fluid bath.



4 1. The system according to claim 40, wherein operative flow rates for (i) the focused stream

through die polymer nozzle, (ii) the focusing stream through the focusing nozzle, and (iii)

the focusing fluid through the outlet port, respectively, are predetermined in dependent

relation upon one another, so as to maintain the fluid bath at a substantially constant

liquid level.

42. The system according to claim 40, wherein the liquid-containing cell comprises one or

more filters on the outlet port, with the volume of the focusing fluid being operatively

delivered, through the filters, out from the fluid bath.

43 . The system according to claim 42, wherein the filters operatively retain the microbeads in

the fluid bath.

44. The system according to claim 42, wherein the filters operatively retain a substantially

monodisperse set of the microbeads in the fluid bath.

45. The system according to any one of claims 42 and 43, wherein the filters operatively

divide the microbeads into one or more collections of microbeads, with each of the

collections including a respectively monodisperse set of the microbeads.

46. The system according to claim 40, wherein die flow focusing apparatus further comprises

a flow focusing body defining an interior chamber and an outlet portion, with the focused

stream and the focusing stream being operatively delivered into intersection with one

another in the chamber, and with the focusing stream and the focused stream operatively

flowing out from the outlet portion of the flow focusing body:

47. The system according to claim 46, wherein the outlet portion of the flow focusing body is

operatively located below a liquid level of the fluid bath.

48. The system according to any one of claims 46 and 47, wherein the focused stream is

operatively focused by the focusing fluid, and wherein the focusing stream and the

focused stream operatively flow out from the outlet portion as a single flow stream.



49. The system according to claim 48, wherein the focusing stream substantially surrounds

the focused stream in the single flow stream.

50. The system according to claim 40, wherein the liquid-containing cell is operatively sealed

relative to the outside environment.

51. The system according to claim 50, wherein the flow focusing apparatus operatively

delivers the focused stream and the focusing stream, into intersection with one another, in

the liquid-containing cell.

52. The system according to any one of claims 50 and 51, further comprising a volume of a

gas at a predetermined pressure, operatively contained within the liquid-containing cell.

53. The system according to claim 52, further comprising a gas pressure source, wherein the

liquid-containing cell is shaped to define an inlet valve, and wherein the gas pressure

source operatively pressurizes the gas, via the inlet valve, in the liquid-containing cell.

54. The system according to any one of claims 52 to 53, wherein the liquid-containing cell is

shaped to define a pressure safety valve, and wherein the pressure safety valve

operatively releases a portion of the gas or the fluid bath, when the pressure exceeds a

predetermined maximum safety pressure for the sealed liquid-containing cell.

55. The system according to claim 54, wherein the pressure safety valve is provided on, and

in operative fluid relation with, the outlet port of the liquid-containing cell, and wherein

the pressure safety valve operatively releases a portion of (he fluid bath, when the

pressure exceeds the predetermined maximum safety pressure.

56. The system according to any one of claims 52 to 55, wherein the gas comprises an inert

57. The system according to any one of claims 52 to 56, wherein (i) the pressure of the gas is

predetermined, in balance with operative flow rates for (ii) the focused stream through

the polymer nozzle and (iii) the focusing stream through the focusing nozzle, so as to

maintain the fluid bath at a substantially constant liquid level.



58. The system according to any one of claims 40 to 57, wherein the liquid-containing cell

further comprises a stirring bar operatively maintaining the fluid bath under stirring, and

wherein the fluid bath operatively allows the πiicrobeads to solidify.

59. The system according to claim 58, wherein the stirring bar comprises an electric stirring

bar or a magnetic stirring bar.

60. The system according to any one of claims 58 to 59, wherein the liquid-containing cell is

shaped to define a sealed orifice, with the sealed orifice being selectively opeπable, so as

to recover solidified πiicrobeads through the orifice, from the fluid bath.

61. The system according to any one of claims 40 to 60, further comprising a conduit in fluid

communication between the outlet port and the focusing nozzle, so as to operatively

recycle at least part of the volume of the focusing fluid operatively delivered out from the

fluid bath, via the outlet port, as at least part of the focusing stream operatively delivered

by the focusing nozzle.

62. The system according to any one of claims 40 to 61, wherein the medium comprises an

organic solvent.

63. The system according to claim 62, wherein the organic solvent comprises chloroform or

dichloromethane.

64. The system according to any one of claims 40 to 63, wherein the polymer is substantially

hydrophobic.

65. The system according to any one of claims 40 to 64, wherein the polymer comprises a

polystyrene powder or a derivative thereof.

66. The system according to any one of claims 40 to 65, wherein the focusing fluid comprises

water.

67. The system according to any one of claims 40 to 66, wherein the polymer solution and/or

suspension further comprises particles dissolved and/or dispersed in the medium, and

wherein each of the πiicrobeads binds an identifiable set of the particles.



68. The system according to claim 67, wherein the particles comprise fraorophores.

69. The system according to claim 67, wherein the particles comprise nanoperticles.

70. The system according to claim 69, wherein the nanoparticles comprise semiconductor

nanoparticles, magnetic nanoparticles, metallic conductor nanoparticles, metal oxide

nanoparticles, fluorescent nanoparticles, or phosphorescent nanoparticles.

71. The system according to claim 67, wherein the particles comprise quantum dots.

72. The system according to claim 67, wherein the particles comprise a combination of

quantum dots and magnetic nanoparticles.

73 . The system according to any one of claims 40 to 72, wherein the polymer solution and/or

suspension has a concentration of about Q.04 by weight-weight percentage (4 wt %).

74. A system for forming one or more concentrated volumes of microbeads, the system being

for use with a fluid bath, a mousing fluid, and a polymer solution and/or suspension

comprising a polymer dissolved and/or dispersed in a medium, the system comprising:

(a) a flow focusing apparatus comprising:

(i) a polymer nozzle operatively delivering a focused strββm of the polymer

solution and/or suspension; and

(ii) a focusing nozzle operatively delivering a focusing stream of the focusing

solution;

with the flow focusing apparatus operatively delivering the focused stream and

the focusing stream into intersection with one another, and with the flow focusing

apparatus operatively flowing the focusing stream and the focused stream into the

fluid bath, so as to form the microbeads in the fluid bath, and

(b) a liquid-containing cell shaped to define an outlet port, with the liquid-containing

cell operatively containing the fluid bath and operatively delivering a volume of



the focusing fluid out from the fluid bath, via the outlet port, so as to concentrate

the microbeads in the fluid bath.
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