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ELECTROSPINNINGAPPARATUSES & 
PROCESSES 

CROSS-REFERENCE 

0001. This application is a US Bypass continuation (CON) 
application under 35 USC 111(a) and claims the benefit of 
co-pending International Application No. PCT/US1.4/25699 
filed Mar. 13, 2014, which itself claims the benefit of U.S. 
Provisional Application No. 61/781.260 filed Mar. 14, 2013. 

BACKGROUND OF THE INVENTION 

0002. A technique used to prepare fine polymer fibers is 
the method of electro-spinning. When an external electro 
static field is applied to a conducting fluid (e.g., a charged 
semi-dilute polymer Solution or a charged polymer melt), a 
suspended conical droplet is formed, whereby the surface 
tension of the droplet is in equilibrium with the electric field. 
Electro-spinning occurs when the electrostatic field is strong 
enough to overcome the Surface tension of the liquid. The 
liquid droplet then becomes unstable and a tiny jet is ejected 
from the Surface of the spinnerettip. As it reaches a grounded 
target, the jet stream can be collected as an interconnected 
web of fine sub-micron size fibers. The resultant films from 
these nonwoven nanoscale fibers (nanofibers) have very large 
Surface area to Volume ratios. 

SUMMARY OF THE INVENTION 

0003 Provided herein is a nozzle or a multi-nozzle system 
(comprising a plurality of nozzles) for producing nanofibers. 
In some embodiments, the nozzle or multi-nozzle system 
allows for high throughput nanofiber processing. In certain 
embodiments, the nozzle or multi-nozzle system also pro 
vides for the preparation of high performance nanofibers— 
e.g., nanofibers having uniform structures and components. 
In certain embodiments, such nanofibers allow for the pro 
duction of nanofibers that have narrow, uniform diameters. 
For example, in some instances, the standard deviation of 
nanofibers provided, or prepared according to systems and 
processes described, herein is less than 50% of the average 
diameter. 
0004 Provided in certain embodiments herein are nozzles 
for producing nanofibers. Generally, such nozzles are Suitable 
or configured forusein an electrospinning apparatus. In some 
embodiments, a nozzle provided herein comprises a first con 
duit and a second conduit, the first conduit positioned inside 
the second conduit (e.g., as illustrated in the figures). In 
specific embodiments, a nozzle (e.g., electrospinning nozzle) 
provided herein comprises: 

0005 a. a first conduit, the first conduit being enclosed 
along the length of the conduit by a first wall having an 
interior and an exterior Surface (e.g., the interior Surface 
facing the first conduit and at least a portion of the 
exterior Surface facing the second conduit), and the first 
conduit having a first inlet (or Supply) end and a first 
outlet end; and 

0006 b. a second conduit, the second conduit being 
enclosed along the length of the conduit by a second wall 
having an interior Surface, and the second conduit hav 
ing a second inlet (or Supply) end and a second outlet 
end. 

0007. In some embodiments, the first conduit is positioned 
inside the second conduit for a conduit overlap length (e.g., as 
illustrated by 1 in the figures). In certain embodiments, the 
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conduit overlap length is any suitable length, such as about 5 
mm or more, or about 5 mm to about 100 mm. In specific 
embodiments, the conduit overlap length is about 15 mm to 
about 100 mm. In more specific embodiments, the conduit 
overlap length is about 20 mm to about 50 mm, e.g., about 30 
mm. In some instances, the first conduit is longer than the 
second conduit and in other instances, the second conduit is 
longer than the first conduit. And in yet other instances, both 
conduits are the same length. In some embodiments, the first 
outlet end extends beyond the second outlet end by a suitable 
amount (e.g., as illustrated by 1 in the figures, described 
herein as the protrusion length—e.g., of the first conduit). In 
specific instances, the first outlet end extends beyond the 
second outlet end by about -0.5mm to about 1.5 mm. In more 
specific instances, the first outlet end extends beyond the 
second outlet end by about 0 mm to about 0.8 mm. In still 
more specific embodiments, the first outlet end extends 
beyond the second outlet end by about 0.1 mm to about 0.5 

. 

0008. In some embodiments, the first conduit has a first 
diameter (e.g., diameter of the interior surface of the first 
walls) and the second conduit has a second diameter (e.g., 
diameter of the interior surface of the second walls). Gener 
ally, given the configuration of the first conduit inside the 
second conduit, the second diameter is larger than the first 
diameter. In some embodiments, the first diameter is any 
suitable diameter. In specific embodiments, the first diameter 
is about 0.05 mm to about 3 mm. In more specific embodi 
ments, the first diameteris 0.3 to 3 mm, about 0.5 mm to about 
1 mm, or about 0.6 mm to about 0.9 mm. In some embodi 
ments, the walls surrounding the first conduit have a first wall 
diameter of about 0.1 to about 4 mm, e.g., about 0.5 mm to 
about 3.8 mm. In more specific embodiments, the first wall 
diameter is about 0.8 mm to about 1.8 mm, or about 1 mm to 
about 1.5 mm. In some embodiments, the second diameter is 
any suitable diameter. In specific embodiments, the second 
diameter is about 0.1 mm to about 5 mm. In more specific 
embodiments, the second diameter is about 0.8 to 4 mm, 
about 1 mm to about 2.5 mm, about 0.8 mm to 2 mm (such as 
when the third conduit inside which the second conduit is 
positioned is present), or about 1.3 mm to 1.6 mm. 
0009. In various embodiments, the conduits described 
herein have any suitable shape. In some embodiments, the 
conduits are cylindrical (e.g., oval or circular cylinders), pris 
matic (e.g., an octagonal prism), conical (e.g., a truncated 
cone), pyramidal (e.g., a truncated pyramid, Such as a trun 
cated octagonal pyramid), or the like. In specific embodi 
ments, the conduits are cylindrical (e.g., wherein the conduits 
and walls enclosing said conduits form needles). In certain 
embodiments, the walls of a conduit are parallel, or within 
about 1 or 2 degrees of parallel (e.g., wherein the conduit 
forms a cylinder or prism). In other embodiments, the walls of 
a conduit are not parallel (e.g., wherein the diameter is wider 
at the inlet end than the outlet end, such as when the conduit 
forms a cone (e.g., truncated cone) or pyramid (e.g., truncated 
pyramid)). In certain embodiments, the walls of a conduit are 
within about 15 degrees of parallel, or within about 10 
degrees of parallel. In specific embodiments, the walls of a 
conduit are within about 5 degrees of parallel (e.g., within 
about 3 degrees or 2 degrees of parallel). In some instances, 
conical or pyramidal conduits are utilized. In Such embodi 
ments, the diameters for conduits not having parallel walls 
refer to the average width or diameter of said conduit. In 
certain embodiments, the angle of the cone or pyramid is 
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about 15 degrees or less, or about 10 degrees or less. In 
specific embodiments, the angle of the cone or pyramid is 
about 5 degrees or less (e.g., about 3 degrees or less). 
0010. In some embodiments, the distance between the 
exterior surface of the first wall and the interior surface of the 
second wall (the conduit gap thereof) is any suitable distance. 
In Some embodiments, the distance is on average less than 0.5 
mm. In specific embodiments, the distance between the exte 
rior surface of the first wall and the interior surface of the 
second wall is on average less than 0.3 mm. In more specific 
embodiments, the distance is on average about 0.01 mm to 
about 0.3 mm. In still more specific embodiments, the dis 
tance is on average about 0.05 mm to about 0.3 mm. 
0011. In certain embodiments, provided herein is a nozzle 
component comprising a ratio of the conduit overlap length 
(e.g., as illustrated by 1)-to-second diameter (e.g., as illus 
trated by d) of at least 5. In specific embodiments, the ratio is 
about 10 or more. In more specific embodiments, the ratio is 
about 13 or more. Instill more specific embodiments, the ratio 
is about 15 or more, e.g., about 17 or more. In still more 
specific embodiments, the ratio is about 18 or more, e.g., 
about 19. 

0012. In some embodiments, provided herein is a nozzle 
component comprising a ratio of the average distance 
between the exterior surface of the first wall and the interior 
surface of the second wall (also described herein as the con 
duit gap, and, e.g., illustrated in the figures by d) to the 
second diameter (e.g., illustrated in the figures as d) of less 
than 0.25, e.g., about 0.2 or less. In specific embodiments, the 
ratio of the conduit gap-to-second diameter is less than 0.15. 
In more specific embodiments, the ratio is less than 0.1. In 
still more specific embodiments, the ratio is about 0.05 or 
less, e.g., about 0.04. 
0013. In some embodiments, provided herein is a nozzle 
component comprising a ratio of the protrusion length of the 
first conduit (e.g., as illustrated by 12 in the figures)-to-second 
diameter (e.g., as illustrated by d2 in the figures) of less than 
1. In specific embodiments, the ratio is less than 0.5. In more 
specific embodiments, the ratio is about 0.3 or less. 
0014. In some embodiments, provided herein is a multi 
noZZle configuration comprising a ratio of the distance 
between two adjacent nozzles-to-second diameter (e.g., as 
illustrated by d in the figures) of about 0.5 to about 50. In 
some embodiments, the ratio is about 0.5 to about 25, or about 
0.5 to about 10, e.g., about 1 to about 5. In specific embodi 
ments, the ratio is about 1. In other specific embodiments, the 
ratio is about 5. 

0015. In certain embodiments, a nozzle provided herein 
comprises a first conduit that is fluidly connected (e.g., via the 
inlet or Supply end) to a first Supply chamber, the first Supply 
chamber configured to provide liquid polymer (e.g., polymer 
melt or polymer solution) to the first conduit. In some 
embodiments, a nozzle provided herein comprises a second 
conduit that is fluidly connected (e.g., via the inlet or Supply 
end thereof) to a second Supply chamber, the second Supply 
chamber configured to provide pressurized (or high Velocity) 
air to the second conduit. In some embodiments, the second 
Supply chamber is a pressurized air tank, an air pump, a 
chamber containing a fan, or the like. In certain embodiments, 
the first and second Supply chambers are presentinamanifold 
described in more detail herein. In certain embodiments, a 
noZZle component described herein is configured to receive a 
Voltage (e.g., Sufficient to produce an electric field strong 
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enough to overcome the Surface tension of a liquid polymer— 
e.g., a polymer Solution or polymer melt). 
0016. In specific embodiments, provided herein is a 
nozzle, or an electrospinning apparatus comprising a nozzle, 
the nozzle comprising: 

0017 a. a first conduit, the first conduit being enclosed 
along the length of the conduit by a first wall having an 
interior and an exterior Surface (e.g., the interior Surface 
facing the first conduit and at least a portion of the 
exterior Surface facing the second conduit), the first con 
duit having a first inlet (or Supply) end and a first outlet 
end, and the first conduit having a first diameter (e.g., 
defined by the diameter of the interior surface of the first 
walls); and 

0.018 b. a second conduit, the second conduit being 
enclosed along the length of the conduit by a second wall 
having an interior Surface, the second conduit having a 
second inlet (or Supply) end and a second outlet end, and 
the second conduit having a second diameter (e.g., 
defined by the diameter of the interior surface of the 
second walls); 

0.019 the first and second conduit having a conduit 
overlap length, wherein the first conduit is positioned 
inside the second conduit, the exterior surface of the first 
wall and the interior surface of the second wall being 
separated by a conduit gap, the first outlet end protruding 
beyond the second outlet end by a protrusion length, and 
wherein: 

0020 i. the ratio of the conduit overlap length-to 
second diameter is about 10 or more (e.g., about 13 or 
more, or about 18 or more), 

0021 ii. the ratio of the average conduit gap-to-sec 
ond diameter about 0.2 or less (e.g., about 0.1 or less, 
or about 0.05 or less), and/or 

0022 iii. the ratio of the protrusion length-to-second 
diameter is about 0.3 or less. 

0023. In some embodiments, provided herein is a nozzle, 
or an electrospinning apparatus comprising a nozzle, the 
nozzle comprising: 

0024 a. an inner conduit, the inner conduit being 
enclosed along the length of the conduit by an inner wall 
having an interior and an exterior Surface (e.g., the inte 
rior Surface facing the inner conduit and at least a portion 
of the exterior surface facing the outer conduit), the inner 
conduit having an inner conduit inlet (or Supply) end and 
an inner conduit outlet end, and the inner conduit having 
an inner conduit diameter (e.g., defined by the average 
diameter of the interior surface of the inner walls); and 

0.025 b. an outer conduit, the outer conduit being 
enclosed along the length of the conduit by an outer wall 
having an interior Surface, the outer conduit having an 
outer conduit inlet (or Supply) end and an outer conduit 
outlet end, and the outer conduit having an outer conduit 
diameter (e.g., defined by the average diameter of the 
interior surface of the outer walls); 

0026 the inner and outer conduit having a conduit over 
lap length, wherein the inner conduit is positioned inside 
the outer conduit (e.g., with optional additional inner 
conduits positioned inside the inner conduit), the exte 
rior surface of the inner wall and the interior surface of 
the outer wall being separated by a conduit gap, the inner 
conduit outlet end protruding beyond the outer conduit 
outlet end by a protrusion length, and wherein: 
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0027 i. the ratio of the conduit overlap length-to 
outer conduit diameteris about 10 or more (e.g., about 
13 or more, or about 18 or more), 

0028 ii. the ratio of the average conduit gap-to-outer 
conduit diameter about 0.2 or less (e.g., about 0.1 or 
less, or about 0.05 or less), and/or 

0029 iii. the ratio of the inner conduit protrusion 
length-to-outer conduit diameter is about 0.3 or less. 

0030. In certain embodiments, an electrospinning appara 
tus (or nozzle) provided herein comprises a nozzle having a 
first (or inner) conduit that is fluidly connected (e.g., via the 
inlet or Supply end) to a first Supply chamber, the first Supply 
chamber configured to provide liquid polymer (e.g., polymer 
melt or polymer solution) to the first conduit. In some 
embodiments, an electrospinning apparatus provided herein 
comprises a nozzle having a second (or outer) conduit that is 
fluidly connected (e.g., via the inlet or Supply end thereof) to 
a second Supply chamber, the second Supply chamber config 
ured to provide pressurized (or high velocity) air to the second 
conduit. In some embodiments, the second Supply chamber is 
a pressurized air tank, an air pump, a chamber containing a 
fan, or the like. In certain embodiments, an apparatus pro 
vided herein comprises a power source configured to provide 
a Voltage to the nozzle component. In further embodiments, 
an apparatus provided herein comprises a grounded collector 
(e.g., for collecting nanofibers produced by the electrospin 
ning apparatus). 
0031. In specific embodiments, the ratio of the conduit 
overlap length-to-outer conduit diameter is about 10 or more 
(e.g., about 13 or more, or about 18 or more). In further or 
alternative specific embodiments, the ratio of the average 
conduit gap-to-outer conduit diameter about 0.2 or less (e.g., 
about 0.1 or less, or about 0.05 or less). In further or alterna 
tive specific embodiments, the ratio of the inner conduit pro 
trusion length-to-outer conduit diameter is about 0.3 or less. 
In specific embodiments, the ratio of the conduit overlap 
length-to-outer conduit diameter is about 10 or more (e.g., 
about 13 or more, or about 18 or more) and the ratio of the 
average conduit gap-to-outer conduit diameter about 0.2 or 
less (e.g., about 0.1 or less, or about 0.05 or less). In more 
specific embodiments, the ratio of the conduit overlap length 
to-outer conduit diameter is about 10 or more (e.g., about 13 
or more, or about 18 or more), the ratio of the average conduit 
gap-to-outer conduit diameter about 0.2 or less (e.g., about 
0.1 or less, or about 0.05 or less), and the ratio of the inner 
conduit protrusion length-to-Outer conduit diameter is about 
0.3 or less. 

0032. In some embodiments, provided herein is a nozzle 
(e.g., multi-nozzle) system for producing nanofibers, the sys 
tem comprising a manifold comprising a plurality of Supply 
chambers and at least one (e.g., a plurality of) electrospinning 
noZZles (e.g., needle apparatuses). In some embodiments, 
provided herein is a system comprising a first manifold Sup 
ply chamber, a second manifold Supply chamber, a first con 
duit (e.g., needle) in fluid contact with the first manifold 
Supply chamber, and a second conduit (e.g., needle) in fluid 
contact with the second Supply chamber. In specific embodi 
ments, the first conduit (e.g., needle) is arranged inside the 
second conduit (e.g., needle). In specific embodiments, the 
first conduit (e.g., needle) and the second conduit (e.g., 
needle) are arranged (e.g., concentrically arranged) about a 
common axis (e.g., within 5 degrees of the common axis). In 
Some embodiments, the second conduit (e.g., needle) is 
arranged inside a third conduit (e.g., needle). 
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0033 Generally, conduits provided herein are enclosed 
conduits comprising an inlet end and an outlet end and an 
enclosing wall that Surrounds the conduit. Typically, the inlet 
end is opposite the outlet end. A needle and other “straw-like' 
structures are examples of enclosed conduits comprising an 
inlet end and an outlet end and an enclosing wall that Sur 
rounds the conduit. Embodiments described herein for 
“needle' structures are intended to also provide more general 
disclosure for enclosed conduits. 

0034. In some embodiments, a multi-nozzle system 
described herein comprises a manifold comprising (i) a first 
manifold inlet in fluid contact with a first manifold supply 
chamber, and (ii) a second manifold inlet in fluid contact with 
a second manifold Supply chamber. In certain embodiments, 
provided herein is a multi-nozzle system comprising a plu 
rality of nozzles described herein (e.g., coaxial nozzle (e.g., 
needle) apparatuses (e.g., wherein the coaxial nozzle appara 
tus comprises a plurality of coaxially aligned and concentri 
cally arranged conduits)). In specific embodiments, each 
nozzle component (e.g., coaxial needle apparatus) comprises 
a first conduit (e.g., needle) comprising a first Supply end and 
a first outlet end (e.g., the first Supply end being in fluid 
contact with the first manifold supply chamber—either 
directly or via an intermediary structure). In further or alter 
native embodiments, each nozzle component (e.g., coaxial 
needle apparatus) comprises a second conduit (e.g., needle) 
comprising a second Supply end and a second outlet end (e.g., 
the second Supply end being in fluid contact with the second 
manifold supply manifold—either directly or via an interme 
diary structure). In specific embodiments, the first conduit 
(e.g., needle) and second conduit (e.g., needle) are aligned 
along a common axis (e.g., within 25% of the diameter of the 
outer needle and within 5 or 10 degrees of the common axis), 
and the first conduit (e.g., needle) is positioned inside the 
second conduit (e.g., needle) for at least a portion of the length 
of the first conduit (e.g., needle). 
0035. In some embodiments, the manifold further com 
prises a third inlet in fluid contact with a third supply cham 
ber. In specific embodiments, each of the nozzle components 
(e.g., coaxial needle apparatuses) further comprises a third 
conduit (e.g., needle) comprising a third Supply end and a 
third outlet end. In more specific embodiments, the third 
supply end is in fluid contact with the third manifold supply 
chamber. In some embodiments, the first, second, and third 
conduits (e.g., needles) are aligned along a common axis, the 
first conduit (e.g., needle) being positioned inside the second 
conduit (e.g., needle) for at least a portion of the length of the 
first conduit (e.g., needle), and the second conduit (e.g., 
needle) being positioned inside the third conduit (e.g., needle) 
for at least a portion of the length of the second conduit (e.g., 
needle). 
0036. In some embodiments, a system provided herein 
comprises a stock reservoir (e.g., a syringe) in fluid connec 
tion with at least one manifold inlet (e.g., an inlet in fluid 
contact with the supply chamber that is in fluid contact with 
the inlet of the first or inner conduit (e.g., needle)). In specific 
embodiments, the system comprises a pump, the pump con 
figured to pump fluid from a stock reservoir through the at 
least one manifold inlet and into a manifold Supply chamber 
(e.g., an inlet in fluid contact with the Supply chamber that is 
in fluid contact with the inlet of the second, third, or outer 
(e.g., outermost) conduit (e.g., needle)). 
0037. In some embodiments, provided herein is a system 
configured to provide compressed/pressurized gas (e.g., air) 
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to at least one manifold inlet (e.g., that leads to the outer 
conduit (e.g., needle) of a nozzle component (e.g., needle 
apparatus)). In certain embodiments, the system comprises 
(a) an air pump connected to a manifold inlet; and/or (b) a 
high-pressure gas (e.g., air) reservoir (e.g., a gas tank) con 
nected to at least one manifold inlet. 

0038. In some embodiments, a system provided herein 
comprises a plurality of nozzle component (e.g., coaxial 
needle apparatuses), each nozzle component (e.g., coaxial 
needle apparatus) comprising at least two conduits (e.g., at 
least two needles), with one conduit arranged inside the other 
conduit (e.g., wherein the conduits are concentrically 
arranged). In certain embodiments, the conduits (e.g., coaxial 
needles) are Suitably aligned with one another. In specific 
embodiments, the concentric conduits (e.g., needles of a 
coaxial needle apparatus) provided herein are aligned within 
15 degrees of a common axis. In more specific embodiments, 
the concentric conduits (e.g., needles of a coaxial needle 
apparatus) provided herein are aligned within 10 degrees of a 
common axis. In still more specific embodiments, the con 
centric conduits (e.g., needles of a coaxial needle apparatus) 
provided herein are aligned within 5 degrees of a common 
axis. In yet more specific embodiments, the concentric con 
duits (e.g., needles of a coaxial needle apparatus) provided 
herein are aligned within 2 degrees of a common axis. In 
preferred embodiments, the concentric conduits (e.g., needles 
of a coaxial needle apparatus) provided herein are aligned 
within 1 degrees of a common axis. 
0039. In some embodiments, each conduit is arranged 
around a longitudinal axis. In certain embodiments, conduits 
(e.g., needles) of a nozzle component (e.g., coaxial needle) 
provided herein are aligned around a common (longitudinal) 
axis. In specific embodiments, axes of each of the conduits 
(e.g., needles) of a nozzle component (e.g., coaxial needle) 
are aligned within 500 microns of one another. In specific 
embodiments, axes of each of the conduits (e.g., needles) of a 
noZZle component (e.g., coaxial needle) are aligned within 
250 microns of one another. In specific embodiments, axes of 
each of the conduits (e.g., needles) of a nozzle component 
(e.g., coaxial needle) are aligned within 100 microns of one 
another. In specific embodiments, axes of each of the conduits 
(e.g., needles) of a nozzle component (e.g., coaxial needle) 
are aligned within 50 microns of one another. In specific 
embodiments, axes of each of the conduits (e.g., needles) of a 
noZZle component (e.g., coaxial needle) are aligned within 20 
microns of one another. 

0040. In some embodiments, the first (or inner) conduit 
(e.g., needle) has a Smaller average diameter and a greater 
length than the second (or outer) conduit (e.g., needle). In 
specific embodiments, the first (e.g., innermost) conduit (e.g., 
needle) has a smaller average diameter and a greater length 
than or equal length to the second conduit (e.g., needle), and 
the second (e.g., intermediate inner) conduit (e.g., needle) has 
a smaller average diameter and a greater length than the third 
(e.g., outer or outermost) conduit (e.g., needle). More specifi 
cally, in Some embodiments, the first conduit (e.g., needle) is 
arranged inside (for at least a portion of its length) inside the 
second conduit (e.g., needle), and the second conduit (e.g., 
needle) is arranged inside (for at least a portion of its length) 
inside the third conduit (e.g., needle) (if present). 
0041. In certain embodiments, the third conduit (e.g., 
needle) has a (inner) diameter of 1.5 mm to 4 mm. In more 
specific embodiments, the third conduit (e.g., needle) has a 
(inner) diameter of 2 mm to 3 mm (or about 9-12 gauge). In 
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still more specific embodiments, the third conduit (e.g., 
needle) has a (inner) diameter of 2.3 mm to 2.7 mm (or about 
10-11 gauge). 
0042. In some embodiments, the second conduit (e.g., 
needle) has a (inner) diameter of about 0.8 to about 4mm (or 
about 7-18 gauge). In specific embodiments, the second con 
duit (e.g., needle) has a (inner) diameter of 0.8 mm to 2 mm 
(or about 13-18 gauge). Such as when the third conduit (e.g., 
needle) is present. In specific embodiments, the second con 
duit (e.g., needle) has a (inner) diameter of 1.3 mm to 1.6 mm 
(or about 14-15 gauge). In some embodiments, the second 
conduit (e.g., needle) has an outer diameter (e.g., outer diam 
eter of a wall enclosing the second conduit, such as the outer 
wall of a needle) of 1 mm to 2.4 mm (or about 13-18 gauge), 
Such as when the third conduit (e.g., needle) is present. In 
specific embodiments, the second conduit (e.g., needle) has 
an outer diameter of 1.8 mm to 2.1 mm (or about 14-15 
gauge). 
0043. In some embodiments, the first conduit (e.g., 
needle) has a (inner) diameter of about 0.3 to about 3 mm (or 
about 9-24 gauge). In specific embodiments, the first conduit 
(e.g., needle) has a (inner) diameter of about 0.5 mm to about 
1.2 mm (or about 16-21 gauge). In specific embodiments, the 
first conduit (e.g., needle) has a (inner) diameter of 0.5 mm to 
1 mm (or about 17-21 gauge). In specific embodiments, the 
first conduit (e.g., needle) has a (inner) diameter of 0.6 mm to 
0.9 mm (or about 18-19 gauge). In some embodiments, the 
first conduit (e.g., needle) has an outer diameter (e.g., outer 
diameter of a wall enclosing the first conduit, such as the outer 
wall of a needle) of 0.5 mm to 3.8 mm (or about 9-24 gauge). 
In specific embodiments, the first conduit (e.g., needle) has an 
outer diameter of about 0.8 mm to about 1.7 mm (or about 
16-21 gauge). In specific embodiments, the first conduit (e.g., 
needle) has an outer diameter of 0.8 mm to 1.5 mm (or about 
17-21 gauge). In more specific embodiments, the first conduit 
(e.g., needle) has an outer diameter of 1 mm to 1.3 mm (or 
about 18-19 gauge). 
0044. In certain embodiments, nozzle component (e.g., 
coaxial needle apparatuses) provided herein have a terminal 
end, with the outlets of each of the needles within a nozzle 
component (e.g., coaxial needle apparatus) configured at the 
terminal end of the nozzle component (e.g., coaxial needle 
apparatus). In certain embodiments, each of the conduits 
(e.g., needles) of the nozzle component (e.g., coaxial needle 
apparatus) terminate within 5 mm of one another (e.g., 113 of 
FIG. 1 or 1 of FIG.3 is -5 mm to 5 mm). In specific embodi 
ments, each of the conduits (e.g., needles) of the nozzle com 
ponent (e.g., coaxial needle apparatus) terminate within 1 mm 
of one another. In more specific embodiments, each of the 
conduits (e.g., needles) of the nozzle apparatus (e.g., coaxial 
needle apparatus) terminate within 500 micron of one 
another. In still more specific embodiments, each of the con 
duits (e.g., needles) of the nozzle apparatus (e.g., coaxial 
needle apparatus) terminate within 100 micron of one 
another. 

0045. In some embodiments, a system provided herein 
comprises a heater. In specific embodiments, the heater is 
configured to heat one or more Supply manifold, one or more 
nozzle component (e.g., coaxial needle apparatus), or a com 
bination thereof. In some embodiments, the heater oran addi 
tional heater (furnace) is configured to thermally treat the 
spun nanofibers. 
0046. In certain embodiments, a system provided herein 
comprises a nanofiber collection Surface (e.g., a grounded 
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collection Surface) in operable proximity to the terminal ends 
of the nozzle component(s) (e.g., coaxial needle apparatuses). 
In some embodiments, the nanofiber collection Surface is a 
continuous conveyor collector. 
0047. In some embodiments, provided herein is a power 
Supply configured to provide Voltage to the nozzle component 
(e.g., to provide the electric force Sufficient to electrospin 
nanofibers from a polymer liquid-e.g., polymer Solution or 
melt). In some embodiments, the Voltage Supplied to the 
noZZle component is any suitable Voltage. Such as about 10 
kV to about 50 kV. In more specific embodiments, the voltage 
supplied is about 20 kV to about 30 kV, e.g., about 25 kV. 
0048. In specific embodiments, a system provided herein 
comprises at least one manifold Supply chamber containing 
therein a liquid polymer composition (i.e., a fluid stock for 
electrospinning). In specific embodiments, the liquid poly 
mer composition is a composition comprising a polymer and 
a solvent (e.g., water, dimethylformamide (DMF), a hydro 
carbon, or the like). In certain embodiments, the liquid poly 
mer composition further comprises metal precursor (e.g., 
metal ions (e.g., from disassociated metal salt), metal salt, 
Such as metal acetate, metal nitrate, metal halide, or the like), 
nanoparticles (e.g., metal, metalloid, metal oxide, ceramic, or 
the like nanoparticles), or the like. In other embodiments, the 
liquid polymer composition comprises a polymer melt (either 
alone or in combination with another agent). In some embodi 
ments, the liquid polymer has any Suitable viscosity. Such as 
about 10mPasto about 10,000mPa's (at 1/s, 20°C.), or about 
100mPasto about 5000 mPa's (at 1/s, 20° C.), or about 1500 
mPa's (at 1/s, 20°C.). In certain embodiments, liquid polymer 
is provided to the nozzle at any suitable flow rate. In specific 
embodiments, the flow rate is about 0.01 to about 0.5 mL/min. 
In more specific embodiments, the flow rate is about 0.05 to 
about 0.25 mL/min. In still more specific embodiments, the 
flow rate is about 0.075 mL/minto about 0.125 mL/min, e.g., 
about 0.1 mL/min. In some embodiments, at least one mani 
fold Supply chamber contains therein a fluid consisting essen 
tially of gas (e.g., air). In certain embodiments, the nozzle 
Velocity of the gas is any suitable Velocity, e.g., about 0.1 m/s 
or more. In specific embodiments, the nozzle velocity of the 
gas is about 1 m/s to about 300 m/s. In certain embodiments, 
the pressure of the gas provided (e.g., to the manifold inlet or 
the nozzle) is any suitable pressure, Such as about 2 psi to 20 
psi. In specific embodiments, the pressure is about 5 psi to 
about 15 psi. In more specific embodiments, the pressure is 
about 8 to about 12 psi. e.g., about 10 psi. 
0049. Also provided herein are processes for electrospin 
ning polymer (including polymer composite and polymer 
hybrid) nanofibers using any system described herein. In 
certain embodiments, provided herein is a process compris 
ing (i) providing into at least one manifold inlet of a system 
described herein a liquid polymer composition; and (ii) pro 
viding into at least one other manifold inlet of a system 
described herein a high pressure gas (e.g., air). In some 
embodiments, also provided herein are processes for cleaning 
one or more needle apparatus described herein, the process 
comprising providing into at least one manifold inlet a com 
pressed/high pressure gas (e.g., air). In some instances, this 
gas removes polymer build-up on the needle apparatus. 
0050. In some embodiments, provided herein is a process 
for producing nanofibers, the process comprising providing a 
noZZle component described herein, providing a liquid poly 
mer (e.g., as described herein) to a first (or inner) conduit of 
said noZZle component, providing a pressurized and/or high 
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speed gas to a second (or outer) conduit of said nozzle com 
ponent, and providing a Voltage to said noZZle component. 
Suitable nozzle systems include any nozzle system described 
herein. In further embodiments, a collector (e.g., grounded 
collector) is also provided, whereupon electrospun nanofiber 
is collected. In certain embodiments, the liquid polymer and 
gas are provided to the nozzle component via a manifold 
system described herein. 
0051. In certain embodiments, the nozzle component 
comprises: 

0.052 a. a first (or inner) conduit, the first conduit being 
enclosed along the length of the conduit by a first wall 
having an interior and an exterior Surface (e.g., the inte 
rior Surface facing the first conduit and at least a portion 
of the exterior Surface facing the second conduit), the 
first conduit having a first inlet (or Supply) end and a first 
outlet end, and the first conduit having a first diameter 
defined by the diameter of the interior surface of the first 
walls; and 

0.053 b. a second (or outer) conduit, the second conduit 
being enclosed along the length of the conduit by a 
second wall having an interior Surface, the second con 
duit having a second inlet (or Supply) end and a second 
outlet end, and the second conduit having a second 
diameter defined by the diameter of the interior surface 
of the second walls. 

0054. In some embodiments, the first and second conduit 
having a conduit overlap length. In some embodiments, the 
first conduit is positioned inside the second conduit, the exte 
rior surface of the first wall and the interior surface of the 
second wall being separated by a conduit gap. In some 
embodiments, the first outlet end protruding beyond the sec 
ond outlet end by a protrusion length. In certain embodi 
ments, the second conduit has a second diameter (e.g., diam 
eter of the interior surface of the second walls). In certain 
embodiments, nozzle components useful in Such processes 
include those having any characteristic described herein, Such 
as wherein (i) the ratio of the conduit overlap length-to 
second diameter is about 10 or more (e.g., about 13 or more, 
or about 18 or more), (ii) the ratio of the average conduit 
gap-to-second diameter about 0.2 or less (e.g., about 0.1 or 
less, or about 0.05 or less), and/or (iii) the ratio of the protru 
sion length-to-second diameter is about 0.3 or less. 
0055 Any disclosure in this description of a specific value 
described herein includes a disclosure of a value "about 
equal to that value (e.g., “1” includes a disclosure of “about 
1'). Likewise, any disclosure of an approximate value in this 
description also includes disclosure of a value equal to that 
value (e.g., “about 1” includes a disclosure of “1”). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0056. The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
of the features and advantages of the present invention will be 
obtained by reference to the following detailed description 
that sets forth illustrative embodiments, in which the prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 
0057 FIG. 1 illustrates a two-needle electrospinning sys 
tem provided herein. 
0.058 FIG. 2 illustrates a three-needle electrospinning sys 
tem provided herein. 
0059 FIG. 3 illustrates an alternate configuration of a 
two-needle electrospinning system provided herein. 
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0060 FIG. 4 illustrates a stacked bank electrospinning 
system provided herein. 
0061 FIG. 5 illustrates exemplary polymer nanofibers 
prepared using a single needle apparatus (Panel A) and using 
needle apparatuses described herein with a liquid polymer 
composition through an inner needle and gas assistance 
through an outer needle (Panel B). 
0062 FIG. 6 illustrates exemplary polymer composite 
nanofibers prepared using a single needle apparatus (Panel A) 
and using needle apparatuses described herein with a liquid 
polymer composition through an inner needle and gas assis 
tance through an outer needle (Panel B). 
0063 FIG. 7 illustrates a slightly offset coaxial needle 
apparatus provided herein. 
0064 FIG. 8 illustrates exemplary electrospinning nozzle 
apparatuses provided herein, and cross-sections thereof. 
0065 FIG. 9 illustrates an exemplary coaxial needle elec 
trospinning apparatus provided herein. 

DETAILED DESCRIPTION OF THE INVENTION 

0066 Provided herein are systems, apparatuses (e.g., 
noZZle apparatuses and components, such as needle appara 
tuses), and processes, such as for producing nanofibers. 
0067. In certain embodiments, provided herein are nozzle 
components (e.g., of an electrospinning system). Such as for 
the production (e.g., mass production) of nanofibers. In some 
embodiments, provided herein is a stacked multi-nozzle sys 
tem for the mass production of nanofibers. In some instances, 
the gas-assisted electrospinning (GAES) nozzle system has 
several nozzle components (e.g., coaxial needle apparatuses 
(e.g., two-needle apparatuses, three-needle apparatuses, four 
needle apparatuses, or the like)), which are configured with a 
manifold system in a 'stacked' format (e.g., as illustrated in 
an exemplary embodiments in FIG. 4). 
0068. In some embodiments, a liquid polymer composi 
tion (either pure polymer melt, or a combination of polymer 
and other agents, such as solvents, metal precursors, or the 
like) is Supplied to the inner conduit (e.g., needle) of the 
stacked nozzles; and pressurized (e.g., compressed) or high 
Velocity gas (e.g., air) is Supplied to the outer conduit (e.g., 
needle). Also, in some instances, such systems can produce 
core/shell type nanofibers using this same configuration, Sup 
plying another polymer Solution to the outer conduit (e.g., 
needle) instead of Supplying gas. By adding a third conduit 
(e.g., needle) for compressed air around the second conduit, 
Such systems provided herein can produce core/shell type 
nanofibers with GAES process. Furthermore, we can easily 
add more pieces for the various spinning process. In some 
instances, by Supplying air to the inner conduit (e.g., needle) 
and liquid polymer to the outer conduit (e.g., needle), hollow 
fibers can be provided. 
0069. Further, if the nozzle components get clogged (e.g., 
by dried polymer or polymer/nanoparticles), they can be 
cleaned by applying compressed air to the polymer Supply 
conduit (e.g., inner conduit (e.g., needle)), which offers a 
facile self-cleaning mechanism. 
0070 Electrospinning is a process for producing fine 
fibers with diameters ranging from micron scale to nano Scale 
through the action of electrical forces. In some instances, the 
Surface tension of polymer melt or Solution is overcome by 
the electrical force applied to it, a charged jet is ejected from 
the Surface. In certain instances, the jet initially extends in a 
straight line, then undergoes a whipping motion during the 
flight from nozzle to collector. In some instances, fibers are 
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collected on a grounded mesh or plate in the form of a non 
woven web with high surface area. In general, fiber mats that 
prepared have a high Surface area to mass ratio, and thus has 
great potential for filtration, biomedical, and sensing appli 
cations. 

0071. However, there is a shortcoming in electrospinning 
technology, which is a relative low production rate of quality 
nanofibers. Because of the low flow rate of polymer melt or 
Solution the production rate is very low and does not scale 
profitably to mass production. Systems, apparatuses, and pro 
cesses described herein overcome Such shortcomings. In 
Some instances, with the help of compressed gas (e.g., air 
argon, nitrogen, or any other Suitable gas), the flow rate of the 
polymer compositions is much (e.g., 10 to 100 times) higher 
than that of an electrospinning system not using compressed 
gas (e.g., air). In certain embodiments, nanofibers provided 
using the systems, apparatuses, components, or processes 
described herein have any desired diameter. Such as less than 
2 micron, 50 nm to 1500 nm, 200 nm to 1000 nm, or the like. 
0072 FIG. 1 illustrates a non-limiting exemplary system 
provided herein. In some instances, the (manifold) system 
100 comprises a manifold housing 117. In specific instances, 
the system or manifold 100 comprises (i) a first manifold inlet 
101 in fluid contact with a first manifold supply chamber 102. 
and (ii) a second manifold inlet 103 in fluid contact with a 
second manifold Supply chamber 104. In some embodiments, 
the system comprises a plurality of nozzle components (e.g., 
coaxial needle apparatuses) 105. Panel 1B illustrates a nozzle 
component (e.g., needle apparatus) proved herein separate 
from the manifold of a system described herein. In specific 
instances, nozzle component (e.g., coaxial needle appara 
tuses) provided herein each comprise a first conduit (e.g., 
needle) 106 comprising a first supply end 107 and a first outlet 
end 108, the first supply end being in fluid contact with the 
first manifold supply chamber 102; and a second conduit 
(e.g., needle) 109 comprising a second Supply end 110 and a 
second outlet end 111, the second supply end being in fluid 
contact with the second manifold supply chamber 104. In 
Some instances, the first conduit Supply end is fluidly con 
nected to the first Supply chamber via a first Supply compo 
nent 119 (as illustrated in FIG. 1, such supply chamber has 
two components 119 and 119a). In further or alternative 
embodiments, the second conduit Supply end is fluidly con 
nected to the second Supply chamber via a second Supply 
component 120. In specific instances, the first conduit (e.g., 
needle) and second conduit (e.g., needle) are aligned or 
arranged along or around a common axis 112. Panel 1C 
illustrates a cutout 116 of a portion of the nozzle component 
(e.g., needle apparatus), illustrating a common axis along and 
around which the first and second conduits (e.g., needles) 
may be aligned or arranged (the common axis may constitute 
the central longitudinal axis of either or both of the first and 
second conduits or needles). 115 illustrates a cross-sectional 
view of an exemplary bi-conduit nozzle component (e.g., 
two-needle coaxial needle apparatus). Generally, the first 
conduit (e.g., needle) 106 is positioned inside the second 
conduit (e.g., needle) 109 for at least a portion of the length of 
the first conduit (e.g., needle) 118(1). In some embodiments, 
the first conduit comprises a first wall 121 (e.g., that encloses 
the conduit longitudinally) and the second conduit comprises 
a second wall 122 (e.g., that encloses the conduit longitudi 
nally). In certain instances, the first conduit (e.g., needle) 
protrudes 106b a certain distance 113 (1) beyond the second 
conduit outlet. In some instances, a Voltage is Supplied to the 
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needle component 105 (e.g., Voltage sufficient to overcome 
the Surface tension of a liquid polymer composition—such as 
5 kV to 100 kV, e.g., 8 kV to 40 kV, or 20 kV to 30 kV) to 
produce a jet 114, which is collected on a collection surface 
(not shown) as a nanofiber. In some instances, a polymer 
composition (fluid stock) is optionally provided to one or 
more manifold inlet by any Suitable device, e.g., by a syringe 
or a pump. Similarly, a (pressurized/compressed) gas is 
optionally provided to one or more manifold inlet by any 
Suitable device, e.g., a gas canister, pump, or the like. 
0073 FIG. 2 illustrates another non-limiting exemplary 
system provided herein. In some instances, the system com 
prises a manifold. In specific instances, the system or mani 
fold comprises (i) a first manifold inlet in fluid contact with a 
first manifold supply chamber 201, (ii) a second manifold 
inlet in fluid contact with a second manifold supply chamber 
202, and (iii) a third manifold inlet in fluid contact with a third 
manifold supply chamber 203. In specific embodiments, the 
system is configured to receive a fluid polymer composition 
into any manifold Supply chamber (e.g., as shown in FIG. 
2 in the first manifold supply chamber 201 and the second 
manifold supply chamber 202) via any suitable device, such 
as a pump (not shown) or syringe 205. In further specific 
embodiments, the system is configured to receive a gas into 
any manifold Supply chamber (e.g., as shown in FIG. 2 in 
the third manifold supply chamber 203) via any suitable 
device 206 (e.g., via gas tank or pump). In some embodi 
ments, the system comprises a plurality of nozzle components 
(e.g., coaxial needle apparatuses) 204. In specific instances, 
noZZle components (e.g., coaxial needle apparatuses) pro 
vided herein each comprise a first conduit (e.g., needle) com 
prising a first Supply end and a first outlet end, the first Supply 
end being in fluid contact with the first manifold supply 
chamber; a second conduit (e.g., needle) comprising a second 
Supply end and a second outlet end, the second Supply end 
being in fluid contact with the second manifold Supply cham 
ber; and a third conduit (e.g., needle) comprising a third 
Supply end and a third outlet end, the third Supply end being 
in fluid contact with the third manifold supply chamber. In 
specific instances, the first conduit (e.g., needle) and second 
conduit (e.g., needle) are aligned along a common axis 112. 
207 illustrates a cross-sectional view of an exemplary tri 
conduit nozzle component (e.g., three-needle coaxial needle 
apparatus), with the third conduit (e.g., needle) 208 surround 
ing the second conduit (e.g., needle) 209, which in turn Sur 
rounds the first conduit (e.g., needle) 210. Generally, the first 
conduit (e.g., needle) 210 is positioned inside the second 
conduit (e.g., needle) 209 for at least a portion of the length of 
the first conduit (e.g., needle), and the second conduit (e.g., 
needle) 209 is positioned inside the third conduit (e.g., 
needle) 208 for at least a portion of the length of the second 
conduit (e.g., needle). In some instances, a Voltage is Supplied 
211 to the nozzle component (e.g., needle apparatus) 204 
(e.g., Voltage sufficient to overcome the Surface tension of a 
liquid polymer or polymer Solution) to produce a jet, which is 
collected on a collection surface 212 as a nanofiber. Systems 
described herein optionally comprise a single manifold hous 
ing that contains the first, second, and any additional Supply 
chambers (e.g., as illustrated in FIG. 1 and FIG. 2). In other 
embodiments, systems described herein comprise separate 
manifold systems, e.g., wherein a system comprises a first 
manifold housing a first Supply chamber, with a first manifold 
inlet in fluid contact with a first manifold supply chamber and 
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a second manifold housing a second Supply chamber, with a 
second manifold inlet in fluid contact with a second manifold 
Supply chamber. 
0074 FIG. 3 illustrates a section of a non-limiting exem 
plary system provided herein. In some instances, the system 
comprises a manifold 100. In specific instances, the manifold 
100 comprises (i) a first manifold supply chamber 102, and 
(ii) a second manifold supply chamber 104. In some embodi 
ments, the system comprises a plurality of multi-conduit 
nozzle components (e.g., coaxial needle apparatuses) 105. In 
specific instances, multi-conduit nozzle components (e.g., 
coaxial needle apparatuses) provided herein each comprise a 
first conduit (e.g., needle) 106 comprising a first Supply end 
and a first outlet end 108, the first supply end being in fluid 
contact with the first manifold supply chamber 102; and a 
second conduit (e.g., needle) 109 comprising a second Supply 
end and a second outlet end 111, the second Supply end being 
in fluid contact with the second manifold supply chamber 
104. For illustrative purposes, a portion of the second conduit 
is removed 312 to provide display of the first conduit position 
inside the second conduit. Generally, the first conduit is posi 
tioned inside the second conduit. Typically, the first and sec 
ond conduits are enclosed, with the exception of the Supply 
and outlet ends. In specific instances, the first conduit (e.g., 
needle) and second conduit (e.g., needle) are aligned along a 
common axis 112. Such as illustrated in FIG. 3 (or, e.g., 
wherein the axes of the conduits is within 0.5 mm, 0.25 mm, 
0.1 mm or the like of one another). In some instances, the 
system is configured to allow a voltage to be supplied to the 
needle apparatus 105 (e.g., Voltage Sufficient to overcome the 
Surface tension of a liquid polymer or polymer Solution) to 
produce a jet, which is collected on a collection Surface (not 
shown) as a nanofiber. 
0075. In some embodiments, the first conduit (e.g., 
needle) has any suitable diameter 309 (e.g., inner wall diam 
eter (d) and/or outer wall diameter (d")), such as a diameter 
described herein. In certain embodiments, the second conduit 
(e.g., needle) has any suitable diameter 310 (e.g., inner diam 
eter (d)), such as a diameter described herein. 
0076. In certain embodiments, provided herein is a nozzle 
apparatus comprising a first conduit and a second conduit, the 
first conduit arranged inside the second conduit. In some 
embodiments, the nozzle apparatus comprises (i) a nozzle 
component comprising the first conduit and the second con 
duit, and (ii) an optional Supply component (e.g., that is 
operably and fluidly connected to the nozzle component and 
a Supply source. Such as a manifold system described herein). 
In some embodiments, a nozzle apparatus provided herein 
comprises (i) a first conduit (e.g., needle) 106 comprising a 
portion that has substantially parallel (e.g., parallel, or within 
15 degrees, within 10 degrees, or within 5 degrees of parallel) 
walls 303 and (ii) an optional first supply component 307 that 
has non-parallel walls 308 (e.g., substantially non-parallel 
walls, or greater than 15 degrees, greater than 10 degrees, or 
greater than 5 degree from parallel). Similarly, in certain 
embodiments, the nozzle apparatus comprises (i) a second 
conduit (e.g., needle) comprising a portion that has substan 
tially parallel walls 302 (e.g., parallel—as shown, or within 
15 degrees, within 10 degrees, or within 5 degrees of parallel), 
and (ii) an optional second Supply component 304 that has 
non-parallel walls 301 (e.g., substantially non-parallel walls, 
or greater than 15 degrees, greater than 10 degrees, or greater 
than 5 degree from parallel e.g., as illustrated by the angle 
305). In some embodiments, the walls of the outer conduit of 
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the nozzle component (e.g., needle, such as the second needle 
109 as illustrated in FIG. 3) of the nozzle apparatus are 
aligned (e.g., parallel—as shown, or within 15 degrees, 
within 10 degrees, or within 5 degrees of parallel) (e.g., and 
are aligned (e.g., parallel—as shown, or within 15 degrees, 
within 10 degrees, or within 5 degrees of parallel) with the 
walls of the inner conduit(s) (e.g., needle(s). Such as the first 
needle 106)) for at least a portion of the length of the nozzle 
(e.g., needle) 306 (1) apparatus. In certain embodiments, the 
length of 1 is long enough to provide high performance and/ 
or highly uniform nanofibers. In some embodiments, the 
length of 1" is long enough to provide a system suitable for 
high throughput production of nanofibers. In some embodi 
ments, the first or inner conduit extends beyond (or protrudes 
beyond) the end of the second or outer conduit 311 (1). In 
certain instances, the outer Surface of the wall enclosing the 
first (inner) conduit and the inner Surface of the wall enclosing 
the second (outer) conduit are set off by a certain distance 
313. In some embodiments, the average of this distance is the 
conduit gap (d). 
I0077. In specific embodiments, the ratio of the length 1' to 
the diameter of the inner conduit (e.g., outer diameter of the 
inner conduit, Such as a needle) (e.g., the first needle 106 in 
FIG. 3 having a diameter d") is at least 20. In more specific 
embodiments, ratio is at least 25, at least 30, at least 40, at 
least 50, or the like. In further or additional specific embodi 
ments, the ratio of 1' to the diameter of the outer conduit (e.g., 
needle) (e.g., the second conduit 109 in FIG. 3 having a 
diameter d) is at least 10, at least 20, at least 25, at least 30, 
at least 40, at least 50, or the like. 
0078 FIG. 8 illustrates exemplary electrospinning nozzle 
apparatuses 800 and 830 provided herein. Illustrated by both 
nozzle components 800 and 830 some embodiments, the 
noZZle apparatus comprises a nozzle component comprising a 
first conduit, the first conduit being enclosed along the length 
of the conduit by a first wall 801 and 831 having an interior 
and an exterior Surface, and the first conduit having a first inlet 
(or supply) end 802 and 832 (e.g., fluidly connected to a first 
Supply chamber and configured to receive a liquid polymer— 
Such as a liquid polymer composition) and a first outlet end 
803 and 833. Generally, the first conduit has a first diameter 
804 and 834 (e.g., the average diameter as measured to the 
inner surface of the wall enclosing the conduit (d) or the 
average diameter as measured to the outer Surface of the wall 
enclosing the conduit (d")). In further instances, the nozzle 
component comprising a second conduit, the second conduit 
being enclosed along the length of the conduit by a second 
wall 805 and 835 having an interior and an exterior surface, 
and the second conduit having a second inlet (or Supply) end 
806 and 836 (e.g., fluidly connected to a second supply cham 
ber and configured to receive a gas—such as a high velocity or 
pressurized gas (e.g., air)) and a second outlet end 807 and 
837. In some instances, the second inlet (supply) end 806 and 
836 are connected to a Supply chamber (e.g., in a manifold 
described herein—e.g., comprising the second Supply cham 
ber and, optionally, the first Supply chamber). In certain 
instances, the second inlet (supply) end 806 and 836 are 
connected to the second Supply chamber via a Supply com 
ponent. FIG. 8 illustrates an exemplary Supply component 
comprising a connection Supply component (e.g., tube) 813 
and 843 that fluidly connects 814 and 844 the supply chamber 
(not shown) to an inlet supply component 815 and 845, which 
is fluidly connected to the inlet end of the conduit. The figure 
illustrates Such a configuration for the outer conduit, but Such 
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a configuration is also contemplated for the inner and any 
intermediate conduits as well. Generally, the first conduit has 
a first diameter 808 and 838 (e.g., the average diameter as 
measured to the inner Surface of the wall enclosing the con 
duit (d)). The first and second conduits have any suitable 
shape. In some embodiments, the conduits are cylindrical 
(e.g., circular or elliptical), prismatic (e.g., a octagonal 
prism), conical (e.g., a truncated cone—e.g., as illustrated by 
the outer conduit 835) (e.g., circular or elliptical), pyramidal 
(e.g., a truncated pyramid, such as a truncated octagonal 
pyramid), or the like. In specific embodiments, the conduits 
are cylindrical (e.g., wherein the conduits and walls enclosing 
said conduits form needles). In some instances, the walls of a 
conduit are parallel, or within about 1 or 2 degrees of parallel 
(e.g., wherein the conduit forms a cylinder or prism). For 
example, the nozzle apparatus 800 comprise a first and sec 
ond conduit having parallel walls 801 and 805 (e.g., parallel 
to the wall on the opposite side of the conduit, e.g., as illus 
trated by 801a/801b and 805a/805b, or to a central longitu 
dinal axis 809). In other embodiments, the walls of a conduit 
are not parallel (e.g., wherein the diameter is wider at the inlet 
end than the outlet end, Such as when the conduit forms a cone 
(e.g., truncated cone) or pyramid (e.g., truncated pyramid)). 
For example, the nozzle apparatus 830 comprise a first con 
duit having parallel walls 831 (e.g., parallel to the wall on the 
opposite side of the conduit, e.g., as illustrated by 831a/831b, 
or to a central longitudinal axis 839) and a second conduit 
having non-parallel walls 835 (e.g., not parallel or angled to 
the wall on the opposite side of the conduit, e.g., as illustrated 
by 835a/835b, or to a central longitudinal axis 839). In certain 
embodiments, the walls of a conduit are within about 15 
degrees of parallel (e.g., as measured against the central lon 
gitudinal axis, or half of the angle between opposite sides of 
the wall), or within about 10 degrees of parallel. In specific 
embodiments, the walls of a conduit are within about 5 
degrees of parallel (e.g., within about 3 degrees or 2 degrees 
of parallel). In some instances, conical or pyramidal conduits 
are utilized. In such embodiments, the diameters for conduits 
not having parallel walls refer to the average width or diam 
eter of said conduit. In certain embodiments, the angle of the 
cone or pyramid is about 15 degrees or less (e.g., the average 
angle of the conduit sides/walls as measured against a central 
longitudinal axis or against the conduit side?wall opposite), or 
about 10 degrees or less. In specific embodiments, the angle 
of the cone or pyramid is about 5 degrees or less (e.g., about 
3 degrees or less). Generally, the first conduit 801 and 831 and 
second conduit 805 and 835 having a conduit overlap length 
810 and 840 (1), wherein the first conduit is positioned inside 
the second conduit (for at least a portion of the length of the 
first and/or second conduit). In some instances, the exterior 
surface of the first wall and the interior surface of the second 
wall are separated by a conduit gap 811 and 841 (d). In 
certain instances, the first outlet end protrudes beyond the 
second outlet end by a protrusion length 812 and 842 (1). In 
certain instances, the ratio of the conduit overlap length-to 
second diameter is any suitable amount, such as an amount 
described herein, e.g., about 10 or more (e.g., about 13 or 
more, or about 18 or more). In further or alternative instances, 
the ratio of the average conduit gap-to-second diameter is any 
Suitable amount, Such as an amount described herein, e.g., 
about 0.2 or less (e.g., about 0.1 or less, or about 0.05 or less). 
In further or alternative instances, the ratio of the protrusion 
length-to-second diameter is any Suitable amount, such as an 
amount described herein, e.g., about 0.3 or less. 
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007.9 FIG. 8 also illustrates cross-sections of various 
nozzle components provided herein 850, 860 and 870. Each 
comprises a first conduit 851,861 and 871 and second conduit 
854,864, and 874. As discussed herein, in some instances, the 
first conduit is enclosed along the length of the conduit by a 
first wall 852, 862 and 872 having an interior and an exterior 
Surface and the second conduit is enclosed along the length of 
the conduit by a second wall 855, 865 and 875 having an 
interior and an exterior surface. Generally, the first conduit 
has any suitable first diameter 853,863 and 864 (d") and any 
suitable second diameter 856, 866, and 876 (d). The cross 
dimensional shape of the conduit is any Suitable shape, and is 
optionally different at different points along the conduit. In 
Some instances, the cross-sectional shape of the conduit is 
circular 851/854 and 871/874, elliptical, polygonal 861/864, 
or the like. 

0080. In some instances, coaxially configured nozzles 
provided herein and coaxial gas assisted electrospinning pro 
vided herein comprises providing a first conduit or fluid stock 
along a first longitudinal axis, and providing a second conduit 
orgas (e.g., pressurized or high Velocity gas) around a second 
longitudinal axis (e.g., and electrospinning the fluid stock in 
a process thereof). In specific embodiments, the first and 
second longitudinal axes are the same. In other embodiments, 
the first and second longitudinal axes are different. In certain 
embodiments, the first and second longitudinal axes are 
within 500 microns, within 100 microns, within 50 microns, 
or the like of each other. In some embodiments, the first and 
second longitudinal axes are aligned within 15 degrees, 
within 10 degrees, within 5 degrees, within 3 degrees, within 
1 degree, or the like of each other. For example, FIG. 8 
illustrates a cross section of a nozzle component 870 having 
an inner conduit 871 that is off-center (or does not share a 
central longitudinal axis) with an outer conduit 874. In some 
instances, the conduit gap (e.g., measurement between the 
outer surface of the inner wall and inner surface of the outer 
wall) is optionally averaged—e.g., determined by halving the 
difference between the diameter of the inner surface of the 
outer wall 876 and the diameter of the outer surface of the 
inner wall 872. In some instances, the smallest distance 
between the inner surface of the outer wall 876 and the diam 
eter of the outer surface of the inner wall 872 is at least 10% 
(e.g., at least 25%, at least 50%, or any Suitable percentage) of 
the largest distance between the inner surface of the outer wall 
876 and the diameter of the outer surface of the inner wall 
872. 

0081 For further illustration, FIG. 9 provides a non-lim 
iting three dimensional illustration (with illustrative cut outs 
901 and 902) of a nozzle component (e.g., coaxial needle 
nozzle component) 900 provided herein. In specific 
instances, the needle apparatus (or nozzle component) com 
prises a first (inner) needle 904 comprising a first (inner) 
conduit 904 enclosed by a first wall 905, the first wall com 
prising a first wall inner surface 906, a first wall outer surface 
907, a first (inner) outlet end 908, a first (inner) inlet (supply) 
end (e.g., configured to be in fluid contact with a first Supply 
chamber, and/or to receive a liquid polymer), a first inner 
diameter 918 (d) and a first outer diameter 919 (d). In 
further instances, the needle apparatus (or nozzle component) 
comprises a second (outer) needle 909 comprising a second 
(outer) conduit 910 enclosed by a second wall 911, the first 
wall comprising a second wall inner Surface 912, a (optional) 
second wall outer surface 913, a second (outer) outlet end 
914, a second (outer) inlet (Supply) end (e.g., configured to be 
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in fluid contact with a second Supply chamber, and/or to 
receive a liquid polymer or high Velocity or high pressure gas 
(e.g., air)) a secondinner diameter 920(d) and (optionally) a 
second outer diameter. 

I0082 Generally, the first (inner) needle 903 is positioned 
inside the second needle 909 for at least a portion of the length 
of the first needle 915 (1). In certain instances, the first needle 
903 (outlet end 908) protrudes a certain distance 916 (1) 
beyond the second needle 909 (outlet end 914). As discussed 
for other embodiments described herein, in some instances, 
the exterior surface of the first (inner) wall 907 and the interior 
surface of the second (outer) wall 912 are separated by a 
conduit gap 917 (d). In certain instances, the ratio of the 
conduit overlap length 915-to-second inner diameter 920 is 
any Suitable amount, such as an amount described herein, 
e.g., about 10 or more (e.g., about 13 or more, or about 18 or 
more). In further or alternative instances, the ratio of the 
average conduit gap 917-to-second inner diameter 920 is any 
Suitable amount, Such as an amount described herein, e.g., 
about 0.2 or less (e.g., about 0.1 or less, or about 0.05 or less). 
In further or alternative instances, the ratio of the protrusion 
length 916-to-second inner diameter 920 is any suitable 
amount, such as an amount described herein, e.g., about 0.3 or 
less. 

I0083. In some embodiments, a system provided herein 
comprises an apparatus comprising a plurality of rows of 
nozzle components (e.g., coaxial needle apparatuses) 
(noZZles in the rows and columns may be aligned or offset— 
both are aligned in the examples illustrated in FIG. 4). FIG. 4 
illustrates two examples of such systems. In some instances, 
a (e.g., single) first manifold Supply chamber (e.g., having a 
single inlet 101—e.g., as illustrated in the upper panel of FIG. 
4) optionally feeds the first conduits (e.g., needles) of each 
row of nozzles (e.g., needle apparatuses). In certain instances, 
a (e.g., single) second manifold Supply chamber (e.g., having 
a single inlet 103—e.g., as illustrated in the upper panel of 
FIG. 4) optionally feeds the second conduits (e.g., needles) of 
each row of nozzles (e.g., needle apparatuses). In some 
instances, e.g., wherein multiple rows and of nozzles (e.g., 
needle apparatuses) are utilized, a plurality of first manifold 
Supply chambers, a plurality of second manifold Supply 
chambers, or the like are optionally utilized. In addition, in 
some instances, multiple first inlets 101 may feed the first 
manifold Supply chamber(s), and/or multiple second inlets 
103 may feed the second manifold Supply chamber(s) (e.g., as 
illustrated in the lower panel of FIG. 4). 
I0084. In certain embodiments, conduits (e.g., needles) of a 
nozzle component (e.g., coaxial needle apparatus) provided 
herein are aligned around a common (longitudinal) axis. In 
Some embodiments, the (longitudinal) axes of the conduits 
(e.g., needles) of a nozzle component (e.g., coaxial needle 
apparatus) provided herein are slightly offset. In specific 
instances, such offset is Small enough that high performance 
and throughput characteristics of the system are retained. 
FIG. 7 illustrates that the central longitudinal axis of an inner 
conduit (e.g., needle) 702 may be slightly offset from the 
central longitudinal axis of an outer conduit (e.g., needle) 
701, such as by an amount 703 (d). In specific embodiments, 
axes of each of the conduits (e.g., needles) of a nozzle com 
ponent (e.g., coaxial needle) are aligned within any Suitable 
distance, e.g., within about 0.5 mm, within about 200 
microns, or within 100 microns of one another (e.g., 100 
micronsed). In specific embodiments, axes of each of the 
conduits (e.g., needles) of a nozzle component (e.g., coaxial 
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needle) are aligned within 50 microns of one another. In 
specific embodiments, axes of each of the conduits (e.g., 
needles) of a nozzle component (e.g., coaxial needle) are 
aligned within 20 microns of one another. In some embodi 
ments, the offset is less than 0.1 of the diameter of the inner 
conduit (e.g., needle) (e.g., d/d's0.1). In some embodi 
ments, the offset is less than 0.05, less than 0.03, or less than 
0.01 of the diameter of the inner conduit (e.g., needle). 
0085. Any suitable polymer is optionally utilized in sys 
tems, apparatuses, or processed described herein e.g., any 
electrospinnable polymer (e.g., electrospinnable as a melt or 
in solution). Exemplary polymers suitable for use in Systems, 
apparatuses, or processed described herein include but are not 
limited to polyvinyl alcohol (PVA), polyvinyl acetate 
(“PVAc), polyethylene oxide (“PEO), polyvinyl ether, 
polyvinyl pyrrolidone, polyglycolic acid, polyvinylidene dif 
luoride (PVDF), hydroxyethylcellulose (“HEC), ethylcellu 
lose, cellulose ethers, polyacrylic acid, polyisocyanate, and 
the like. In some embodiments, the polymer is isolated from 
biological material. In some embodiments, the polymer is 
Starch, chitosan, Xanthan, agar, guar gum, and the like. In 
other instances, other polymers. Such as polyacrylonitrile 
(“PAN') are optionally utilized (e.g., with DMF as a solvent). 
In other instances, a polyacrylate (e.g., polyalkacrylate, poly 
acrylic acid, polyalkylalkacrylate, or the like) is optionally 
utilized. 
I0086. Any suitable polymer concentrations may be uti 
lized in the systems, apparatuses, components, or processes 
described herein. In some instances, a liquid polymer (e.g., 
polymer composition) provided herein is neat polymer 
(meaning about 100% polymer). In other instances, a poly 
mer composition comprises solvent and/or an additional 
component (such as metal precursor, metalion, nanoparticle, 
or the like). In some instances, the polymer concentration in 
a polymer composition provided herein is, e.g. 5-50 wt.%. In 
specific embodiments, the polymer concentration is below 20 
wt %. In more specific embodiments, the polymer concentra 
tion is 2-20 wt %. In still more specific embodiments, the 
polymer concentration is 8-12 wt %. Specific polymers, metal 
precursors, nanoparticles, and process parameters set forth in 
U.S. Patent Application Publication No. 2011/0148005, U.S. 
Patent Application Publication No. 2007/0259655, U.S. Pat. 
No. 7,083,854. International Patent Application Publication 
No. WO 2011/100743, International Patent Application Pub 
lication No. WO 2013/0033367, and International Patent 
Application No. PCT/US 13/28132 are contemplated herein, 
e.g., for use with the system described herein, and all of which 
are incorporated herein for Such disclosure. 
0087. In some embodiments, compressed gas is provided 
to a system here at any suitable pressure. In specific instances, 
the gas pressure is about 0.1 to 10 kgf/cm. In more specific 
embodiments, the gas is provided at a pressure of about 0.5-3 
kgf/cm. 
0088 Any suitable distance may be utilized between the 
noZZle and collection plate. In some instances, the distance is 
about 3-100 cm. In more specific instances, the distance is 
about 5-50 cm, or more specifically about 10-25 cm. 
0089. In some embodiments, the flow rate of the fluid 
stock (e.g., to each needle apparatus) is about 0.05 mL/minto 
3 mL/min, or more specifically about 0.1-0.5 ml/min. 
0090. In various embodiments, the supply components, 
manifold components, and nozzle components comprise any 
Suitable material. In some embodiments, such materials are 
resistant to corrosion, Such as plastics (e.g., polyethylene, 
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polypropylene, etc.) or inert or semi-inert metals. In some 
embodiments, nozzle components (e.g., the conduit walls) 
provided herein comprise stainless steel, brass, bronze, or the 
like. In some embodiments, nozzle components (e.g., the 
conduit walls) provided herein comprise plastic (e.g., poly 
ethylene), stainless steel, brass, bronze, or the like. 
0091. In some embodiments, the multi-nozzle system 
allows for high throughput nanofiber processing. In certain 
embodiments, the multi-nozzle system also provides for the 
preparation of high performance nanofibers—e.g., nanofibers 
having uniform structures and components. In certain 
embodiments, such nanofibers allow for the production of 
nanofibers that have narrow, uniform diameters. For example, 
in some instances, the standard deviation of nanofibers pro 
vided, or prepared according to systems and processes 
described, herein is less than 100% of the average diameter, 
less than 50% of the average diameter, less than 25% of the 
average diameter, or the like. 

EXAMPLES 

Example 1 

Polymer Nanofibers 
0092. Polyvinyl alcohol (PVA) (M 78,000) is charged in 
DI water with concentration of 8-12 wt %. The prepared 
polymer composition is pumped into the inner channel of 
spinneret and compressed air gas is provided through the 
outer channel with the pressure of 0.5-3 kgf/cm. The dis 
tance between the nozzle and collection plate is kept to 10-25 
cm, and the flow rate of 0.1-0.5 ml/min is maintained. A 
charge of +20 to +30 kV is maintained at the needle. FIG. 5 
(Panel A) illustrates an SEM of PVA nanofibers prepared 
without gas assistance, and (Panel B) illustrates an SEM of 
PVA nanofibers prepared with gas assistance. Nanofibers pre 
pared with gas assistance showed significantly fewer bead 
structures in the nanofibers, as well as much higher produc 
tion rates. 

Example 2 

Polymer Composite/Hybrid Nanofibers 
(0093 Polyvinyl alcohol (PVA) (M 78,000) is provided 
and nanoparticles with the size of 20-30 nm are supplied. 
PVA is dissolved in DI water with concentration of 8-12 wit 
%. And nanoparticles are added in the PVA solution to pre 
pare PVA/NP composition. The weight ratio of PVA to nano 
particles is 0.5-5, and to prevent the aggregation of nanopar 
ticles the composition is sonicated for 3-5 hrs. 
0094. The prepared polymer composition is pumped into 
the inner channel of spinneret and compressed air gas is 
provided through the outer channel with the pressure of 0.5-3 
kgf/cm. The distance between the nozzle and collection plate 
is kept to 10-25 cm, and the flow rate of 0.1-0.5 ml/min is 
maintained. A charge of +20 to +30 kV is maintained at the 
needle. FIG. 6 (Panel A) illustrates an SEM of PVA nanofi 
bers prepared withoutgas assistance, and (Panel B) illustrates 
an SEM of PVA nanofibers prepared with gas assistance. 

Example 3 

Nozzle Configuration 
(0095 Polyvinyl alcohol (PVA) is provided and metal pre 
cursor are supplied. PVA is dissolved in DI water with con 
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centration of 8-12 wt %. And metal precursor is added in the 
PVA solution to prepare PVA/precursor aqueous composi 
tion. The weight ratio of PVA to precursor is about 2:3. 
0096. The prepared polymer composition is pumped into 
the inner channel of the nozzle at a flow rate of about 0.1 
mL/min (e.g., about 0.075 to about 0.12 mL/min) and com 
pressed air gas is provided through the outer channel with the 
pressure of about 10psi (e.g., about 8 psi to about 12 psi). The 
distance between the nozzle and collection plate is kept to 
20-30 cm (e.g., about 25 cm). A charge of +20 to +30 kV 
(e.g., about +25 kV) is maintained at the needle. 
0097. A manifold system comprising a plurality of nozzles 
described was utilized to prepare polymer composite nanofi 
bers. Various nozzle configurations were utilized, such as set 
forth in Table 1. The term d1' refers to the diameter (in mm) of 
the outer walls of the first (inner) conduit; d2 refers to the 
diameter (in mm) of the second (outer) conduit; d4 refers to 
the conduit gap (in mm) (the average distance between the 
outer surface of the wall enclosing the first (inner) conduit and 
the inner Surface of the wall enclosing the second (outer) 
conduit); 11 refers to the conduit overlap length (in mm) (the 
length over which the first conduit runs within the second 
conduit); and 12 refers to the protrusion length (in mm) of the 
first inner conduit (e.g., the distance that the first (inner con 
duit) outlet extends beyond the second (outer conduit) outlet). 
The spinnability is measured qualitatively, with 1 being 
extremely poor electrospinnability (nanofiberformation) and 
5 being extremely good electrospinnability. 

TABLE 1. 

Nozzle Parameters 

d1 d2 d4 11 12 d4d2 11? d2 12, d2 Spinnability 

1 O.90 14 O.24 30 O.27 0.17 22 O.20 4 
2 1.27 1.6 0.17 S O.77 0.10 3.1 0.48 1 
3 1.27 1.6 0.17 S O.32 0.10 31 O.20 2 
4 1.27 1.6 0.17 15 0.37 0.10 9.4 0.23 2 
S 1.27 1.6 0.17 30 O.4 O. 10 18.8 O.25 4 
6 1.47 16 OO6 30 0.48 0.04 18.8 0.30 4 
7 1.47 16 OO6 30 O.61 O.O4 18.8 O.38 4 
8 1.47 16 OO6 30 0.44 0.04 18.8 0.28 5 
9 1.47 16 OO6 3O 1.2 0.04 18.8 O.75 1 
10 1.47 18. O.165 30 0.4 0.09 16.6 0.22 3 
11 16S 2.2 O.2S 30 O.33 0.12 13.9 0.15 4 

0098 Table 1 illustrates that superior electrospinnability 
is achieved at lower values of d4/d2 (e.g., compare 5 and 8), 
at higher values of 11/d2 (e.g., compare 2 and 3, 4 and 5), and 
at lower values of 12/d2 (e.g., compare 8 and 9). 
We claim: 
1. A system comprising a plurality of electrospinning 

noZZle components, each of the plurality of electrospinning 
noZZle components comprising: 

a. a first conduit, the first conduit being enclosed along the 
length of the conduit by a first wall having an interior 
Surface and an exterior Surface, the first conduit having a 
first inlet end and a first outlet end, and the first conduit 
having a first diameter; and 

b. a second conduit, the second conduit being enclosed 
along the length of the conduit by a second wall having 
an interior Surface, the second conduit having a second 
inlet end and a second outlet end, and the second conduit 
having a second diameter; 

the first and second conduit having a conduit overlap 
length, wherein the first conduit is positioned inside the 
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second conduit, the exterior surface of the first wall and 
the interior surface of the second wall being separated by 
a conduit gap, the first outlet end protruding beyond the 
second outlet end by a protrusion length, and wherein: 
i. the ratio of the conduit overlap length-to-second diam 

eter is about 10 or more, and/or 
ii. the ratio of the average conduit gap-to-second diam 

eter about 0.25 or less, and/or 
iii. the ratio of the protrusion length-to-second diameter 

is about 0.3 or less. 
2. The system of claim 1, wherein each of the plurality of 

electrospinning nozzle components therein comprises at least 
two of the groups consisting of: 

a. a ratio of the conduit overlap length-to-second diameter 
of about 10 or more, 

b. a ratio of the average conduit gap-to-second diameter of 
about 0.2 or less, and 

c. a ratio of the protrusion length-to-second diameter of 
about 0.3 or less. 

3. The system of claim 1, wherein each of the plurality of 
electrospinning nozzle components thereof comprises: 

i. a ratio of the conduit overlap length-to-second diameter 
is about 10 or more, 

ii. a ratio of the average conduit gap-to-second diameter 
about 0.2 or less, and 

iii. a ratio of the protrusion length-to-second diameter is 
about 0.3 or less. 

4. The system of claim 1, wherein the ratio of the distance 
between adjacent nozzles-to-second diameter is about 0.5 to 
about 10. 

5. The system of claim 2, wherein the ratio of the distance 
between adjacent nozzles-to-second diameter is about 0.5 to 
about 10. 

6. The system of claim 3, wherein the ratio of the distance 
between adjacent nozzles-to-second diameter is about 0.5 to 
about 10. 

7. The system of claim 1, wherein the first conduit is 
configured to receive liquid polymer. 

8. The system of claim 2, wherein the first conduit is 
configured to receive liquid polymer. 

9. The system of claim 3, wherein the first conduit is 
configured to receive liquid polymer. 

10. The system of claim 7, wherein the second conduit is 
configured to receive a pressurized gas. 

11. The system of claim 8, wherein the second conduit is 
configured to receive a pressurized gas. 

12. The system of claim 9, wherein the second conduit is 
configured to receive a pressurized gas. 

13. The system of claim 1, wherein the ratio of the conduit 
overlap length-to-second diameter is about 13 or more. 

14. The system of claim 2, wherein the ratio of the conduit 
overlap length-to-second diameter is about 13 or more. 

15. The system of claim3, wherein the ratio of the conduit 
overlap length-to-second diameter is about 13 or more. 

16. The system of claim 1, wherein the ratio of the average 
conduit gap-to-second diameter about 0.1 or less. 

17. The system of claim 2, wherein the ratio of the average 
conduit gap-to-second diameter about 0.1 or less. 

18. The system of claim3, wherein the ratio of the average 
conduit gap-to-second diameter about 0.1 or less. 

19. The system of claim3, wherein the ratio of the conduit 
overlap length-to-second diameter is about 18 or more, the 
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ratio of the average conduit gap-to-second diameter about 
0.05 or less, and the ratio of the protrusion length-to-second 
diameter is about 0.3 or less. 

20. The system of claim 6, wherein the ratio of the conduit 
overlap length-to-second diameter is about 18 or more, the 
ratio of the average conduit gap-to-second diameter about 
0.05 or less, and the ratio of the protrusion length-to-second 
diameter is about 0.3 or less. 

21. The system of claim 1, wherein the first and second 
conduits are cylindrical. 

22. The system of claim 21, wherein the first conduit and 
the first wall, taken together, form a first needle, and the 
second conduit and the second wall, taken together, form a 
second needle. 

23. The system of claim 1, wherein the first diameter being 
about 0.05 mm to about 3 mm and the second diameter being 
about 0.1 mm to about 5 mm. 

24. The system of claim 2, wherein the first diameter being 
about 0.05 mm to about 3 mm and the second diameter being 
about 0.1 mm to about 5 mm. 

25. The system of claim3, wherein the first diameter being 
about 0.05 mm to about 3 mm and the second diameter being 
about 0.1 mm to about 5 mm. 

26. The system of claim 1, wherein the conduit gap is on 
average 0.5 mm or less. 

27. The system of claim 2, wherein the conduit gap is on 
average 0.5 mm or less. 

28. The system of claim 25, wherein the conduit gap is on 
average 0.5 mm or less. 

29. The system of claim 12, wherein the nozzle is config 
ured to receive a Voltage. 
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30. A process for electrospinning a nanofiber, the process 
comprising: 

a. providing a liquid polymer composition to a system 
comprising a plurality of electrospinning nozzle com 
ponents, each of the plurality of electrospinning nozzle 
components comprising: 
a first conduit, the first conduit being enclosed along the 

length of the conduit by a first wall having an interior 
Surface and an exterior Surface, the first conduit hav 
ing a first inlet end and a first outlet end, and the first 
conduit having a first diameter, and 

a second conduit, the second conduit being enclosed 
along the length of the conduit by a second wall hav 
ing an interior Surface, the second conduit having a 
second inlet end and a second outlet end, and the 
second conduit having a second diameter; 

the first and second conduit having a conduit overlap 
length, wherein the first conduit is positioned inside 
the second conduit, the exterior surface of the first 
wall and the interior surface of the second wall being 
separated by a conduit gap, the first outlet end pro 
truding beyond the second outlet end by a protrusion 
length, and wherein (i) the ratio of the conduit overlap 
length-to-second diameter is about 10 or more, and 
the ratio of the average conduit gap-to-second diam 
eter about 0.2 or less; 

the liquid polymer being provided to the first inlet end of 
at least one nozzle component of the system; 

b. providing a pressurized gas to the second inlet end of the 
at least one nozzle component; and 

c. applying a Voltage to the at least one nozzle component. 
k k k k k 


