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Randomly oriented nanofibers of nickel cobaltite (NCO) were fabricated using sol-gel
electrospinning followed by calcination. The precursor fibers were collected on rotating disc
(RDI) and rotating drum (RDR) collectors. The variable fictitious forces produce continuous
deflection at each fiber landing position on the RDI collector, which subjects the nanofibers
to non-bundling. On the other hand, in case of RDR collector, the fictitious forces act just at
the surface, and these forces merely cause slip of fibers along the rotational axis of RDR.
This slip along with the retained Columbic charges on the surface of the fiber produces fiber
bundling, which affects morphological and structural properties of the NCO nanofibers
obtained by calcining the precursor fibers. Use of RDI collector in sol-gel electrospinning is a
simple and optimal method of fabricating precursor nanofibers, which yields non-

agglomerated, impurity-free inorganic nanofibers.

Keywords: Coriolis, electrospinning, collector, nickel cobaltite

List of Acronyms

Acronym Description

1D One dimensional

NCO Nickel cobaltite

RDR Rotating drum

RDI Rotating disc

RDR, Precursor fibers collected over RDR collector

RDI, Precursor fibers collected over RDI collector

RDR. Calcined nanofibers obtained from calcination of RDR,,
RDI. Calcined nanofibers obtained from calcination of RDI,
AFD Average fiber diameter

SD Standard deviation of fiber diameter

Cry Coefficient of fiber uniformity

BET Brunauer-Emmett-Teller

SSA Specific surface area

FWHM Full-width at half maximum

DoA Degree of Alignment

DoR Degree of Randomness
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1. Introduction DOI: 10.1039/C7CP074358

Sol-gel assisted electrospinning is a versatile and tailor-made 1D nanostructure synthesis
technique, which gives a direct control over the stoichiometry, dimensionality and size of
inorganic compounds for multifunctional alpplicaltions.l’2 The process involves three major
steps: (i) preparation of stable sol using sol-gel chemistry with the help of suitable polymeric
binder and salts, (ii) fabrication of precursor fibers by electrospinning, to obtain defect-free
uniform nanofibers, and finally (iii) calcination of the precursor fibers to remove organic

matter selectively, for obtaining inorganic nanofibers.

Apart from sol-gel chemistry or solution parameter3 control, it is very important to
have control over the electrospinning process parameters, as they play a vital role in size
reduction of fibers, which in turn influence the functional properties of the desired material.'
Many efforts have been made over decades to optimize these parameters.4 Some of these
process parameters are: voltage, flow rate of the sol, spinneret (single, multiple, needless),
collector (material, geometry), spinneret tip to collector distance, temperature, humidity, and
air/gas flow in electrospinning chamber.”® However, in the present study, the focus is on the

effect of type of collector used on the morphology of nanofibers.

Some applications demand a well-defined alignment of fibers, which is fulfilled by
electrostatic, magnetic or mechanical means.”® The commonly used mechanical approach is
RDR collector, which reduces the diameter of fibers and aligns them along the direction of
drum rotation.>” This strategy may be undesirable for the synthesis of inorganic nanofibers
such as NCO (NiCo0,0,) as they agglomerate during the calcination. Besides, the increase in
applied voltage or spinneret to collector distance and the presence of additives has been

3,10,11

reported to vary the fiber diameter. However, such cases lead to fibre bundling and

alignment,12 and thus the desired fiber morphology could not be attained. The objective of
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this study is to eliminate such defects, and obtain uniform and ultrafine inorgani¢ nanofibetss: % s

by suitably tailoring the fictitious forces over the collector.

It is a well-known fact that fictitious forces such as centrifugal and Coriolis forces are
always associated with any relative motion in which there is a rotating non-internal frame of
reference. Various attempts have made in modelling and understanding the mechanism of
these fictitious forces during centrifugal spinning or force-spinning of nanofibers to obtain

aligned fiber mats.'*1°

These fictitious forces, which act at the jet initiation (rotating
spinneret and static collector) play a vital role in forming deflected spiral paths, stretching the
fibers and control thus morphology of the nanofibers. However, the fiber diameters obtained
from centrifugal spinning are typically larger than those from electrospinning due to
insufficient stretching in the absence of electric field.'” In this study, using electrospinning
and two different kinds of collector, i.e. RDR and RDI collector, an attempt has been made to
study the synergism of fictitious forces on the morphology (dimensionality and directionality)

of precursor nanofibers, and thereby the morphological and structural properties of NCO

nanofibers, after calcination.

2. Experimental details

2.1. Preparation of sol

Stoichiometric proportions (with a total mass of 2 g) of anhydrous (dried under vacuum oven
for 1 h) nickel acetate and cobalt acetate (Sisco Research Laboratories Private Limited, India)
were dissolved in 10 mL of N, N-dimethyl formamide (Sisco Research Laboratories Private
Limited, India). 2g of poly(styrene-co-acrylonitrile), having viscosity average molar mass of
2,460 kg-mol’1 (Bhansali Engineering Polymers, India) was added to the above solution such
that the total salt to polymer wt ratio is unity. This solution was stirred in a closed vial for

~12 h to attain homogeneity.

P07435B
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2.2. Fabrication of precursor nanofibers DO 101039 o boTases
A single spinneret vertical electrospinning unit (e-spin nano, Physics Equipments Co., India)
was used to fabricate the precursor nanofibers using two types of collectors (Figure 1a and b).
The rotating disc collector was indigenously built, whose fiber collector dimension was @10
cm x 1 cm with the same weight as RDI, whereas the rotating drum collector (25 cm x 13
cm) was procured from Physics Equipment Co., India. The precursor fibers obtained from a
static collector were spun on stationary RDI collector. The optimal electrospinning
parameters were fixed as: spinneret tip to collector distance = 17 cm, flow rate = 1 mL-h,
applied voltage = 25 kV, and the rotating speed of both the RDR and RDI was kept at 500
rpm. The electrospun fibers were collected for a fixed duration on all the collectors. The

precursor fibers were collected on aluminium foil tagged to all types of collector. Later, these

precursor fibers were carefully peeled off the foil and calcined.

2.3. Calcination of precursor nanofibers
The electrospun nanofiber mat was placed on a quartz plate in a programmable Muffle
furnace (Indfurr, India) at 500°C. The calcination soaking time was 2 h and a heating rate of

2°C-min™ was used for calcination. The resulting oxide fibers were left in the furnace to

Published on 23 January 2018. Downloaded by University of Florida Libraries on 23/01/2018 15:47:23.

anneal till room temperature and then collected for characterization.

2.4. Characterization of nanofibers

The micrographs of the precursor and calcined nanofibers were obtained using a scanning
electron microscope (SEM, JSM-6380LA, JEOL, Japan). The fibers were gold sputtered with
a sputter machine (JFC 1600 autofine coater, JEOL. Japan) prior to imaging. The fiber
diameter and alignment (directionality tool) were measured (Fiji ImageJ, 1.51n, National

Institutes of Health, USA) defined in terms of DoR and DoA as'®:

(D

DOAzl_DORzl_(wj

90
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The fiber diameter was measured at three different spots of 50 fibers at random logation§ 0fiss)% 5
the fiber mat, and an average of those 150 values is reported for each sample. Apart from SD,

the fiber uniformity was estimated as a factor of C,,, 1 Furthermore, the SSA of calcined

nanofibers were measured by the BET method, after degassing the samples for 5 h at 150°C
under high vacuum (Autosorb 1C, Quantachrome Instruments, USA). High-resolution
micrographs of calcined nanofibers were recorded using field-emission scanning electron

microscope (FESEM, ULTRA 55, Gemini, Carl Zeiss, Germany).

Structural characterization of calcined nanofibers was done using X-ray
diffractometer (X’Pert PRO, PANalytical, Netherlands) and micro-Raman spectrometer
(LabRAM HR, Horiba, Japan). X-ray diffraction (XRD) patterns were recorded using Cu K,
radiation (wavelength, A = 0.154 nm) for 26 = 10-80° (0.5° per minute), at an operating
voltage and current of 30 kV and 20 mA, respectively. The raw XRD patterns were profile
fitted using Pseudo Voigt I function, in OriginPro 2016 (Srl, OriginLab Corporation, USA).
The instrumental broadening was accounted for using bulk silicon sample and subtracted
from the measured FWHM to obtain the actual FWHM. The crystallite shape was assumed to
be spherical from FESEM and hence, the dimensionless shape factor (k) was set to 0.9 in
Scherrer equation, and the Williamson-Hall plot was used to calculate crystallite sizes of
samples. Raman spectra were obtained using diode-pumped solid-state laser source, at a
power of 28 mW and wavelength of 532 nm. Lorentzian function was used to deconvolute

Raman spectra using OriginPro 2016 software.
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3. Results and discussion DOI: 10.1039/C7CP074358

3.1. SEM results

3.1.1 Precursor nanofibers

The diameter and alignment of the precursor nanofibers is affected by the electrostatic
interaction of the surface cations on the fiber during whipping, and the mechanical drawing
of the fiber by the collector. Accordingly, from Figure 2, the AFD and SD of the precursor
nanofibers is observed to be the least for the RDI collector. Conversely, the larger AFD and
SD of the fibers from the static collector is due to the role of the mechanical drawing process
by the rotating collectors (Figure 2a and d). However, the alignment of nanofibers in the
static collector is a result of fiber bundling during spinning due to the increase in conductivity
of the sol. This causes an insufficient stretching of nanofibers during whipping, resulting in

high value of SD and C,, in the static collector, which indicates non-uniformity in fiber

diameter. Hence, the precursor fibers obtained using static collector exhibit a high degree of
fiber alignment. From Figure 2g and h, it is observed that DoA of RDR, was less in
comparison with that of the static collector. This could be due to the slip caused during the

winding of fibers onto the surface of the RDR collector, which is also evident from SD and

Published on 23 January 2018. Downloaded by University of Florida Libraries on 23/01/2018 15:47:23.

C,, of fibers. Further, the DoA, AFD, SD, and C,,, of fibers spun on RDI were found to be

the least (Figure 2f and i), which are the essential parameters to form non-agglomerated,
ultrathin calcined fibers. The least DoA and high DoR in RDI; were due presumably to the

action of fictitious forces, which are considered in detail in section 3.3.

3.1.2 Calcined nanofibers
Figure 3a and b, show the electron micrographs of calcined nanofibers obtained from the
RDR and RDI collectors, respectively. Calcined fibers obtained from RDR collected fibers

were found to have large AFD and SD than their precursor fibers (Figure 2e) due to the acute
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agglomeration of well-aligned adjacent nanofibers. This in turn shoots up the G, ,(Eigttes; %5

3c), and thus decreases the fiber uniformity. However, in case of RDI collector, the DoR of
fibers has increased up to 14% due to the thermally induced wrinkling of agglomerated fibers
during the calcination as the precursor fibers shrink, liberating organic volatiles. From Figure
3d, the AFD and SD of the RDI, nanofibers were found to be lesser than their RDI,. This
observation implies that the fibers did not agglomerate much, and retained their morphology

even after calcination. However, increase in C,, of RDI. nanofibers suggests the

unavoidable agglomeration and segregation (by diffusion) during the calcination process,
which is significantly less compared to that of RDR, nanofibers. Here, an increase in DoR of
about 11% was calculated, which is due to the thermally induced fiber wrinkling; this might
be due to the increased intersection of nanofibers deposited on RDI collector. The randomly
oriented fibers tend to have large number of intersections with other fibers as compared to the
aligned ones (Figure 2b and c), which could constrain the wrinkling of precursor nanofibers
during the calcination process. Hence, the calcined nanofibers obtained using RDI collector
have the least AFD and SD, and comparatively better fiber uniformity. This plays a
significant role in the structural and functional properties of the inorganic nano-fibrous

material.

The SSA of RDR. and RDI. nanofibers are tabulated in Table 1. The increase in
surface area of RDI, nanofibers is attributed to the reduction in their AFD as well as porous
morphology due to the NCO nanoparticles embedded along the nanofibers. These values are
comparable with the NCO based nanofibers/nanobelts reported hitherto in literature.”>*' The
improved SSA of RDI; nanofibers is expected to improve their functional properties such as

electrocatalytic performance.
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3°1'3 FESEM results DOI: lO.lO;/;/\Aééglglg7a§g§
High resolution FESEM images of the inorganic nanofibers (Figure 4) were examined to
observe the nanoparticle morphology along the calcined nanofibers obtained using both RDR
and RDI collectors. In case of RDR. nanofibers, the nanoparticles are densely packed and
agglomerated, leading to less macro porosity. However, the RDI; nanofibers have a highly
porous structure with well distinguished near-spherical nanoparticles, decorated similar to a
cephalopod limb along the fiber. This could make RDI, nanofibers a potential candidate for
catalytic applications. Furthermore, the morphological changes observed in RDR. and RDI,
nanofibers is a function of fictitious forces acting on their respective precursor fibers, which

forms a subset of the electrospinning process parameters. This suggests that the use of RDI

collector might be extended to metal oxide nanofibers of other transition metals as well.

3.2. Structural characterization of the inorganic nanofibers

3.2.1 XRD analysis

In Figure 5, XRD patterns obtained for both RDR. and RDI, nanofibers revealed the presence
of crystalline NCO indexed to the International Centre for diffraction Data (ICDD) file no.

00-073-1702. In case of RDR, nanofibers, the presence of crystalline NiCoO, was observed,

Published on 23 January 2018. Downloaded by University of Florida Libraries on 23/01/2018 15:47:23.

which matches with the ICDD file no. 01-010-0188. Further, the presence of an additional
peak ca. 51.5° with some coinciding peaks of NCO hints the formation of crystalline A,Os in
the RDR, nanofibers. The cation A, represents both Ni (ICDD file no. 00-014-0481) and Co
(ICDD file no. 00-002-0770) ions. The formation of NiCoO, and A,Oz may be attributed to

two-stage redox reaction.

When the fibers agglomerate in RDR, nanofibers during calcination, probably the
sub-products are entrapped within fiber along with NCO particles to a greater extent. At this
stage, carbothermal/NO, reduction of NCO takes place in the presence of by-products of

precursor to form NiCoO», Nio, and Co°.2>72¢ Subsequently, these Ni” and Co’ in the presence

9
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of excess oxygen due to the entrapment of oxygen bearing groups like acetate from precytsor, :.5 s

give Ni,0O3 and Co,0s3. Hence, the overall redox reaction can be written as:

A/0,/CICOINO,
3NiCo,0, - NiCoO, + Ni,0; + C0,0,+CO, + NO, (1)

Scherrer equation and Williamson-Hall plot (Figure 6) were used to measure the
crystallite size and microstrain (¢ ) in both RDR. and RDI. nanofibers and tabulated in Table
1. The Scherrer equation does not account for the thermally induced microstrain in the crystal
lattice and hence, the Williamson-Hall plot 1s more appropriate for finding the crystallite size.
It was observed that there is no significant change in the crystallite size of NCO in both RDR,
and RDI; nanofibers. However, the lattice strain is marginally higher in RDI; than RDR,
nanofibers. In comparison, the NiCoO, lattice has almost no strain. This suggests the
formation of NiCoO; from NCO crystals. Also, it is a well-known fact that nanostructures
have more lattice strains due to defects. Since RDI. has an overwhelming population of well-
defined NCO particles in comparison with the RDR. nanofibers, the crystallites in the former

could be under high lattice strain.

3.2.2 Raman analysis

To understand the presence of the non-crystalline phase of oxides in calcined nanofibers,
Raman spectra were obtained for both RDR. and RDI. NCO nanofibers (Figure 7). Five
Raman active modes (Ag+Eo.+3F,,) were observed for both the RDR. and RDI, nanofibers,
confirming the crystalline phase of NCO.?’ A broad shoulder peak was observed ca. 650 cm’™
which suggests the formation of amorphous phase of NCO.?® It has been reported that a broad
peak ca. 530 cm’! is a distinct characteristic feature of NiCoO, in the literature.”’ However,
this peak coincides with F,, peak of NCO and remains indistinguishable. Further, in case of
RDR. nanofibers, four broad peaks in the range of 250-400 cm™' were observed. These peaks

appear also in the Raman spectra of A,O; structures such as Cr,Os, Fe,O; as per

10
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literature.™*' As no specific study on Raman spectra of Ni,O; and Co,0j is avajlable, ‘tidlic ire
also since Raman signature is a structural property of the material, we may ascribe the

observed Raman peaks to Ni,Oz and Co,03 formed in RDR, nanofibers.

It has been observed in literature that nanocrystallites confine optical phonons within
them, if the surrounding medium (amorphous phases) of nanoparticles does not support the
vibrational wave numbers in the material. As the nanoparticle size reduces, the amorphous
phase increases (as there is an increase in crystallite boundary) and the electron-phonon
interaction decreases, leading to broadening and shifting of peaks. Hence, the vibrational
spectrum of nanoparticles deviates from that of their bulk counterparts. Raman spectroscopic
investigations of such nanoparticles (typically less than 10 nm) have revealed such shifts in
the Raman peaks along with asymmetric broadening.”> From Figure 7, it is evident that the
peaks of NCO (A;g+E2.+3F,,) have not only shifted, but, asymmetric broadening is also
observed for all F, peaks. This suggests that RDI. nanofibers are made of pure NCO

nanoparticles of high porosity and smaller size compared with the RDR, nanofibers.

3.3. Mechanism of fiber morphology evolution

From SEM micrographs (Figure 2c and e) it was observed that, a larger DoR in fiber

Published on 23 January 2018. Downloaded by University of Florida Libraries on 23/01/2018 15:47:23.

orientation has been generated for RDI, even though the speed of rotation of both the
collectors was fixed at 500 rpm. All the synthesis parameters of synthesis were kept constant
for both RDI, and RDR;, nanofibers. The variation in randomness of fiber orientation, and
AFD in both RDR and RDI collectors can be explained in the light of physical forces

governing the motion of the jet.

3.3.1 Effect of time of flight of fiber

The velocity of a fiber (v) arriving at the collector can be calculated using the following

equation””:

11
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4w 1 DOI: 10.1039/C7CP074358

ey
10070v ) A

where w is the weight, p is the density, and A is the AFD. The time 1, represents the time

of flight of the fiber to reach the collector. Now considering the equivalent fibers landing at
the two different collectors, the time of flight of a fiber landing on the RDI collector is more
than that taken by a fiber depositing on the RDR collector as AFD is less for the former,
which was calculated earlier from SEM micrographs (Figure 2b and c). This suggests that the
increase in time of flight of a fiber increases the drawing process of the fiber due to Columbic
forces during whipping before it reaches the collector. Hence, fibers are wound faster along
the RDR collector without much drawing effect as they enter the collector parallel to the axis
of whipping (Figure 1a and 8a). On the other hand, in RDI collector, the fibers are pulled in
the direction of whipping, which provides more scope for fiber drawing; that, in turn,

produces fibers with lower AFD.

3.3.2 Synergism of fictitious forces on the fiber

Using a rotating frame of reference for the coordinate system, the governing equations of the

system may be described by the continuity equation3 435,

V-u=0, 3)

where u is the relative velocity of the fiber jet per unit mass at the collector position (say, R)

and the relevant momentum balance equation may be written as:

a—u+(u-V)u:—E+E+E(q)+A(¢)+g—Qx(QxR)—Zqu, (4)
Y2

Ot P

where P is the pressure, p is the density of the fiber material, 7' is the stress tensor, E is

the applied electric field, which is a function of Columbic charge ( g ) in the nanofiber, A is

12
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the ambient environment, which is a function relative humidity (¢ ), g is the grayity etfect,

Q is the angular velocity of the collector and R is the position vector describing the fiber
position on collector. For both the RDR and RDI collectors, the first five terms on the right-
hand side of Equation 4 remain the same and thus, the last two terms additionally affect the

acceleration of the fiber on the collector.

The centrifugal acceleration term, —Qx(Qx R), arises due to the rotation of

collector; and the Coriolis acceleration (—2Q2xu) arises due to the non-inertial frame of

reference as the fiber rotates on its own axis relative to the collector rotation. The angular
velocity vector, Q, is pointed along the axis of rotation of the collector using the right-hand

rule (Figure 8a and b) and its magnitude is given by:

do

dtf

Q|=—=w(,), )

where & is the angle made by the trajectory in the inertial frame of reference (local frame) of
fiber element. This trajectory is a straight line along the tangential path of fiber rotation. The

position of the fiber element in (X,Y) coordinates for a given time of flight, 7, is given by:
R (t,)=vi,(cosb,sinb), (6)

where v is the actual velocity of the fiber element. Now in collector frame of reference, the
XY axes rotate with an angular velocity of @, so the trajectory is a non-linear curved path

and expressed as:
R(t,)=vt,(cos(0—at,),sin(@—ar,)) . (7)

Equation 7 represents the deflection of fiber element from its actual position on the collector.

This deflection is a function of time of flight, position and velocity of the fiber element.

13
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Hence, with different combinations of R, @, and t,, a wide range if various, dgflectedro;.55

trajectories are created along the variable radius of RDI. This wide range of deflected

trajectories gives more randomness in the nanofibers collected on the RDI collector.
Furthermore, from Equation 7, for a given position (R, &) and velocity (v), the
deflection experienced by the fiber is directly proportional to the time of flight (7, ). In other

words, with increase in time of flight of the fiber, the deflection of the fiber path on the
collector is increased. And this helps in further drawing of the fiber before it lands on the
collector, which in turn leads to decrease in AFD. This facilitates the observation drawn from

section 3.3.1.

Using Equations 5 and 7, the centrifugal acceleration on the nanofiber can be

expressed as™:

—Qx(QxR)=w’vt,(cos(0—wt,),sin(0— ot ,)) = &’ R(t,) (8)
and the Coriolis acceleration is expressed as follows:

—2(Qxu) =20v[sin(0 -t ),—cos(0 — wrt, )] - 2w’ R(t ) . 9)

Comparing Equations 8 and 9, the Coriolis acceleration opposes the centrifugal acceleration,

and the net effect has two components, namely, —a)zR(tf) corresponding to the circular
motion at R(z,) (inward component directed towards the centre of rotation) and a
perpendicular component 2av[sin(6 — i, ),—cos(0— i, )] that is a function of the actual

velocity of the fiber (v). Hence, the fiber in the RDI collector experiences a circular motion
with an additional velocity perpendicular to its actual velocity. This increased velocity, in

turn decreases the AFD of the fiber.

14
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In case of RDR collector (Figure 8b), the non-inertial frame of reference of the fitsét
rotates only in a fixed distance (R = radius of the drum) around the axis of rotation in the
inertial frame XY. Hence, the Coriolis deflection of Equation 7, results in slip (wind-on

angle, @) of fibers during the winding of fiber on the rotating drum and the constant Coriolis

accelerations (as R is fixed for RDR) are tangential to the motion of the fiber, which creates a
spiral path around the drum collector.””® The mathematical formulations and effect of this

slip have been discussed elsewhere in the literature. ™

The net effect is that it bundles up the
fibers on the rotating drum to a large extent, and increases with increase in speed of the
rotation of the drum collector. Thus, the fictitious forces play a vital role in reducing the fiber
orientation and fiber diameter of the nanofibers. In other words, these fictitious forces affect
the morphology of the precursor nanofibers. This also helps reduce agglomeration of
inorganic nanofibers during calcination to attain least AFD of defect-free, uniform, and

porous inorganic nanofibers. Also, it helps eliminate the formation of impurities due to

phenomena such as phase separation.

4. Summary and conclusions

RDI, fibers were uniform and less oriented with an AFD of ~117 nm. The fictitious forces
played a remarkable role in the formation of high degree of randomly (DoR=34%) oriented
fibers in case of RDI collector, and the effect was revisited in detail. The proper choice of
collector must be made depending on the desired morphology and properties of the inorganic
nanofibers to be fabricated using sol-gel assisted electrospinning. Less agglomerated and
impurity-free NCO nanofibers were obtained using RDI collector, which had near-spherical
NCO nanoparticles decorated along the nanofiber similar to the suckers of cephalopod limb,
with a high porosity. The physics discussed here may possibly be extrapolated to other metal
oxide nanofibers of the first-row transition metals for tailoring their structural and functional

properties.

15
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Table 1: SSA and crystallite parameters of RDR, and RDI, nanofibers.

Captions to Figures

Figure 1: Schematic electrospinning set-up with (a)RDR and (b)RDI collectors.

Figure 2: SEM micrographs of precursor nanofibers fabricated using three different types of

collector, and the corresponding histograms inferring AFD + SD, C,,,, DoR, and DoA; for

FU >

three different type of collectors.

Figure 3: SEM micrographs of RDR, and RDI, nanofibers, and the corresponding histograms

inferring AFD + SD, C

FU >

DoR, and DoA.

Figure 4: High-resolution FESEM micrographs of RDR. and RDI; nanofibers, showing NCO

nanoparticles embedded along the nanofibers.

Figure 5: XRD patterns of RDR. and RDI. nanofibers, with ICDD reference patterns of NCO

(01-073-1702) and NiCoO, (00-010-0188).

Figure 6: Williamson-Hall plot of RDR, and RDI, nanofibers for NCO peaks. Inset figure:

Williamson-Hall plot for NiCoO; peaks.
Figure 7: Raman spectra of RDR, and RDI. nanofibers.

Figure 8: Fictitious force body diagram at time of fiber element landing on (a) RDR and (b)
RDI collector, at different positions. Coriolis deflection makes the fiber to take curved path at

each position (orange colour).
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Table 1 DO 10.1030/C7CPOTA358
Scherrer
Williamson-Hall plot
equation
Type of SSA
Phase Crystallite Microstrain,
collector (m2- g’l) Crystallite size
size &
(nm)
(nm) (%)
NCO 13.44 18.29 0.184
RDR 10.1
NiCoO, 15.12 15.89 0.024
RDI 24.0 | NCO 12.65 18.34 0.222
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Graphical Abstract

Nickel cobaltite nanofibers obtained Nickel cobaltite nanofibers obtained
using rotating drum collector using rotating disc collector

Highlight

Morphology and structure of electrospun NiCo,04 nanofibers were tuned by an appropriate
choice of collector and modifying relevant physical forces.



