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5 88 M H PtCl i i l d•5.88 mM H2PtCl6in isopropanol was prepared2 6 p p p p
Yttrium Oxide‐Stabilized Zirconium oxide (YSZ) is a solid‐Yttrium Oxide Stabilized Zirconium oxide (YSZ) is a solid

l l hi h ll h i f 1 drop of H2PtCl6 solution isstate electrolyte which allows the propagation of oxygen 1 drop of H2PtCl6 solution is 
l d l d

y p p g yg
i (O2 ) th h it l tti t t 1 F l ll placed on annealed YSZ species (O2‐) through its lattice structure.1 Fuel cells are one p

nanowires and allowed to air dry
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of the appealing applications where this electrolyte is proven

nanowires and allowed to air dry
of the appealing applications where this electrolyte is proven
as a functional technology High surface area forms of thisas a functional technology. High surface area forms of this

2nd drop of H PtCl solution isreactive material improve the efficiency of such devices by 2nd drop of H2PtCl6 solution is reactive material improve the efficiency of such devices by
applied and allowed to air dryincreasing the permeability through the structure. applied and allowed to air dryincreasing the permeability through the structure.

h d d d f Thermal reduction of H PtClThe reduction and oxidation of Thermal reduction of H2PtCl6e educt o a d o dat o o
i l t to Pt(0) by annealing at 550°Coxygen species can only occur at to Pt(0) by annealing at 550 C 
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in contact with both the YSZ andin contact with both the YSZ and
gas phase This is called the three Process repeated until desiredgas phase. This is called the three Process repeated until desired 
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coated with platinum (220°C) : H2PtCl6 ‐> PtCl4 + 2HCl
nanoparticles by using

(220 C) : H2PtCl6  > PtCl4 + 2HCl
(350°C 415°C): PtCl > PtCl + Clnanoparticles by using (350 C‐415 C): PtCl4 ‐> PtCl2 + Cl2

hexachloroplatinic acid (H PtCl ) as (510°C): PtCl2 ‐> Pt + Cl2hexachloroplatinic acid (H2PtCl6) as Figure. 1: Illustration of  a 
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The zirconium and yttrium precursors allow forThe zirconium and yttrium precursors allow for
d i f i i h 00 300production of nanowires in the 100 nm to 300 nm

I thi h l t lli YSZ i
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I dditi th i d b thi lIn this research, polycrystalline YSZ nanowires are range. In addition, the nanowires made by this sol‐, p y y
prepared by using suitable zirconium and yttrium precursors

g , y
gel method produces nanofibers that are less brittleprepared by using suitable zirconium and yttrium precursors gel method produces nanofibers that are less brittle

in a sol gel reaction in combination with an electrospinning (compared to other synthesis method like thein a sol gel reaction in combination with an electrospinning (compared to other synthesis method like the
technique Electrospinning is a procedure which uses a high suspended particle route)technique. Electrospinning is a procedure which uses a high

/
suspended particle route).

voltage electrical discharge to produce nano/microfibersvoltage electrical discharge to produce nano/microfibers
f l i i i d i d d l Pt t d YSZ i h t i tifrom a solution containing desired precursors and a template Pt‐coated YSZ nanowire characterization:g p p
pol mer Scanning Electron Microscopy (SEM)polymer. Scanning Electron Microscopy (SEM)

Polyvinylpyrrolidone (PVP) is used as the polymer Transmission Electron Microscopy (TEM)Polyvinylpyrrolidone (PVP) is used as the polymer Transmission Electron Microscopy (TEM)
i i ( )template zirconium (IV) tert‐butoxide and yttrium (III) 2‐ Energy Dispersive X‐Ray (EDX) spectroscopytemplate, zirconium (IV) tert‐butoxide and yttrium (III) 2‐ gy p y ( ) p py

X Ray Diffraction (XRD)ethylhexanoate are used as YSZ precursors. The PVP template X‐Ray Diffraction (XRD)ethylhexanoate are used as YSZ precursors. The PVP template
i d b l i i i i i ° dis removed by calcinating it air in two stages, 220°C andy g g ,
1000°C ti l (1) SEM analysis of YSZ nanowires:1000°C, respectively. (1) SEM analysis of YSZ nanowires:, p y

Flow chart showing the sol gel procedure:Flow chart showing the sol‐gel procedure:

Zirconium (IV)Yttrium (III) 2 Zirconium (IV) Yttrium (III) 2‐ H O+

tert butoxide +ethylhexanoate
H3O tert‐butoxide + ethylhexanoate 

EtOH+ Ethanol (EtOH) EtOH+ Ethanol (EtOH)

Figure. 2: Unannealed  nanowires (SEM image)g ( g )
PVP + EtOHPVP + EtOH

ElectrospinningElectrospinning 

2 li2 stage annealing 
Figure. 3: Annealed  nanowires at 1000°C (SEM image)
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(6) Pl ti d YSZ i(6) Platinum nano‐domes on YSZ nanowires:( )
RESULTS (continued )RESULTS (continued…)

(2) TEM analysis of YSZ nanowires:(2) TEM analysis of YSZ nanowires:

Figure. 8: TEM image showing the distribution (a) and morphology (b) of theFigure. 8: TEM image showing the distribution (a) and morphology (b) of the 
Pt deposition on YSZ nanofiberPt deposition on YSZ nanofiber.

Fi 4 TEM i f l d YSZ fibFigure. 4: TEM images of annealed YSZ nanofibers.  Average Pt nano‐particle 

(3) HRTEM analysis of YSZ nanowires:
g p

diameter: 2 07 ± 0 67 nm(3) HRTEM analysis of YSZ nanowires: diameter: 2.07 ± 0.67 nm

O

Figure 9: (Left) TEM image showing Pt nanoparticles deposition on a YSZ
Figure 5: Shows the HRTEM images of the annealed YSZ nanofibers formed by

Figure. 9: (Left) TEM image showing Pt nanoparticles deposition on a YSZ 
nanofiber (Right) Histogram showing distribution of Pt nanoparticles sizeFigure. 5: Shows the HRTEM images of the annealed YSZ nanofibers formed by  nanofiber. (Right) Histogram showing distribution of Pt nanoparticles size 

(a) fusion of the individual YSZ sol particles with distinct (b) phase boundaries  deposited on YSZ nanofiber (unit in nm). ( ) p ( ) p
between two particles and (c) lattice spacing corresponding to the cubic YSZ

p ( )
between two particles and (c) lattice spacing corresponding to the cubic YSZ 

(111) l(111) plane.

Figure. 6: EDX analysis of annealed YSZ Fi 10 HRTEM i f Pt t d YSZ fib h i th l ttiFigure. 6: EDX analysis of annealed YSZ Figure. 10: HRTEM image of Pt coated YSZ nanofibers showing the lattice 
constant and corresponding planes of Pt nanoparticles on cubic YSZconstant and corresponding planes of Pt nanoparticles on cubic YSZ

•EDX map•EDX map 
showing uniformshowing uniform 
elementalelemental 
distributiondistribution 
h h hthroughout the g

inanowire.
Figure 11: EDX analysis (left) of the Pt coated YSZ nanofibers with theFigure. 11: EDX analysis (left) of the Pt coated YSZ nanofibers with the 

STEM image (right). g ( g )

Figure 7: EDX map of annealed YSZ showing the Zr Y and O atomFigure. 7: EDX map of annealed YSZ showing the Zr, Y, and O atom 
di t ib ti i th ldistribution in the sample.

IV CONCLUSIONSIV. CONCLUSIONS(4) XRD analysis of YSZ nanowires:(4) XRD analysis of YSZ nanowires:

B f ll t lli th d ti•By carefully controlling the precursors and reaction 
conditions the desired morphology of the platinumconditions, the desired morphology of the platinum 
coated YSZ nanowires was achievedcoated YSZ nanowires was achieved. 

h d b d l h•Further study is being done to evaluate the ion u t e study s be g do e to e a uate t e o
d ti it (th h YSZ l t l t ) b t lli thconductivity (through YSZ electrolyte) by controlling the y ( g y ) y g

density of the TPB produced by platinum deposition ondensity of the TPB produced by platinum deposition on 
YSZ nanowires45(5) Size distribution of annealed YSZ nanofibers YSZ nanowires. 45(5) Size distribution of annealed YSZ nanofibers
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