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Electrochemical oxidation/reduction of PPY
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Electropolymerization of PPY

Electrochemical Cell

Electrode Holder
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Electropolymerization of PPY
without template molecules

nag HV HFW WD 12/14/2009 - 20 pm

9 det | mag HV HFW WD 12/ - 10 pm
65 000 x 20.00 kV 49.7 pm 4.4 mm 4:13:32 PM LANL

ETD 12 000 x/20.00 kV 24.9 ym 4.4 mm 4:06:34 PM LANL

» Los Alamos
NATIONAL LABORATORY
EST.1943




Electropolymerization of PPY nanowires
using a template molecule

Search for a cheap template molecule

Starch 1g ~less than 50 ¢

HO CH,0H CH,0H CH,0H
PO, M9 o o o
%o _ < OH OH OH
o=l N - OH o o OH
Ho ) o OH OH L o0 en0 OH
HO:
HOD_,--

Amylopectin (75%) Amylose (25%)
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http://upload.wikimedia.org/wikipedia/commons/2/21/Amylose2.svg
http://upload.wikimedia.org/wikipedia/commons/2/21/Amylose2.svg
http://en.wikipedia.org/wiki/File:Amylopektin_Sessel.svg
http://en.wikipedia.org/wiki/File:Amylopektin_Sessel.svg

Electropolymerization of PPY nanowires
using a template molecule

PPY/starch on Graphite
Diameter ~ 75 nm

A - [
det  mag HV HFW WD 3472010
ETD 40 000 x 30.00 kW 746 pm 13.9 mm 2:44:52 PM LANL 50 dar tilt

det ] HWV HFW WD 2010 — 500 nm ——
ETD 120 000 x 30.00 kW' 2.49 pm 4.5 mm 4 31 PM LAMNL
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Electropolymerization of PPY nanowires
using a template molecule

PPY/starch on GDL (scL 248c_5-23)
Diameter ~ 75 nm

-
det mag HV 6/15/2010 500 nm
ETD 200 000 x/30.00 kV|1:53:26 PM LANL

6/15/2010
ETD/30 000 x 30.00 KV|10:30:41 AM
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Preparation of MEA’s based on PPY nanowires

Approach 1:

1. Electropolymerization of PPY nanowires on solid electrodes (stainless

steel, graphite, glassy carbon, etc) using template molecules (heparin,

starch, etc)

Electrochemical or vapor deposition of Pt onto PPY nanowires

3. Transfer of PPY/Pt nanowires to a Nafion membrane by hot press to
prepare a MEA

N

Approach 2:

1. Electropolymerization of PPY nanowires on GDL using template
molecules (heparin, starch, etc) to prepare a GDE

2. Electrochemical or vapor deposition of Pt onto PPY nanowires

3. Assembly of fuel cell using a half MEA as anode and the prepared
GDE with PPY/Pt nanowires as cathode
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PPY nanowires with Pt coating

Pt/PPY/starch
Electrochemical deposition Vapor deposition
1wt% Na,PtClg in 0.5 M H,SO, (aqueous) (RF Magnetron Sputtering)
P P A T

'%’: 3
% ® oy
b S

i Y

J

HV mag WD HFW  pressure det -
30.00 kV 25 000 x 5.9 mm 11.9 ym 5.68e-7 Torr ETD
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PPY nanowires with Pt coating

Qpol =100 mC
diameter = 100 nm
thickness = 15 um

Pt coated PPY/starch nanowires in 0.5M H,SO,
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PPY nanowires with Pt coating  pel=100mc

diameter = 100 nm
thickness = 15 um

Pt coated PPY/starch nanowires in 0.5M H,S0O,
Disk Ring
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* Electrochemical synthesis of PPY nanowires was carried out on a
glassy carbon (GC) disk electrode in presence of STARCH.

* Pt was deposited on PPY nanowires by vapor deposition.
* RRDE was performed in a 0.5 M H,SO, aqueous solution at 400 rpm.
« XRF analysis shows a Pt loading of 50 pg.cm?.

: h?iﬁ@ggggf * ORR onset potential: 0.95V ; ORR half wave potential: 0.80 V
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PPY nanowires with Co-TPPS

PPY nanowires electropolymerized in presence of
cobalt(ll)- tetrakis(4-sulfonatophenyl)porphyrin (Co-TPPS)

5 AM | 10.00 kV| 11 982

* Uniform electrodeposition.
* Open high surface area 3D structure based on PPY nanowires.

» Los Alamos * Nanowires diameter ~70 nm.
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PPY nanowires with Co-TPPS

RRDE

PPY/starch/Co-TPPS nanowires in 0.5M H,SO,

Anode: Glassy Carbon disk, Area=0.1963 cm? ; Cathode: Glassy Carbon rod ; Cell: RRDE glass cell
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* Electrochemical synthesis of PPY nanowires was carried out on a
glassy carbon (GC) disk electrode in presence of Co-TPPS.

* RRDE was performed in a 0.5M H,SO, agueous solution at 400 rpm.

« XRF analysis shows no Pt in the sample and a Co loading of 3 ug.cm?2.
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ORR onset potential: 0.78 V ; ORR half wave potential: 0.64 V




SUMMARY

« PPY nanowires can be electropolymerized using STARCH as template
molecule. This structure shows a conductive high surface area with the
potential for enhancing both electronic conductivity and charge transport
properties during ORR.

 Electrochemical and vapor deposition can be used for coating PPY nanowires
with Pt, though the later method has shown more uniform coverage in the
preliminary studies.

« Electrochemical polymerization of PPY / Co-TPPS nanowires as ORR catalyst
can be a novel one-step electrochemical method for the direct preparation of
ORR non-precious metal catalysts on a GDL.
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PPY nanowires with Co-TPPS

Future Work

e Optimization of the direct electrochemical polymerization of PPY / Co-TPPS
catalyst on a 5 cm? GDL for the preparation of an MEA with PPY / Co-TPPS
catalyst at the cathode side.

 Fuel cell performance and durability study of the prepared MEA with PPY / Co-
TPPS catalyst at the cathode.
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