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Introduction 

nickel foil 

200 µm 

[1] 

MWCNTs 

Nickel 

[1] Dörfler, S. et al.: Chemical Physics Letters, 511, 2011 

aligned multi-walled carbon nanotubes (MWCNTs) = substrate for electrodeposition 

Aspecific 250 m²/g 

Ø 10…20 nm 

length ca.100 µm 

density 1,35 g/cm³ 

θ = 110…140 ° 

03-05.09.2012 



pp slide Nr. 4 of 17 

p
o

ly
m

e
r 

anode cathode 

O2 

H2 

H2O 

H+ 

platinum nanoparticles 
ca. 100 µm 

M
W

C
N

Ts
 

M
W

C
N

Ts
 

eHH 222
OHeHO 22 22

2
1

M-H-bond strength  
/ kcal/mol 

ca
ta

ly
ti

c 
ac

ti
vi

ty
 

platinum 

cat. cat. 

[1] 

Introduction 

motivation = integration of aligned MWCNTs in the polymer electrolyte membrane  

  fuel cell (PEMFC)  

[1] A. J. Bard et al.: Electrochemical Dictionary, 2008, Berlin, Heidelberg, 
Springer-Verlag 
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Introduction 

electro-

deposition 

(ECD) 

hot 

pressing 

Nafion® 

nickel foil 

MWCNTs 

platinum 

MEA 

chemical vapour  

deposition (CVD) 

scheme of MEA preparation 
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ECD  criteria of the plating electrolyte?  

plating electrolyte:  
WE CE 

RE 

N2 

Results  plating electrolyte 

experimental setup 

 chloride free 

 no surface-active agents 

2

42

2

422 22)]()([ SONOPteSONOPt

0.1 M H2SO4  

+ 7.7 mM K2[Pt(NO2)4] 

 

characterisation on glassy carbon 
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Results  plating electrolyte 

cycle 1, 10 mVs-1 

glassy carbon  cyclic voltammetry  

eHPtHPt

H2 

ηH2
 = 

-130 mV 

Pt deposition 

ηH2
 = 0 mV 

 

05_120718, GK17, GK14 
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Results  plating electrolyte 

current transients 

10 s 
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Results  plating electrolyte 

i-E-curve 

i measured 

ilimit platinum deposition 

H2 (Butler-Volmer, 0.1 mAcm-2 [1]) 

H2 (imeasured - ilimit) 

 

[1] A. J. Bard et al.: Electrochemical Dictionary, 2008, Berlin, Heidelberg, 
Springer-Verlag 
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Results  plating electrolyte 

i-E-curve 
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0.5 mV/s, cycle 1

Results  platinum functionalisation of MWCNTs 

aligned MWCNTs  cyclic voltammetry 

H2 

Pt deposition starts 

ηH2
 = -190 mV 

H2 
120702, CNT 330 & 331 
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current pulse  application-oriented 

Results  platinum functionalisation of MWCNTs 

time 

cu
rr

e
n

t 
d

e
n

si
ty

 I 
/ 

m
A

cm
-2

 

t0 

1 ms 20 ms 

-3.6 
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pulse plating  smart adaption of   particle size 

 particle distribution  

 platinum content 

nanoparticles 

[1]  Winand, R.: Electrochimica Acta ,29, 1994, 1091-1105 

[1] i/iLimit 
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Results  platinum functionalisation of MWCNTs 

smallest particle size  5 nm  

median = 15 nm 

A 

B 

A 

B 

111130, CNT 248 
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electrochemical active surface area (ECSA)[1]  

0.1 M H2SO4, 50 mV/s 

Results  platinum functionalisation of MWCNTs 

HPteHPt

[1] Trasatti, S. et al.: J. of Electroanalytical Chemistry, 327, 1992 
[2] Baumgärtner, M. E. et al.: Platinum Metals Review, 32, 1988 
 

literature[2] к = 15…10 % 

current efficiency к of plating process? 

²/210 cmµC

Q
A HPt

Pt

real platinum mass? 

current efficiency [%] 

platinum surface [m²Pt/gPt] 

111130, CNT 251 
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prepared MEA 

50 °C, 50 bar, 10 min 

50 µm 

1 µm 

MWCNTs 

Nafion® 

Results  platinum functionalisation of MWCNTs 

111118, MEA1 
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summary 

successful MEA preparation  

 platinum nanoparticles on the interface of MWCNT /polymer  

 maintenance of the vertical aligned nanostructure 

high active platinum surface 

[Pt(NO2)2(SO4)]2-  suitable for platinum functionalisation  

of MWCNT tips 

smallest nanoparticles   5 nm 

nanoparticles  size ↓ current density ↑  
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200 nm 

Thank you  

for your attention 
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