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Abstract: Carbon Nanofibers (CNF) are considered to be anjsinog catalyst support material due to their umiqu
characteristics, excellent mechanical, electricadl atructural properties, high surface area andentiesiess, good
interaction with metallic catalyst particles. Thespibility of preparing CNF decorated with platinuby an
electrochemical method was tested, using a hexamgilginic bath solution. The experiments were iedrout with the
aid of a Potentiostat/Galvanostat Ivium Technolsgiertex, in a three — electrode cell. The aimhef present work was
to determine the electrochemical surface area (B@H#he CNF-Pt catalysts in relation to the fuantlization treatment
of fibers, using an electrochemical method. ECSAdifferent functionalized CNF-Pt catalysts wasedetined by cyclic
voltammetry in 0.5 M HSQ, solution. The highest active surface of platinuaisvebtained for the samples with CNF
functionalized by plasma treatment using 80 W 800 s. The obtained results correlate very welhlie particles size
and distribution of platinum, revealed by scannéigctron microscopy (SEM) and the quantity of dégdsplatinum
determined by thermo gravimetrical analysis (TGA3¥pectively. Cyclic voltammetry (CV) has been prote be a
suitable method for estimation of the ECSA of tlez®ocatalysts.

Keywords: carbon nanofibers, platinum electrodepositiongtedehemical surface area.

1. Introduction reaction rate, catalytic activity inside a fuell@id also on
the obtained current and power density [10-15]. An

o ) ) effective method to reduce the amount of platinwithout
Obtaining electric energy through different methodgiminishing the fuel cell performances is to deposétal

than conventional ones has been an extensivelyiestud nanoparticles onto a compatible support that esibi
subject during the last period. Replacing the fdasis and large surface area. Lately, the studies revealed a

developing new, more efficient and eco-friendly en@&ls  considerable decrease of the platinum amount (st
and applications is a real challenge among thgwer) and these improvements led to important cost
scientists [1-4]. Such apphqanons are fuel ceNbijch are | oqyction. Suitable materials as support for piatin
considered to be a promising power source for theré.  yenosition are carbon based materials, as carbufibars

Lately, these are assessed to be very performadt ENF), carbon nanotubes or carbon black due tor thei
convenient due to the possibility of using thenpesable hique characteristics, excellent mechanical aedtetal

devices. An important aspect for the proper conwarsf properties and good interaction with the metal ipiest
chemical energy into electricity is the catalygpey more [15-20].

exactly the efficiency of the catalyst, lifetimedastability.
Intense studies in this field have revealed thatimim is
the metal with the highest catalytic activity fde&rode

The present work deals with the possibility of
combining the noble properties of platinum with Hpecial
o e properties of CNF. The aim of this work is to degel
processes within a fuel cell [5-10], but due topitshibitive  c4ta1ysts materials for electrochemical cell agglans by
price, the use of this metal in industrial purposelimited.  g|ectrodeposition of platinum particles onto thefate of
As a consequence, during last years, several raeri cNE support material. The uniform distribution asated
which can replace the expensive platinum but pvestite  ith reduced particle size confers a very high vacti
same properties (high electrical conductivity, stwal g, rface area for the catalyst and an increasedtisétgs
stability and good corrosion resistance) have begphich leads to a high performance of the fuel cBhe
investigated. Moreover, reducing the platinum anmdwn  characterization of CNF electrochemically decorateth
depositing nanoparticles onto a suitable suppoter@  pjatinum nanoparticles was performed using SEM and

has been proven to be another efficient method. EDX for morphology and chemical composition of the

One of the most important parameters for catalygytained structures, TGA for platinum  content
materials is the electrochemical surface area (BGBAhe  yaotermination and CV measurements in 0.5 VS®
catalyst material, which has a strong influencehen solution for ECSA estimation.

44



Chem. Bull. " POLITEHNICA" Univ. (Timisoara) Volume 61(75), 2, 2016

2. Experimental ultrasonicated for 30 minutes and then depositeid @n
carbon paper - gas diffusion layer (GDL) commelygial
available by Freudenberg type H2315I12C6. The
morphology of the GDL material before the CNF
application is presented in Fig. 1. The samplesvdeied

in an oven for 15 minutes at 50°C. Subsequentlythen
surface of the freshly prepared CNF-GDL samples,
platinum nanoparticles were deposited applying an
. . . electrochemical pulse plating method. This step was
Antolin (Spain) were used as support material, performed with a Potentiostat/Galvanostat Ivium

It is well known that CNF are hydrophobic andTechnoIo ies Vertex, in a three-electrode cell,ngsa
inactive. Thus to improve considerably the amoufit o 9 ! ng

platinum which will be subsequently reduced on thgatgrated _calomel elecirode (SCE) as reference and
nanofibers surface, a functionalization processisessary Platinum disk as counter electrode.

in order to increase the surface energy by attgchin
different functional groups on their graphitic saé.
Currently, several functionalization methods arailable,

as chemically (using different acids), electrocheaity, or
applying plasma treatments. Plasma functionalinaioan
efficient method for surface modification, beinggaick
and environmental friendly process which can induce
different functional groups on the CNF surface, by
interaction of the plasma-generated excited spevithsthe
exposed solid interface. The type of the functimadion
groups depends on the gas mixture used in the ggoce
Applying oxygen, the C=C bond is broken and différe
types of functionalities like hydroxyl, carbonyl carboxyl
groups can be generated onto the outer surfadeedZiNF, Det ——— 2004m

resulting a chemical/physical modification on thiestf .

atomic layers [6-10]. Moreover, this type of

functionalization creates nucleation anchors fa thetal Figure 1.SEM micrograph of the GDL surface withGMF before
which is going to be deposited onto the CNF and platinum deposition

furthermore increases the wettability and the serfa
energy of the fibers respectively. Various studiesved
that beside the increased quantity of metal whia lheen
reduced on the surface of the treated fibers, igtelslition

was also improved and as a consequence, the ftitiliza
degree became higher [8, 9].

In this regard, CNF were treated in oxygen plasma
using a microwave plasma reactor (Plasma Finish BFG
RF), at room temperature, by varying the process
parameters, like exposure time and power. The téytsity
of electrons generated in microwave plasma leads to
efficient chemical reactions, which are developea very
short time compared to another functionalizatiorthoes. i % -
Two different sets of parameters were applied, dein SR ————
presented in Table 1. The oxygen plasma functipedli AP L
samples are investigated in comparison to untre@ted

2.1. Functionalization of CNF

In order to develop platinum based catalysts, CMR w
a high graphitization degree (up to 75%) with agéar
specific surface area 115%ng™ produced on industrial
scale and commercially available (GANF) from theu@r

¥ 2 e R

Figure 2. SEM micrograph of the electrode surfaitk @NF and after

samples. platinum deposition

TABLE 1. Optimized plasma treatment parameters The electrolyte used for the platinum electrodejpmsi

was a 16 M H,PtCk solution, adjusted with HCI in order

Samples Exposure time [s] Power [W] to reach a pH value of 2. The optimal deposition

CNF-Pt-0 0 0 parameters were 0.05 A éncurrent densityi) applied for
CNF-Pt-80 1800 80 1 secondt{,) and OCP measurement for 59 secortgg,
CNF-Pt-100 1200 100 repeated for 12 cycles. The deposition was camigdat
50°C and the parameters were kept constant fothall
2.2. CNF-Pt electrodes preparation investigated samples. This type of electrodepasitéads

to a mean platinum loading of 0.3 mg €&mThe

After the functionalization process, 0.05 g of CNETMOrPhology of an electrode after platinum depositie
were dispersed in 50 mL isopropanol, the resultsdwas Snown in Fig. 2.
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2.3. CNF-Pt electrodes characterization

to 100 W, an increase in platinum particles size ba

observed. This fact can be attributed to a decreaske

) functionalization degree,
The platinum decorated CNF samples are analyzed Ry,

SEM using a Philips XL 30 ESEM equipped with energy
dispersive X-Ray analyzer for morphological andictural
characterization. Platinum loading of the prepasacdhples

is determined by TGA measurements carried out \&ith

which favors the growth

chanism of the catalyst particles during depmsiti

- WJRCNF-Pt-Q

Netzsch STA 449F1 Jupiter instrument. Samples werel %,

placed in an AlO; ceramic crucible and heated up from
30°C to 1200°C with a rate of 20 K mirunder controlled
atmosphere consisting of,Mind synthetic air with a flow
of 20 mL/min. The electrochemical surface area (ECS
was determined from the cyclic voltammetric curves
carried out in 05 M BBO, wusing a
Potentiostat/Galvanostat Ivium Technologies Veriexa
three-electrode cell, a SCE served as referencarede
and a 1 crhplatinum disk as counter electrode. The CV

measurements were carried by sweeping the potential

between -0.2 V to 0.8 V vs. SCE, with a linear ptitd
sweep rate of 0.1 Vdor 200 cycles.

3. Results and Discussion

3.1. Scanning Electron Microscopy{SEM)

The structure and the morphology of the resulted

CNF-Pt electrodes are very important charactesstic
because they have a considerable influence onatadytic
activity of the electrodes After the CNF spray dsfion
onto the GDL support material, the electrode sarfac
becomes significantly higher (Fig. 2). This aspecvery
important in catalyst development procedure. A &igh
available surface has a positive effect on thevitgtof the
catalyst. Moreover, by deposition platinum nandpkes
onto the CNF surface, the ECSA in additionally @aged.
Fig. 3-5 reveals the morphology of the CNF-Pt etmits
with or without functionalization treatment. Untted CNF
based sample presents a poor platinum distribati@hthe
particles are agglomerated in clusters due to the
surface energy of the support material. The hydobftity
of the support material provides only few activeesifor
platihum nucleation process. By applying a
functionalization treatment, the number of actiiessis
increased and the platinum particles are evenlyibliged.
The dimension of platinum particles is smaller
comparison to those deposited onto the untreatenplea.
The appearance of the Pt particles on
functionalized CNF is the same, but the amount of
platinum slightly changed in respect to the treatime
parameters. A higher treatment power leads to eedse in
the functionalization degree of the fibers and egpently
the platinum particles tend to agglomerate. Theimian
nanoparticles can be seen as clusters on the suafiad
individual particles as bright spots. When the &bl
power of the functionalization treatmerg increased

in |
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Figure 5. SEM micrograph of CNF-Pt-100 electrode
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3.2. Thermogravimetrical Analyze (TGA) adsorption and desorption region is achieved. When
platinum is in contact with an acid solution, tleguction
The values obtained for platinum loading and ECSAf H" and the adsorption of [H] atoms is achieved. The
related to 1 cifor each of the samples are presented ifgaction is presented in (1):

Table 2.
Fig. 6 displays the weight loss for 3 of the anatyz H' (aq) + e—H (ad) @
samples. A minor weight loss at lower temperatuges 25 ]
assigned to decomposition of the organic phases a 20]
amorphous carbon from the GDL structure. The majc 15]
weight loss is attributed to combustion of carbmmf the 10]
support material. The rest mass corresponds tanpiat 05 ]

amount deposited on each of the samples. The tuanfti
deposited platinum onto the CNF surface increase
considerably for samples which were previouslytadan

0,0
0,5

i[mA cm'z]

1,0

oxygen plasma. The best results were obtained fi 154
CNF-Pt-80, on which, a higher amount of platinumswa 204 b
found. The lowest amount of platinum was obtained f 25 —— CNF-P(-0
CNF-Pt-0 sample. 30 IR
'375 T T T T T T
TABLE 2. Platinum loading, ECSA of the CNF-Pt electrodes 200 0 éosm Vs Sg o0 80
s Rest mass| Platinum loading ECSA Figure 7. CV in 0.5 M K50, solution of the CNF-Pt electrodes
ample o - 2 ol
(%] [mg cni’] [cm? mg* e . . .
As the potential is getting more negative, the whol
CNF-Pt-0 1.24 0.26 12 platinum surface is covered with hydrogen atoms afier
CNF-Pt-80 1.46 0.31 24 this step, the adsorption of rholecules occurs (2):
CNF-Pt-100 1.97 0.29 21

2H (ad)— H; (ad) 2

_gﬁiitgo All the adsorbed molecules are forming hydrogen

CNE-PL100 bubbles, which leave the platinum surface, andeadstof
them, other hydrogen molecules are adsorbed whigla
rate, increasing also the cathodic current (hydnoge
evolution). This process is used for platinum elmbe
electrochemical surface area determination. Thegehtor
hydrogen adsorption/desorption on platinum can be
calculated by integrating the voltammetric curvesazen
the potentials where the hydrogen evolution occllire
electrochemical surface area can be calculated (8m

100

804

60

TG [%]

40 4

20 4

N

ECSA=Q,/Qc A3)

¢ We Mo o o a0 1A where, @ (mC) is the charge for hydrogen
Temperature [*C] adsorption/desorption and.@ 0.21 (MC cr).

The results show that the electrode CNF-Pt 80
presents the largest electrochemical surface &rgd onf
mg' Pt. As the platinum loadings are not significantly
different, the difference between the surface ebelets can
be justified by smaller platinum particles and atdre
distribution onto the surface. This fact can beitaited to

The cyclic voltammetry (CV) was performed in 0.5 Mihe different amounts of functional groups avaabh the
HoSO, solution. The maximum potential value was 8t CNF surface which provide more active sites and

0.8 V in order to avoid the corrosion of carbonnfrthe  consequently to the plasma activation parameters.
support material. The last cycle from each measeng¢m

was further used for ECSA determination. The po&idn

curves for the last cycle of each sample are ptedeim 4. Conclusions

Fig. 7.

The CV method based on hydrogen adsorption on the In the present work, three different CNF-Pt eleté®
surface of the platinum was used to determine (B84 of have been prepared using the electrochemical plasieg
CNF-Pt electrodes. Applying sufficiently negativemethod. The work aimed to investigate the influeotéhe
potentials to the working electrode, the hydrogeplasma functionalization parameters of the CNF be t

Figure6. TGA measurements of the CNF-Pt samples

3.3. Electrochemical measurements
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