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Abstract

Polyacrylonitrile (PAN)-based carbon nanofibers (CNFs) were prepared by using electrospinning method and heat treatment to get the media for
hydrogen adsorption storage. Potassium hydroxide and zinc chloride activations were conducted to increase specific surface area and pore volume
of CNFs. To investigate the relation between pore structure and the capacity of hydrogen adsorption, textural properties of activated CNFs were
studied with micropore size distribution, specific surface area, and total pore volume by using BET (Brunauer—-Emmett-Teller) surface analyzer
apparatus and the capacity of hydrogen adsorption was evaluated by PCT (pressure—composition—-temperature) hydrogen adsorption analyzer
apparatus with volumetric method. The surface morphology of activated CNFs was observed by SEM (scanning electron microscope) images to
investigate the surface change through activation. Even though specific surface area and total pore volume were important factors for increasing
the capacity of hydrogen adsorption, the pore volume which has pore width (0.6—-0.7 nm) was a much more effective factor than specific surface

area and pore volume in PAN-based electrospun activated CNFs.
© 2007 Elsevier Inc. All rights reserved.
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1. Instruction

Hydrogen is considered as an ideal energy medium for re-
placing fossil fuels. An efficient hydrogen storage medium is an
inevitable component for the adsorption of hydrogen as an en-
ergy carrier. Hydrogen storage in the solid matrices like metals,
intermetallic compounds, porous solids and carbon materials
appears to be appropriate option. In case of metals and inter-
metallic compounds, the negative factors for hydrogen storage
are either the limitation of storage capacity or the reversibil-
ity of stored hydrogen under favor experimental conditions
[1-3]. Many researchers have paid much attention on hydro-
gen adsorption in nanostructured carbon base materials, such
as activated carbons [4-8], carbon nanotubes [9-11], carbon
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nanofibers [12—15]. Although a significant amount of research
work has dealt with the hydrogen adsorption in carbon-based
materials, the search for more suitable hydrogen adsorbents ma-
terials and for understanding of the adsorption mechanism of
Hj has increased considerably. It is still believed that microp-
orous materials like activated carbon fibers (ACFs) are consid-
ered one of the most promising materials for practical way of
hydrogen storage.

ACFs are non-hazardous, processed, and carbonaceous ma-
terials, having a porous structure, a high adsorption capacity
and rate, and a large specific surface area. The advantages of
ACFs are smaller fiber diameter, more concentrated pore size
distribution and excellent adsorption capacity at low concen-
tration of adsorbates compared with conventional activated car-
bons. The porosity of ACFs is developed during activation and
it is influenced by many factors, such as the degree of activa-
tion and the conditions used for carbonization. Since variables
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Table 1

Constituent mass ratios of the used mixtures in this study

Sample name As-received ZC-W2 ZC-W4 ZC-W6 PH-M4 PH-M6 PH-M8
PAN (g) 3 3 3 3 3 3 3
DMF (g) 30 40 50 60 30 30 30
ZnCl; (g) - 2 4 6 - - -
Immersing KOH solution (M) - - - - 4 6 8
such as temperatures, heating rate, and pressure do not seem Collector

to have an important role in influencing the micropore distrib-
ution [16-18], the alternative use of well-controlled chemical
activation is interesting because of the development of porosity
is substantially modified.

Furthermore, the electrospinning method is a very simple
and efficient way for the fabrication of nano- to microscale
fibers which has much smaller diameter than that of conven-
tional carbon fibers. In a typical process, an electrical potential
is applied between a droplet of polymer solution or melt held
at the end of a capillary and a grounded collector. Recently,
we have successfully prepared a carbon nanofiber web, which
has meso- and macropores and [19] through the electrospinning
technique with inorganic compound as template for the creation
of porosity, that can accelerate the application of these materials
to electrical energy storage systems.

Generally, there are two ways to evaluate the capacity of
hydrogen adsorption with different temperature (cryogenic or
room temperature) [20-22]. If the capacity of hydrogen ad-
sorption is measured at 77 K, the result has much higher value
comparing with the result which is measured at room tempera-
ture. But one of disadvantages is that it costs too much to keep
low temperature (77 K) with regarding of application filed and
economic effect. So in this paper, our point about hydrogen
adsorption is how we can develop the capacity of hydrogen ad-
sorption at room temperature with economic consideration for
a practical usage.

In this present study, since microporous materials are consid-
ered the most promissory materials for a practical way of hydro-
gen storage, chemical agents such as zinc chloride and potas-
sium hydroxide were used on electrospun-submicron fibers to
obtain nanoporous carbons of optimum size for hydrogen ad-
sorption. Subsequently, the effects of those pore size prepared
by the chemical agents on the hydrogen adsorption capacity of
electrospun ACFs were investigated.

2. Experimental

Zinc chloride and potassium hydroxide activation were con-
ducted for activating CNFs.

2.1. Preparation of zinc chloride activated CNFs

PAN (d = 1.184, 181315, Aldrich) and DMF (N, N -dimethyl
formamide, d = 133, 766137, Fisher) were used for getting
polymer solution. To select a proper physical activation agent,
two major conditions were considered in this paper. The first
thing is that it must be soluble in solvent for electrospin-
ning. The second is that the ion size (Zn2+: 0.43 nm [23],
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Fig. 1. Schematic diagram of the electrospinning set-up used for producing
nanofibers.

C171: 0.362 nm [24]) should be smaller than wanted pore size,
because zinc chloride will be volatilized as an ion state dur-
ing carbonization. So ZnCl, (zinc chloride, 208086, m.p. =
586 K) was used to activate CNFs during carbonization. Four
polymer solutions were prepared with various weight ratios
(PAN:DMF:ZnCl, = 3:30:0, 3:40:2, 3:50:4, and 3:60:6). The
preparing conditions of samples are listed in Table 1 in detail
with final product names.

Each polymer solution was heated at 383 K for 1 h. The
polymer solution was injected into a 30 cm?® syringe having
a capillary tip which has 18 gauge needle (inner diameter:
1.27 mm). Each solution was electrospun into a fiber web using
an electrospinning system equipped with power supply (NT-
PS-25K, NTSEE Co., Korea). The schematic diagram of elec-
trospinning system is shown in Fig. 1. Polymer solutions were
electrospun with following conditions [voltage: 15 kV, syringe
rate: 1.5 cc/h, collector rotation speed: 300 rpm, and TCD (tip
to collector distance): 10 cm] [19]. Before carbonizing the elec-
trospun fibers, oxidation process is necessary to change the
thermoplastic character into thermosetting one. Because elec-
trospun materials cannot keep their fiber form at high tempera-
ture because they would be soften and melt [25]. Oxidation of
the electrospun fibers was carried out by heating to 523 K at a
rate of 1 K/min and maintained for 8 h under the natural flow
of air. In this research, carbonization step and zinc chloride ac-
tivation step have carried out simultaneously. In case of sample
As-received, oxidized materials were carbonized at 1323 K for
1 h in nitrogen atmosphere. But in case of sample ZC-W2, ZC-
W4, and ZC-W6, oxidized materials were carbonized at 1323 K
for 2 h to remove zinc chloride sufficiently with low melting
point (586 K) of zinc chloride.
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