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Abstract
This paper studies the influence ofmetal precursors in theCVD´s catalyst synthesis of carbon
nanotubes (CNTs)used asfillers in a polypropylene (PP)matrix (∼0.3wt%). Two catalytic schemes,
Fe/Al2O3 (50:50) andNi–Fe/Al2O3 (40:10:50), were prepared to determine the influence of the
reduction temperature over the characteristics andmechanical properties of CNT as PP fillers. The
conversion temperature was varied to see the dependance of theCNT structure to this variable (700
°C–750 °C–800 °C). CNTs products were characterized by SEMandRaman spectroscopy. The SEM
micrographs showed a sharperfiber typeCNTs for the bimetallic catalyst and the Raman confirmed
that better crystallites are obtain over the Fe catalyst. The Fe–PP composite presented enhanced
mechanical properties when compare with Fe–Ni–PP, with tensile strength, hardness, and impact
properties are higher in 16%, 9%, and 9% respectively. Other carbonaceousmaterials, as CNF, with
less crystallinity presented poorermechanical properties. Finally, can be stated that for the use of CNF
asfillers in PP composites a Fe/Al2O3 catalyst, and a reaction temperature 700 °C–750 °Cwill produce
aCNFwith 60 nmmean diameter, is better than the use of Fe-Ni based catalysts.

1. Introduction

Since 1991, when Sumio Iijima [1] announces a new fullerene, needle shapedmaterial, named latter as carbon
nanotubes (CNTs), the academic community discovered a fascinating area for pure and applied research. This is
a remarkablematerial, that exhibits an extraordinary thermal conductivity, exceptionally high strength,
stiffness, and resiliencemechanical properties [2–4]. Its elasticmodulus is about 1 TPa, comparable with
diamondmodulus (1.2 TPa) and 5 times stiffer than steel. Its tensile strength is also remarkable, about 60GPa,
which is 10 to 100 stronger than steel [5, 6]. This highmechanical performance can be explained by the
outstandingmechanical capabilities of graphene and their correlation toCNTs from the continuummodel [7].
Its lowdensity is another beneficial, primarily whereweight is crucial. These features encountered a broad range
of applications, as in electronic sensors, optical devices, electromechanical actuators, electrochemical capacitors,
and others. Due to these characteristics, CNTs seems to be an excellent reinforcementmaterial but attention
must be paid for an adequate dispersion in amatrix [8].

There are several routes for CNTs synthesis [9] like laser ablation, arc-discharge, or chemical vapor
deposition (CVD), where the last one is themost promising for scaling [10]. In the synthesis process ofNTCs by
CVDmethod, the catalyst is deposited on the substrate and is placed in a tubular reactor for growth after the
activation of the catalyst, that is carried through thermal annealing. First the reactor is inert-gas purged,
removing all air. Then is heated up to activation temperature, using amixture of inert gas and activation gas (i.e.,
H2). The reactor is heated up to growing temperature between 600 °C to 1200 °C [11], within amixture of a
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Abstract
Although the high discharging capacity and coulombic efficiency can be obtained by impregnating
sulfur into various conductive porous hosts in lithium-sulfur (Li-S) batteries, the low sulfur loading
content and volumetric specific energy diminish their advantages. To solve this problem, amodified
layer is prepared by coating I andN co-doped hierarchicalmicro/mesoporous kelp bio-carbon on
surface of the polypropylene separator. Furthermore, the composite porous carbon is obtained by
one-step thermal pyrolysis of edible dried kelp. Themodified layer on separator can effectively prevent
shuttle of polysulfides due to the synergistic effect from themicro/mesoporous carbon structures
(physisorption effect) and I andN co-doped electrochemical active sites in carbonmatrix
(chemisorption effect), allowing high capacity and high coulombic efficiency. In this study, we
developed Li-S batteries with 80% sulfur loading content and the area loading is higher than
2.0mg cm−2, which are better than previous published ones. In addition, the cathode electrode could
stabilize at 760mAh g−1 after 200 cycles at 0.5 C and delivers a high retention specific capacity of
498mAh g−1 after 500 cycles with a slight capacity attenuation of 0.07%per cycle.

1. Introduction

Sulfur, as cathodematerial in lithium-sulfur (Li-S) batteries, has high theoretical specific capacity (about
1670mAh g−1), larger than that of the conventional cathodematerials, such as LiCoO2, LiFePO4 and
Li(NiCoMn)O2 etc [1–4]. And the energy density of Li-S batteries is about 2600WhKg−1, higher than that of the
current commercial lithium-ion batteries [5–8].Moreover, with the advantages of low price, abundant raw
materials, and environmentally friendliness, Li-S batteries are considered to be one of themost promising next-
generation high energy storage devices. In spite of possessing the capability of obtaining high energy densities,
Li-S batteries still have some inherent shortcomings such as a notorious shuttle effect, poor conductivity of
sulfur and obvious volume expansion, all of which aremajor factors that prevent sulfur frombeing a promising
cathodematerial [1]. Especially for the shuttle effect, long chain polysulfide ions (Sn

2−, 4�n� 8) generated in the
redox process of S8 are easily soluble in organic electrolytes, resulting in loss of active substances and low
coulombic efficiency [5–7].

Tremendous efforts have beenmade to address the above issues, and one effective approach is to impregnate
sulfur into porous carbon hosts [9, 10]. The carbon can enhance electrical conductivity of cathodematerial, and
the porous structures can accommodate active sulfur and the polysulfides intermediates. However, carbonwith
homogeneous nonpolar surface cannot afford a sufficient suppression effect tomaintain polysulfideswithin the
cathode. The polar inorganicmaterials, such asMoS2, TiO2, andN-doped carbon, have been developed to
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