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Abstract: (TiO,),-V,0;composite electrochemical ion storage films were prepared by sol-gel
method. The effects of organic-inorganic Ti source and doping amount of TiO,(x=0, 0. 05, 0. 1,
0. 2, 0. 3 mol)on the microstructure and properties of V,0Osfilms were investigated. The surface
morphology, electrochemical performance and optical property were characterized by FE-SEM,
cyclic voltammetry and UV-Vis transmission, respectively. The results show that TiO, doping
reduces the ion storage capacity of V,0; films, and (TiO,).-V,0; composite films prepared by
inorganic Ti source have higher UV-Vis transmittance and ion storage capacity than that by
organic Ti source. The UV-Vis transmittance of (TiO;),-V,0; composite [ilms prepared by
inorganic Ti source is 20% higher than that of V,O; film. Meanwhile, the ion storage capacity of
V,0; films prepared by inorganic Ti source decreases with the Ti content. However, the
decreasing trend of ion storage capacity of V,0; films becomes gradually slow and then keeps
stable during the cycles after doping TiO,. The cycle stability of V,0O; films can be improved by

doping TiO, ., and the storage capacity of V,O; film after 50 cycles is reduced by 25% and 16 % in
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ABSTRACT

Polystyrene (PS) foam derived nitrogen-enriched porous carbon/graphene (AC/Gr) composites were
prepared using ammonia, ethylene diamine and melamine as nitrogen sources, respectively. The as-
prepared AC/Gr composites and graphene-free PS-derived porous carbon (PSAC) exhibit moderate spe-
cific surface areas in a range of 915—1489 m? g~ .. Compared to PSAC, AC/Gr composites exhibit signif-
icantly improved energy storage capability, a high gravimetric capacitance of 339 F g~! or volumetric
capacitance of 365 F cm~> was achieved at a current density of 0.05 A g~ in 6 M KOH aqueous elec-
trolyte. The assembled aqueous symmetric supercapacitors are capable of deliver both high energy
density and high power density, for example, 11.8 W h kg~! (12.7 W h L~!) with a power density of
125 W kg ' (134 W L), and 62 W h kg~! (6.7 W h L™!) with 4.6 kW kg~! (5.0 kW L) for MAC/Gr-

Supercapacitor based supercapacitor.
Porous carbon

Composite

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Polystyrene (PS) is one of the most widely used thermoplastics,
there are various PS products including protective packaging and
house insulating materials, as well as many kinds of containers
[1,2]. However, it has to be pointed out that PS wastes cannot
degrade quickly, therefore they would become abundant outdoors
year by year if being simply discarded, which consequently con-
taminates our environment [3]. Hence, there is a big concern
emerged today for scientists, i.e. to seek for efficient and valuable
recycling technologies for the increased production of PS wastes in
the world.

A few researchers prepared porous carbons with PS wastes that
were generally utilized as effective adsorbents for the removal of
hazardous substances [4—7], but few were used as electrodes for
supercapacitors [8,9]. Li and his coworkers prepared porous carbon
spheres using PS-based macroreticular resin spheres, and found the
carbon sphere exhibited a capacitance of 182 Fg~!, and low specific
energy between 2.3 and 5.1 Wh kg~! [8]. Apparently, the reported

* Corresponding author.
E-mail address: qxxie@yahoo.com (Q. Xie).

http://dx.doi.org/10.1016/j.micromeso0.2016.10.007
1387-1811/© 2016 Elsevier Inc. All rights reserved.

supercapacitive performance is not good enough to stimulate the
substantial development of PS-derived porous carbon for energy
storage, further improvement is needed. In this work, we made
efforts to convert PS foam waste into high performance carbon
electrodes for supercapacitors with high energy density.

The first strategy is to dope nitrogen atoms into carbon structure
for achievement of extra pseudocapacitance. Moreover, the doped
nitrogen species are good for the enhanced conductivity and
wettability [10—13]. Generally, most nitrogen-enriched carbons
were fabricated using solid N-containing dopants or precursors, or
by a carbonization process performed in ammonia atmosphere. In
this work, not only solid but also gaseous and liquid nitrogen
sources were used, including ammonia, ethylene diamine and
melamine. It is known that NH3 and ethylene diamine could
“escape” at high carbonization temperature and at normal pressure
if there are no strong interactions with other carbon precursors.
Herein, PS foam was first sulfonated to produce a large amount of
sulfonic acid group (-SOsH), thus NH3, ethylene diamine or other
small molecules are able to be tightly anchored on polymer chains
through coulombic interactions between —SOsH and —NH, or
—NH— groups, as illustrated in Fig. 1. Another strategy is to intro-
duce other nanostructured carbons into the carbon composites,
including carbon nanofibers (CNFs), carbon nanotubes (CNTs),
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Novel post-modified polymers of intrinsic microporosity (PIM-1) membranes with cross-linkages formed
through multivalent metal ions have been prepared. Structural characterization was performed by
Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron spectrometer (XPS). The cross-
linking effect on gel content of the membrane was determined. The thermal property was evaluated by
thermo-gravimetric analysis (TGA). The average chain-to-chain distance of the polymer was investigated
by wide-angle X-ray diffraction (WAXD). The O,, N,, CH4 and CO, gas transport properties of post-
modified PIM-1 membranes were reported. The relationship between gas transport property and phy-
sical properties was also discussed. Compared with original PIM-1 membrane, the post-modified PIM-1
membranes display higher gas selectivity for O,/N;, CO,/N; and CO,/CH,4 with a corresponding decrease
in gas permeability. The outstanding permeation-separation performance for CO,/CH,4 exceeds the Ro-
beson upper-bound line. The post-modified PIM-1 membranes display a potential application for in-
dustrial-scale CO,/CH4 separation. In addition, it is probably that the incorporation of multivalent metal
ions can expand the applicable scope of PIM-1 membrane.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Polymer membranes are of widespread interest in gas separa-
tion applications such as nitrogen generation (O»/N,), flue gas
rectification (CO,/N,) and natural gas enrichment (CO,/CHy) [1].
Polymer membranes with both high permeability and selectivity
are desirable [2,3]. It is because that high permeability is desired to
minimize the membrane area required and get a reduction in the
cost of production; meanwhile high selectivity can enhance the
separation efficiency and obtain high purity products. However, a
rather general trade-off relationship termed “Robeson upper-
bound” [4,5] has been recognized between gas permeability and
selectivity: polymer membranes have higher gas permeability,
coupled with lower gas selectivity and vice versa. A theory has
been developed by Freeman [6] to explain Robeson's empirical
upper-bound behavior for gas separation by polymers. He
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indicated two ways to perform beyond the Robeson upper-bound
line for polymer membranes: (i) by improving the solubility se-
lectivity and (ii) by increasing the stiffness of the polymer chain
whilst simultaneously increasing inter-chain space. Based on this
theory, current research efforts over the past decade have focused
on developing polymer membranes that can break through this
limit [7-10].

A class of polymeric microporous materials, termed “polymers
of intrinsic microporosity” (PIMs), has been prepared by Budd and
McKeown [11-14] as a promising material for membrane separa-
tions, hydrogen storage and organic compounds adsorption. Its
special ladder structure with contorted sites, which can prevent
the rotation of polymer chains and the efficient space packing,
contributes to high free volume and high surface area. Among
these PIMs, the most representative one is PIM-1 for gas
separation. The PIM-1 membrane displays extremely high gas
permeability but relatively low gas selectivity [15,16]. Recently, a
potential method, post-modifying the PIM-1 membrane, has been
developed as a means for improving performance. The post-
modification of PIM-1 membranes have utilized different techni-
ques including both carboxylated PIM-1 membranes by hydrolysis
[17] and PIM-1 membranes with CO,-philic pendant tetrazole
groups [18] done by Guiver research group, the UV-cross-linked
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Abstract: This article introduces the significance and the mechanism of dyeing modification of PA6 and dyeing modification
method summarizes the latest research progress in modification of PA6 staining.
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Hollow Spindle-Shaped CuQO/Cu,(OH),CO; Nanocomposites: Synthesis and
Gas Sensing Property

QI Xiao-Jiao'! WANG Qian' GAO Hai-Yan' ZHAOYong-Nan™' LI Guo-Dong?
('Tianjin Key Laboratory of Fiber Modification and Functional Fiber, School of Materials Science and Engineering,
Tianjin Polytechnic University, Tianjin, 300387, China)

(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, College of Chemistry, Jilin University,
Changchun 130012, China)

Abstract: Hollow spindle-shaped CuO/Cu,(OH),CO; composites were fabricated via a templateless hydrothermal
route with Cu, (OH);NO; as the precursor. XRD measurements and TEM observations reveal that the as-prepared
CuO/Cu,(OH),CO;5 is hollow spindle-shaped with size of 1~2 pm. HRTEM image indicates that the shell of each
particle is highly dispersive mixtures of nanoscale CuO and Cu,(OH),CO;. Time dependent experiments disclose
that the formation of hollow spindle-shaped CuO/Cuy(OH),CO; composites particles is driven by self-transformation
and Ostwald ripening. The gas sensing performances were investigated with ethanol and acetone as the target
gases. The as-prepared hollow CuO/Cu,(OH),CO; composites exhibit improved gas sensing properties in
comparison with the commercial CuO powders, which can be ascribed to the decreased grain-to-grain contacts of

the highly dispersive mixtures.

Key words: hollow particles; solvothermal synthesis; CuO; Cu,(OH),CO;; gas sensor

0 Introduction attention due to their excellent gas sensitivity with
wide applications in gas leak detection and noxious
Semiconductive metal oxides have attracted much ~ gases monitoring . Much effort has been paid to
:2014-11-26, :2015-02-10,
(No.21271138, 21371070, 21071060), (No.14JCYBJC17500, 14JCQNJC02500),
(No.2015-02), (201410058003) o

* o E-mail :zhaoyn@263.net ; Tel : 86 22 83955831 ; :S06N4679M 1407 ,





