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A new material carbon-coated TiO, immobilized on expanded graphite/activated carbon composite (C-TiO,/EGCs) was synthesized to solve |
indoor air pollution problems. The TiO, coated by carbon layer was immobilized on the outer surface of expanded graphite-based carbon/
carbon composites EGCs. The porous texture and the microstructure of the composite were analyzed by using nitrogen adsorption-desorption |

that carbon film not only ensured the adsorption performance and realize dv higher photocatalytic degradation ability of formaldehyde. |

| measurements, XRD, SEM and TEM. The influence of conditions on the formaldehyde degradation was investigated. The results indicated |
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INTRODUCTION

With the improvement of aesthetic and living standards,
there are many decorative materials, paint, polymerizing plate
and binder of some combination furniture and chemical fiber
carpet, efc. used to beautify house. The growing uses in
building construction have caused serious indoor air pollution
problems that they would bring volatile organic compounds
(VOCs)'?. One of the most representative volatile organic
compounds is formaldehyde. Formaldehyde is a colourless,
pungent-smelling gas known to cause several symptoms and
diseases. Long-term exposure to low concentration formal-
dehyde can cause irritation of the eyes, reddening of the skin,
headache, nausea, drowsiness, allergic reactions and possible
negative effects on fetal development®. Formaldehyde is
suspected to be a human carcinogen®’. Because of this many
countries have set guidelines for the maximum allowable
indoor concentrations.

There are some general methods currently used to purify
the polluted air such as adsorption and photodegradation®. The
well known and widely used adsorbents are activated carbons

because of its high specific surface area’. However, they are
produced in powder or granular form and the pores of the
activated carbon are easily occupied by the adsorbate. More-
over, the considerable closed pores in activated carbon reduce
the adsorption capacity and the utilization ratio.

Herein, we design a new adsorbent with remarkable
photocatalytic activity for photodegradation of formaldehyde.
The hierarchical multilayer structure not only enhances the
flow of gas, but also improves the efficiency of adsorption.
TiO, can produce photo-induced electron-hole pairs under the
irradiation. From the point view of photo-conversion efficiency,
the photocatalytic properties of TiO, can be further enhanced
if the recombination of the photo-induced electron-hole pairs
can be effectively suppressed®'’. Expanded graphite-TiO,
composites are thus promising photocatalytic materials because
graphite can act as an electron transfer channel thus reduces
the recombination of the photogenerated electron holes''".
In this paper, we loaded P25 nanoparticles on the platform of
a graphite nanosheet and discuss the sifu photocatalytic
regeneration of expanded graphite carbons with the TiO,
coated.

tPresented at The 7th International Conference on Multi-functional Materials and Applications, held on 22-24 November 2013, Anhui
University of Science & Technology, Huainan, Anhui Province, P.R. China
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EXPERIMENTAL

Preparation of the EGCs: Expanded graphite was prepared
in laboratory according to the previous work. A certain quantity
of EG was immersed into the sucrose-phosphoric acid solution
with various concentrations under vacuum conditions. The
impregnation ratio (weight of H;PO, relative to that of sucrose)
was 1.0. Then the material was heated in an electric oven at
80 °C for 10 h and solidified at 160 °C for 4 h. At the end, the
material was carbonized and activated in a pipe stove under
nitrogen flow for 2 h. The temperature was controlled in 350
°C. The final product was cooled down to room temperature
in the nitrogen atmosphere. The sample was rinsed with the
ultrapure water until no phosphate ions detected by Pb(NOs3),.
It has a bulk density of 4 kg/m® and a surface area of 40 m*/g
(determined by N, adsorption at 77K). The sucrose (C;,H»0y;)
was dissolved in deionized water with a certain quality concen-
tration and added to a suspension of TiO, anatase in water and
under ultrasonic oscillation for 0.5 h. Then the EGCs prepared
from previous step were immersed into the slurry for 0.5 h. It
was then heated at 100 °C to evaporate the water in oven and
calcinated at 500 °C for 2 h with a temperature gradient of 5.0
°C/min that could remove the constitutional water and retain
carbon of sucrose.

Analytical procedures: The porous texture characteri-
zation of all the samples was carried out by the nitrogen
adsorption measurement at 77K (Micromeritics, America). The
surface areas have been obtained from the BET equation. The
total pore volume has been calculated from the nitrogen gas
adsorption capacity at a relative pressure of 0.98. The morpho-
logies of the samples were observed on FESEM microscope
(Hitachi S-4800, Japan).

RESULTS AND DISCUSSION

XRD analysis: The diffracted peak at 20 = 26.5° in the
spectrum of the EGCs was the typical graphite crystal (002)
characteristic peak. Before 26.5°, there is a characteristic peaks
like a hump. This phenomenon indicates amorphous carbon
existed in the composite. The peaks at 25.3, 37.8and 62.5 are
the diffractions of (101), (004) and (204) planes of anatase,
indicating the growing TiO, existed in anatase state. At 20 =
54.9° the strengthened peak like a little hill corresponding to
the (211) plane of anatase also revealed the existence of amor-
phous carbon in the composite. The characteristic absorption
peak of rutile (110) crystal plane did not appear in Fig. 1.

Electron microscope analysis: Scanning electron micro-
scopic images (Fig. 2(a-d)) clearly demonstrated the multi-
layer structure of the C-TiO/EGCs compared to the EGCs.
Fig. 2a shows the EGCs without TiO, particles. After loading
with TiO,, the material retains the microscopic structure of
the expanded graphite sheet (Fig. 2b) and TiO, particles
successfully coated on the surface of the EGCs and lamellar
structure with scattered distribution (Fig. 2c). From the
longitudinal section observation, it can be clearly seen there
is little TiO, particle existing in central part of C-TiO./EGCs
(Fig. 2d). It could mainly attribute to the control of the
impregnation process and the TiO, particles rarely infiltrate
into the central part of the composite material. It could reduce
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Fig. 1. XRD pattern of EGCs and C-TiO/EGCs
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the possibility of a specific surface decrease caused by the
pore blocking.

Fig. 2(e) and (f) show the TEM images of C-TiO-/EGCs.
TiO; in EGC surface is relatively scatteredly distributed and
coated with a thin layer of carbon membrane. It is especially
advantageous to load TiO, on EGC surface coated with carbon
film by using this way. It is helpful for dispersion of nano-
particles. It can enhance the bond between TiO, particles and
the substrate surface. In addition, TiO, nanoparticles do not
aggregate via the high temperature treatment and can restrain
TiO, crystal transition at the same time. Furthermore, it
improves the photocatalytic activity of TiO because of carbon
element doped effect. Fig. 2(f) display that TiO, nanoparticles
size are 20 nm. Due to the nanometer quantum size effect, the
conduction band and valence band level split into discrete level
to obtain a strong reduction and oxidation capacity and ensure
its strong light catalytic activity.
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I

Fig. 2. SEM images of (a) EGCs without TiO, particles (b), (¢) EGCs loaded
with TiO, (d) the central part of C-TiO./EGCs (e), (f) TEM images
of EGCs loaded with TiO,
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Pore texture analysis: As shown in Fig. 3, the pore size
distribution of the C-TiO,/EGCs was calculated from N,
adsorption isotherms. The sorption isotherms are concave to
P/P, axis and shows typical I-type isotherm. It indicated that
the C-TiO./EGCs were mainly made of micropores. Owing to
micropore filling, high uptakes are observed at relatively low
pressures.
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Fig. 3. Pore size distribution and adsorption isotherm of the C-TiO.,/EGCs
by nitrogen adsorption

Synergetic degradation of formaldehyde: The formal-
dehyde reductions become more efficient in the photocatalytic
oxidation process than in the adsorption process (Fig. 4). The
combination of adsorption and photocatalytic oxidation
achieves the maximum of the degradation process. The synergy
effect between TiO, and EGCs using C-TiO./EGCs could be
summarized as follows: (1) formaldehyde was adsorbed on
the EGCs and carbon layer enfolded the TiO, nanoparticles.
(2) Through the surface diffusing, formaldehyde could quickly
migrate to the exterior loaded TiO, and the interior pores. (3)
Formaldehyde was oxidized by powerful oxidizing agents that
were produced from photocatalytic stimulation.
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Fig. 4. Removal efficiency of formaldehyde treated by adsorption,
photocatalysis and adsorption plus photocatalysis

Recycling degradation of formaldehyde: In practice,
the product is often utilized for many times. So the recycling
ability of C-TiO»/EGC:s to photocatalytic degradation of form-

aldehyde is very important. Fig. 5 is the repetitive tests for C-
TiO/EGCs during photocatalytic degradation of formal-
dehyde with a loading of TiO, of 12 wt %. As shown in Fig. 6,
after recycling 3 times, C-TiO-/JEGCs sample calcined can still
completely degrade the formaldehyde within 100 min,
suggesting that C-TiO»/EGCs have a good reusability.
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Fig. 5. Repeatability tests for C-TiO/EGCs during photocatalytic degra-
dation of formaldehyde

Conclusion

Synergetic degradation research shows that the formal-
dehyde reduction was much more quickly in the photocatalytic
oxidation process than in the adsorption process. When the
loading of TiO, is 11.57 wt % and sucrose concentration was
0.5 %, a maximum catalytic efficiency is reached. It not only
ensures the adsorption performance and realizes higher
photocatalytic degradation ability of the C-TiO/EGCs formal-
dehyde treatment effect. In addition, powerful binder of TiO,
and EGCs make ensure the recycling of the material. Carbon
film was beneficial to suppress the phase transformation, so
TiO, could retain high photocatalytic activity property even
calcinated at high temperature. At the same time, the carbon
coated TiO, with suitable carbon doping possesses visible light
response capacity. Carbon film not only ensures the adsorption
performance but realizes higher photocatalytic degradation
ability of the formaldehyde C-TiO,/EGCs treatment effect.
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