VIII Encontro sobre Aplicag6es Ambientais de Processos Oxidativos Avangados
Il Congresso Iberoamericano de Processos Oxidativos Avang¢ados
3 a 6 de novembro de 2015
Escola de Engenharia da UFMG - Belo Horizonte — MG - Brasil

VIl EPOA

BIOCHARS-BASED MATERIALSFOR HETEROGENEOUS
PHOTOCATALYSIS

Juan Matos”

1 Biomaterials Department, Technological Developménit (UDT), University of Concepcion,
Av. Cordillera, 2634, Parque Industrial Coroneln€epcion, Chile.
* jmatoslale @gmail.cofj.matos@udt.cl

ABSTRACT

Biochar-based photocatalysts have been prepareth f
biomass derivatives and studied in photocatalytmcg@sses
concerning with environmental remediation such khenpl
and methylene blue photodegradation, and in clesrgy
production such as hydrogen photoproduction A célsef
design of the pyrolysis/activation processes pethgtcontrol
both the texture and chemistry surface of carb&msmass
precursor is a master key to control both the aflyse
framework and optical and electronical propertie$
photoactive semiconductors such as JJi@nO and NBOs.
The influence of heteroatoms-doped biochars and
influence of noble metal upon Tibased photocatalysts will
be also presented.

INTRODUCTION

An important challenge for science is to developegr chemistry processes [1]. An
interesting alternative is the use of C-7iybrid materials because they concerns with
the green chemistry principles [2]. C-Ti(properties can be design to be used in
photocatalytic processes such as photoproduction [3], polluted water and air
remediation [4-9], and in selective photooxidatidii$ C-TiO. is a non-toxic and
biocompatible material and it is relatively cheapd aeasy to prepare in one-step
procedure [4,10]. The objective of this work isstiow that heteroatoms-doped biochar-
based hybrid materials prepared under eco-friendhditions can be used in different
photocatalytic processes related to polluted watmediation and clean energy
production.

METHODOLOGY

Synthesis of non-doped and S- or N-doped biochax® been described elsewhere
[3,5-9]. Au-TiGQ/AC photocatalysts preparation was performed devial [3]. Au was
firstly deposited at basic pH on a commercial J{@vonik, ex-Degussa) and then Au-
TiO2/C hybrid materials were prepared by a slurry metf&7]. C-doped Ti@hybrid
materials were prepared by solvothermal synthesisn fmixtures of furfural and
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titanium isopropoxide [4]. Characterization wasfpened by N adsorption—desorption
isotherms, X-ray photoelectronic spectroscopy (XPstirface pH (pkkc), infrared
spectroscopy (FTIR), X-ray diffraction (XRD), UVs/diffuse reflectance spectra (UV-
Vis/DR), and electron microscopy (TEM/STEM). Exmeental conditions for the H
photoproduction, and methylene blue (MB) photodégtian tests have been carefully
described elsewhere [3-5,8-9].

RESULTSAND DISCUSSION

A summary of the kinetic results of MB degradateme given in Table 1 and 2. In
presence of S- and N-doped biochars, the photaigcincreased up to about 2 and 5
times higher than on Tialone. The photoactivity of the biochar depends lom the
texture and on the S and N content [8,9]. The puiteity was confirmed by PS and
CV analysis [8] suggesting that S incorporationsrel@ase the energy band gap in
carbon-based materials. S- [8] and N-doped [9] ariasbare not only photoactive buth
also they photoassist to Ti@y electron transference of electrons frafrorbital in S-

or N-doped biochars to the conduction band of ti@.T

Table 1. Summary of kinetic results for the MB photodegtiah on S-doped carbons

Sample Vo (umol.L-tmin?)  via®  Kappx10¥ (min?)  R¢ @bhoto ©
C (6. 3mg) 0.291 1.04 6.00 0.9740 1.3
C-S(6.3mg) 0.579 2.1 10.28 09693 2.2
B (6.3 mg) 0.262 0.93 4.00 0.9870 0.9
B-S (6.3 mg) 0.536 1.9 8.56 0.9917 1.9
TiO, (62.5mg) 0.281 1.0 4.61 09849 1.0

nitial rate: GqKapp ° Initial activity relative to TiQ: Vo-ac/Vo-tio2. Apparent rate constanta{y).
dSquare regression factégno defined as dp-adKapp-tio2

Table 2. Adsorption in the dark (Adsy of MB, apparent first-order rate constantgpdk
square regression factorjRphotocatalytic activity relative to Ti@noto)-

Photocatalyst Ads?®)  Kapp X 10°3(min™?) R? @ohoto”
PK 4 1.7 0.9078 0.38
PN 2 2.0 0.9376 0.44
PNA 5 2.3 0.9840 0.51
PNO 2 1.3 0.9637 0.29

TiO2 22 4.5 0.9858 1
TiO2-PK 28 22.5 0.9871 5.0
TiO2-PN 23 17.1 0.9931 3.8
TiO2-PNA 15 23.9 0.9887 5.3
TiO2-PNO 16 16.2 0.9914 3.6

aAfter 60min adsorption®@note=  (Kapp-/Kapp-Tio?.

H> photoproduction results are given in Table 3alt be seen an increase up to 3 times
higher photoactivity on Au-TigC than that on Au-Ti@and clearly much higher than
that on neat Ti@which is non-photoactive under visible irradiatidinis increase was
attributed to an increase in the resonance plasshgold [5] due to the transference of
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electron density from the conduction band in Fi@odified by the interaction with
oxygen functional groups on AC [5,8,9]. The stapibf photocatalytic activity of these
materials was studied following the kinetics ob Hroduction during consecutive
photocatalytic runs and No gold lixiaviation durimgaction was detected and
photoactivity remains constant at least for threesecutive runs.

Table 3. First-order rate-constants (Krexc) for the hydrogen photoproduction

Sample kad (MM.min?) R?

TiO2-P25 b b
Au-TiO2-P25 0.044 0.9790
AU-TiO2/ACco2 0.115 0.9840
Au-TiOo/ACn2 0.094 0.9965
AU-TiOo/ACznci2 0.062 0.9730
AU-TiOz/ACH3p04 0.052 0.9890

%eac Obtained from the kinetics of hydrogen productio photoactivity was detected.

CONCLUSIONS

TiO2-based hybrid materials were designed for efficigihdtocatalytic processes.. H
was photoproduced on Au-THZ under visible light up to 3 times higher thar th
commercial photocatalysts. Enhancements in the M&quegradation under UV-vis
irradiated hybrids C-Ti@and S- and N-doped carbons showed that the hargest
solar energy for environmental and green chemigpplications is possible by using
even free-metal carbon-based materials
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