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ABSTRACT

By reactive grinding method Vanadium-doped rutiléO,I nanoparticle material was
obtained with an average particle size of40him, the Brunauer—Emmet—Teller (BET) specific

surface area about 20°gn* and it absorbed strongly in the UV region and eéased at the
visible wavelength of 430 — 570 nm. This study &ed on the improvement of exhaust gas
treatment from coal-fired flue gas of the tradiabradsorption-catalysis system (Modular
System for Treating Flue Gas - MSTFG) by using W@s/TiO, Rutile as photocatalyst. The
results showed that integrating both catalytic esyst mentioned above increased the gas
treatment efficiency: CO from 77 % to over 98 %, Nfom 50 % to 93 %, SOwvas absent as
opposed to the input gas component. Also it shothed V,Os/TiO, Rutile integrated with
MSTFG has got high efficiency of CO treatment, alsecured the high obtained €O
concentration as a valuable carbon source for mgabmass culture as well as saving energy
and simplifying devices.

Keywords:traditional adsorption-catalysis system, photogataintegrating, coal-fired flue gas,
carbon source.

1. INTRODUCTION

Process of burning coal can emit kinds of exhaasinful gas out to atmosphere such as
dust particles with minor sizes (PM), SONG,, VOCs and a big volume of G@as, which
participate in increase of the greenhouse effedulting in increase of the earth temperature
leading to global climate change [1, 2].

Volume of CQ emitted in the exhaust gases was salvaged as iahafter different
technological processes, which have been appliedainy countries in the world. Eliminating
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accompanied exhaust gas and isolation of, @©®a Carbon source for algesiture also
included in the strategy mentioned above and éairthe advanced technologies in the going
green of the century [3]. In Vietnam, we startedhgscatalysts/absorbents able to convert
harmful exhaust gases (NGO, GH,, VOCs) into HO, N,, CO; in order to improve cleanness
of CO, used inSpirulina culture [3]. However, the catalytic system witle rength of 60 cm
and section of 25x25 ¢nused in our previous study [3] showed that theaeshgases generated
from burning coal have been treated with no HEéfltiency: only more than 70 % CO, 90 %
SO, and 50 % NQ at temperature of 310 — 32Q. So, for reaching higher efficiency it is
required to extend the catalytic system as with ldegth twofold. On the other hand,
temperature for converting the harmful gases oalysttat 320FC consumes rather big amount
of energy for operation. To overcome the two memabove drawbacks, we recommend the
use of photocatalytic system connected in seri@stwe current treatment system.

Photocatalyst can work in normal temperature usdarlight. Thus, photocatalytic material
is promising component in technology for air punty [4], decreasing series of pollutants in
water environment [5]. In the world, there were sngublications on photocatalytic material
having high ability of application [4, 5, 6, 7]. dts obtained in the study [5] showed that JiO
materials of Rutile type denatured by Vanadium dblevork in visible light area with rather
high efficiency: fabricated Ti&V,Os not only well absorbs light in the ultraviolethigarea but
also rather highly absorbs the light with wave tbngf 400 — 600 nm; This material is also good
catalyst for degrading methylene blue at norngitliand room temperature. In this work, we
fabricated TiQ/V,0s photocatalyst, tested for CO conversion reactiomrder to replace the
traditional catalytic system described in paper [3]

2. SUBJECT AND METHODOL OGY
2.1. Studied subject

Exhaust gases including GANG,, SQ,, CO,...in which CQ generated from burning coal
are removed from accompanied exhaust gases bytiatabbsorption technology.

V,0s/TiO, Rutile photocatalytic material.
2.2. Methodology and equipment

Exhaust gases were determined by equipment of MXé @A-6203, Testo 350-XL
Emision Analyzer. Treating accompanied exhaustgjasd cleaning C{by traditional exhaust
gas treatment modular system (EGTMS) were intednatth V,0s/TiO, photocatalytic material
system

Rutile TiO, was used as initial material with particle sizgdegir than 100 nm. Nano vanadi
— doped rutile Ti@ material was obtained by the reactive grinding hoét[5]. UV-Vis
Absorption spectraf TiO, and WLOs/TiO, samples were measured by CARRY 5000 UV-Vis-
NIR equipment. Specific surface area of Brunauerieth-Teller (BET) of samples was
determined by nitrogen physical absorption methio@7aK. Size of particles was determined
Scanning Electron Microscope (SEM). ConcentratiborC® was determined by Landcom Il
machine, U.K.
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3. RESULTsAND DISCUSSION
3.1. Photocatalytic material fabrication

According to the paper [5] we carried out fabricatiof TiO, mixed with vanadium by
reactive grinding method via high-energy. The optitime for grinding samples to synthesize
V,05/TiO, was selected to be 4 hours. Tiftile and \4Os in ratio 95:5 were dried at 12Q/2
hours then was grinded by high energy mill (SpeR(B®1). This machine used two balls,
including one withb15 mm and the other with5 mm made of WCx hard steel. Mixture of 9.5¢g
TiO, and 0.5g YOs was put into a hard steel container with innerupa of 50 cm The
obtained material after 4 milling hours was exardirie structure, size (by XRD method),
morphology (by SEM photo), BET surface propertigght absorption capacity (by electronic
absorption spectrometry) and accessed the actimitgO into CQconversion reaction.

3.2. Determination of material structure by X-ray diffraction diagram X (XRD)

Figure 1 is X-ray diffraction diagram X of initidliO, and vanadium mixture material after
grinding. It can be seen from the diagram, typmeédks of TiQappeared in form of rutile but
peaks of VOs are absent (for ground material). Typical picsratial TiO, samples were higher
and narrower than that of,@s/TiO, ground after 4 hours. Thus, it can be seen thaingt V.-
O¢/TiO, particles had significantly smaller sizes compdoeihitial TiO, material.

On X-ray diffraction diagram of ¥Ds/TiO, samples, there were not typical peaks of
Vanadium Oxide appearing. Non appearance of typaakdium Oxide could be due to the fact
that Vanadium Oxide content was below the deteet#tiveshold of the method or Vanadium
Oxide’s even desperation in the system or vanadiugristence in other forms in the crystal
system of titanium oxide. This result was simiaf%]. Accordingly, in spite of non appearance
of Vanadium Oxide peaks on X-ray diffraction diagrathe XAS analysis result (X-ray
absorption spectrometry) indicated the existencestafe of V* replacing V*, that means
vanadium displacing *1i or lying at empty position of Tigstructure. So it can be said that a
part of vanadium existed in form of,@; evenly dispersed and a part existed in form &f V
lying in TiO, crystal network.

T Y T ¥ T T T r T
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Figure 1.XRD patterns of Rutile Ti@before grinding (a) and ground®s/TiO, for 4 hours(b).
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3.3. Determining mor phology, particle size and the BET specific surface area

Figure 2 is SEM image of the material. We can bae TiO, before grinding (a) had size of
100 — 130 nm, after grinding and mixed with vanadi(b) had size of 20 - 40 nm. After
determining specific surface area (BET) and conmgathe typical features with the sample
fabricated in paper [5] represented in table @, sieen that the previously fabricated samples and
the present one are rather similar. This also cmsfthe material fabrication process was stable.

- [ I I
IMS-NKL x80.0k SE(M) IMS-NKL x200k SE(M)

(a) (b)

Figure 2.Scanning electron microscopy image (SEM) of RUKil®, before grinding (a) and
(b) ground MOs/TiO, for 4 hours.

Table 1.Particle size and the BET specific surface areaatkrials.

Samples Grinding time (h Average particle size)nm BET (nf/g)
TiO, 0 100-130 1,19
V,05/TiO, 4 20-40 19,5
[5] V.04 TiO, 4 22 20,80

3.4. UV-Visabsorption spectrum of V,0Os/TiO,photocatalyst materials

Figure 3 is the light absorption spectrometry ofjnaund TiQ rutile (a) and ground
V,0O4/TiO, after 4 hours (b). We can see that the ungrou@d $ample absorbed light at wave
length less than 420 nm, while the mixed and miledhple after 4 hours absorbed light at
longer-wave length in 430 - 570 nm area. This tesath be compared with some anatase, TiO
and TiG Rutile previously published of authors Anpo etf&land Liu et. al [7]. Thus, obtained
material had rather big nano size and specificagerfarea, at the same time was denatured by
vanadium (be considered as the most brilliant vatutihe series of metals used as doping for
TiO,) promising a high activity of photo catalyst.
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Figure 3.UV-Vis absorption spectra of Rutile TiBefore grinding (a) and
(b) ground MOs/TiO, for 4 hours

3.5. Thetest on application of V,05/TiO, Rutile photocatalytic material in treating exhaust
gas gener ated from burning coal in semi-pilot scale

We carried out the test on treating exhaust gasrgéed from burning coal in two stages
(Figure 4): 1. Initial exhaust gas was treatedtler first time via a traditional catalytic system
(A) — exhaust gas treatment modular system — witfedsions of 60 x 25 x 25 éroperating at
temperature 328C. Exhaust gas after being treated by the traditioatalytic system has rather
high temperature will be cooled to the room tempgeasystem (B). 2. The volume of cooled
gas was treated for the second time by photocatatgtterial designed by 3 rock crystal
modules, each had diameter of 0.7cm containinghbggeatalytic material (C). The exhaust gas
after the two said treatment stages was collecttml gas collector (D). Concentration of gas
components after each stage was determined aneldstvcalculating the treatment efficiency
of each stage.
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Figure 4.Diagram of the flue gas treatment from coal combustA: The traditional Modular
system of Exhausted Gas Treatment; B: The gasnmpslistem at room temperature; C: Quartz tube;
D: The purified gas storing system.
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Table 2.Components of coal-fired flue gases inlet and ocanetlysis

Components| Inlet of The period after treating via The period after treating via

gases traditional MEGT systems photocatalyst systems

Concentration| Efficiency of | Concentration Efficiency of
reduction (%) reduction (%)

CO (ppm) 2000 454 77,3 38 98,1
SG; (ppm) 16 —22 2 > 87,5 0 100
NOy (ppm) 30-32 16 > 46,7 2 93
CO; (%) 4,64 6,03 - 6,47 )

Obtained results in table 2 showed that the exhgasstgenerated from burning coal after
going through Exhaust Gas Treatment Modular Systéin traditional catalyst integrated with
V,0s/TiO, photocatalytic material system was very well trdatdde converted CO was more
than 98 %, S©- 100 % and NOx — 93 %, respectively compared ¢éocitmposition of the
input exhaust gas. Volume of GObtained was rather high, from 4.54 % increasedde than
6.47 % quite good for microalgae culturing.

4. CONCLUSION

V,05/TiO, photocatalytic material system was successfulbritated with size 20 — 40
nm, BET specific surface area is of approximaggynf/g. This material strongly absorbs light
in both UV area and 430 — 570 nm wave length area.

V,0s/TiO, photocatalytic material was a good catalyst f@, GlQ, and SQ conversion
process. The integration of a traditional catalgiistem (A) — Exhaust Gas Treatment Modular
System with Os/TiO, photocatalytic material system increased treatra#fitiency of exhaust
gases: CO from 77 % up to 98 %, Ni@m 50% up to 93 % and 100 % for S@mpared to
the input exhaust gas composition. The rather RI@2 concentration- 6.47 %, is quite good
carbon source for microalgae cultivation.

In the economical point of view, The EGTMS with ditgonal catalysts operating at
comparatively high temperature 320 (Project KC08.08/11-15) intergrated withQ4/TiO,
photocatalytic material system operating at thenraemperature will help to significantly
reduce equipment size.
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TOM TAT

CAI THIEN HE THONG LAM SACH CQ, BANG XUC TAC QUANG NHAM UNG DUNG
TRONG CONG NGHE NUOI TAO

Doan Th Oantt’, Quéach ThHoang ¥n?, Nguyén Thi Toarf, Nguyén Quic Trund,
Tran QU Ch#, Nguyén Hong Chuyéf, Trin Thi Minh Nguyét?, Bui Thi Kim Anh®,
bingbinh Kim®

Truwong Pai hoc Tai nguyén va Mai trong Ha Nsi, Nhon, Tir Liém, Ha Ni
\/ien Khoa toc vit liéu, Vien Han 1am KHCNVN, 18 Hoang @a Viét, Ha Nsi
%Vién Cong nglh mdi treong, Vien Han 1am KHCNVN, 18 Hoang @a Viét, Ha Noi
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Bing phrong phap nghin phin tng, \at liéu xdc tac quang Nano Vanadi — doped Rutile
TiO, ché tao dugc c6 kich thréc 20 — 40 nm, @hn tich k& mit riéng BET gn 20 ni/g, vat liéu
hip phi manh trong viing UVdong thyi tang sang ving e séng dai 430 — 570 nm. Bai bao
nay nghién ¢u kha nang ci thién hiéu qua xa li khi thai cia HE Modun xir Ii khi thai
(HMDXLKT) xic tac truyn thbng king viéc két ndi thém & modun & dung xdc tac quang
V,04 TiO, Két qua cho thiy viéc tich hyp hai i xUc tac néi tréma lam ing higu qua xa Ii khi
CO tir 77 % lén trén 98 %, NQir 50 % |&én 93 % va lamash hoan toan SGo Wi thanh pln
khi dau vao.biéu nay cho thy hiéu qua caa viéc ar dung hé vat liéu xuc tac quang s/ TiO,
trong qua trinh & Ii triét d¢ CO, ddng thdi van dam bao ham trong CQ thu dugc kha caatap
rng cho qua trinh nuéi® nhr mot nguon cachon gia ir tiét kiém dugc ning krgng va \in hanh
don gian.

_Tir khoa:hé thong xtic tac/ Bp phy truyén thong, xic tac quang, tichoh, khi thi dét than,
nguon cachon.
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