KH&CN NUOC NGOAI

S1/ DUNG QUANG XU TAC BE XU LY NUGC THAI CHUR Crvn

Trong nhiéu thap ky, xtic tac quang héa da dugc phat trién cho muc
tiéu G Iy nuéc thai chiia cac phan td hiiu co 6 nhiém dua trén kha ning
oxy hoa manh clia cac goc tu do hydroxyl sinh ra tii phan (ing gitia

16 trong quang sinh va cac phan tl hap phu trén bé mat xuc tac. Tuy
nhién, d6i véi nudc thai chiia kim loai ndng, chang han nhu Cr(VI), rat

it bao cdo tién hanh th{ nghiém quang xdc tac dé x{ 1y. Gan day, nhom
nghién clu cta TS Sharad Sontakke thudc Khoa Céng nghé hoa hoc
(Hoc vién K§ thuat hoa, An Do) da dé nghi st dung quang xdc tac nano
TiO, diéu ché tui phuang phap téng hgp dét chay dé xi Iy Cr(VI) trong
moi truding nudc. K&t qua cho thay, Cr(VI) c6 thé bj kh{ dé dang xudng
Cr(Ill) bang xc téc quang héa nano TiO, dudi buic xa UV & nhiét do
thuong ma khong can bd sung chat khii. Phuong phap nay viia thé hién
tinh hiéu qua cao, lai viia don gian, dé st dung, chi phi thap, thich hgp

Cac phuong phap xit Iy kim loai ning

Nudc thai cong nghiép chuia kim loai nang tu
lau da dudc biét dén 1a mot ngudn 6 nhiém nghiém
trong, viia cé nguy cd &nh hudng dén stic khde con
ngudi trong thai gian dai, viia phuc tap, khé xa ly [1].
Gilia nhiéu kim loai nang khac nhau, chromium (Cr)
thudng dudgc sU dung trong céng nghiép bao quan
g6, nhuém vai, b6t mau, ma kim loai, loc dau, cling
nhu trong céng nghiép thép va thudc da [2]. Chinh
vi vay, nudc thai chia Cr, chl yéu dudi hai dang
Cr(lll) va Cr(VI) dang tré thanh van nan toan cau
[2]. Ngudi ta nhan thdy Cr(VI) c6 déc tinh va kha
nang gay ung thu cao hon 500 lan so véi Cr(lll) [3].
Theo dd, ham lugng téi da dugc cho phép cha Cr(lll)
va Cr(VI) trong nudc 1an lugt 1a 5 mg/l va 0,05 mg/I.
Tuy nhién do nhu cau st dung ngay cang gia tang,
nong dé cla ion kim loai nay thudng dao déng ti 10
dén 100 mg/l. VGi ndng do nay, khi ti€p xuc véi da
hoac khi xdm nhép qua dudng mi va miéng, Cr(VI)
c6 thé gay ung thu, pha hly té bao va viém da [4].
Do do, trong moét thoi gian dai, nhiéu nghién clu da
dudc trién khai nhdm tim ra cac phuong phap xU
ly hiéu qua Cr(VI) trong nudc. Nhiing phuong phap
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dé Ging dung rong rai trong tuong lai gan.

nay bao gém khii héa hoc, két tlia, trao déi ion, thdm
th&u ngudc, dién thadm tich va phuong phap hadp phu
[4, 5]. Tuy nhién, hau hét cac phuong phap nay déu
dat tién hoac khong hiéu qua déi véi viéc loai bod
Cr(VI) trong nudc.

Ung dung xic tac quang héa trong xi Iy kim loai ning

Trong khi d6, cac ky thuat oxy héa nang cao, bao
gbm xuc tac quang héa, dang thu hat sy chu y rat
I6n t cong dong khoa hoc nhG vao kha nang phan
hly mot lugng I6n cac hop chéat 6 nhiém [5]. That
vay, trong qua trinh quang xuc tac, dudi buc xa UV
ho&c kha kién, cac hat xtc tac quang hoa sé bi kich
thich, tao ra cac dién td va 16 tréng quang sinh (hinh
1). L& tr6ng quang sinh sé& di chuyén ra bé mat xuc
tac, phan tng véi nhom OH trén bé méat hoic cac
phan ti nudc hdp phu dé hinh thanh céac tiéu phan
hoat dong chiia oxy, bao gbm gdc tu do hydroxyl.
Dén lugt cac géc tu do hydroxyl nay, nhd khé nang
oxy héa manh véi té¢c dd phan ing nhanh, c6 thé
phan hiy va khoang hoa rat nhiéu hgp chat hiu co
6 nhiém khac nhau. Vi vay, suét nhiéu thap ky qua,
mét loat xuc tac quang héa nhu TiO,, ZnO, CdS,
ZnS, WO,... da dugc nghién cliu nham Gng dung
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Hinh 1. Co ch€ cta xiic tic quang héa.

cho muc tiéu xd ly nudc thai, khi thai cling nhu vi
khudn, vi trung. Tuy nhién, déi véi cac chat doc cod
ngudn goc vo co, khéng nhiéu nghién ctu s dung
ky thuat oxy héa nang cao dé xu ly cht’mg xuat phat
tU viéc cac chat doc vé co nhu Cd(lIl), As(V), Cr(VI)
da dat s6 oxy hoa cao nhét, khéng thé bi oxy hoa.
Chi cho dén thoi gian gan day, moét vai y tudng da dé
nghi s dung lugng electron tao ra ti qua trinh kich
thich xtc tac quang héa dé thuc hién phan Ging khii
ion kim loai nang trong nudc vé cac dang it doc hai
hon. Cu thé, cac nha khoa hoc da th{ ting dung xuc
tac quang hoéa dé khii nhiéu ion kim loai déc hai nhu
Hg [5], Cd(Il) [6], Zn(ll) [6], Cu(ll) [7].

Trong dd, nghién ctiu vé phan hiy Cr bang TiO,
[8], ZnO[9], CeO, [10], WO, [11] da dugc mot vai nha
khoa hoc bao cdo. Cheng va cac cong su [11] da so
sanh hoat tinh kh(f quang hoéa gilita cac xuc tac kim
loai oxit khac nhau (TiO,, ZnO, WO3 va NaTaOs). Ho
nhan thay Cr(VI) bi khii hiéu qua nhat khi st dung
xtc tac NaTaO, & pH 3 trong khi ZnO va TiO, thé
hién hoat tinh cao nhéat & pH trung tinh. Chakrabartl
cling bao cao vé kha nang khi quang héa Cr(VI)
véi cac hat xuc tac ZnO dudi buc xa t& ngoai [12].
Gan day, Wu da thl st dung éng nano CeO, lam
xuc tac cho phan dng khi Cr(VI) véi su hé trg cla
acid oxalic [10]. Trong cac nghién clu trén, hau hét
xuc tac quang hda, déc biét 1a TiO,, déu la cac san
phdm da dugc thuong mai héa tren thi truGng.

Do dé, ngay cang cé nhiéu nghién ctu tién hanh
téng hop TiO, theo cac phuong phap khac nhau,
chl yéu theo con dudng sol-gel [13] va thdy nhiét
[14] nhadm chl dong hon trong viéc diéu khién tinh
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chat quang xuc tac cla TiO,. Mac du vay, hau hét
cac phuong phap nay déu c6 nhiing gidi han nhat
dinh. Chang han phuong phap sol-gel thudng dung
hoa chat dat tién, quy trinh kéo dai vGi nhiéu giai
doan. Ngudc lai, ky thuat thly nhiét doi hdi phai co
quy trinh nung mau sau phan ting, dong thai phai s
dung céac thiét bj dat tién. Gan day, mot vai nghién
cliu bat ddu quan tam dén ky thuat téng hop dét
chay. So véi hai phuong phap trén, ky thuat téng
hgp dét chay, vén dudc s dung dé téng hop céac
vat liéu oxide G s6 oxy hda cao, chi doi hdi it nidng
lugng, thdi gian phan tng ngan va cho phép diéu
ché TiO, véi dién tich bé mat riéng I6n trong mot giai
doan phan tGing [15]. Dua trén nhiing dic diém nay,
nhém nghién cliu cla TS Sharad Sontakke thudc
Khoa Cong nghé hoa hoc (Hoc vién Ky thuat hoa,
An Do) da dé nghi st dung phuang phap téng haop
d6t chay dé diéu ché quang xuc tac nano TiO, nh&dm
Ung dung vao phan ung khd Cr(VI) thanh Cr(lll)
[16]. Hoat tinh xuc tac cla vat liéu nghién clu ciing
dudc so sanh véi cac mau TiO, thuong mai (Evonik
P25) va mau TiO, diéu ché bang phuong phap sol-
gel. K&t qua clia nghién ctu nay dudc ky vong sé
khéng chi gop phan nang cao hoat tinh khit quang
héa nudc thai chiia Cr(VI) bang TiO, ma con giup
hiéu rd hon nhiing qua trinh dién ra trong phan tng
dét chay, tt dé gop phan lam phong phi hon cac
phucong phéap téng hop TiO,.

Khif Cr(VD) bang xic tac quang hoa nano T0,

Trong nghién cliu ctia TS Sontakke, TiO, lan luot
dudc diéu ché bang hai phuaong phap: Téng hop dét
chay va sol-gel. D6i v6i phuong phap téng hop dét
chay, nhém nghién cuu ti€n hanh thdy phan tién
chat titanium isopropoxide (Ti(i-OPr),) mot cach cé
kiém soat dé thu dudgc titanyl hydroxide (TiIO(OH),).
San phdm nay sau dé sé cho phan (ng véi acid
nitric dé tao thanh titanyl nitrat. Ti€p theo, mot lugng
nhién liéu glycine vai ty 1& hgp thiic dudc trén cung
titanyl nitrat trong dia petri. H6n hgp nay sé& dudc
nung trong 16 & 350°C dé khoi mau qué trinh tu dét
chay cla vat liéu. Sau khoang 15 phut, san pham
dudi dang bot mau vang nhat dugc hinh thanh. Mau
bot nay sau dé sé dudc nghién ky bang cbi chay
dé thu dugc cac hat min TiO, thanh phém. Péi véi
phuang phap sol-gel, Ti(i-OPr), dugc hoa tan trong
ethanol tuyét déi va nudc cét voi ty & Ti:H,O la 1:4.
H6n hgp dudc khudy tu lién tuc dé hinh thanh sol.
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Sol dudc dé gia héa trong 24 gid, dan chuyén thanh
gel. Gel sau dé dugc sdy khé & 120°C trong 2 gid
réi nung & 450°C trong 2 gid dé hinh thanh bét TiO,
thanh phdm.

Hinh 2 thé hién gian dé nhiéu xa tia X clia cac mau
xuc tac TiO, diéu ché bang phucng phap téng hop
dot chay va sol-gel cung véi mau TiO, P25 thuong
mai. Khac véi mau thuogng mai, vén chia hai pha
anatase va rutile, cac mau téng hgp trong nghién
cliu clia Sontakke chi chiia mét pha anatase. Kich
thudc tinh thé va dién tich b& mat riéng clia cac mau
lan lugt dudc xac dinh bang phuadng trinh Scherrer
va qua trinh hdp phu déng nhiét khi N,. Theo do, cac
mau TiO, dugc diéu ché bang phuong phap téng
hgp dét chay, sol-gel va mau TiO, thuong mai co6
kich thudc tinh thé 1an lugt 1a 11, 27 va 30 nm, tucng
(ing véi dién tich bé mat riéng la 255, 71 va 50 m/g.

(101)

Cwong do (sé 1an dém)

Hinh 2. Gian dé nhiéu xa tia X cta cac miu: (A) TiO,
phuong phap téng hgp dét chay, (B) TiO, ti phuong phap sol-
gel, (C) TiO, thuong mai.

K&t qua nay tiép tuc dugc khing dinh thong qua
anh kinh hién vi dién ti quét (hinh 3). Ca hai vat liéu
xuc tac téng hop trong nghién ctu clia TS Sontakke
déu cé dang hinh céu, kich thudc nano (29 nm dai
v6i mau téng hop béng phuong phap dét chay va 36
nm véi mau téng hdp bang phuong phéap sol-gel) va
tu hgp lai thanh cac cum hat I6n. Nhu vay, TiO, téng
hop bang phudng phap dét chay khéng chi cé mic
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do 8n dinh tinh thé hoa cao ma con cé dién tich bé
mét riéng 16n, vugt troi hon so véi cac mau TiO, con
lai, vi vay phu hgp cho ting dung quang xuc tac dé
XU ly nudc thai.

Hinh 3. Anh kinh hién vi dién tif quét clia cac mau: (A) TiO,
tir phuong phap tdng hop dét chay, (B) TiO, i phuong phap
sol-gel.

That vay, khi dudc phan tan vao dung dich chta
Cr(VI) & dang K,Cr,O_, duéi buc xa tli ngoai, cac hat
TiO, diéu ché bang phuong phap téng hop dét chay
cho hoat tinh khi Cr(VI) cao nhéat (hinh 4): trong
vong 3 gid, khodng 70% Cr(VI) da bi kh{& xudng
thanh Cr(lll). Trong khi dé, hiéu su&t chuyén héa
Cr(VI) chi dat 34 va 30% d6i v6i mau xuc tac diéu
ché bang sol-gel va mau xuc tac thuong mai.

100
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Hinh 4. So sanh kha nang khii quang héa Cr(VI) trén cac mau
xuc tac khac nhau.

P& khing dinh kha nang khii Cr(VI) thanh Cr(Ill),
nhém nghién ctu da tién hanh chup phé quang dién
td tia X Cr2p ctia mau TiO, sau khi x{ ly Cr(VI). Két
qua (hinh 5) cho thay su hién dién cla cac thanh
phan Cr(lll) trén bé mat cla TiO, thong qua céac
peak 580 eV (Cr2p3/2) va 589 eV (Cr2p1/2).
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Hinh 5. Phd quang dién tii tia X clia mau TiO, diéu ché bang
phuang phap tdng hgp dét chay sau khi xi ly Cr(VI).

TU nhiing két qua nay, ¢ ché phan (ing da dudgc
nhém nghién cliu dé nghi nhu sau: Khi bt xuc tac
dugdc phéan tan trong méi trudng dung dich Cr(VI),
cac ion Cr(VI1) sé hap phu Ién bé mat xtc tac. Dudi
anh sang cua tia tl ngoai, hat xuc tac bi kich thich,
sinh ra dién t( va 16 tréng quang sinh. Cac tiéu phan
mang dién nay sé di chuyén ra bé mat clha vat liéu,
khi dé 16 tréng quang sinh sé& phan ting vGi cac nhom
hydroxyl trén bé mét xdc tac, con dién ti quang sinh
sé phan Ung véi ion Cr(VI) hdp phu dé chuyén hoa
thanh ion Cr(lll). Nh& vay Cr(VI) cé thé bi khii thanh
Cr(lll) & nhiét do thudng ma khéng can s dung mot
tac nhan khd nao. Diéu nay cho thay tinh uu viét
clia phuong phap kh( quang hoa trong su hién dién
cta TiO,. Nghién ctiu clia TS Sontakke va cac cong
sy, vi thé, khong chi cé y nghia vé mat khoa hoc co
b&n ma con hiia hen mé réng ting dung cho xuc tac
quang hoa déi véi viéc x{ ly nudc thai, nhat 1a nudc
thai cha ion kim loai nang

Lé Tién Khoa (t6ng hop)

TAI LIEU THAM KHAO

[1] A. Assadi, M.H. Dehghani, N. Rastkari, S. Nasseri, A.H.
Mahvi (2012), “Photocatalytic reduction of hexavalent chromium
in aqueous solutions with zinc oxide nanoparticles and hydrogen
peroxide”, Environ. Prot. Eng., 38, pp.5-16.

[2] R.S. Karale, D.V. Wadkar, P.B. Nangare (2007), “Removal
and recovery of hexavalent chromium from industrial waste water by
precipitation with due consideration to cost optimization”, J. Environ.
Res. Dev., 2, pp.209-216.

[3] J.A. Navio, G. Colon, M. Trillas, J. Peral, X. Domenech, J.J.
Testa, J. Padron, D. Rodriguez, M.I. Litter (1998), “Heterogeneous

KH&CN nuéc ngoai B

photocatalytic reactions of nitrite oxidation and Cr(VI) reduction on
iron-doped titania prepared by the wet impregnation method”, Appl.
Catal. B, 16, pp.187-196.

[4] K. Poornima, L. Karthik, S.P. Swadhini, S. Mythili, A.
Sathiavelu (2010), “Degradation of Chromium by using a novel
strains of Pseudomonas Species”, J. Microbiol. Biochem. Technol.,
2, pp.95-99.

[5] X. Wang, S.O. Pehkonen, A.K. Ray (2004), “Photocatalytic
reduction of Hg(Il) on two commercial TiO, catalysts”, Electrochiem.
Acta, 49, pp.1435-1444.

[6] C.R. Chenthamarakshan (2000), “Photocatalytic reduction
of divalent zinc and cadmium ions in aqueous TiO, suspensions:
an interfacial induced adsorption reduction pathway mediated by
formate ions”, Electrochem. Commun., 2, pp.527-530.

[7] T. Aarthi, G. Madras (2008), “Photocatalytic reduction of
metals in presence of combustion synthesized nano TiO,”, Catal.
Commun., 9, pp.630-634.

[8] A.D. Mani, B.R. Raju, N. Xanthopoulos, P. Ghosal, B.
Sreedhar, C. Subrahmanyam (2013), “Effect of fuel on combustion
synthesis of TiO, towards efficient photocatalysts for methylene blue
oxidation and Cr(VI) reduction under natural sunlight”, Chem. Eng.
J., 228, pp.545-553.

[9] L.B. Khalil, W.E. Mourad, M.W. Rophael (1998),
“Photocatalytic reduction of environmental pollutant Cr(VI) over
some semiconductors under UV/visible light illumination”, Appl.
Catal. B., 17, pp.267-273.

[10] J. Wu, J. Wang, Y. Du, H. Li, Y. Yang, X. Jia (2015),
“Chemically controlled growth of porous CeO, nanotubes for Cr(VI)
photoreduction”, Appl. Catal. B, 174-175, pp.435-444.

[11] Q. Cheng, C. Wang, K. Doudrick, C.K. Chan (2015),
“Hexavalent chromium removal using metal oxide photocatalysts”,
Appl. Catal. B., 176-177, pp.740-748.

[12] S. Chakrabarti, B. Chaudhari, S. Battacharjee, A.K. Ray,
B.K. Dutta (2009), “Photoreduction of hexavalent chromium in
aqueous solution in the presence of zinc oxide as semiconductor
catalyst”, Chem. Eng. J., 53, pp.86-93.

[13] M. Schneider, A. Baiker (1992), “High surface area titania
aerogels: preparation and structural properties”, J. Mater. Chem., 2,
pp.587-589.

[14] T. Masui, K. Fujiwara, K. Machida, G. Adachi (1997),
“Characterization of cerium(lV) oxide ultrafine particles prepared
using reversed micelles”, Chem. Mater., 9, pp.2197-2204.

[15] K. Nagaveni, M.S. Hegde, N. Ravishankar, G.N. Subbanna,
G. Madras (2004), “Synthesis and structure of nanocrystalline TiO,
with lower band gap showing high photocatalytic activity”, Langmuir,
20, pp.2900-2907.

[16] P. Sane, S. Chaudhari, P. Nemade, S. Sontakke (2018),
“Photocatalytic reduction of chromium(VI) using combustion
synthesized TiO,”, J. Environ. Chem. Engineer., 6, pp.68-73.

TAP CHI

- HOAHOC ||, n
S65nam 2018 EaNe NGHE |tNam



