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Tém tat: O nhiém moi trudng dang 13 van dé nghiém trong de doa doi song nhén loai
no6i chung va Viét Nam néi riéng. Nghién ciru xir 1y triét dé cac hop chét hiru co trong
mbi truong bi 6 nhidém ludn 1a mbi quan tm hang dau ciia mdi qudc gia. Bac nano gin
1én TiO, (Ag nano/TiO,) v6i ndng d6 Ag khac nhau dat dugc bang phwong phap chiéu
xa chum tia dién tir dugc thir nghiém lam xtc tac quang hoa dé phan hity chat hitu co
trong nude. Céc tinh chit dic trung cua Ag nano/TiO, dwoc khao sat bang anh chup hién
vi dién tir truyén qua (TEM), phd nhiéu xa tia X (XRD) va do dién tich bé mat (BET).
Ag nano tao thanh c6 kich thudc hat trong khoang 2-30 nm. Hiéu qua xtc tac quang hoa
phan hity Rhodamine B (RhB) ctia vat liéu Ag nano/TiO, theo néng d6 Ag ciing dugc
khao sat. Hi€u qua xuc tdc quang hoa phan huy Rhodamine B (RhB) cua vat liéu Ag
nano/Ti0; cao hon so voi TiO, dudi anh sang kha kién.

Tir khéa: Xiic tic quang hod, Ag nano, TiO», chiéu xa electron beam

I.MO PAU

Trong nhitng nim gan day, giai quyét 6 nhiém méi truong 1a van dé hang dau dit ra cho
toan thé giéi ndi chung va Viét Nam noi riéng. Trong s6 cac chat doc hai thai ra moi truong, dang
cht ¥ 12 nhitng hop chét hitu co bén, khé bi phan huy sinh hoc, lan truyén va tén du mot thoi gian
dai trong moi truong. Trong d6, Rhodamine b (RhB) 1a mét trong nhing chat hiru co duge st
dung pho bién lam pham nhudm trong nganh sinh hoc, danh dau dong chay, dét nhudm... Do vy,
viéc nghién ctru xur ly triét dé cac hop chit hitu co trong mi trudng bi 6 nhiém ludn la mdi quan
tam hang dau cua mdi qudc gia va dic biét co ¥ nghia quan trong ddi voi cude séng hién tai va
twong lai ciia con nguoi. Dé xir 1y cac hop chat 6 nhidém hiru co, ngudi ta két hgp nhiéu phuong
phap khac nhau nhu hép thu, sinh hoc, chiéu xa, oxy hoa,... tuy thudc vao dang ton tai cua ting
chat gay 6 nhiém [1- -3]. Trong do, oxy hoa cac chét hitu co st dung vat liéu xuc tac quang hoa la
phuong phap c6 nhiéu vu diém nhu str dung ‘nang luong thap, chit xuc tac khong d6i vé luong va
chit sau phan tmg hoa hoc, hiéu qua kinh té, khong gay doc... dang thu hit sy quan tim nghién
ctru cua cac nha khoa hoc [3-8]. Qua trinh xuc tac quang hoa 13 phan tng hoa hoc xdy ra khi chat
xuc tac bi kich thich béi anh sang thich hgp va chét xuc tac khong d6i vé lugng va chat sau phan
g [5]. Nhiéu oxit kim loai khac nhau nhu ZnO, TiO,, SnO,,... duoc tng dung lam chit xuc tac
quang hoa dé phan hily cac chat hitu co. Trong d6, TiO, duge xem 1a vat lidu quang xtic tac hidu
qua nhét do c¢6 d6 bén hoéa 1y, hoat tinh xtic tac cao, gia thanh thip, an toan voi méi truong, dé
san xuat va xuc tac phan huy nhiéu loai chét hiru co 6 nhiém trong nudc [9-12]. TiO, ¢6 céu tric
dic trung gdm vung dan va ving hoa tri duoc phan tach boi mot diy nang lwong goi 1a ving cAm
(Eg). Khi TiO, bi kich thich béi ngudn sang ¢ ning luong 16n hon hodc bang ning luong Eg thi
dién tir (¢') tir viing hoa tri nhay 1én viing dan va dé lai 15 tréng ¢ ving héa tri. Cac ¢ va 15 trong
di chuyén dén bé mit xtc tac co thé oxy hoa cac chat hitu co hép phu trén bé mait [6, 9, 13-16].
Tuy nhién, TiO, cling c6 mot sé han ché khi ng dung thuc té nhu ning luong vung cAm cao (E,
= 3,2 ¢V) va chi bi kich thich boi tia tir ngoai dé chuyén e tir ddy hoa tri dén diy dan. Ngoai ra, ¢
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va 18 tréng tao thanh co thé tai két hop trong thoi gian ngin lam giam hiéu qua xuc tac [8]. Vi
vdy, nghién ctru 1am ting hiéu qua xtc tac quang hoa ctiia TiO, khi chiéu sang kha kién ciing nhu
han ché qua trinh tai két hop cua e va 1 trong 14 can thiét.

Trong nghién ciru cta Li va cs, chdt mau metylen xanh bi phan huy 80-100% khi st dung
Ag-TiO, 1am xuc tac quang hoéa dudi anh sang kha kién trong khi chi 24% metylen xanh bj cit
mach quang hoa khi str dung TiO; [8]. Téac gia Hou va cs dé nghién ctu gén Ag nano lén mang
TiO, bang phwong _phap chiéu xa EB. Két qua cho thdy, mang TiO, c6 gin Ag nano lam ting
hiéu qua xuc tac cat mach metylen cam 2,28 1an so v&i mang TiO, [7]. Ngoai ra, trong nghién
clru cua tac gia Schuler va cong sy, TiO; nano c6 kich thude hat 10 nm c6 hi¢u qua xuc tic quang
hoa dudi anh sang UV 1am phan hity chat mau RhB va khi c6 sy hién dién ctia Ag nano thi hiéu
qua xuc tac quang hoa tang thém 20% [3]. TiO, sir dung trong cac nghién ciru thuong duoc ché
tao tir tién chat titanium isopropoxide [4,15] hodc tir TiO; thuong mai. Nhiéu nghién ctru str dung
TiO, thuong mai cho thiy qué trinh gian cac kim loai quy (Ag, Au, Pt) hay phi kim (C, N) lén
TiO; don gian, giam thoi gian ché tao vat lidu dong thoi dat hiéu qua quang xuc tac cao [1, 3, 5,
6, 11, 14]. P4 c6 mot sd nghién ctu sir dung TiO> lam vét liéu xtc tac quang hoa phan huy chat
hiru co trong nude, tuy nhién nghién cru gan Ag nano 1én TiO; bang phuong phép chiéu xa lam
vat lidu xtic tac quang hoa phan hity chét hitu co con han ché. Viet ciing cs da nghién ciru gan Ag
nano 1én TiO, nanotube bang phuong phép chiéu xa gamma, két qua cho thdy vat lidu
nanocomposit Ag/TiO; loai bo dugc 95,4% chat mau metylen xanh duéi anh sang mit troi gia 1ap
va c6 thé tai st ~dung xuc tac dugc 5 lan [13]. Trong cong trinh nghién ctru cua Nhu va cs cho
thay Ag nano gin 1én TiO, bang phuong phap chiéu xa gamma phén huy 86% chat mau RhB &
noéng do Ag str dung la 1,5% [14]. Vit liéu Ag nano/TiO, dugc ché tao c¢6 thé phan hily chat hitu
co trong nude & vung anh sang kha kién, diéu nay 1am cho quy trinh xir Iy nuéc thai don gian, it
tén chi phi nhién liéu.

II. THi NGHIEM
1. Vat liéu

TiO; (kich thudc hat <25 nm, 100% anatase, Sigma), Hydroxyethylcellulose (HEC-Merk),
AgNO; (Trung Quéc), RhodamineB (RhB - Merk), nuéc cat 1 1an.

2. Phwong phap

- Tong hop vat liéu Ag nano/TiO,: phan tan déu 10 g TiO, trong 50 ml nuéc, khudy tir
trong 30 phut. Cho AgNO; vao hé phan tan dé dat nong d6 Ag" khac nhau 0,5% -3% so v&i TiO,.
Sau d6, cho hdn hop Ag’/TiO, vao 50 ml dung dich HEC 2% va khuat tir trong 30 phiit. Chiéu xa
mau trong khoang lidu xa tir 10-55 kGy duogc thuc hién trén may gia toc chum tia dién tir (EB)
UELR-10-15S2 tai Trung tdm Nghién ctru va Trién khai Cong nghé Buic xa. Mau sau chiéu xa
dugc rira qua nude cat va ly tdm 2 lan, sdy kho & 60 °C va nghién bi dé thu dugc bot Ag
nano/Ti0,.

- Khao sat tinh chat dic trung ctia bot Ag nano/TiO,: pha tinh thé ciia Ag nano/TiO, duoc
khao sat bang phd nhidu xa tia X (XRD) trén may D8 - Bruker, 20 = 20°-80°, birc xa CuKo (A =
0,154 nm). Hinh dang va kich thuéc hat Ag nano dugc khao sat béng anh chup kinh hién vi dién
tir truyén qua TEM (TEM-1400, JEOL, Nhat Ban). Dién tich bé mat (BET) cua vt liéu dugc do
trén may Quantachrome NOVA 1000e trong ving ap suat twong ddi P/P0 tir 0,05-0,35, nhiét out
gas 160 °C trong 2h, hap phu dang nhiét N, ¢ 77K.

- Hoat tinh xtc tac cia Ag nano/Ti0,: Ham lugng xuc tac la 0,1g trong 100 ml dung dich
mau RhB nong do 10mg/L. Hén hop phan tng_ dugc khudy trong t6i 30 phit ¢ téc do 200
vong/phut dé dat can bang hap phu giai hap trén bé mat xtc tac. Sau do, hdn hop duge chiéu sang
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tryc tiép bang dén led trang loai 50W (A2 400 nm) va khudy véi tbc d6 nhu trén. Phan mg dugc
tién hanh trong 7 gid. Hon hop phan tng dugc dat cach ngudn sang khoang 10 cm. Sau mdi
khoang thoi gian chiéu sang 30 phut, 1dy 4 ml dung dich phan tmg ly tim téc do 6000 vong/phut
trong 5 phut dé tach xtic tic Ag nano/TiO, va dung dich mau. Dung dich mau sau ly tim duoc do
UV-Vis ¢ budc song 553 nm trén may Jasco-V630, Nhat, thi nghiém duogc 1ap lai 3 lan.

Thudc nhudém Rhodamine B (RhB) dugc stir dung g(f)ng r3i nhu chét chi thi 6 nhiérp hitu co
trong nudc. Hoat tinh xtc tdc ciia Ag nano/TiO, theo ndng dd Ag dugc danh gia boi toc do suy
giam nong d¢ RhB theo phuong trinh:

Hiéu suat phan huy RhB (DE, %) = (C,-C)/Cox 100, v6i C, va C lan luot la néng d RhB
trong dung dich tai thoi diém ban dau va thoi diém lay mau do hap thu quang hoc.

III. KET QUA VA BAN LUAN

1. Pat trung tinh chit cia vat liéu xic tic quang hoa Ag nano/TiO,

Gian do XRD cua Ag nano/TiO, véi nong d6 Ag khac nhau dugc trinh bay trong hinh 1 cho
thdy déu thé hién cac dinh dic trung nhu TiO,, diéu nay ching t6 ciu tric tinh thé TiO, khong bi
pha hily boi qua trinh chiéu xa EB. TiO; c6 cu truc tinh thé pha anatase chiém wu thé véi cac
dinh d3c trung & 20= 25,5°, 36,9°, 48,0°, 55,4°, 62,1°, 68,1° va 71,0°[17]. O ndng do Ag lon hon
2%, ph6 nhiéu xa co them peak O vi tri 26 = 38, 3° tuong rng voi mat phang (111) tinh thé 1ap
phuong tdm mat cia Ag [13]. Cudng d6 peak ciia Ag nano thip c6 thé 1a do nong do thip cia
Ag trong vat liéu xuc tac.
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Hinh 1: Gidn d6 XRD cua (a) TiO,, (b) Ag 0,5%/TiO,, (¢) Ag 1%/TiO,, (d) Ag 2%/TiO,, (¢) Ag 3%/TiO,

b1

Hinh 2: Anh TEM (a) TiO, va (b) xtic ticquang hoa Ag nano 3%/TiO,
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Anh TEM cua TiO, va Ag nano 3%/TiO; dugc thé hién trong hinh 2(a) va (b). Két qua cho
thdy kich thudc trung binh cta TiO, trong khoang 10-40 nm. Kich thudc hat TiO, khong thdy co
su thay ddi dang ké sau qua trinh gin hat Ag nano. Két qua hinh 2 (b) cho thay kich thuéc hat Ag
nano trong khoang 2-30 nm.

Bang 1: dién tich bé mat BET cua TiO, va Ag nano/TiO,

Xic tac Dién tich bé mat BET
TiO, 51,258
Ag nano 0,5%/TiO, 57,050
Ag nano 1%/Ti0O; 68,597
Ag nano 2%/TiO, 59,812
Ag nano 3%/Ti0O, 59,712

Dién tich bé mit ctia xtc tac 1a thong so quan trong anh huéng dén hoat tinh xtc tac ciia vét
liéu [9]. Dién tich bé mit ciia TiO, va TiO, gin Ag nano v6i ham lugng Ag khac nhau dugc khao
sat bang phuong phap hip phu khi N chi ra trong bang 1. Két qua cho thay dién tich bé mat cua
cac mau Ag nano/TiO; voi nong d6 Ag nano tr 0,5% dén 3% déu ting so vo1 TiO,. Dién tich bé
mat tang khi nong do Ag tang dén 1% sau d6 dién tich bé mat giam khi nong do Ag ting dén 2%
va 3%. C6 thé két luan rang nong do Ag 1% la phu hop dé 1am ting dién tich bé mit ciia xuc tac
quang hod Ag nano/TiO, hiéu qua. Piéu nay dugc thé hién qua hiéu suat phan huy chat mau RhB
cta vat liéu xuc tac TiO; c6 va khong c6 gan Ag nano.

2. Hoat tinh xiic tac ciia Ag nano/TiO; khi chiéu anh sang kha kién

Hiéu suét phan huy RhB cua xtc tic quang hoa TiO; va Ag nano/TiO; véi nong do Ag
khac nhau duoc thé hién trong hinh 3. Duéi anh sang kha kién, hiéu suat phan huy RhB cua cac
xuc tac quang hoa Ag nano/TiO, déu cao hon so véi TiO,. Diéu nay ching té TiO, gan Ag nano
lam ting hiéu qua quang xtc tic phan huy chat mau RhB. Hiéu qua xtc tac phy thudc vao ham
lwong bac nano trong vat liéu va hiéu qua cao nhét dat dugc voi vat liéu quang xuic tac chira 1%
bac nano. Tuy nhién, hiéu qua quang xuc tac giam khi noéng do Ag tang dén 3%. Tir két qua nay
c6 thé két luan rang, nong dd Ag 1% la phu hop dé dat higu suat phén huy RhB cao nhat. Trong
cong trinh nghién ctru ciia Deliang chen va cong su [18] cho thdy TiO, (Degusa-P25) gin Ag
nano néng do 1% duoc tong hop bang phuong phap khir quang hoc (UV-Vis) ciing cho thay hoat
tinh xtc tic quang hoa phan huy RhB dat hiéu qua cao nht.
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Hinh 3: Hiéu suit phan hily quang hoa RhB ctia TiO, va Ag nano/TiO, v6i nong do Ag khac nhau duéi
anh sang kha kién.
Anh huong ctua ham lugng kim loai Ag dén hiéu nang quang xuc tac cua vat licu Ag
nano/TiO, c6 thé 1a do kha ning tai két hop cta cdp e + 1 tréng va tan xa anh sang. Doi véi
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quang xtic tac c6 nong do Ag thap (Ag nano 0,5%/Ti0,), hidu suit quang xtc tac khong cao vi s6
luong giao dién Ag-TiO, khong du 16n 1am han ché kha ning hap thu anh sang. Nguoc lai, quang
xuc tac c6 mat do Ag cao (Ag nano 2%/TiO; hodc Ag nano 3%/TiO,) lam cho céc ving plasmon
truong gan cam Gng anh sang lién ke qua gan nhau va dé dang trung lap 14n nhau tao diéu kién
cho su tai két hop cta cap e + 16 tréng dan dén hiéu qua quang xuc tac thip. Ngoai ra, sy hip thu
anh sang kha kién cua TiO, bi giam do sy tan xa va hap thu 4nh sang cua 16p vo Ag tir d6 1am
giam hoat tinh 4nh sang kha kién vi hiéu tng che chin cua 16p Ag ddi véi xuc tac co nong do Ag
16n hon 1%. Vat liu quang xtc tac Ag nano/TiO; véi nbng d6 Ag phu hop (1%) khong chi hap
thu dugc du anh sang do hiéu img cong huéng plasmon bé mit cua Ag nano ma con c6 hi¢u qua
phan tach cip ¢ + 15 trong dan dén hiéu qua quang xuc tac ting dang ké.

IV. KET LUAN

D3 ché tao duoc vat liéu quang xtc tac Ag nano/TiO, bang phuwong phap chiéu xa EB. Két
qué cho thdy kich thudc hat Ag nano/TiO, trong khoang 2-30 nm. Hoat tinh xiic tic ciia vat lidu
phu thudc vao néng dd Ag nano va vat liéu c6 néng do Ag 1% c6 hoat tinh xtic tac cao nhét dbi
v6i mirc do phan huy hop chat RhB. Dudi anh sang kha kién, hoat tinh quang xtc tac ctia vat liéu
Ag nano 1%/TiO, ting khoang 33% so véi TiO, sau khoang thoi gian chiéu sang 2,5 gio.

TAI LIEU THAM KHAO

[1]. R. Molinari, C. Lavorato, P. Argurio.“Recent progress of photocatalytic membrane reactors
in watertreatment and in synthesis of organic compounds: A review”, Catalysis Today,281, 144-
164, 2017.

[2]. C. M. Teh, A. R. Mohamed.“Roles of titanium dioxide and ion-doped titanium dioxide on
photocatalyticdegradation of organic pollutants (phenolic compounds and dyes) in aqueous
solutions: A review” Journal of Alloys and Compounds, 509, 1648-1660, 2011.

[3]. E. Schuler, A-K. Gustavsson, S. Hertenberger, K. Sattler.“Solar photocatalytic
andelectrokinetic studies of TiO,/Agnanoparticle suspensions”, Solar Energy, 96, 220-226, 2013.

[4]. M. K. Seery, R. Gearge, P. Floris, S. C. Pillai.“Doped titanium dioxide nanomaterials for
enhanced visible light photocatalysis”, Journal of Photochemistry Photobiology A, 189, 258-263,
2007.

[5]. S. Oros-Ruiz, R. Zanella, B. Prado.“Photocatalytic degradation of trimethoprim by
metallicnanoparticlessupported on TiO,-P25”, Journal of Hazardous Materials, 263, 28-35,
2013.

[6]. S Saha, JM. Wang, A. Pal.“Nano silver impregnation on commercial TiO, and
acomparativephotocatalytic account to degrade malachite green”, Separation and
PurificationTechnology, 89, 147-159, 2012.

[7]. X-G. Hou, A-D. Liu.“Modification of photocatalytic TiO, thin filmsby electron beam
irradiation”, Radiation Physics and Chemistry, 77, 345-351, 2008.

[8].Y. Li, M. Ma, W. Chen, L. Li,M. Zen.“Preparation of Ag-doped TiO; nanoparticles by
aminiemulsion method and their photoactivity in visible light illuminations”, Materials
Chemistry and Physics,129, 501-505, 2011.

[9]. M. Nasiriana, M. Mehrvar.“Modification of TiO, to enhance photocatalytic degradation
oforganicsin aqueous solutions”, Journal of Environmental Chemical Engineering, 4, 4072-4082,
2016.

[10]. C. J. Lin, W. T. Yang.“Ordered mesostructured Cu-doped TiO, spheres as activevisible-
light-driven photocatalysts for degradation of paracetamol”, Chemical Engineering Journal, 237,
131-137,2014.


https://www.sciencedirect.com/science/article/pii/S0254058411003567#!
https://www.sciencedirect.com/science/article/pii/S0254058411003567#!
https://www.sciencedirect.com/science/article/pii/S0254058411003567#!
https://www.sciencedirect.com/science/article/pii/S0254058411003567#!
https://www.sciencedirect.com/science/article/pii/S0254058411003567#!
https://www.sciencedirect.com/science/journal/02540584
https://www.sciencedirect.com/science/journal/02540584
https://www.sciencedirect.com/science/journal/02540584/129/1

[11]. E. S. Elmolla, M. Chaudhuri.“Photocatalytic degradation of amoxicillin, ampicillin
andcloxacillin antibiotics inaqueous solution using UV/Ti0, and UV/H,0,/Ti0, photocatalysis”,
Desalination, 252, 46-52, 2010.

[12].L. Rimoldi, D. Meroni, E. Falletta, A. M. Ferretti,A. Gervasini, G. Cappelletti, S. Ardizzone.
“The The role played by different TiO, features on thephotocatalyticdegradation of paracetamol”,
Applied Surface Science, 424, 198-205, 2017.

[13]. P. V. Viet, T. T. Sang, N. Q. Hien, C. M. Thi, L. V. Hieu.“Synthesis of a silver/TiO,
nanotube nanocompositeby gamma irradiationfor enhanced photocatalytic activity under
sunlight”, Nuclear Instruments and Methods in Physics Research, B, 429, 14-18, 2018.

[14]. V. T. T. Nhu, H. N. A. Tuan, N. Q. Hien, D. Q. Minh.“Synthesis of Ag nano/TiO, by y-
irradiationandoptimisation of photocatalytic degradation ofRhodamine B”, International Journal
Nanotechnology,15, Nos. 1/2/3, 2018.

[15]. C. G. Aba-Guevara, I. E. Medina-Ramirez, A. Hernandez-Ramirez,J. Jauregui-Rinconc, J.
A. Lozano-Alvareze, J. L. Rodriguez-Lopez.“Comparison of two synthesis methods on
thepreparation of Fe, N-Co-dopedTiO, materials for degradation of pharmaceutical
compoundsunder visiblelight”, Ceramics International, 43, 5068-5079, 2017.

[16]. L. Yang, L. E. Yu, M. B. Ray.“Degradation of paracetamol in aqueous solutions by TiO,
photocatalysis”, Waterresearch,42, 3480-3488, 2008.

[17]. W. Su, S.S. Wei, S.Q. Hu, J.X. Tang.“Preparation of TiO,/Ag colloids with ultraviolet
resistance and antibacterial property using short chain polyethylene glycol”, Journal of
Hazardous Materials, 172, 716-720, 2009.

[18]. D. Chen, Q. Chen, L. Ge, L. Yin, B. Fan, H. Wang,
H Lu, H. Xu, R. Zhang, G. Shao. “Synthesis and Ag-loading-density-dependent photocatalytic
activity of Ag@TiO, hybrid nanocrystals”, Applied Surface Science,284, 921-929, 2013.

SYNTHESIS OF AG NANO/TIO; BY ELECTRON BEAM IRRADIATION
FOR PHOTO-DEGRADATION OF RHODAMINE B COMPOUND IN
WATER

Nguyen Thi Kim Lan’, Nguyen Thanh Duoc, Nguyen Ngoc Duy, Cao Van Chung, Nguyen Quoc
Hien
Research and Development Center for Radiation Technology
" Email: lktnguyen345@gmail.com

Abstract: Environmental pollution is a top-ranking concern for the world in general and
Vietnam in particular. Study of thorough treatment of organic compounds in the polluted
environment is always prime concern of each country. Silver nano doped onTiO, (Ag
nano/Ti0,) with different Ag nano concentrations was sythesized by electron beam
irradiation method. The characteristics of Ag nano/TiO, were investigated by
transmission electron microscopy (TEM), X-ray diffraction (XRD) andBrunauer-
Emmett-Tellermeasurement(BET).The size of Ag nanoparticles is in the range of 2-30
nm. The photocatalytic effect of Rhodamine B (RhB) decomposition of Ag nano/TiO,
materials with Ag nano content was also investigated. The photocatalyst effect of
Rhodamine B (RhB) decomposition of Ag nano/TiO, material is higher than that of TiO,
under visible light.

Keywords: Photocatalytic, Ag nano, TiO,, electron beam irradiation
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