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Ag-decorated TiOz nanowires, decoration of the Ag nanoparticles on the surface of TiO2 nanowires. The
methyl orange, methane, morphology, crystal structure, and optical properties of as-prepared products
Photocatalytic activity, were characterized by field-emission scanning electron microscopy (FESEM),
photoreduction. X-ray diffraction, and UV-vis spectroscopy. Noticeably, the Ag nanoparticles
play an important role to the transition from titanate to anatase and rutile
phases in TiO2. The photocatalytic activity of all samples was evaluated by
means of the degradation of methyl orange (MO) under the visible light
irradiation. The results indicated that the presence of the Ag nanoparticle
significantly improved the catalytic performance of TiOz in the visible region,
which could be attributed to the local surface plasmon resonance effect of the
Ag. Nearly 99% MO was photo-decomposed within 90 minutes in the
presence of Ag/TiOz, while there was only 70% MO degraded with the TiO>
catalyst. Furthermore, the Ag-decorated TiO> nanowires also show good
photo-conversion COz to methane with high selectivity. The amount of CH4
obtained over 1g Ag/TiOz is approximately twice as much as that of TiO..

Sy phéat trién nén kinh t€ phu thudc chi yéu vao
ngudn nhién liéu hoé thach nhiéu thap ky qua da va
dang &nh hudng tram trong dén maéi trudng do lugng
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khi CO2 thai ra mbi trudng ngay cang cao. Diéu nay
dan dén cac hé qua lam bién déi khi hdu va 6 nhiém
moi trudng. DE giam thiéu cac tac déng cla CO, ddi
véi con ngudi va moi trudng, cac nd Iuc nhu Iuu tri
hay chuyén hod CO: thanh cac chét cé gia tri da va
dang dugc nghién clu [1-3]. Gan day, phuong phap
quang khur st dung anh sang mat trdi nhan dugc
nhiéu su quan tdm trong nghién clu st dung CO, dé
téng hap cac nhién liéu hydro cacbon [4-6]. Day duac
xem la mét phuang phép bén viing va hiéu quéa nhat
vdi chi phi thap.

Chat ban dan TiO: dugc xem la mot chat quang xdc
tac dién hinh trong nhiéu nam qua do dé bén quang
hoa cao, chi phi thép, dé ché tao va khéng gay doc hai
[7]. Vat liéu nay dugc sir dung réng réi trong cac Ung
dung quang xtc tac nhu tach nudc, phan huy chat déc
hai, tdy thudc nhudm, tach nudc va quang khir COz
thanh nhién liéu hitu ich. Bang chu'y, TiO2 vdi cdu tric
mét chiéu dugce nghién cliu réng réi trong cac finh vuc
nay do dién tich bé mat I16n va dé linh déng dién t&
cao, dan dén viéc cai thién dang ké hoat tinh quang
xUc tac cla TiO2. Tuy nhién, TiO2 ¢cd dd rdng cung cdm
I6n vdi 3,2-3,3 eV, do dd han ché hoat tinh quang xuc
tdc cla TiO: trong vung anh sang nhin thdy. Trong
truong hgp nay, cac phuong phép bién tinh TiO, dé
lam t&ng hiéu suédt quang xuc tac da dugc dé xuét va
nghién clu, chdng han nhu pha tap kim loai hay phi
kim, tao hgp chét vdi cac hap chét khac [8-10].

Cac kim loai quy, dién hinh 1a Au va Ag hoat déng nhu
la mot bay dién tr gan vung dan dé thuc ddy qua trinh
truyén dién ti va ngan can téc dé tai két hgp 16 tréng
va dién td, tU do lam tdng hiéu hiéu qua hoat dong
clia TiO2 trong phan Ung quang xuc tac. Han thé nia,
hiéu Ung cong hudng plasmon bé mat cla cac hat
nano Au va Ag déng gop I6n vao viéc cai thién hiéu
sudt quang xuc tac. Trong doé, kim loai Ag dugc su
dung réng radi hon trong nghién cltu nay. Bén nay,
nhiéu phuong phap d& dugc st dung dé t8ng hop
hop chéat Ag/TiOz nhu thuy nhiét, sol-gel, dung nhiét,
quang khtr, plasma...[11-15]. Chung dé& chi ra hiéu Ung
quang xuc tac vugt tréi cla Ag/TiOz trong viéc phan
huy chat mau htu ¢ nhu metyl xanh, metyl da cam,
Rhodamine B. Stucchi va céng su d& t8ng hop hat Ag
trén TiOz bang song siéu am cong sudt 30 Wem™ va
dong thdi chi ra hiéu Ung phan huy quang axeton
trong ving anh sang nhin thdy cta Ag/TiOz trong khi
nd gan nhu khéng cé hiéu Ung trong ving UV [15].
Bén canh dé, Chen va doéng nghiép da chi ra anh
hudng cua kich thudc hat Ag 1én hiéu sudt quang xdc
tac cla vat liéu [17]. Kich thudc hat Ag cang nho thi
kha nang hap phu anh sang trong viing nhin thdy cang

manh. Mac du da cé mét vai bao cao, nhung van con
nhiéu thach thic trong viéc khai thac cac phuong phép
gén cac hat nano Ag va diéu khién kich thudc hat Ag
lén day nano TiO2 don gidn va chi phi thdp va nhiing
thach thuc trong viéc cai thién hiéu suédt cla day
Ag/TiOz trong phan Ung quang kh CO2 thanh metan.

Trong nghién clu nay, ching téi da gan thanh cong
cac hat nano Ag ¢ kich thudc rét nhd 1én bé mat day
nano TiO2 c6 dudng kinh nhd hon 50 nm bang
phuong phap khi don gian va chi phi thdp bang
ngudn sang UVA. Céc day nano TiO> gan hat nano Ag
chi ra hiéu sudt quang xuc tac tét va quang khir CO
thanh CHa4 cao va chon loc so vdi khi khéng cd Ag. Két
qua cho thdy, hé vat lieu Ag/TiOz cé tiém nang to Ién
trong viéc finh vuc x ly moi trudng.

Thyc nghiém va phuon phap nghién cdu
Hod chdt va thiét bj do dac

Céc hoa chét Isopropanol (IPA), HCl 37%, NaOH, KOH,
AgNO3, NH4OH 25%, Ethanol dugc mua cla héng
Merck, Tetraisopropyl orthotitanate (TPOT) mua cla
hang Aldrich. T4t ca cac hoé chat trén déu co do sach
trén 99%.

C4u trdc tinh thé clia cdc mau ché tao dudc xac dinh
bang phuong phép nhiéu xa tia X vai bic xa Cu K&,
Hinh thai hoc clia mau dugc do bang thiét bi kinh hién
vi dién tU quét truong phat xa (FESEM) Hitachi S-4800.
PhS hap thu UV-vis dugc xac dinh bang thiét bi Jaco
V-530.

T6ng hop vt lidu Ag/TiO:

Téng hop hat nano TiOz HEn hop gom 11ml TPOT,
20ml IPA va nudéc khir ion dugc khudy déu trong 1 gic
trudc khi thuc hién phan Ung thuy nhiét & 200 °C trong
24 gig. San phdm thu dugc sau khi ly tdm dugc dem
sdy kho.

Téng hop déy nano TiOz: Cho 0,5 gam hat nano TiO:
vao dung dich KOH 10M va khudy déu trong %2 gid.
Hon hop nay dugc dua vao binh teflon dung trong
autoclave, sau dé thuc hién phan Ung thuy nhiét vdi
cac nhiét dé 180 trong 24h.

Téng hop day Ag/TiOx HEn hop dung dich NH4OH
véi pH = 10-11 chtia bét day TiO. dugc chiéu sang V4
gid bang hé den UVA. Sau do, nho dung dich mudi
AgNOs3 vao va tién hanh chiéu sang trong 2 gis. Bot
mau den dugc tach ra khdi dung dich va dem nung u
3 300°C trong 3h.
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Nghién ctu khd ndng quang xuc tdc cua TiO2 va
Ag/TiO>

Hoat tinh quang xUc tac clia cac mau da ché tao dugc
nghién ciu théng qua khd néng phan huy metyl da
cam (MQO) dudi anh sang den Xenon véi mat dé cong
sudt 100 mW/cm? (Solar Simulator: Oriel Sol 1A). Hé
den nay c6 dai budc séng tu ving t& ngoai dén ving
héng ngoai. 0,15 gam mau phan tan déu trong 50ml
MO dugc dé trong t6i 1 gics dé hap phu dat mic bo
hoa trudc khi dem chiéu sang. Dung dich MO sau
chiéu sang dem do phS UV-vis bang thiét bi Jaco V -
530.

Nghién ciu khd ndng quang khir CO:z cta Ag/TiO:

Cho 0,5 gam mau boét vao binh thuy tinh chira 40 ml
nudc khit ion. Trudc khi chiéu sang bang ngudn den
UVA cong suat 60W, khi CO. dudc dua qua binh phan
Ung trong 1 gid. Phan Ung quang khir CO2 dugc tién
hanh trong 5 gid & nhiét do phong. Sau do, mau khi
dugc rdt ra va dugc phan tich trén may sac ki khi (GC
2010 Shimadzu).

K&t qua va thao luan

Quan sat hinh thai hoc clia cac mau day nano TiO:
dudc ché tao & nhiét do 180°C cd dudng kinh nho hon
50 nm va chiéu dai han 600 nm, nhu chi ra trong hinh
1 (tré). Mau day TiOz2 nay dugc si dung cho cac
nghién clu tiép theo. Dudi diéu kién quang khir cac
hat nano Ag dugdc pht déu lén day TiOz, nhu dugc
quan sat trén hinh 1. Cac hat Ag nay co kich thudc tur 5
—10 nm, hinh 1 (phai).

Hinh 1: Anh FESEM clia TiO2 (tréi) va Ag/TiOz2 (phai)

Gian do nhiéu xa tia X cla hai mau sau khi nung &
300°C dudgc vé trén hinh 2. Nhu quan sat thdy, day
nano TiO2 (mau den) cé cdu tric titanate HaTizO7 Vi
cac vach nhiéu xa chinh & 12°, 25,4° va 30,8° tuong
Uing thé chudn JCPDS No. 41-0192. Bang chu y, trong
sy c6 mat cta Ag cdu truc day TiOz chuyén tU pha
titanate sang pha anatase va rutile bén hon. Cu thé,
cac vach nhiéu xa chinh cla cdu tric anatase dugc

quan sat & 25,8% 48°; 62,2° tuang Ung v&i mat phang
mang (101), (020) va (116) (thé chudn JCPDS No. 21-
1276). Cac vach nhiéu xa chinh clia cau trdc rutile dugc
quan sat & 27,5°% 35° tuong Ung véi mat phdng mang
(110), (101) (thé chudn JCPDS No. 21-1272). Biéu nay
cho thdy Ag co thé 1a tac nhan lam tang do tinh thé
hoa cla day TiO2. Bén canh dé, vach nhiéu xa dac
trung cho kim loai Ag dugc quan sat tai 26 la 38,2%
44,37° va 64,56° tuong Ung vdi mat phang mang (111),
(200) va (220) (thé chudn JCPDS No.89-3722).

1 1 1 L 1

A: Anatase
R: Rutile

] * H,Ti,O,
* Ag

Cudng do (d.v.ty.)

10 20 30 40 50 60 70
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Hinh 2: Gidn d6 nhiéu xa tia X cCa hai mau TiOz (mau
den) va Ag/TiOz (mau do)

Hinh 3 biéu dién phd hép thu cla cac mau day nano
TiO2 va Ag/TiO2. Nhu quan sat thay, cac hat nano Ag
lam tdng déng ké khad nang hdp thu photon va md
réng b hap thu clia mau day nano Ag/TiO2 vé viing
kha kién (410 nm). Két qua nay la do hiéu Ung plasmon
bé mat cuc bd clia hat nano Ag. Cu thé, trén phé hép
thu clia Ag/TiO2 quan sat thdy mét dinh plasmon cla
Ag tai budc séng 418 nm. Két qua nay dan dén viéc
hép thu manh &nh séng trong vung nhin théy, tUr dé
lam tang hoat tinh quang xUc tac cla vat liéu.

D6 hap thu (d.v.ty.)

500

Budc song (nm)
Hinh 3: Phé hép thu cla day TiO va Ag-TiO:

Hiéu sudt phan hiy metyl da cam d6i vdi cac mau day
nano TiO2 va Ag/TiOz dugc vé trén hinh 4. Sau khi
https://doi.org/10.51316/jca.2021.114

160


https://doi.org/10.51316/jca.2021.114

Vietnam Journal of Catalysis and Adsorption, 10 — special issue 1(2021) 158-162

chiéu sdng 90 phut, hiéu sudt phan hay MO cua day
nano TiOz va Ag/TiO2 1an luct 1a 69,3% va 98,8%. Mau
Ag/TiO2 ¢ kh& ndng quang xUc tac tét nhat trong
vuing anh sang kha kién. Két qua hoan toan phu hgp
vGi du doan rdt ra ti nhiing phan tich cac két qua
nhiéu xa tia X, SEM va phd hép thu.

100 +

80

60

H(%)

40

6 40 20 0 20 40 60 80

Thdi gian (phat)

Hinh 4: Hiéu suat phan huy MO theo thdi gian chiéu
sang khac nhau ctia day TiO2 va Ag/TiOz.

Ca ché cho hién tugng nay dugc dua ra chi tiét trong
tai liéu [16]. Khi chiéu séng, cac photon gay ra hién
tugng cong hudng bé mat thdng qua qué trinh truyén
dién tl, lam thic dédy cac dién ti cla hat Ag chuyén
dén trang théi kich thich. Tiép dén cac dién t bj kich
thich chuyén nhanh tit hat Ag dén viing dan cla TiO3,
lic nay Ag chuyén thanh Ag*. Cac dién t&r dugc dua
vao TiOz2 phan Ung vai cac phan t oxi hoa tan tao ra
cac gbc anion superoxide va hydro peroxit. Cac géc
nay cé thé tuong tac dé tao ra géc hydroxyl am phan
huy cac chat mau.

Cac mau dudc phéan tich trén hé sic ky khi két hop hai
dau do FID (Flame loniation Detetor) va TCD (Thermal
conductivity detector). TU két qua sac ky do clia dau
dod TCD, van quan sat thay khi CO, con trong mau khi
thu dugc. Trén sac ky do ctia dau do FID, chi quan sat
thay duy nhat khi metan CHa. K&t qua nay khang dinh
rang hé mau day nano TiO2 quang kht COz cho san
phdm khi nhién liéu co tinh chon loc cao. Hinh 5(a)
trinh bay sac ky do cla mau day nano Ag/TiO,, két
qué cho thay chi duy nhat mét pic tai thai gian luu
1,169 tuong Ung vai khi metan. Tu phan tich két qua do
s&c ki khi thu dugc cla tiing mau ching téi 1ap dugc
bi€u do hinh 5(b). Nhin vao biéu do ta théy, hiéu suét
quang khr day nano Ag/TiO> 1a 50,4 umol.g”ei.h™ cao
hon hiéu sudt quang kh(r cla day nano TiOz la
27,5umol.gcar.h™. K&t qua nay cao va cho san pham
khi nhién liéu chon loc hon so vdi vat liéu day nano
Pd/TiO2 (26,74umol.g'er.h™) d& dugc déng trong cong
bé [17].

24
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224

20 4

PA(PPM)
3

11
cal.'h )

Lugng CH, (umol.g,

Tio2 AgITIO2

(b)

Hinh 5: Sac ky do ctia mau day Ag/TiOz (hinh trén), (b)

Bi€u d6 hiéu suét thu dugc khi metan trén 1g chat xic

tac trong 1 gid sau qua trinh quang khir CO2 bang &nh
sang UVA clia day TiO2 va Ag/TiO2

K&t ludn

Trong nghién ctu nay, day nano TiO2 c6 dudng kinh
nhd hon 50 nm da dugc ché tao thanh céng. Bong
thai gan két thanh cong hat nano Ag 6 kich thuéc 5 —
10 nm lén bé mat day TiO2> bang phuong phép quang
khtr. Nghién ciu phan Ung quang xuc tac, day nano
Ag/TiOz co hiéu suédt phan huy metyl da cam cao Vvdi
trén 98% chat mau trong 1 gig 30 phut. Dang chd vy,
hiéu suét quang khtr CO2 tao nhién liéu khi metan suf
dung Ag/TiO2 cao va c6 tinh chon loc. Khi metan thu
dugc ¢ 50,4 pmol.gTear.h™. Cac két qué thu dugc
trong nghién ciu nay chi ra vai tro quan trong clia céc
kim loai quy, dién hinh la Ag, trong viéc lam tang hiéu
sudt quang xuc tac va quang khir cla cac chét ban
dan. Bodng thdi hita hen tao ra hé vat liéu xuc tac tét
trong Ung dung xtr ly mai trucng.

L&i cdm on

Nghién cltu nay tran thanh cdm on sy hd trg vé tai
chinh tir d@é tai thuéc Quy phét trién Khoa hoc va Cong
nghé quéc gia (Nafosted) véi méa s6: 104.03-2017.40.
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