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Nghién ctru tinh chat quang xic tic ctiia TiO,
pha tap Fe phu trén hat silica - gel
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Tém tit: Vit liéu TiO, pha tap Fe phu trén hat Silicagel (Ti,.10,-Fe,/Si0,) dugc ché tao béng
phucmg phap sol-gel, st dung hdn hgp dung dich tetra1sopropox1de tltamum Ti(O- 1C3H7)4(TTIP)
sit clorua FeCls, acetylacetone (ACAC) va ethanol. Anh hudng ciia sit pha tap t6i cdu tric, hinh
thai bé mat, tinh chét quang xuc tdc cua Ti;,O,-Fe,/SiO, da dugc nghién ctru thdong qua gian dd
nhidu xa tia X (XRD), kinh hién vi dién tir quét phat xa truong (FE-SEM) va phd hip thu UV-vis.
Két qua phén tich XRD cho thdy, TiO,-Fe trong vat liéu ¢6 cdu triic tinh thé don pha anatase véi
cuong d6 manh. Anh FE - SEM cho thiy bé mit kha dong diéu, khong thiy sy két dam va kich
thuéc hat khoang 9 -10 nm. Phd hép thu chi ra ré“mg vung cAm cta mau Ti;..0,-Fe,/Si0, (x = 0,01;
0,03, 0,06, 0,09) giam tir 3,33 eV dén 2,77 eV khi x ting tir 0 dén 0,09. Két qua thir nghiém khi
phan hay metylen xanh cho thay chi ¢6 miu pha tap sét c6 kha ning quang xtc tic trong viing 4nh
sdng kha kién. Diéu nay chimg t6 vt liéu Ti;,0,-Fe,/SiO, c6 kha ning ing dung trong xit 1y cdc
chit hiru co mang mau rét tét ma khong can ngudn sang UV.

Tir khod: TiO, pha tap sit, Silicagel, quang xiic téc, metylen xanh.

1. Gidi thiéu (<5%) nang luong blrc xa mat troi. pé vat liéu
TiO, c6 tinh quang xtc tdc trong vung dnh sdng
kha kién, céc trang thai pha tap kim loai hodc
phi kim thuong dugc tao ra giita ving hoa tri va
viing dan. Kha ning quang xiic tdc cua vat liéu

TiO, la chét quang xiic tic thu hit dwoc
nhi€u sy quan tdm cda cdc nha khoa hoc trong
nudc va the gigi. Uu diém 16n cia TiO, 1a

khong doc hai, gia thanh thap, hoat tinh xic tic
cao va c6 kha nang st dung dnh sdng mat troi
dé khodng héa hoan toan nhiéu hop chat hitu co
[1]. Tuy nhién, TiO, tinh khiét c6 bé rong viing
cdm 16n 3.2 eV nén n6 chi thé hién tinh quang
xuc tac khi duoc chiéu boi buc Xa tir ngoai,
séng dién tir nay nay chiém mot phan rat nho
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nano TiO, ting 1én ding ké khi dugc pha tap
véi ciac phi kim nhu C, N [2, 3]; kim loai
chuyén tiép nhu Fe, Cu, Ag, Ni, Cr [4-6]; hodc
ddng pha tap Fe - C, Fe - Cr [7]. Fe dugc coi 1a
mot chét thich hop dé pha tap vao TiO, vi ban
kinh cua Fe** (0,64A°) tuong ty nhu ban kinh
cua Ti** (0,68A°). Do d6, cic ion Fe™ c6 thé d&
dang két hop voi mang tinh thé cua TiO,. Viéc
pha tap Fe c6 thé lam giam d6 rong ving cdm
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ctia vat liéu va ting hiéu qua hip thy 4nh séng
nhin théy.

Bén canh d6, TiO, ¢6 4i luc yéu dbi véi cac
cht 6 nhidm hitu co, dac biét 1a chat 6 nhidm
hitu co ki nudc va trong qud trinh quang phan,
céc hat nano TiO, dé dang bi Kkét ty, can tré anh
sdng chiéu dén céc trung tim hoat dong. Hon
nira, d6i véi cic hé théng huyén phi, viéc thu
hi va téi sir dung cac hat nano TiO, tir nudc da
xir Ii gap nhidu khé khin [8]. Vi vdy, dé c6 thé
tap trung céc chat 6 nhiém quanh hat TiO, va
cai thién su on dinh cling nhu khé ndng tii su
dung cua TiO,, nhiéu nghién ciru di dugc thuc
hién dé khic phuc nhitng han ché trén bing
cach ge"ln cac hat nano TiO, trén cic hat 16n
hon, cdc hat nay ciing 1a chat hap phu chat 6
nhiém. Do d6, cdc bién phép ) dinh vat liéu
quang xiic tc trén cdc chat hd tro (nhu hat thiy
tinh, tAm thuy tinh, than hoat tinh, zeolite,... )
1a thich hop hon so vé6i cic hé thong huyén phi
[9-11]. Trong d9, silicagel cé do xép cao, dién
tich bé mat tiép xic 16n nén khi phi TiO, trén
né lam tdng kha ndng quang xuc tic cua vat liéu
TiO, d6i v6i chat 6 nhiém 16n [11].

Bdo bdo nay dua ra mot s6 két qua nghién
ctru, ché tao véat liéu TiO, pha tap Fe phu trén
hat silica gel bang phuong phép sol - gel. Khao
sdt cau triic tinh thé, hinh thai bé mat va nghién
ctu phd hdp thy cua vat liéu TiO,-
Fe,/S10,.Thtr nghiém quang xuc t4c cua vt li€u
Ti,4O,-Fe,/SiOstrong qué trinh phin hiy xanh
metylen trong viing 4nh sdng kha kién.

2. Thue nghiém
2.1. Héa chat

Titanium isotetrapropoxide Ti(O-iC;H7),
(TTIP) 98%, mudi FeCl;.6H,0 99% (Merck,
buc). Ethanol C,HcO (EtOH) 99,7% (Trung
Quéc). Acetylacetone CsHgO, (ACAC) (Nhéat
Ban). Hat silicagel (SiO,) c6 duong kinh 1-
2nm, dién tich bé mat riéng 200m*/g dugc cung
cap boi cong ty Fuji Silysia, Nhat Ban. Metylen
xanh (MB, Trung Quéc) dang tinh thé dugc pha
ché ¢ ndng d6 10 ppm dé thir nghiém.

2.2. Ché tao vdt liéu

TiO, pha tap sat dugc ché tao béng phuong
phap sol-gel. Sol dugc tao thanh tir FeCl;.6H,0,
ACAC, TTIP va Etanol voi ti 1€ $6 mol phan tr
lax: 1: (1 -x): 34 vdi x =0,01; 0,03, 0,06, 0,09
khuay déu trong 60 phit. Truéc khi ngdm vao
dung dich sol, hat silica gel dwgc rira sach
trong nudc cat hai 1an sau d6 dem nung & 500°C
trong 2 gio dé giai hip céc tap chéat da héap thy
trongsilica gel. Sau d6, cho hat silica - gel vao
sol, ngdm trong 1 gio. Say hat silica -gel & 75°C
trong tii say dén khi kho sau d6 nung ¢ 500°C
trong 5gi0. Qud trinh ngém, say, nung dugc lap
lai 10 lan d& duoc vat liéu cudi cling.

2.3. Cdc phwong phdp khdo sdt tinh chdt ciia mau

CAu trdc tinh thé cia cdc miu ché tao duoc
kiém tra trén thiét bi D5000 (Siemens, Duc).
Hinh thai bé mat dugc khao sit bang kinh hién
vi dién tir phdt xa truong S-4800 (Hitachi, Nhat
Ban). B¢ rong vung cam dugc tinh todn tir phd
hap thu do trén hé V670 (Jasco, My). Nong do
metylen xanh (MB) duoc xdc dinh b?mg
phuong phip so mau trén hé UV- 2450
(Shimadu, Nhat Ban).

2.4. Hé thir nghiém quang xiic tdc
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Hinh 3.1. Gian dd XRD cua c4c mau TiO,-
Fe,/SiO,.
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Kha ndng quang xtc tic cua mau Ti; 0,-
Fe,/SiOyduoc danh gid thong qua kha ning
phan hity dung dich MB trong béng tbi, dudi
anh sang dén UV va anh sang dén huynh quang.
Vit liéu xuc tic dugc dat trong 6ng thiy tinh
duong kinh 1cm, dai 15cm. Dung dich MB
duoc bom tudn hoan chay qua vat liéu véi tde
d6 50ml/phit. Mau dwoc dat cich ngudn sdng
kha kién (d&n huynh quang, CFL 1UT4, cong
suat 11W) 1a 1 cm. Sau 60 phiit 14y mau ra dé
kiém tra sy thay doi ndng do.

3. Két qua va thao luan
3.1. Cdu triic tinh thé

Ph6 nhiéu xa tia X cua Ti;,O,-Fe,/SiO, (x =
0,01; 0,03, 0,06, 0,09) dugc dua ra trong hinh
3.1. Silicagel 1a vat liéu v6 dinh hinh nén s¢&
khong tao ra cdc dinh nhiéu xa do d6 dinh nhiéu
xa ciia cdc mau 1a dinh nhifu xa cua tinh thé
TiO,:Fe,/Si0,. Phd XRD ciia tt ca cdc mau chi
¢6 céc dinh nhidu xa dién hinh cia pha anatase
TiO, & vi tri géc 20 1a 25°, 37°, 48°, 55°, 63°
trong Ung v4i cdc mat phiang (101), (004),
(200), (211), (204). Sy hinh thanh céc tinh thé
anatase vGi do tinh khiét cao rit quan trong dé

54800-NIHE 10.0kV 8 Smm x300k SE(M LAD) 9M

dat dugc hiéu qua quang xtdc tdc phan hiy céac
hop chat hiru co bang vét liéu TiO,. Céc pha
khiac nhu rutile (TiO,), brookite (TiO,),
hematite (a- Fe,03), pseudo- brooklte (Fe,TiOs)
khong xudt hién trong cic mau nghién cuu.
Diéu nay c6 thé do céc ion sit ¢ trong thanh
phan mau da can tré sy hinh thanh rutile va cau
tric tinh thé dang khdc.

Tir d6 ban rong dinh nhiéu xa thu nhét va st
dung coéng thic Scherer (k = 0,9) tinh toan dugc
kich thudc tinh thé cia Til-xO2-Fex/SiO2(x =
0,01; 0,03, 0,06, 0,09) lan luot 12 8,8; 9,2; 9,3;
9,6; 9,9 nm. Céc sb liéu tinh todn dugc cho
thiy, duong kinh tinh thé ting dan khi tang ham
luong Fe pha tap. Trong khi do, hing s6 mang
clua tat ca cdc mau déu c6 gid tri 3, 8 Ao (d01 voi
hé sb a ,b) va 9.5 Ao ((101 voi hé ) ). Két qua
nay hoan toan phit hop véi céc gid tri hing sb
mang chuin cua anatase - TiO2. Piéu nay c6
thé do ban kinh cia Ti4+ va Fe3+ tuong tu
nhau, nén ion Fe duogc thém vao cu trdic cua
TiO2 va dwoc dit tai vi trf khuyét tat hodc thay
thé mot sb vi tr mang cua TiO2 dé tao thanh
dung dich ran Ti - Fe. Nhu vay, véi ti 1é pha tap
sit trong TiO2 tir 1 dén 9% thi Fe khong anh
hudng ding ké dén cu tric cta TiO2.

OkY.8.5mm x300k SE(M, LAD) 916

Hinh 3.2. Anh FE-SEM cua méu Ti0,9902-FC0,01/Si02(tréi) VéTiO’QIOZ-FCO’OQ/SiOZ (phél)

3.2. Hinh thdi bé mdt

Hinh thdi bé mat cia hé vat liu ché tao
duogc khao sat bang anh FE-SEM ctia mau dién

hinh 1la Tlo 9902-FCO 01/Si02 va Tlo 9102-
Fe 0o/Si0,. Ket qua anh FE-SEM cho thay, bé
mit ctia hai mau giéng nhau: bé mat kha dong
diéu, khong thdy sy két dam va kich thude hat
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khoang 10nm. Nhu vy, c6 thé thiy riang ndng
do sét pha tap trong mau Ti, O, -Fe,/SiO,
khong anh hudng t6i hinh thai bé mit cia vat
liéu mang v&i nong do sat pha tap khac nhau,
két qua nay hoan toan phii hgp véi céc nghién
ciu trude d6 [12]. Do do, vat liéu Ti;O,-
Fe,/SiO, ¢6 ca hai tinh chét hap thy va xdc tic.

3.3. Phé UV — Vis

D6 rong viing cdm 1a yéu & quan trong dé
xdc dinh hoat dong quang xic tdc cua vat liéu.
Hinh 3.3a cho thdy, do rong viing cam ctia céc
mau Ti;,0,-Fe /SIOZ duoc xac dinh tir pho hap
thu, khi tang nong d6 Fe™ tir 0 % dén 9 % bo
hap thu cua hé mau c6 su dich chuyen vé ving
brc xa kha kién tir 373 nm dén 448 nm.

Budc séng (nm)

0.8

(a) - TIO_/SIO,
— (b) - 110 Fe ISIO

,/S10,
(c) - IO, :Fe /SiO,
— () - TIO, FeSio,

- TiO,:Fe /SO,

0.5 |-

0.4
—(e) -

0.3

0.2

0.1

Do hép thy (d.v.ty)

0.0

-0.1

1 1 1
300 400 500 600 700 800

a

Hinh 3.3 b Ia db thi tinh todn do rong vung
cAm cia hé mau, két qua cho thdy ving cidm
clia cidc mau gidm dan tir 3,33 eV; 3,26 eV;
3,09 eV; 2,94 eV; 2,77 eV véi muc do pha tap
0%, 1%, 3%, 6%, 9%. Su c6 mat cua cac
nguyén tor Fe trong cic don vi mang TiO, da
sinh ra cdc trang thdi nang lugng & gitta vung
héa tri va ciing dan, do d6 thu hep d6 rong viing
cAm cua vat liéu. Sy c6 mit cua cdc nguyén tir
Fe cang nhiéu hay muc d6 pha tap cang 16n thi
do rong ving cam cang hep, nho nhét 1a 2,77eV
0 mau pha tap 9 %. Gia tri nay phu hop véi cic
nghién ctru trudc diy [2-4]. Vi vdy, c6 thé cho
rang cdc mirc ning lugng siu hon trong ving
cAm duoc tao ra khi ting ti 1€ pha tap.
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Hinh 3.3. Ph h?ip thu ctia cdc mau Ti;(0,-Fe,/SiO, theo budc song (a), theo nang lugng (b).

3.4. Tinh chdt quang xiic tdc

Dé khio sét kha nang hap phy ciing nhu kha
ning quang xiic tc ciia mau ché tao dugc hay
khao sit sy anh hudng cta su pha tap 1€n phan
g quang xic tic ctia vat lidu, tién hanh thi
nghiém véi 3 mau thi nghiém: khong pha tap
(T102/3102), pha tap 1% (Tio,ggoz-Feo,m/SiOz)
va pha tap 9% (Tig.0;0,-Feg00/Si0,) dé xtr 1f 250
mL dung dich MB ndng d6 10 ppm trong cic
diéu kién dé trong béng t6i, chiéu sang. Két qua
dugc trinh bay trong hinh 3.4a.

Vit liéu mang la silica gel c6 dién tich bé
mit riéng 16n va kha nang hap thu t6t MB nén
can khao sat sy thay d6i nong d¢ theo thoi gian
voi diéu kién chiéu sing huynh quang va ché do
dit trong bong tbi. Két qua cho thy, khi ting
ham Iuong Fe pha tap trong mau, kha niang hap
phu ciia vét liéu giam, sau 7 gio hiéu qua hap
phu 12 69% dbi véi TiO, tinh khiét, 67% véi
méu pha tap 1% va 20% dbi véi mau pha tap
9%. Diéu nay c6 thé do sy pha tap Fe da lam
gidm dién tich bé mat riéng cua vat liéu [12].
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Két qua trong hinh 3.4b thdy rat r6 miu
Ti0,/SiO, gan nhu khéong c6 su khdc nhau vé
nong do trong hai diéu kién khac nhau 1a chiéu
sdng va khong chiéu sang. N6i cach khic miu
Ti0,/Si0, khong c6 kha nang quang xtc tac do
ngudn sing phat ra dnh sang kha kién. Trong
khi d6 mau pha tap sat 1% TigO,-Fe(/SiO,
da thé hién kha ning quang xuc tic va mau pha
tap sat 9% TiO,:Fey/SiO, cang thé hién ro kha
nang quang xuc tidc. Ngoai ra, khi thoi gian
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khao sdt ting, kha ning quang xiic tdc ctia mau
Tio000-Feo1/Si0; c6 xu thé giam con maiu
Tio.0105-Feg,00/Si0, thé hién tinh chat nguoc lai.
Nguyén nhan c6 thé 1a do mau pha tap sit 9%
¢6 hoat tinh quang xtic tic cao nhét c6 thé do
ham lugng Fe 16n da tao ra cic muc nang lugng
gifta ving din va ving héa tri 1am ting s
luong electron - 15 tréng, do d6 lam ting hiéu
qué quang xuc téc.
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Hinh 3.4. Né)ng d6 MB phu thudc vao thoi gian khi st dung mau Ti0,/Si0,, Tip.9902-Feg 01/Si0,, Tig;0,-
F60,09/8i02 vOoi dléu klél’l trong b()l’lg tél (tTlOz/SlOz, tTiO,ggoz-FC0,0I/SiOZ, tTiO,9102'FeO,09/SiOZ)’
chiéu sdng huynh quang (sTi0,/Si0,, sTij¢90,-Fe( ¢1/S10,, sTip9;02-Feg 0o/Si0;)

(hinh a) va tdc dung quang xuc tic twong Urng (hinh b).

4. Két luan

D ché tao thanh cong vat liéu TiO, pha Fe
phii 1én hat silica gel bang phuong phap sol -
gel. Tinh thé Ti;0,-Fe,/Si0, ¢6 d6 két tinh tdt
voi kinh thudc ¢d 10 nm. Khi ting ndng d6 pha
tap sit trong tinh thé TiO, thi bo hip thy cang
dich sang vung kha kién v&i mau c6 su dich bo
nhiéu nhét 12 miu pha tap 9%. Ham luong sat
pha tap dnh hudng téi kha ning hap thy MB cua
vat liéu Ti; 40,-Fe,/SiO,: tang ham lugng Fe
pha tap thi kha ning hap phu cua vat liéu cang
giam, va nguoc lai, nong d6 pha tap ting thi
kha nang quang xuc tic cua Ti;O,-Fe,/SiO,
manh hon.

Loi cam on

Nghién ctu nay dugc tai trg bdi Vién Han
lam Khoa hoc va Cong ngh¢ Viét Nam trong
khuan kho dé tai ma s6 VAST07.02/16-17.
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Abstract: TiO, doping iron immobile on silicagel (Ti;.O,-Fe,/SiO,) was synthesized by sol-gel
method using titanium Ti [OCH (CHs;)]4, Iron(III) chloride FeCls, acetylacetone (ACAC) and ethanol
98% sol solution. The effects of Fe doping on the structural, surface morphology, optical properties of
the Ti, O,-Fe,/SiO, materials were investigated through a combination of various methods, including
X-ray diffraction (XRD), Field Emission Scanning Electron Microscope (FE-SEM), and absorption
spectra. The XRD results showed that TiO, particles on SiO, have fine anatase crystalline with
particles diameter was around 9 - 10 nm. FE-SEM images indicated that sample surface were uniform,
ungathered. The results of absorption spectra indicated that the band gap decreased from 3,33 eV to
2,77 eV when the amount of doped Fe increased to 9% methylene blue. Experiment results on the
decomposition of methylene blue show that all samples have absorb ability but only iron-
doped materials have photocatalyst ability under visible light region.

Keyword: TiO,/Si10,, doping iron, photocatalysis, methylene blue.



