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TOM TAT

TiOs nano duoc téng hop bing phuong phdp siéu Gm — thiy nhiét, mau duoc pha tap
x% wt Fes0s, véi x = 0; 0,1; 0,15; 0,2; 0,25; 0,3. Cdc méu duoc nung & 700 °c trong 15 phiit.
Céu tric va vi cdu tric duge nghién ciu bang ky thuat XRD, FESEM cho thdy cdc mau

TiOs pha tap Fe déu thuan anatase, kich thuéc hat nhé nhdt la 17nm va cé cdu tric cdc hat

xen ldn véi cdc 6ng. Hoat tinh quang xic tic duoc do bang phé UV-Vis va mat dé quang

qua khd ndang phén hiy xanh methylene. Cac mau duoc chiéu bang dnh sang mdt troi va

mau c6 thanh phan 0,25% wt FesOs c6 hoat tinh quang xiic tdc manh nhdt.

T khéa: TiOs nano, pha tap Fe , siéu Gm — thiky nhiét, cdu tric,

vi cQu tric, quang xic tdc.

1. GIOI THIEU

O nhifm mdi trudng néi chung, o
nhiém moi truong nuéc néi rieng dang la
modt van dé toan cAu. Nguon goc 6 nhiém
mdi trudng nudc chd yéu 1a do ciac ngudn
nudc thai khong duge xtr 1i, thai truc ti€p ra
mdi trudng bao gom tir caAc hoat dong sin
xudt cong nghiép, nong nghiép, nudi trong
thiy hai san, sinh hoat, vui choi giai tri...
Trong d6, nude thai ti cac hoat dong cong
nghiép, nong nghiép, nudi trong thiy hai
sdn c¢6 anh hudéng nhiéu nhat dén modi
truong do tinh da dang va phic tap caa né.
Trong nuéc thai cong nghiép, thanh phan
khé xi 1i nhat 14 chat hitu co khé phan hiy
sinh hoc. V6i ban chat khé phan hiy béi vi
sinh, ton tai bén viing trong moi trudng,
chat hitu co khé phan hiy sinh hoc sé 1a

mdi nguy hai lau dai t6i stc khée con ngudi
va moi trudong.

D& gidi quyét duoc nhiing van dé trén,
phan (ng quang xtc tdc dang thu hat nhiéu
su quan tam trong linh vuc nghién cdu dng
dung. Trong d6 TiO; pha tap v6i cdc kim
loai chuyén tié€p nhu Fe, V va Cu lam téng
kha nang quang xic tac. Piéu nay dugc giai
thich béi kha nang cha cac vat liéu bién thé
Titania da lam giam gia tri khoang cach
nang lugng viing cAm va tang ti 1é sinh cip
dién ti - 16 trong dudi kich thich cta bic xa
anh sang mat troi so véi trong truong hop
cia TiO, tinh khiét[2]. Trong s6 nhiing vat
liéu nano d6 thi TiOy pha tap Fe kich thuéc
nano da va dang thu hat rat nhiéu su quan
tam nghién ctu do nhiing Ung dung tuyét
vOi clia né trong céc linh vuc nhu chuyén



ddi nang lugng méat troi, xi 1i nude thai,
lam sach moi truong.

Cé rat nhiéu phuong phap dé ché tao
TiOy nano pha tap Fe nhu sol-gel [1,16], vi
song [6], thay nhiét [7]. Tuy nhién phuong
phap két hop siéu am - thiy nhiét 12 mot
trong nhiing phuong phap hién nay dugc
cac nha khoa hoc trong va ngoai nuéc quan
tam vi né c6 thé ché tao TiO, pha tap Fe co
cAu trac 6ng nano véi dudng kinh nhé, dién
tich bé mit cao, hoat tinh quang xtc tac
manh. Uu diém ndi bat cha phuong phap
nay c6 thé xuat phat tif nhitng héa chat

2.2. Phuong phap ché tao
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TiO, thuong mai ré tién, mang nhiéu lgi ich
vé kinh té&.
2. THUC NGHIEM

2.1. Vat liéu

Nguon vat liéu TiO, xuit phat ban dau
la vat liéu thuong mai KA — 100 (made in
Korea) dang anatase. Bot Fe,Os; (99,8%)
dung @& pha tap. NaOH (99%) duoc dung
lam dung moi trong qué trinh thay nhiét.
HCl (98%) dung d& loc rtia san pham sau
khi thiy nhiét. Nuée chung cat va gidy quy
kiém tra do PH.

Siéuy am Thay nhiéf 2000C
4g TiO; + 100ml dd 30 pht Cho dd vao binh -5giv Rira tha bang nuéc
NaOH 10M N Teflon > 90°C + khuay tir
Can Fe:0; voiti ¢ Rira sén pham trong
thich he
7P dd HCI 0,1M + siéu
am
v
- Nung 700°C n s - A ia 0
Sén pham - 15 phut Nghién tron Thu dugc sén pham nano Say H;HZGT go°C
nano TiOz - | hon hep . TiO2.nH:0 » —lzgie
Fe

Hinh 1: Qui trinh ché tao bot nano TiOs pha tap Fe
bdng phuong phdp siéu am - thily nhiét

Can 4 gam bot TiO, thuong mai cht yéu
dang anatase cho vao coc thily tinh chia
100ml dung dich NaOH 10M. Dung dich nay
dugc ti€p tuc phan tan biang siéu am (35
kHz, 60 W) trong thoi gian 30 phat. Dung
dich sau khi siéu am dugc dua vao binh
Teflon dé thiy nhigt & 200°C trong 5 gio.

San phidm thu dugc sau qué trinh thuiy
nhiét dugc loc va rira trong nudc dun noéng
& 90°C k&t hop khudy tir. Sau dé ti€p tuc
ria trong dung dich HC1 0,1M két hop véi

siéu am nhiéu lan. San pham dugc sy
nhiét ¢ 60°C trong 12 giv thu dugc san
phdm 14 nano TiO;.nH,0.

Can FeyOs theo cac ti 18 0.0%, 0.1%,
0.15%, 0.2%, 0.25%, 0.3% vé khoi lugng,
tron nghién véi TiO..nH0; ky hiéu céc
mau lan lugt 1a My, M;, My, M3, M, va Ms.
Sau d6 nung cdc miu & nhiét do 700°C
trong 15 phat véi téc d0 gia nhiét
5°C/phat. K&t qua ta thu duge bot nano
TiO; pha tap Fe (hinh 1).
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2.3. Phuong phap do

Cau trac va thanh phan pha cha bot
nano TiO, pha tap Fe dugc do bing mAay
nhiéu xa tia X (XRD —Siemen D-5005) véi
tia bic xa 1la Cu-Ko (L = 1,54056 A% va
buée quét 1a 0,03° . D& xac dinh vi cau trac,
hinh dang va kich thu6c hat, do béang kinh
hién vi dién ti quét hiéu Gng trudong
(FESEM - Hitachi S 4800).

Kha nang phan hiy chat mau xanh
Methylene ctia bot nano TiOs pha tap Fe
duoc kiém ching qua pho UV-Vis (T80+
UV-VIS Spectrometer) va do mat do quang
trén may Spectronic 21D.

3. KET QUA VA THAO LUAN
3.1 Cau tric va sy hinh thanh pha

cua TiO; pha tap Fe
A

A
A.Tio, - 0.3Fe,0;

Ti0, - 0,25Fe,05
A TiO, - 0.2Fe,04
Ti0, - 0,15Fe,05
TiO; - 0,1Fe,0;
Tio,

=

T 1
60 70

T T
4an 50
2-theta

Hinh 2: D) thi nhiéu xa tia X ctia bot
nano TiOs pha tap Fe
Hinh 2 la d6 thi nhiéu xa tia X cha
TiO, va TiO, pha tap Fe v6i nong do pha
tap lan lugt 0,1%; 0,15%; 0,2%; 0,25% va
0,3% vé khéi lugng ctia FeyOs.

Tir 6 thi trén, ching ta thay mau TiO;
khong pha tap c6 ton tai pha rutil nhung
cac mau TiO, pha tap Fe khong thay su c6
mit ctia pha rutil. Piéu nay c6 thé néi la do
anh hudng cia tap Fe dan dén su ngin cian
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qué trinh chuyén pha tir anatase sang rutil.
Ngoai ra cac dinh tai vi tri 20 = 25,28°;
37,78°; 48,05°; 53,84° va 55,01° 1a cau tric
tinh thé dang anatase. Mat khéac su khong
c6 mat cac pha tinh thé cla FeTiOs hoac Fe
trong cac miu pha tap. Piéu nay c6 thé 1a do
Fe da thay thé vi tri Ti trong mang tinh thé.

St dung phuong trinh Sherrer dé tinh

KA
pcosd

Trong d6: K = 0.9; A - bu6c song cha tia
X: (0 = 0.154056nm; PB1 - radian cha do
rong ban phd; 6 - goc phan xa; D - kich
thugc hat tinh thé.

Tinh cho vach anatase (101). Tu
phuong trinh trén chang t6i tinh dugc cG

cd hat tinh thé: D =

hat tinh thé cla cdc miu nung & 700 °C
trong 15 phat. Két qua nay kha phu hop
v6i anh chup qua kinh hién vi dién tir quét.
Bang 1: C5 hat tinh thé tinh theo
cuong do nhiéu xa tia X

3 Do rdng ban phd y
Mau Cd hat (nm)
vach (101) (rad)
M, 0,0061 23,3
M; 0,0095 14,8
M, 0,0044 32,5
M; 0,0110 12,5
M, 0,0052 27,1
M; 0,0047 30,1

Két qua trong bdng 1 cho thay vat
lieu TiOy pha v6i 0,2% wt FeyOs c6 ¢ hat
tinh thé 12 nhé nhat, trung binh khodng
12,5 nm.

3.2 Vi cau tric, hinh dang va kich
thudc hat

Anh FESEM c4c bot nano TiO; pha tap
Fe dugc nung nhiét ¢ 700°C trong 15 phat
(hinh 3).
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Hinh 3: o) Anh FESEM ciia TiOs khong pha tap; b) Anh FESEM ciia TiO5 pha tap 0.1 %wt
Fes03;¢) Anh FESEM ciia TiOs pha tap 0.15 %wt Fe;03; d) Anh FESEM ciia TiOs pha tap
0.2 %wt Fe;05; e) Anh FESEM ciia TiOs pha tap 0.25 %uwt Fe;0s; f) Anh FESEM ciia TiO,

pha tap 0.3 %wt Fey0;

Quan sat anh FESEM tir hinh 4.a, 4.b,
4., 4.d, 4.e va 4.f cha cac mau TiO; pha tap
Fey05 ta thay bén canh nano TiO, dang ong
con c6 su xuat hién cha nano TiO; dang hat.

Bang 2: Kich thuéc hat tinh ti anh FESEM

Miu Ki Iliéu Kich thudc hat

mau trung binh (nm)
Ti0, Mo 30
T|02 +0,1% wt F8203 M, 17
T|02 + 0,1 5% wt F8203 M2 40
TiO, + 0,2% wt Fe,03 M; 20
Ti0, + 0,25% wt Fe 04 M, 32
Ti0, + 0,3% wt Fe,03 Ms 40

3.3 Hoat tinh quang xudc tac cua
vat liéu TiO; pha tap Fe

D& thir kha nang quang xic tac cha vat
lidu TiO, pha tap Fe vita ché tao duoc.
Chiing t6i 1an lugt 14y cAc mau My, M;, My,
M3, M, va Ms can mdi méu 0,05g sau d6 cho
vao dung dich xanh methylene nong do
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25mg/l (khoang 7,8.10° M) , khudy tir 15
phut trong bong toi dé dat dén do can bang
hap phu dong déu va dua di chidu du6i 4nh
sdng miat troi trong cdc khoang thoi gian
10, 20, 30, 40, 50, 60 phit. Sau d6 1an lugt
hat dung dich bé vao lo, dit trong hop toi
va do mat do hap thu quang.

Dua vao dd hap thu 4nh siang cla dung
dich, chiing ta x4c dinh dugc nong do clia chat
tan, mic do phan hily clia cac hop chat khi st
dung qua trinh quang xic tac. D€ tién theo
doi hoat tinh quang xic tac clia san phim
tong hop duogc, ching toi cho phan hiy cac
hop chat hitu co ¢6 mau dam nhu methylene.

Sau khi thuc hién qué trinh chiéu mau
du6i anh sang mat troi véi cuong do sang
khoang 90kLux, ching tdi do mat do hap
thu quang va thu dugc s6 liéu ndng do chat
tan nhu bang 3.
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Bang 3: So6 lieu khdo sat tinh chdt quang xuc tdc ciia vat lieu TiOs pha tap Fe

i Nong dd % wt Thii gian chiéu sang (phat)
Fe,0 10 20 30 40 50 60
Mo 0 0.433 0.029 0.026 0.021 0.02 0.018
M1 0.1 0.037 0.029 0.028 0.027 0.027 0.022
M2 0,15 0.231 0.048 0.046 0.045 0.017 0.015
M3 02 0.051 0.039 0.036 0.036 0.03 0.02
M4 0,25 0.05 0.042 0.034 0.018 0012 0.004
M5 03 0.037 0.036 0.036 0.033 0.027 0.025
Mau chudn | xanh Methylene 198 198 198 198 198 198

Tir badng s lidu trén, ching toi vé duge
dé thi nhu hinh 5.

T T T T T T T
o 10 20 30 40 a0 B0

Thoi gian {phut)

Hinh 5: Dé thi Ln(Cy/C) theo thoi gian
chiéu cia TiO, pha tap Fe

Tu bdng 3 ta tinh hiéu sudt quang xuc
tdc cha vat liegu TiO; pha tap Fe khi cho
phan hiy xanh Methylene. Dua vao d6 thi
hinh 5, ta c6 thé nhan thay mau My c6 tinh
quang xidc tdc manh nhat.

Ching toi ti€p tuc khao sat pho hap thu
UV-Vis ctia miu M, theo thoi gian chiéu anh
sang Mat Troi khac nhau (hinh 6).

Hinh 6 la phd UV-Vis clha =xanh
Methylene va mau TiO, pha 0.25% wt Fe,05
(M) theo cac thoi gian chiéu siang khac
nhau. Ching ta thiy rang, khi ting thoi
gian chiéu sang, cudng do cac dinh déu giam
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xuodng, chiing t6 vat liéu ché tao dugc c6 kha
nang phan hiy manh xanh Methylene. Sau
thoi gian chiu sang 40 phat, chat mau xanh
Methylene gan nhu bi phan hiy hoan toan.
Tu cac két qua nghién cu trén mot 1an nita
c6 thé khang dinh, cac vat liéu TiO, pha tap
Fe c6 kha nang quang xic tdc manh trong
ving phd 4nh sang mat troi.

Scan Spectum Cuve

40000 80000

Wavelengthinm)

Hinh 6: Phé hdp thu UV-Vis ciia TiOs pha
tap 0.25% wt Fey;03 theo thoi gian chiéu:
chua chiéu (0), sau 10 phut (1), sau 20 phut
(2), sau 30 phut (3), sau 40 phut (4)

Nhu vay, vat liéu nano TiO, pha tap Fe
¢6 hoat tinh quang xac tdc manh hon nano
TiO, khi chiéu bang anh sang mit troi. Vi
khi pha tap Fe vao TiO, tao ra tam Fe(II)
Ién cdc hat khac nhu
trong va tao ra bay

c6 thé tac dong
electron hodc 16



electron can din t6i viéc nang cao su tai
hop clia cdc hat mang dién nham tao ra céc
goc 6 xi hoa O,", OH" tir Oy, HyO khi dugc
chiéu sang va dé dang phan hiy nhanh
xanh Methylene. Lugng khac nhau cta tap
Fe(IIl) trong TiO, s&¢ anh huéng dén viéc
nang cao téac dung quang clia chat quang
xic tac, phu thudc vao cich diéu ché va
thay ddi thanh phan.

Cho dén nay, c6 kha nhiéu mdé hinh 1li
thuyét dé xuat dé gidi thich co ché& quang
xic tac cta TiO, pha tap Fe. Mot s6 cho
riang, mic nang lugng cha tap Fe nim sat
d4ay vung dan va Fe dong vai trdo mot tam
bay. Ngoai kha ning tang do hap thu trong
ving anh sang kha kién, cdc tdm nay cb
kha nang gidm thoi gian tai hop cua céc
cip dién tir - 10 trong. Mot s6 két qua
nghién ctu khéc lai cho ring, khi pha tap
Fe v6i mot néng do xac dinh, ngoai kha
nang tang tinh quang xdc tac néu trén,
ching con c¢6 thém su déng gép cia phan
ting quang Fenton. Mot s6 két qua nghién
ctu gan day cho thay, c6 kha nang ton tai
pha ilmenhite FeTiO; trong vat ligu TiOs.
biéu nay c6 kha niang din dén viéc hinh
thanh cac tiép xtc di thé gitia TiO, va
FeTiOs. Vat lieu TiOy nano khong pha tap
clia Cong ty Degussa (Pic) tong hgp c6 tén
P-25 (ti lé 70% anatase va 30% rutile) dang
ban trén thi truong dugc dong dao cidc nha

&

Tap chi Pai hoc Thi Dau Mét, sb 4(6) - 2012

khoa hoc trén th& gidi cong nhan 14 c¢6 hoat
tinh quang xtc tac tot trong ving phd anh
sang mat troi. Nguvi ta cho ring, chinh su
ton tai céac ti€p xtc di thé hinh thanh tai
bién tiép xGc cia hai loai ban dan TiO,-
Anatase (3.2eV) va TiO,- Rutile (3eV) da lam
tang kha nang quang xtic tac cha P-25.

4. KET LUAN

Bang phuong phap siéu am — thay
nhiét, ching t6i da ché tao thanh cong
nano TiO, pha tap Fe. Phuong phap nay
vat liéu xuat phat 1a TiO, thuong mai KA —
100 (made in Korea) c6 gia thanh ré, dé
ché& tao va c6 tinh lap lai cao.

Bot nano TiO, pha tap Fe nung & nhiét
do 700 °C trong 15 phat, cdu tric c6 dang
thudn anatase va vi cdu tric c6 dang ong
xen k& vdi hat, kich thu6c hat nho nhat
khoang 17 nm d6i v6i mau TiO; pha tap 0.1
%wt FesOs.

Hoat tinh quang xic tac cia nano TiO,
pha tap Fe dugc khao sat khi cho phan huy
xanh Methylene bang cich chiéu 4nh sang
Mt Troi, mau TiO, pha tap 0.25% wt
Fe,Os, nung & nhiét d6 700 °C trong 15
phit c6 hoat tinh quang xic tdc manh nhat,
xanh methylene bi phan hiy hoan toan khi
chiéu 4nh siang mit troi 40 phat. Pay la
quy trinh cong nghé ching tdi can lua chon
dé ché& tao TiO; pha tap Fe.

STRUCTURE, MICROSTRUCTURE AND PHOTOCATALYTIC ACTIVITY OF Fe-
DOPED TiO2 MATERIALS FABRICATED BY ULTRASONIC -
HYDROTHERMAL METHOD
Huynh Duy Nhan”, Truong Van Chuong®, Le Quang Tien Dung®
(1) Thu Dau Mot University, (2) College of Sciences, Hue University
ABSTRACT

Nano TiOs were synthesized by ultrasonic - hydrothermal method, the sample is doped
x % wt Fe;03 , with x = 0, 0.1, 0.15, 0.2, 0.25, 0.3. The samples were heated at 700 °c for 15
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minutes. The structure and microstructure was studied by XRD, FESEM techniques showed
that the samples are pure anatase doped Fe, the smallest particle size is 17nm and
structured particles mixed with the tubes. Photocatalytic activity was measured by UV-Vis
spectrum and the optical density degradable blue Methylene. The samples were irradiated
by sunlight and the sample with composition is 0.25% wt FesO3 has photocatalytic activity
the strongest.

Keywords: nano TiOs, doped Fe, ultrasonic — hydrothermal,

structure, microstructure, photocatalytic.
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