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SUMMARY

EFFECTS OF Mn-DOPED COMPONENTS AND CALCINATION
TEMPERATURE ON THE STRUCTURE, PHOTOCATALYTIC ACTIVITY
OF NANO Mn-TiO2 MATERIALS

TiO2 nanocrystalline powders with various Mn-doping levels were synthesized by the sol-
gel method. The crystal structure, morphology, and optical absorption property of the
obtained samples were analyzed. SEM results showed that the synthesized Mn-TiO>
powders were spherical particals in nanosize. UV-Vis analyses proved the red shift of the
absorption edge was achievable by increased Mn content, leading to gigantically
narrowed energy gap to permit absorption well into the visible spectral region.
Investigated the photocatalytic activity of products for methylene blue bleaching under
solar light exposure, we found that the highest photocatalytic activity in our study were
obtained for 0.2%Mn-TiO2 and calcining heat 600 °C in annealing time 1 h.

Keywords: sol-gel, Mn-TiO», nano materials, photocatalysis.

1. MO PAU

TiO; kich thudc nanomet c6 thé sir dung
lam chét quang xuc tac hiéu qua cao, tiét
kiém ning lwong ma khong gy 6 nhiém
moi truong. Do do6, nd tré thanh sy lya
chon tuyét voi cho cac tng dung trong
viéc loai bo cac chét hitu co, vo co gdy 6
nhiém moi truong nuwdc va khi, quang
phan hity nuée thu Hz va Oz, ché tao dién

cuc cho pin mat troi, tao bé mat siéu
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thAm nudc,... Tuy vy cac ung dung cla
TiO2 con bi han ché, nguyén nhan chu yéu
1a do ving cam rong cuia TiOz va sy tai két
hop nhanh cia cic cip electron - 15 trong
duoc tao ra khi chiéu xa tia tir ngoai vao
cac hat TiO2 [1, 2]. Pé l1am tang hiéu suét
quang hoa cua TiO2 (giam su tai két hop
cua e - h™) va mé rong ving anh sang kich
thich (sang ving nhin thdy), nhiéu nha



khoa hoc da va dang tim cach pha tap cac
nguyén té chuyén tiép vao TiO,.

Trong s cac kim loai 3d, vé ly thuyét
Mn c6 loi thé rit 16n 1a cho phép hap thu
phan 16n anh sang trong vung nhin thiy
cua anh sang mat troi, thong qua anh
huong két hop sy thu hep vung cdm cia
TiO2 va tao ra cac muc tap trong vung
cAm. Bén canh d6, Mn con dé dang
chuyén hod gitta hai dang Mn(IV) <
Mn(IIl) nén c6 kha nang ngan can duoc
su tai két hop cua cac cip e - h* quang
sinh [3-5]. O Viét Nam, cac nghién ctru
vé vat liéu quang xtic tac TiOz c6 pha tap
Mn con rat han ché, chua phan tich c6 hé
théng vé cac yéu t6 anh huong dén tinh
chit va hoat tinh cua vat liéu. Bai bao
nay, ching t6i tong hop vat liéu nano
Mn-TiO2 theo phuong phap sol-gel, su
dung cac phuong phép vat ly hién dai
nghién ctu anh huong cia thanh phan
Mn pha tap, nhiét d6 nung mau dén céu
trac tinh thé, kich thudc hat, ¢ hip thu
quang va hoat tinh quang xuc tac cua vat
lidu.

2. THUC NGHIEM

2.1. Hoa chit va thiét bi

Hoa chat: Ti(C4HoO)s (Merck, Drc),
Mn(CH3C0O0)2.4H20  (Anh), HNOs,
ethanol, xanh metylen (Trung Qudc),
nudc cét.

Mot 6 thiét bi chinh duge st dung gém:
Tu sdy, 10 nung, cin phan tich c6 do
chinh xac + 0,001g, pH met, may khudy
tir. Cac thiét bi phan tich: phan tich nhiét
Setaram (Phap), hién vi dién tor quét -
SEM Hitachi-S4800 (Nhat Ban), XRD -

D8 Advance (Pirc) va may phd Cary 5000
Spectro Photometer.

2.2. Tong hop vat liéu

Vit liéu nano Mn-TiO2 dwoc tong hop
bang phuong phap sol-gel. Qué trinh thuc
hién nhu sau: Pha ché dung dich hdn hop
gdbm Mn(CH3COO), va Ti(CaHeO)4
(TBOT) v6i% mol nguyén tir Mn thay do6i
tr 0,0 + 0,5% trong dung mdi ethanol
(EtOH), dung HNO; diéu chinh pH cua
dung dich tr 1,5 + 2,0. Thuy phan dung
dich hdn hop thu duoc bang hdn hop nudc
- ruou (EtOH/TBOT = 4/1 (viv),
H2O/TBOT = 4/1 (mol/mol)), khudy déu
cho dén khi thu duoc gel. Gia hoa gel ¢
nhiét do phong, say 100 °C, nghién min va
nung trong méi truong oxi khong khi ¢
nhiét d6 500 °C, voi thoi gian luu nhiét
nung 1 gio.

Pé khao sat anh hudng cua nhiét d6 nung,
mau 0,2% Mn-TiO; dugc tién hanh nung &
cac nhiét do tir 400 + 700 °C. Mau TiO;
khong pha tap ciing dwoc tong hop tuong
tu dé so sanh.

2.3. Panh gia hoat tinh quang xtc tac
Hoat tinh quang xtc tic (QXT) cua vat
liéu Mn-TiO2 dugc xac dinh qua kha nang
phan huy 1am mét mau xanh metylen (MB)
dudi anh sang mit troi. Tién hanh phan tan
0,05 g chat xuc tac vao trong 100 ml dung
dich MB (10 mg/l), khudy trong tdi 30
phat dé dat dugc can bang hap phu. Dung
dich huyén phu dugc chiéu sang truc tiép
bang anh sang mit troi (cuong do anh sang
trung binh ~ 13 mW/cm?), thoi gian thu
hoat tinh 45 phut trong diéu kién khuay lén

tuc. Luong MB con lai dugc xac dinh bang
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cach do mat d6 quang & budc song 661
nm, tir d6 tinh hiéu suét phan huy quang.
3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia thanh phin Mn
pha tap

Gian dd XRD (Hinh 1) cho thiy mau
TiO2 va cadc mau Mn-TiO2 nung & 500 °C
chi ¢6 cAu tric tinh thé anatase, chua
xudt hién pha rutile va ciing khoéng co
mit pha tinh thé dic trung ciia mangan
oxit. Khi% Mn tang, cuong d0 cua cac
pic nhiu xa dic trung cho pha anatase
giam dan, diéu nay c6 thé do su c6 mit
cia Mn trong vat liéu TiOz da co téac
dong lam cham qua trinh chuyén pha cua
TiO2 tr dang vo dinh hinh sang anatase.
Két luan nay ciing pht hop véi két luan
cong trinh [4]. Kich thudc tinh thé trung

binh cta vat liéu dugc tinh theo cong

thirc Sherrer: r = (0,91)/ (B.cos), voi: A -
budc song tia birc xa CuKa (A = 0,154056
nm); B- bé rong & nira chidu cao cua pic
dic trung (FWHM) mat 101 trén gian do
XRD; 0 -géc nhiéu xa ung véi cuc dai cla

pic dic trung, két qua trén Bang 1.
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Hinh 1. Gidn dé XRD mdu TiO2 VA cac
mau Mn-TiO>

Bang 1. Anh hwéng ciia% Mn dén kich thire tinh thé, thanh phan pha, hiéu sudt OXT

mau Mn-TiO2
Lwong Mn pha F, anatase | Thanh phin pha Thong s6 mang Hiéu suét
tap (% mol) anatase QXT (%)
- (nm) A(%) | R(%) |la=bB)] c@)

0,00 18,5 100,0 0,0 3,785 9,514 69,3

0,05 17,4 100,0 0,0 3,795 9,512 75,8

0,20 16,0 100,0 0,0 3,799 9,508 80,5

0,50 14,3 100,0 0,0 3,795 9,512 74,6

Bang 1 cho thay, cac thong s6 mang ludi
tinh thé anatase trong vat liéu Mn-TiO>
c6 thay d6i nhe so voi mau TiO, khong
pha tap (thong s6 a = b hoi ting 1én,
thong sb ¢ hoi giam xudng), su c6 mait
clia ion mangan pha tap di phan nao lam
bién dang 6 mang co s¢ anatase trong vt
liéu TiO2 [3]. Khi% mol Mn trong vat
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liéu Mn-TiO> tang 0,0 + 0,5% kich thudc
tinh thé anatase giam 18,5 + 14,3 nm.

Tur anh SEM mau 0,2% Mn-TiO2 (Hinh 2),
cac hat san pham dang hinh cau, kich
thudc hat nam trong khoang 20 + 25 nm.
Kha ning hip thy anh sing cia cic miu
TiO2 khong pha tap va Mn-TiOz dugc xac
dinh qua phd hip thu UV-Vis (Hinh 3).



Bién hdp thy anh sang (1) va ning luong
ving cdm (Eq = 1240/A) ciia cic mau

dugc dua ra 0 Bang 2.

Hlnh 2. Anh SEM mau 0 Z%Mn TiO2

¢-0,5%Mn-TiO,
b-0,2%Mn-TiO,
a-Tio,

Po hép thu (a.u.)

" 0.5

0.0+

T T T
300 400 500 600 700

Bwéc séng (nm)
Hinh 3. Phé UV-Vis mau TiOz va Cac
mau Mn-TiO-
Bang 2. Gid tri bién hdp thu anh sdng ).

va nang luwong vung cam Eq cac mau

Mau | TiO2 | 0,2% Mn | 0,5% Mn
A(nm) | 392 406 449
Eg (eV) | 3,16 3,05 2,76

Két qua cho thy, sy co mit ciia Mn pha
tap va khi ham luong Mn ting, bién hp
thu anh sang cua vat liéu Mn-TiO2 ngay
cang dich chuyén sang ving nhin thay

(ning luong ving cdm Eg giam), bién

ving hip thu c6 budc song nim trong
khoang 400 + 500 nm.

Su phan huy quang MB bai TiO2 khong
pha tap va Mn-TiO, duoc thé hién trén
Bang 1. Két qua cho thiy, su co mit cia
Mn d3 lam ting hiéu sudt phan huy MB
cta TiO2 va tét nhat & mau 0,2% Mn-TiO2
v6i hiéu suit phan huy 80,5%.

Hoat tinh quang xuc tac cia mau Mn-TiO
ting so voi mau TiO, khong pha tap 1a do:
Mn pha tap da tac dong lam hep ving cdm
cua TiOz-anatase, cho phép st dung ca anh
sang trong ving nhin thiy cua birc xa mit
troi. Mn c6 thé d& dang chuyén hoa giita
cac dang Mn(IV) <> Mn(III), nén Mn con
dong vai trd 13 tim bat dé biy cac electron
quang sinh, ngan can su tai hop gilra Cac
electron va 15 trong [3]. Ngoai ra khi ham
lugng Mn pha tap tiang, da lam giam kich
thude tinh thé (hat) san phim nén ciing tac
dong lam tang hoat tinh quang xuc tac.
Tuy nhién, Mn(III) ciing c6 thé két hop véi
cac 16 trong ving hoa tri ctia TiO2 (Mn(l11)

+ h+ﬁi02)_) Mn(IV)) va khi nong d6 Mn

pha tap tdng cao, murc nang lugng tap cua
Mn(IV, III) s& mé rong va nim sau hon
trong ving cim cta TiO2. Vi vdy, vi tri
Mn(IV)/Mn(II) lai dan tré thanh tam tai
hop electron va 18 tréng, lam giam hiéu
suat phan huy quang ctia TiO2. Vai trd cta
Mn pha tap ciing da duoc khang dinh trong
cac tai liéu [4,5].

3.2. Anh huéng ciia nhiét do nung miu
Ghi gian d6 TG-DSC d6i voi mau gel kho
téng hop vat lidu 0,2% Mn-TiO; (Hinh 4).
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Hinh 4. Gidn d6 TGA-DSC ciia mau gel khé 0,2%Mn-TiO2.
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Hinh 5. Gian dé XRD ciia mau 0,2% Mn-

TiO2 0 cdc nhiét dé nung

Phan tich nhiét mau Mn-TiO, cho thay:
Pic thu nhiét & 148 °C kém theo hiéu tng
mat khéi luong, ung v6i su tach nude
hap phu; Pic téa nhiét & 201 °C kém theo
mat khéi luong, Gmg voi su chay cua
ethanol (dung moi) c6 trong gel kho; Pic
toa nhiét & 261 °C ciing kém theo hiéu
g mat khdi lugng, img véi su chay cia
CHsCOO,, NOs va hop chit chia
cacbon con sot lai ndm sdu trong ciu tric
gel két hop voi méat nude cau triic cia vat

liéu; Dén 500 °C ¢6 duoc sy 6n dinh vé
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khdi lwong san pham. Tir gian do TGA-
DSC méu gel Mn-TiO2, dé khao sat anh
huong cua nhiét do nung dén cac tinh chét
va hiéu sudt QXT cua vat liéu Mn-TiOz,
mau 0,2%Mn-TiO; duoc tién hanh nung &
cac nhiét do tr 400 +~ 700 °C trong 1 gio.
Gian d6 XRD cuia cac mau trén Hinh 5 cho
thdy, nhiét d6 nung ting tir 400 + 500 °C
mau Mn-TiO; chi ¢ ciu tric pha anatase,
& 600 °C xuat hién thém pha rutile, dén
700 °C hau nhu chu yéu 14 pha rutile va bat
dAu xudt hién pha tinh thé ciia mangan oxit
(Mn30a)

Anh SEM ctia mau 0,2% Mn-TiOz, nung &
nhiét d6 400 °C va 600 °C trong 1 gio
duoc dua ra trén Hinh 6. Hinh anh cho
thdy, cac hat san pham ¢ hai nhiét do nung
khac nhau déu c6 dang cau, khi nhiét do
nung tang tu 400 °C 1én 600 °C co sy phat
trién manh vé kich thudc hat san pham.
Két qua tinh kich thudc tinh thé hat theo
Scherrer, thanh phan pha ctia mau 0,2%
Mn-TiO2 ¢ nhiét d0 nung khac nhau va
hiéu sudt phan hity quang MB du6i anh



sdng mat troi trong thoi gian 45 phut,

duogc trinh bay o Bang 3.
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Hinh 6. Anh SEM mdu 0,2% Mn-TiO2 nung 400 °C (a); nung 600 °C (b)

Bdng 3. Anh huong cia nhiét do nung dén kich thude tinh thé, thanh phan pha va hiéu

sudt phdn hiy quang MB ciia mau 0,2%Mn-TiOz (chiéu sang 45 phiit)

Nhiét do nung r, anatase - rutile Thanh phin pha Hiéu suat QXT
(°C) (nm) A (%) R (%) (%)
400 10,8 -0,0 100,0 0,0 71,6
500 16,0 - 0,0 100,0 0,0 80,5
600 29,8 - 46,7 72,9 27,1 90,7
700 49,7 - 54,9 6,1 93,9 56,2

Két qua & Bang 3 cho thay, nhiét do
nung ting kich thudc tinh thé cua san
phim ting dan. Nhiét do nung 400 + 500
°C cac mau Mn-TiO> chi ¢ cdu triic pha
anatase, hai yéu t6 co ban tic dong dén
hiéu suét phan hily quang ctia san pham
1a mitc do két tinh va kich thuéc tinh thé
(hat) san pham, trong d6 yéu t6 muc do
két tinh chiém uu thé di thuc day hoat
tinh quang xtic tic cia san pham. Nhiét
dd nung 600 °C tro 1én, cac mau Mn-
TiO2 c6 mat cua pha rutile voi ti 1€ tang
dan theo nhiét 6. Mau nung 600 °C ¢6
hiéu suat phan hiy quang MB t6t nhat,

do san phém c6 dugc ti 1€ pha

rutile/anatase thich hop (20 + 30% rutile
va 80 + 70% anatase). Su c¢6 mat cta pha
rutile tao thudn lgi cho qué trinh hép thu
anh sang (do c6 Eg hep 3,0 eV) cling nhu
qua trinh phan tach electron va 15 tréng
[6]. Tiép tuc ting nhiét d6 nung (& 700
°C), ti 1¢ pha rutile tang manh (93,9%), pha
rutile c6 hoat tinh quang xtc tdc kém hon
so v&i pha anatase két hop voi su ting cua
kich thudc hat nén hoat tinh x0c tac cia
san phém giam manh. Vi vay, mau nhiét
d6 nung 600 °C c6 hoat tinh quang xtic tac
t6t nht.

4. KET LUAN

Nghién ctru dic tinh cia san phdm bang
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cac phuong phap vat ly hién dai nhu
XRD, SEM, UV-Vis cho thiy, di tong
hop thanh cong vat liéu Mn-TiOz cé kich
thudc nanomet bang phwong phéap sol-
gel. Vit liéu Mn-TiO2 giit duoc cu tric
tinh thé dic trung cua TiO2. Mn pha tap
c6 tac dong lam ting kha niang hip thu
anh sang cua vat liéu TiO2 trong vung
nhin thay, ddng thoi kim hdm su phat
trién cua tinh thé TiOz-anatase. Vi viy,
pha tap Mn d3 1am ting dang ké hoat tinh
quang xtc tac cia TiO2 dudi anh sang
mit troi, hoat tinh quang xtc tac tot nhat
& mau 0,2% Mn-TiO; va nhiét 46 nung
thich hgp la 600°C, thoi gian luu nhiét
nung 1 gio voi toc do nang nhiét 5
°C/phut.
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