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Abstract

In this work, manganese-doped and undoped ZnO photocatalysts were synthesized by the combustion method using
polyvinyl alcohol as a fuel. The synthesized samples were characterized by using X-ray diffraction (XRD), energy
dispersive X-ray (EDX) analysis and UV-Vis spectroscopy. The XRD spectra show that all the samples are hexagonal
wurtzite structures. UV-Vis spectroscopy showed significant difference in the optical absorption of Mn-doped ZnO.
Enhancement in optical absorption of Mn-doped ZnO indicates that it could be used as an efficient photocatalyst under
visible light irradiation. The photo-reduction activities of photocatalysts were evaluated using a basic methylene blue as
organic contaminant irradiated with visible light from 36 W compact bulb. It was found that Mn-doped ZnO bleaches

methylene blue better than undoped ZnO upon its exposure to the visible light.
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1. MO PAU

Qua trinh quang xuc tac ban dan 1a mot trong
nhitng ki thuét htra hen cung cép ning luong sach va
phan huy cac chat 6 nhidém hiru co bén viing - nhiing
chat khong bi phan huy trong méi truong theo thoi
gian, tham chi khi di chuyén rat xa véi ngudn xuét
phat ban dau van khong bi bién ddi.

Gan day, mot s chat ban dan duoc sir dung lam
chat xdc tc quang nhu k&m oxit ZnO, titan dioxit
TiO,, kém titanat Zn,TiO,; cadimi sunfua
CdS...Trong s6 d6, TiO, di duwoc nghién ciu
nhiéu. So v&i TiO,, ZnO c6 do rong viing cam bang
3,27 eV tuong duong véi do rong ving cAm cia
TiO, (3,3 ¢V) va co ché cua phan tmg quang xic tac
clia n6 gidng nhu cia TiO, nhung ZnO lai c6 phd
hap thu anh sang mit troi rong hon cua TiO, [1, 2].
Do d6, ZnO 1a chit quang xuc tac ddy hta hen cho
qué trinh oxi hoa quang xtic tic cac hop chat hitu co
dudi tac dung cua anh sang mat troi.

Céc nghién ctru cho thiy, cach hiéu qua nhit dé
tang hoat tinh quang xtc tac cia ZnO trong ving
kha kién bang cach lam gidm d¢ rong vung cam cua
né 1a lam giam kich thudc cua vt liéu hodc bién tinh
ZnO bang mdt sé kim loai hay 4 kim [1-6].

Trong bai bao nay, chung t6i tong hop bot ZnO
va ZnO pha tap Mn bang phwong phap ddt chay,
nghién ciu cac dic trung va khao sat hoat tinh
quang xuc tac phan hily xanh metylen cua chung.

combustion synthesis method, photocatalytic activity,
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2. THUC NGHIEM

2.1. Téng hop Zn0O va ZnO pha tap Mn bing
phuong phap dot chay

Quy trinh téng hop ZnO va ZnO pha tap Mn
dugc mo phong theo tai li€u [7], nhung trong bai bao
ndy ching toi da thay polyetylen glycol bang
polyvinyl ancol (PVA). Cach tién hanh nhu sau: liy
cac dung dich Zn(NO3), 1 M va dung dich MnCl,
1M theo cac ty 1& mol twong tmg bang: 0 %; 0,5 %;
1 %; 1,5 % va 2 % va diéu chinh pH dung dich hdn
hop bang 4. Sau khi cho thém lugng PVA twong tng
voi 30 % tong khdi lugng cia Zn(NOj), va
Mn(NQ;),, dung dich dugc khudy lién tuc trén may
khuay tr gia nhiét trong khoang nhiét do 80-90 °C
voi toc d6 400 vong/phut. Khi khoang 2/3 lugng
nudc bay hoi, thu dugc gel trong sudt, sanh va nhot.
Sau khi dugc lam kho & 150 °C trong 12 gio, gel
chuyén thanh dang vat liéu xdp nhu bot bién, day
chinh 1a tién chét cuia xtic tic. Sau vai phat dugc gia
nhiét & 300 °C, tién chit s& chay, qua trinh chay dién
ra khoang 2 phut va thoat nhidu khi (hdn hop cia
CO, va NO,). Khi qua trinh chay két thic s& thu
dugc san pham dang bdt min. Vi qua trinh chay dién
ra rat nhanh nén cachon thuong khdng chay hét, do
d6 san pham duoc nung & nhiét do thich hop dé loai
bo Iugng cacbon nay.

301



TCHH, T. 53(3), 2015

Pé ¢ co sé khoa hoc trong viéc chon nhiét do
nung thich hop cho san pham, chiing t6i da ghi gian
d6 phan tich nhiét cua tién chét sau qua trinh gel tu
chay va dugc dua ra trong hinh 1.
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Hinh 1: Gian d6 phan tich nhiét cta san pham sau
qué trinh ty chay

Trén dudong TG chi c6 mot hiu ing mat khdi
lugng 8,75 % tuong Gng véi hiéu ung tda nhiét trén
duong DSC. Hiéu tmg mét khéi lwong nay cé thé
duogc quy gan cho qua trinh chdy cia cacbon chua
chay hét trong qua trinh ty chay cua gel. Piém cudi
cua hiéu tng nay & khoang 500 °C, nén ching toi
nung mau & 500 °C trong 1 gid véi téc d6 ning
nhiét 10 °/phat.

2.2 Khao sat kha nang xuc tic quang hoa cia
ZnO va ZnO pha tap Mn cho phan @ng phan hiy
xanh metylen

Can chinh x&c 0,15 g xuc tac, dem phan tan
trong 200 ml dung dich xanh metylen c6 nong do
xac dinh, khudy trong bong t6i 30 phut dé dat duoc
su can bang hap phu va sy phan tan dong déu cua
cac hat xuc tac [8]. Cac dung dich huyén phu nay
dugc chiéu sang truc tiép bang dén compact 36 W
trong diéu kién khuay lién tuc sudt qué trinh phan
g va bong dén dugc dé cach dung dich phan ung
khoang 20 cm. Chung t6i lya chon dén Compact
Fluoren (héng Phillip) 36 W vi loai dén nay c6 do
sang on dinh, cuong d6 sang 1on va co6 quang phd
trong vung kha kién (budc séng A > 400 nm). Phan
tmg duoc tién hanh trong 150 phat. Sau thoi gian
phan huy, cac dung dich dugc li tdm tach loai bot
xUc tac dé xac dinh ham luong xanh metylen trong
dung dich biang phuong phép tric quang trén may
do quang Spectroguant NOVA 30, Merck (Buc) &
budc song 665 nm.

Hoang Thi Thirong Hué va cong sur

Hiéu suat quéa trinh quang xtc tac dugc tinh theo

C,-C
cong thire: H = —=—2 100%
o]
H (%): hiéu suat cua qua trinh quang xuc tac, Co va
Csau 12 nOng d6 xanh metylen trong dung dich
trude va sau khi tién hanh phan huy quang xuc téac.

2.3. Cac phuong phap nghién ciru

- Nhiéu xa tia X (XRD) cua vat liéu dugc ghi
trén mady D8 ADVANCE (Bruker-btrc, Khoa Hoa
hoc, PHKHTN) véi birc xa CuK, (A = 0,15406 nm,
40 kV, 40 mA), goc do 25-70°.

Kich thudc tinh thé trung binh dugc tinh theo

0,91
fcosé

- Phé tan xa ning luong tia X cua vat lidu duoc
do trén may JEOL JED - 2300 - Analysis station, tai
Khoa Vat Ly, Truong Pai hoc Khoa hoc Ty nhién,
DPHQGHN.

- Phé hip thu UV-Vis dugc do trén may JASCO
-V - 670 UV-Vis Spectrophotometer, tai Khoa Vat
ly, Treong Pai hoc Su pham Ha Noi.

cong thirc Debye-Scherrer: d =

3. KET QUA VA THAO LUAN

3.1. Anh huwéng cua phan tram khdi lwong
mangan pha tap den hi¢u suat phan hiy xanh
metylen

Ham lugng Mn*" trong oxit ZnO 1a mot yéu t6
anh hudng rat 16n dén thanh phan va cu tric cua
vat liéu Mn-ZnO, do d6 anh hudng nhiéu dén hoat
tinh quang xuc tac cua vat liéu. Trong thi nghiém
nay, chiing toi tong hop 5 miu Mn-ZnO c6 cac ti 1¢
mol Mn:Zn khac nhau: 0 %; 0,5 %; 1,0 %; 1,5 %
va 2,0 %. Dong thoi gitt ¢b dinh pH cia dung dich
phan tng bang 10, thé tich dung dich xanh metylen
10 ppm 14 200 ml, lugng xtc tac 14 0,15 g. Két qua
xu ly xanh metylen dugc chi ra ¢ bang 1.

Tir bang 1 thiy rang, hiéu sudt xo 1y xanh
metylen cua cac vat liéu ZnO pha tap Mn** déu cao
hon so v&i ZnO nguyén chat. Khi ty mol Mn:Zn ting
tir 0,5 % dén 1 %, hiéu sudt xur Iy xanh metylen ting
tir 74,3 % dén 97,9 %. Nhung khi ty 1& mol Mn:Zn
16n hon 1 % thi hi¢u suat xir Iy xanh metylen lai
giam tir 97,9 % xudng con 76,2 %. Vay ZnO pha tap
1 % mangan c6 hoat tinh quang xuc tic cao nhat.

Két qua nay co thé dugc giai thich nhu sau, khi
ham lugng Mn“* pha tap vao ZnO nhé (dudi 1 % vé
s6 mol), ion Mn?" s& thay thé mot phan vi tri ion
Zn** trong cdu trac luc phuong cta ZnO, tao nén sy
khuyét tat diém do ion la trong cdu trac ciia ZnO.
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Chinh sy tao thanh cac khuyét tat nay da lam giam
d6 rong ving cdm cua vat lieu. Nhung khi ham
luong Mn?* pha tap tiép tuc tang dén mot gia tri nao
d6 (16n hon 1 % vé ty 1 mol), c6 thé xay ra cac phan
ung oxi hoa tao thanh céc oxit cia Mn (Mn,Oy) phu
trén bé mat ZnO 1am can tr& qua trinh hap thu anh
sang ctia ZnO dan dén lam hoat tinh quang x0c taC
cia ZnO giam di. Mt khac, do ban kinh ion Mn?*
bang 0,66 A 16n hon bén kinh i 10n Zn* bang 0,60 A
nén viéc thay thé nhiéu ion Mn?* trong ciu trac cia
ZnO c6 thé 1am thay d6i cdu truc luc phuong cua
ZnO. Piéu dang chi ¥ nita 14 ning lugng ving cam
ctia oxit mangan (4,2 eV) 16n hon nhiéu so v6i ZnO
(3,27 eV) nén khi ham luong pha tap Mn tang cao
s& lam ting ning lugng ving cim, lam hoat tinh
quang xuc tac cua vat liéu giam [4, 9, 10]. Tur cac
két qua nay, ching t6i thdy ZnO dugc pha tap 1 %
Mn c6 hoat tinh quang xtc tic cao nhat.

Bang 1: Hiéu suat xir Iy xanh metylen cua vat ligu
ZnO va Mn-ZnO

Phan
tram | g 0,5 1 15 2
mol
Mn,
%

Csau'

ppm 0,21

2,65 | 2,57 2,29 2,38

Hiéu
suat,
%

73,5 74,3 97,9 771 76,2

3.2. Nghién ctru cac dic trwng cia vat liéu ZnO
va 1% Mn-ZnO

3.2.1. Thanh phan pha cia vit liéu ZnO va 1 % Mn-
Zn0O

Dé xac dinh thanh phan pha cua vt liéu, chung
t6i da ghi gian d6 nhidu xa tia X cua ZnO nguyén
chat va 1 % Mn-ZnO. Két qua duoc chi ra ¢ hinh 2
va 3.

Tir gian d6 XRD cua cac mau ZnO va 1 % Mn-
ZnO cho thiy, san pham thu duoc chi c¢6 mot pha
duy nhit v6i cac pic dic trung & cac vi tri 20 =
31,68°; 34,36° 36,18° tuong tng voi cic ho mat
mang (100), (002), (101) cua ZnO cd cAu trac tinh
thé Iuc phuong wurtzite. Day chinh 1a dang tinh thé
phé bién va co hoat tinh quang xic tic cao nhat
cua ZnO.

Tu gia tri d0 rong nira chiéu cao vach nhiu xa
cuc dai (FWHM) trén gian dd XRD va ap dung cong
thirc Debye — Scherrer tinh dugc kich thu6c tinh thé

Hoat tinh quang xuc tac cua ZnO va...

trung binh cua ZnO khoang 29,2 nm (FWHM cua
ZnO bang 0,286°) va kich thudc tinh thé trung binh
cta vat liéu 1 % Mn-ZnO khoang 18,6 nm (FWHM
ciia 1 % Mn-ZnO bang 0,449°). Nhu vdy, viéc pha
tap Mn viao ZnO khong lam thay dbi ciu tric luc
phuong wurtzite cia ZnO, nhung lam gidm manh
kich thudc tinh thé trung binh cta né. Kich thudc
tinh thé trung binh cta 1 % Mn-ZnO nhé hon cua
ZnO nguyén chit ciing 1a mot nguyén nhan lam hoat
tinh quang xuc tac ctia ZnO dugc bién tinh bing
mangan cao hon ctia ZnO nguyén chit.

‘‘‘‘‘
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Hinh 2: Gian dd XRD cua vat liéu ZnO
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Hinh 3: Gian @6 XRD cua vat liéu 1 % Mn-ZnO
3.2.2. Phé EDX ciia vt liéu ZnO va 1 % Mn-ZnO

Dé kiém tra sy co6 mit cua cac nguyén td trong
vat liéu, chung t6i tién hanh chup phd EDX cua vat
liéu 1% Mn-ZnO. Két qua thu dugc chi ra ¢ hinh 4.

Phan trim khdi lwong cac nguyén tb c6 trong vat
liéu ZnO dugc pha tap 1 % Mn dugc chi ra ¢ bang 2.
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Hinh 4: Phd EDX cua vat liéu 1 % Mn-ZnO

Bang 2: Phan tram khoi lugng céc nguyén t6 co
trong mau 1 % Mn-ZnO

A A Oxi | Mangan | Kém 2
Nguyén to ) (Mg) n) Tong
Phan tram
khéiluong, | 24,13 | 0,71 | 7516 | 100

%

Trén phdé EDX cho thdy, ngoai cac pic dic trung
cua Zn voi cuong do 16n con co cac pic cia Mn ¢ vi
tri 5,9 keV chung té sy c6 mit cua Mn?* trong vat
liéu ZnO va ion Mn?* di thay thé mot phan cac vi tri
ctia ion Zn®" trong céu tric luc phuong Wurtzite cia
Zn0.

Béng 2 di chi ra rang phan trim khdi luong ctia
Mn 12 0,71 % la twong d6i phu hop véi ty 16 Mn**
cho vao trong thuc té; con phan traim khéi luong cia
Zn 14 75,16 % nho hon so voi luong thuc té cho vao
(79,7 %), diéu nay co thé la do Mn?* da thay thé mot
phan Zn* trong mang ludi ciia ZnO.

3.2.3. Phé hdp thu UN-Vis cia vét liéu ZnO va 1 %
Mn-ZnO

Do ZnO ¢6 ning luong ving cAm kha cao (3,27
eV) nén dic tinh quang xtic tac cua nd chu yéu thé
hién trong vung tr ngoai. Viéc bién tinh ZnO bang
mangan nham muc dich lam giam nang luong ving
cam cua noé dé mo ong su hép thu 4nh sang cua
ZnO vé ving kha kién. Kha ning hap thu quang ctia
ZnO va 1 % Mn-ZnO dugc xac dinh bing phuong
phap phd UV-Vis.

Phé hip thu UV-Vis cta ZnO va 1 % Mn-ZnO
duoc chira ¢ hinh 5.

Hoang Thi Thirong Hué va cong sur
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Hinh 5: Ph6 hip thu UV-Vis ciia ZnO nguyén chét
va ZnO pha tap Mn

T hinh 5 cho thdy, trong ving anh sang tir
ngoai (A tir 200 dén 400 nm), kha ning hap thy anh
sang ciia ZnO nguyén chit va ZnO pha tap Mn déu
rat cao, tuy nhién do hép thu cua ZnO pha tap Mn
nho hon khéng dang ké so véi ZnO nguyén chit.
Trong ving 4nh sang kha kién (A tir 400 dén 800
nm), kha ning hap thu anh sang ciia ca ZnO nguyén
chit va ZnO pha tap Mn déu giam, nhung kha ning
hap thu anh sang ciia ZnO nguyén chit giam manh
hon. Trong viing nay, do hip thu anh sang cua ZnO
nguyén chit chi dat duéi 0,1 con do hép thu cua
ZnO pha tap Mn nam trong khoang 0,15+0,6. Diéu
nay chimg to d6 hap thu quang trong ving kha kién
ctia ZnO pha tap Mn dugc cai thién 16 rét. Két qua
nay chinh 1a do mét s ion Mn®* thay thé céac vi tri
ctia ion Zn?* tao nén khuyét tat mang ludi cia ZnO,
ddng thoi sy tuong tac giita cac electron d ciia Mn
vGi cac electron p cia Zn va O dan dén viéc lam
giam nang luong ving cAm ciia ZnO pha tap Mn so
v6i ZnO nguyén chat [10].

4. KET LUAN

Pi tong hop duoc cac vat liéu ZnO va ZnO pha
tap mangan bang phuong phap d6t chay va nghién
ctru mot sd dic trung cia chung. Pong thoi di tham
do hoat tinh quang xuc tac cta cac vat liéu nay dudi
tac dung anh sang kha kién ctia dén compact 36 W.
Két qua cho thay, khi ZnO pha tap mangan da lam
kha ning hip thu 4nh sang trong vung kha kién cua
ZnO cao hon ZnO nguyén chit, din dén hoat tinh
quang xtc tic ciia ZnO dugc bién tinh bing mangan
trong viing kha kién cao hon ciia ZnO nguyén chat.
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