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Tém tit. Vat liéu ZnO pha tap Mn duoc téng hop véi phuong phap thuy nhiét. Cac dic trung tinh chét
clia vat lidu téng hop dugc nghién ctru bang bang cic phuong phap nhu XRD, FT-IR, UV-VIS, EDS,
XPS va SEM. Cac két qua XRD, XPS va UV-VIS di cho thiy ion Mn®" d3 pha tap thanh cong vao ZnO.
Sy pha tap Mn di lam giam ning luong ving cam, do d6 1am ting cudng hip thu quang ving anh sing
kha kién cia ZnO. Két qua 1a vat liéu ZnO pha tap Mn thé hén hoat tinh quang xc tac cao hon ZnO
khong pha tap dudi anh sang kha kién.

HYDROTHERMAL SYNTHESIS OF Mn-DOPED ZnO NANO MATERIAL WITH
ENHENCEMENT PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT

Abstract. Mn doped ZnO (Mn-ZnO) material has been synthesized by a hydrothermal method. Its
characterization and properties investigated using X-ray diffraction analysis (XRD), Fourier-tranform
infrared spectroscopy (FT-IR), UV-Vis diffuse reflectance spectroscopy (UV-VIS), energy-dispersive x-
ray (EDX), X-ray photoelectron spectroscopy (XPS) and scanning electron microscopy (SEM).The XRD,
XPS and UV-VIS results proved the successful doping of Mn®" ions in the host ZnO. Mn doping induce
the band gap decrease and thus significantly enhance the absorption of ZnO in the range of visible-
light. As a results, the Mn-ZnO nanomaterials exhibited higher photocatalytic activity under visible light
irradiation compared with undoped ZnO nanomaterials.
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1.MO PAU

Trong linh vuc xuc tac quang hoa, oxit ZnOdugc danh gia 1a chat xtic tac quang hoa c6 nhiéu trién
vong boi nhiing tinh chat doc ddo cta no. ZnO co tinh 6n dinh nhiét va héa hoc cao, c6 ning luong ving
cAm thang va rong (xap xi 3,2 eV & nhiét do phong), ning luong lién ket exiton 16n (60 eV), la vat li¢u
than thién v6i moi trudng va ¢ gia thanh ré [1]. Trong nhimg nim gin ddy, ZnO da dugc quan tim
nghién ctru nhiéu trong linh vuc 1am sach nuéc va khong khi véi vai tro 1a chét xtc tac quang hoa hiéu
qua. Tuy nhién, d6i v6i xtc tac quang 1a oxit ban dan ndi chung va ZnO ndi riéng, han ché 16n nhét 1a sy
tai két hop nhanh electron va 15 trong quang sinh, do d6 1am giam hiéu qua quang xuc tac cua chung. Vi
vay, can thiét phai bién d6i tinh chat electron trong cau tric ctia ZnO, nham giam thiéu qua trinh tai két
hop ciia electron va 13 trong quang sinh,cai thién hoat tinh quang xtc tac ciia ZnO. Pha tap kim loai da
cho thiy 1a mot trong nhiing phuong phap hiéu dé tang cudng hoat tinh quang xuc tac cua ZnO. Pha tap
kim loai 1am thay d6i cau trac dai electron ctia ZnO, do d6 sinh ra nhiéu khuyét tét tinh thé nhu khuyet tat
16 trong oxi (VO) Ngoai ra, cac ion kim loai pha tap, dac biét la cta cac kim loai da hoa tri co thé hoat
dong nhu cac “bay” dién tir cung voi 16 tréng oxilam cho viéc tach biét electron va 16 tréng quang sinh
cang tro nén hiéu qua. Hon thé nia, pha tap kim loai c6 thé ting cudong hoat tinh quang xtc tac cia ZnO
dudi anh sang kha kién do viéc pha tap tao ra trang thai nang luong vung cAm moi ngay bén trong vung
cdm cta ZnO va trang thai méi nay c6 kha ning hap thu anh sang ving kha kién[2- 5] Ton Mn”" va Zn*" ¢6
cung dién tich va chénh Iéch ban kinh ion gitra ching tuong d6i nho, do d6 ion Mn*" d& dang thay thé ion
Zn”" ma khong lam thay doi cdu trac tinh thé ZnO. Mt trong nhirng anh huong quan trong khi pha tap
mangan vao ZnO lién quan dén viéc ting khuyét tat mang tinh thé, dic biét 1a khuyét tat 15 tréng oxi.
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Khuyét tat 15 trf)ng oxi hoat d6ng nhu mot bay dién tir nham tach biét electron va 15 tréng quang sinh va
tang thoi gian ton tai cua chung, do do tang hoat tinh quang xuc tac cua ZnO[6, 7].

~ Cho dén nay, trén thé gio1 da co kha nhiéu bao cao nghién ctru vé vat liéu quang xuc tac Mn-ZnO.
Cau tric, cac ddc trung tinh chat va hoat tinh quang xtc tc cua chung da dugc nghién ctru[4, 5, 7-9].
Trong nude, vat liéu quang xue tdc Mn-ZnO con duge nghiénrét it va chua toan dién [10]. Pac biét, chua
¢6 bao cao khoa hoc vé vat liéu Mn-ZnO dugc tong hop bang phuong phéap thiy nhiét.

Trong bai bdo nay, vat liéu Mn-ZnO duge tong hop thanh cong bang phuong phap thiy nhiét. Két
qua thuc nghiém cho thay, viéc pha tap Mn da tang cuong hoat tinh quang xtc tac cua ZnO trong vung
anh sang kha kién.

2. THUC NGHIEM
2.1. Téng hop vt liéu Mn-ZnO bing phuwong phap thiy nhiét

Cac hoa chat Zn(CH;C0O0),.2H,0, Mn(CH;COO); 4H,0, C,HsOH, NaOH, Methylene blue déu la

hoéa chat tinh khiét phén tich ciia Hemedia - An Dg.

Vit lidgu Mn-ZnO duge diéu ché bang phuong phap thily nhiét voi cic tién chat kém axetat
Zn(CH;C0O0),.2H,0, mangan axetat Mn(CH;COO0),.4H,0, dung méi etanol C,Hs;OH va méi truong bazo
NaOH. Hoa tan 0,664g Zn(CH3COO),.2H,0 va mdt lugng muoi Mn(CH3COO),.4H,0 véi ti 1&¢ mol
Mn®*"/Zn*" 14 2% v6i 75 ml C;HsOH thu dugc dung dich A. Hoa tan 0,4g NaOH v6i 75ml HyO thu dwoc
dung dich B. Cho tur tir dung dich A vao dung dich B va ti€p tuc khudy 1 gi¢. Chuyén toan b hon hop
vao binh phan ung (autoclave) va 6n dinh nhiét trong ti say ¢ 150°C trong 24 gi¢. Sau do, dé nguoi binh
phan g dén nhiét do phong, loc va rira nhiéu 1an bang nudc cét hai 1an va etanol, sy kho san pham &
80°Ckhoang 10 gio, thu dugc chit ran dang bot.

Véi muyc dich so sanh ZnO dugc tong hop bang phuong phap thily nhiét trong cting diéu kién voi
Mn-ZnO.
2.2. Cac phuwong phap nghién ciru diic trung tinh chit caia vat liéu
Sy hinh thanh va bién giéi pha tinh thé ctia vat lidu tong hop dugc nghién ctru bang phuong phap
nhiéu xa tia X (XRD) trén thiét bi D8 Advance cua hiang Bruker (Puc) véi budce séng A = 1,5406 A°.

Kich thudc tinh thé trung binh thong qua cong thirc Scherrer:
0.9

D= A(26)cosB (1)
Trong do: ]
- D: kich thudce tinh thé trung binh.
- hbudc song cua tia X, A= 1.54056 A°.
- A(20) = FWHM : d¢ ban rong ctia vach nhieu xa.

Hinh thai hoc bé mit vat liéu dugc quan st trén thiét bi hién vi dién tir quét SEM — Hitachi S-4800
(Nhat Ban).

Phén tich dinh tinh va dinh luong thanh phan nguyén té ¢6 trong méu trén may Hiroba H-7593
(Anh).

Trang thai hoa hoc bé mit cua vat liéu duqc‘phﬁn tich trénrthiét bi quang dién tir tia X (XPS)PHI
Quantera SXM (ULVAC—PHI, Japan) v6i mdt nguon tia X don sac cua Al Ka (1486,6 eV). Nang luong
lién két dugce chuan béi Cls (284,8 eV).

Phén tich phd phan xa khuéch tan tir ngoai kha kién UV-VIS mau bot trén may V-500 Jasco (Nhat
Bén).

Phén tich phd hdng ngoai thuc hién trén thiét bi 55 Equinox Bruker (Pirc).

2.3. Nghién ciru hoat tinh quang xiic tic ciia Mn-ZnO dwéu anh sang kha kién

Hoat tinh quang xuc tac cua vat liéu dugce danh gia thong qua phan tmg phan huy metylen xanh
(MB) cua vat liéu tong hop dugc dudi anh sang nhin thay. Nong ¢ MB con lai theo thoi gian dugc xac
dinh trén thiét bi UV_VIS Evolution 600 — Thermo Fisher (My). Nguon sang chiéu xa cho phan tng
quang hoa tir dén Osram 250W. Khoang cach tir ngudn sang t&i bé mit dung dich khoang 20 cm.

© 2019 Truong Pai hoc Cong nghiép Thanh phd H Chi Minh



} TONG HOP THUY NHIET VAT LIEU NANO ZnO PHA TAP Mn NH{SM ) 137
TANG CUONG HOAT TINH QUANG XUC TACDUGI ANH SANG KHA KIEN

Lap duong chuan xac dinh khoang tuyén tinh ciia dung dich MB: Pha dung dich MB c¢6 nong d6
100 mg/l, sau d6 pha thanh cac dung dich c6 céac néng do tuong ung: 0,2; 0,6; 1; 1,5; 2; 4; 6; 8; 10; 12;
14; 16; 18; 20 va 25 mg/l. Tién hanh quét phd UV-VIS voi bude song trong khoang 200 — 800 nm. St
dung phan mém excel, v& dudng chuén, xac dinh khoang tuyén tinh dung dich MB.

Thyce hién phan tmg quang xtc tdc phan huy MB cua vat liéu dudi anh sang kha kién: Can 0,05 g
Mn-ZnO tong hop dugc cho vao 100 ml dung dich MB 7ppm, khuay hon hop phan tng 1 gio trong bong
tdi trén may khudy tir dé dat cén bang hap ‘phu. Sau do lay 4 ml hdn hop dem li tam tach chat ran va do
mat do quang A, (tinh thoi diém t=0). Chiéu anh sang nhin thay tir dén Osram va tiép tuc khudy. Ctr sau
30 phit 1ay 4 ml dung dich hdn hop li tim tach xuc tac va do mat do quang (A,) cho dén khi dung dich
MB bi mit mau hoan toan.

Hiéu suit phan huy MB (H%) theo thoi gian cta phan tmg quang xtc tac dugc xac dinh theo cong
thirc:

Bo=B 2 100 ©)

H (%) ="t x 100 =
Co
Trong do6: Ay, A: méat dd quang cua MB tai th(n diém t= 0 phut va t phut;

Cy, C¢: ndng d6 ciia MB tai t=0 phut va t phut.

3. KET QUA VA BAN LUAN
3.1. Két qua XRD
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Hinh 3.1: (a) Gidn @6 XRD ciia Mn-ZnO dwoc tong hop bang phwong phap thiiy nhiét véi ham lirong Mn pha tap
khac nhau va (b) XRD so sanh goc quét pic nhiéu xa cua ZnO va Mn-ZnO.

Bdng 3.1: Kich thieée tinh thé trung binh va hiéu sudt phan hity MB dwdi dnh sang kha kién sau 150 phiit ciia
Mn-ZnO voi ham luong Mn pha tap khdc nhau.

Méu AQ20) 20 D H
Mn*/Zn** A X .

(mol) (do) (d9) (nm) (%)
0% 0,295 36,201 28,34 91,3
1% 0,426 36,243 19,62 96,3
2% 0,460 36,242 18,17 96,9
4%, 0,397 36,277 21,06 95,8
10% 0,344 36,292 2431 95,0
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Anh huéng ctia mangan pha tap dén thanh phan pha va kich thuéc thudc tinh thé thé hién ¢ hinh
3.1. Gian d6 XRD hinh 3.1a cho thiy, ham luong Mn pha tap khong anh hudng dén thanh phan pha tinh
thé. Cac mau co ti 1é mol Mn**/Zn*" tir 1% dén 10% déu cho cau triic don pha hexagonal wurtzite cua
ZnO vdi cac pic cao va sic nét. Cac dinh nhidu xa tuong ing véi cac ho mit phang mang (100), (110),
(101), (102), (002), (103), (200), (112) va (201) phu hop voi glan dd XRD cua miu chuén ZnO dang khéi
JCPDS 00-036-1451. Khong thy c6 sy xuat hién cic pic nhidu xa cta kim loai mangan hay cac oxit
mangan. Dang chua y 14, khi pha tap Mn, cac pic nhidu xa dich chuyén nhe vé phia goc 2 thetab¢ hon so
V6i cac pic nhiu xa cia ZnO tong hop ¢ cung diéu kién (hinh 3.1b). Su chuyén dich thy rd ¢ miu voi
ham luong mangan pha tap 16n. Két qua nay phu hop véi mét so két qua da cong bd [11, 12]. Cac nhorn
tac gia nay cho rang da c6 sy thay thé ion Zn®" boi cac ion Mn? trong qua trinh tong hop mau do ion Zn*
va ion Mn*" ¢6 cung dién tich va ban kinh ion Zn*" (0,74 A°) gan bang ban kinh ion Mn>* (0,8 A°).
Phuong phap XRD khong phat hién duoc céu trac tinh thé pha tap néu ham luong pha tap dudi 3%. Tuy
nhién, gian 6 XRD cac mau v6i ham lugng mangan pha tap 16n hon 6% va 10% cling cho hinh anh don
pha hexagonal wurtzite cia ZnO. Nhu vay, c6 thé cho rang mangan di pha tap thanh cong vao ZnO ma
khong lam thay ddi cdu tric ciia ZnO. Trong dé, cac ion mangan di thay thé mét phan vi tri cac ion Zn**
hodc xdm nhép vao cac 16 hong khuyét tat mang.

Kich thudc tinh thé trung binhciia Mn-ZnO va hiéu sudt phan hay MB duéi 4nh sang kha kién cua
Mn-ZnO véi ti 16 mol Mn**/Zn*" khac nhau thé hién & bang 3.1. Két qua nay cho thdy,mau téng hop véi ti
1¢ mol Mn*"/Zn** = 2% mol c6 kich thudc tinh thé trung binh thé bé nhat va cho hiéu qua quang xuc tac
t6t nhéat dudi anh sang kha kién. Mau ZnO pha tap 2% mol Mn (ti 1¢ mol Mn**/Zn*" = 2%) dugc chon 1am
mau dai dién dé nghién ctru cac dac trung tinh chét & cac muc tiép theo.

Két qua FT-IR
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Hinh 3.2: Phé FT-IR ciia Mn-ZnO va ZnO téng hop bang phwong phdp thity nhiét

bac diém lién két ctia vat liéu Mn-ZnO thé hién & hinh 3.2. Hinh nay cho thiy cac pic tuong ung
v6i s6 song 3440 cm', 3448 cm™, 1637 cm™ va 1651 cm™ ddic trung cho dao dong cua lién két O-H va H-
O-H cua nudce hap thu bé mat. Pic ¢6 cuong do yeu tuong ng voi s6 song 1550 cm™ dic trung cho dao
dong cua lién két nhom COO[13]. Cac pic c6 cuong do 1on tuong Ung voi s6 song 432 cm’ va 509 cm’
déc trung cho dao dong cua lién két Zn-0.C6 thé nhan thay s chuyén dich s6 song hap thu lién két Zn-O
cua mau Mn-ZnO (50’9 em™) so v6i mau ZnO (432 cm™) tong hop & cung diéu kién. Su thay nay c6 thé
do su tao thanh lién két Zn-O-Mn khi Mn pha tap vao ZnO.
Két qua phd phan xa khuéch tan UV-VIS
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Hinh 3.3: Phé phan xa khuéch tan ciia Mn-ZnO duwoc tong hop bang phwong phdp thity nhiét.

Su pha tap Mn ciing lam thay doi tinh chét quang ctia vét lidu ZnO. Két qua phd phan xa khuéch
tan UV-VIS (hinh 3.3a) cho thiy, bo hip thu quang ciia Mn-ZnO chuyén dich sang phia c6 budc song dai
hon so v&i ZnO. Két qua 1a nang lugng ving cdm ctia Mn-ZnObij thu hep lai. Nang luong ving cdm cia
Mn-ZnO duoc xac dinh tir phd phan xa khuéch tan bang phuong phap do thi Tauc (Tauc Plot) 1a 3,0 eV
(hinh 3.3b) nho hon ning lugng ving cdm ciia ZnO 3,27eV & nhiét do phong[1]. Nhu vay, vat liéu Mn-
ZnO c6 kha ning hap thu quang ving anh sang nhin thiy twong tmg véi budc séng co A < 413 nm. Kha
ning hip thu quang ving anh sang kha kién ctia ZnO khi pha tap mangan dugc cho 1a do sy truyén dién
tich giira trang thai ving cAm m&i ngay bén trong ving cim ciia ZnO duoc tao ra boi cac ion mangan pha
tap voi Vung hoa tri cua ZnO va do budc chuyén d-d tir trang thai °A, ctia ZnO tdi cac trang thai kich
thich *A,, *T, va “E cua Mn*". Cac trang thai kich thich nay duoc tao ra la Kkét qua cua sy phan tach truong
tinh thé ctia ion Mn®" (trang thai “G) ngay bén trong ving ciAm ctia ZnO[14, 15].

Két qua XPS
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Hinh 3.4: (a) Phé XPS ciia Mn-ZnO diegc tong hop bang phwwong phép thity nhiét ; Phé XPS véi ché d scan phéin
gidi cao cua (b) Zn2p; (c) Mn2p va (d) Ols.
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Trang thai hoa hoc bé mit cua vat liéu Mn-ZnO duoc xac dinh thong qua phd XPS. Két qua the
hién & hinh 3.4.Ph XPS ctia Mn-ZnO (hinh 3.4a) cho thiy céc su hién dién cac nguyén td co trong mau
dai dién nhu Zn, Mn,C va O. Trang thai héa hoc ciia cac nguyén té nay duoc 1am rd thong qua phd XPS
v6i ché d9 scan phan giai cao (hinh 3.4 b, 3.4c, 3.4d). Hinh 3.4b cho thdy cac pic tai 1022,2 va 1045,38
dic trung cho nang lugng lién két ciia Zn2ps, va Zn2p,, tuong tmg[11, 16]. Trong ving ning luong lién
két ctia Ols (hinh 3.4d), co hai pic duoc quan sat tai 529,9¢V va 531,9 eV dic trung O trong lién két
Zn-0 cua mang ZnO. Péang chu ¥, cac pic ing v6i mic ning luong lién két 641,5 va 655,5 eV twong ing
véi trang thai Mn2p;, va Mn2p,, (hinh 3.4¢) dac trung cho trang thai oxi hoa +2 cua mangan[11]. Ngoai
ra, pic ¢c6 mirc ning lugng ning luong 284,4 eVduoc xac dinh 14 cta cacbon (Cls) ddi ching sir dung
trong phép do XPS. Nhu viy, két qua nay mot lan nira chimg minh thém cho sy pha tap thanh cong
mangan vao mang tinh thé ZnO, trong d6 mangan ton tai & trang thai oxi hoa+2.

Két qua SEM, EDS

Hinh thai bé mat vat lidu thé hién qua anh SEM cua Mn-ZnO. Hinh 3.5a cho thdy, vat liéu Mn-ZnO
¢6 dang hinh que ngin, kha dong déu, kich thude chiéu rong khoang 20 nm dén 30nm, kich thudc chidu
dai khoang 50 nm — 60 nm.

Pho EDS ctia Mn-ZnO (hinh 3.5b) cho thay su c6 mit clia cac nguyén té k&m, oxi, mangan trong
mau voi phan tram khéi lugng twong tmg 78 :93%, 19,71% va 1,36%. Ngoai ra, khong thay sy co mit cua
cac nguyén t6 la. Chiing to, vt liéu Mn-ZnO tong hop duge co do tinh khiét cao.

Tém lai, cac két qua nghién ctru vat liéu XRD, IR, XPS, UV-VIS, SEM va EDS déu chirng minh
rang vat lidu Mn-ZnO di dugc tong hop thanh céng bang phuong phéap thiy nhiét. Vat liéu ¢6 céu tric
hexagonal wurtzite, kich thudc nanomet, hinh tua que (nanorods) v6i d6 tinh khiét va do tinh thé hoa cao.
Dién tich bé mat riéng 18,6 m®/g. Vat liéu Mn-ZnO c6 kha ning hap thu quang ving anh sang kha kién
voi budce séng A <413 nm.

Cuwong do

0 2 4 6 B8 W 12 W 16 18 XA
Nang lvong (keV)

Hinh 3.5: (a) Anh SEM ciia Mn-ZnO; (b) Phé EDS ciia Mn-ZnO.
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Hoat tinh quang xic tic
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Hinh 3.6: Puong chudn cia dung dich MB

Két qud the hi¢n ¢ hinh 3.7. Hinh nay cho thy, hi¢u suat phan hity MB du6i 4nh séang kha kién ciia
vat liéu Mn-ZnO cao hon cua ZnO. Cu thé, sau 150 phat hi€u suat phan huy MB ctia Mn-ZnO va ZnO
twong tng la 96,9% va 91,3%.
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Hinh 3.7: Hiéu sudt phan hity MB ciia Mn-ZnO va ZnO dudi dnh sing nhin thdy.

V6i ndng d6 ban ddu cia MB thip, phan tmg phan hity MB c6 thé duge md ta boi phuong trinh
dong hoc bac 1 cua langmuir-Hinshelwood. Trén co so dir liéu phan huy MB cua cac vat liéu, cac phuong
trinh biéu dién mdi quan hé gitra Ln(C,/Cy) va thoi gian phan huy MB, h¢ sO twong quan R* va hang s toc
d6 k duogc tinh toan bang phan mém Excel. Két qua thé hién & hinh 3.8.
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4
Mn-ZnQO
y=0.0243x + 0.0026;
3 RZ=0.9972
%2 Zn0O
fé, y = 0.0169x + 0.0633;
] 1 R?=0.9991
0
0 50 100 150
T (pht)

Hinh 3.8:M6i quan hé giita Ln(Ao/At) theo thoi gian phan ung phan hiy MB cia Mn-ZnO va ZnO dudi anh sdng
nhin thay.

Két qua hinh 3.8 cho thay cac hé s6 twong quan xap Xi bang 1, cac duong biéu dién mdi quan
hégiita Ln(A/A,) theo thoi gian ctia phan g quang xic tac gan nhu tuyen tinh. Chung td, dong hoc phan
mg phan hity MB ctia vat liéu cac vét liéu dudi anh sang nhin thay tuin theo mé hinh Langmuir-
Hinshelwood va 14 phan tmg don gian bac 1. Hang s toc do phan tmg k d6i véi xtic tac Mn-ZnO va ZnO
tuong tng 0,0243 va 0,0169 phit™.

KET LUAN

Vit liéu Mn-ZnO di tong hop thanh cong bang phuong phap thuy nhiét voi d6 tinh thé hoa va do
tinh khiét cao. Cac nghién ctru déc trung tinh chat vat lidu di cho thdy, Mn dugc pha tap thanh cong vao
mang tinh thé Zn0O va ton tai & trang thai oxi héa +2. Vit liéu Mn-ZnO ¢6 cu trac hexagonal wurtzit,
dang twa que ngan, kich thudc nanomet, dién tich bé mat riéng 18,6 m ’/g, ning luong vung cam Xap xi
3,0 eV va c6 kha nang hap thu quang vung anh sang nhin thay voi A <413 nm. Hang sb tbc do phan Gmg
phén huy MB cua vat liéu Mn-ZnO cao hon ZnO (gan 1,5 lan) dudi anh sang kha kién. Nhu véy, pha tap
Mn vao ZnO da han ché sy tai to hop ctia céc cdp electron va 13 tréng quang sinh dong thoi thu hep nang
lwong vung cim, ting cudng hoat tinh quang xtic tic ciia ZnO dudi anh sang kha kién.
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