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SUMMARY

SYNTHESIZED OF NANOSIZED N-DOPED ZnO MATERIALS HAVE HIGHT
PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT BY A SIMPLE
THERMAL TREATMENT METHOD

Nanosized N-doped ZnO photocatalysts were synthesized by a simple thermal treatment method of the
mixture of urea and zinc nitrate, and characterized by X-ray diffraction (XRD), transmission electron
microscopy (TEM), surface area analyzer (BET) and UV-Vis diffuse reflectance spectra (UV-Vis DRS).
The photocatalytic activity of undoped ZnO and N-doped ZnO photocatalysts was evaluated by the
photocatalytic oxidation of methylene blue in aqueous solution under visible light irradiation. The study
showed that nitrogen was incorporated into the lattice of ZnO nanocrystals resulting in inhibition of the
growth crystal, narrowing the band gap and promoting the separation of photoexcited hole-electron
pairs, and enhanced photocatalytic activity under visible light. The photocatalytic activity of N-doped
ZnO material with a 5/7 (gram/gram) urea/Zn(NO3), mass ratio and calcined in 2h at 700°C was 3.0
times higher than that of undoped ZnO under visible light irradiation.

Keywords: zinc oxide, photocatalyst, methylene blue, N-doped ZnO, degradation, thermal treatment.

1. MO PAU khiét c6 ning luong ving cAm khé 16n (khoang
Viéc st dung cac chat ban din c6 hoat tinh 3,37 eV), chi hoat dong QXT trong vung anh
quang xuc tac (QXT) vao trong qua trinh oxi sang tir ngoai nén han ché kha nang tmg dung
hoa nang cao di cho thiy tinh hiéu qua trong thuc té cia no. Pé khic phuc nhugce diém nay,
viéc xt ly nude thai, dac biét ddi voi nguén nhiéu ion kim loai va phi kim da dugc pha tap
nudc thai ¢6 chira cac chat 6 nhiém hiru co doc vio ciu triic mang tinh thé ZnO.

hai va bén ving vén khong phai dé dang bi loai Pé didu ché vat liéu ZnO dugc pha tap, nguoi
bo boi phuong phap sinh hoc hodc cac phuong ta c6 thé tién hanh bang nhiéu phuong phap
phap truyén thong khac [1]. Chét xuc tac quang khéac nhau nhu: sol - gel [2], nhiét dung moi
TiO; thudng dwoc sir dung dé phan hiy cac hop [3], ling dong [4]... Nhin chung, nhimg
chat hitu co nhung déc tién va ZnO dugc tim phuong phap nay da cho thdy san phdm ZnO
thiy 1a vat liéu 1y tuong dé thay thé TiO;, do tinh duoc pha tap thuong c6 hoat tinh QXT cao hon
wu viét vé chi phi thép va hoat tinh QXT cao cta so voi vat liéu ZnO & dang nguyén chét. Co thé
n6 [1]. Tuy nhién, vat liéu ZnO & dang tinh néi rang, phuwong phap diéu ché vat liéu ZnO
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dugc bién tinh hién dang phat trién rat da dang
va xu thé @& xuit quy trinh diéu ché mang tinh
don gian, cho san pham ZnO c6 hoat tinh QXT
cao va c6 thé san xuat luong 16n ra cac ung
dung thyc té dang duoc cac nha khoa hoc quan
tam nghién ctu.

Trong cong trinh nay, chung t6i thong bao mot
sb két qua vé diéu ché vat liéu ZnO duoc pha
tap boi N (N-ZnO) bang phwong phap xir 1y
nhiét don gian, dong thoi danh gia hoat tinh
QXT cta no6 thong qua kha nang phan huy
quang hop chit mau xanh methylen (MB)
trong nudc dudi ngudn anh sang nhin thay tir
deén Compact.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit

Hoa chit st dung trong thuc nghiém gém
Zn(NOs3),, uré va MB nhan duoc tir hang
XiLong - Trung Qudc, & dang tinh khiét va
khong can ché hoa b sung.

2.2. Piéu ché vat liéu N-ZnO

Pau tién, cho 5,0 ml nude cit vao cac coc da
chira san luong ¢d dinh 7,0 gam mudi
Zn(NO3),. Cho tiép uré vao dung dich mudi &
trén sao cho dat & cac ty 1€ khéi luong
uré/Zn(NOs), khac nhau: 3/7; 5/7 va 7/7
(gam/gam). Khudy tron déu hdn hop mudi va
uré dén khi tan hét. Sau do6, chuyén cac méu
vao chén nung va tién hanh nung trong 2 gio &
nhiét d6 thich hop (téc d6 nang nhiét
10°C/phiit), thu dugc bot N-ZnO. Miu ZnO
khéng dwoc pha tap N ciing duoc tién hanh
tuong tu nhung khong c6 su bd sung luong
uré.

2.3. Panh gia hoat tinh QXT ciia san phim
Hoat tinh QXT cua cic mau dugc danh gia
bang cach cho 0,15 gam bt N-ZnO vao 200
ml dung dich MB ¢6 ndng d6 10 mg/l. Khudy
déu hdn hop huyén phu trong bong t6i khoang
45 phut dé dam bao dat can bang héap phu - khir
hap phu. Sau d6, huyén phu duoc chiéu xa boi
dén compact Golstar 40W (c6 3 vung budc
song dac trung la 435 nm, 545 nm va 610 nm)
trong 60 phat. Hiéu sudt phan tmg QXT cua
cac mau dugce xac dinh b'img cach so sanh néng
d6 ctua dung dich MB trudc va sau phan ung
(46 hép thu quang cua dung dich MB duogc do
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trén méay quang phd UV-VIS UV2450 -
Shimadzu, Nhat Ban).

2.4. Phwong phap dic trung tinh chit vat
liéu

Gian dd nhiéu xa tia X (XRD) cta cac mau
ZnO dugc ghi trén nhidu xa ké tia X D8
Advance Bruker (Puc) voi tia CuKe c6 A =
0,154056 nm, nhiét do ghi 25°C, géc quét 20
trong khoang tir 20 dén 70°, toc d6 quét 0,03s.
Kich thudc hat trung binh cua tinh thé duoc
tinh dga vao pic dac trung (101) cua ZnO trén
gian d6 XRD theo phwong trinh Scherrer [2].
Anh TEM ciia mau N-ZnO va ZnO dugc chup
trén kinh hién vi dién tir truyén qua JEM1010
(JEOL-Nhat Ban) c6 hé sb phong dai M = x30
dén x600.000, dién ap gia toc U = 40 dén 100
kV.

Dién tich bé mit riéng BET cuia cac mau duoc
xéc dinh tir duong dang nhiét hap phu-giai hip
nito tai 77 K trén thiét bi Micromeritics (My).
Pho hap thy UV-Vis pha rén ciia cac mau ZnO
dugc ghi béi may JASCO-V550 (Nhat Ban)
trén nén BaSO4. Gid tri ning lugng ving cim
clia cac mau ZnO dugc tinh toan dya theo cong
trinh nghién ctu [2].

3. KET QUA VA THAO LUAN

3.1. Anh huwéng cia ty 1& khdi lwong
uré/Zn(NO3):

Pé khao sat anh huong ty 18 khdi luong
uré/Zn(NOs), dén cau tric va hoat tinh QXT
ctia vat liu ZnO, tién hanh tron ¢ dinh 7,0
gam Zn(NO:), v6i cac mau chira uré & cac khéi
lugng khac nhau: 0 gam; 3,0 gam; 5,0 gam va
7,0 gam. Tt ca cac mau déu duoc tién hanh
nung & 600°C trong 2 gio va dugc ky hiéu
tuong tmg tir T-ZnON-0 dén TZnON-7.

Gian d6 XRD (hinh 1) cho thiy, tit ca cac mau
N-ZnO ¢6 d6 két tinh tot (dwong nén phd XRD
it bi nhiéu). Vat liéu N-ZnO két tinh theo kiéu
cAu trac wurtzit luc giac véi pic dic trung &
cac gia tri goc 2 theta khoang: 31,80°; 34,47°;
36,30° 47,58°; 56,64° 62,88° 66,39° 67,95°
va 69,09°, tuong Gng véi cac mat (100); (002);
(101); (102); (110); (103); (200); (112) va
(201) [4]. Ngoai pic déac trung cho pha ZnO
khong thay xuat hién pha la nao khic nhu
Zn3N; chiang han, didu nay co thé N da cong



két vao trong cdu triic mang tinh thé ciia ZnO.
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Hinh 1. Gidn dé XRD ctia mau ZnO & cdc ty 1
khoi lwong uré/Zn(NO3)2 khdc nhau

Bang 1. Kich thwoc hat trung binh (D) va
théng s6 mang ciia cdc mau N-ZnO theo ty 1é
khoi lwong uré/Zn(NOs); khéc nhau

Kyhicu |7 khoilugng) T}r::fgso
x uré/Zn(NOs), -
mau (cam/gam) (nm) | a=b | ¢

A | A
T-ZnON-0 0/7 40,5 | 3,251 (5,207
T-ZnON-3 3/7 40,3 | 3,249 |5,202
T-ZnON-5 5/7 37,0 | 3,248 [5,204
T-ZnON-7 7/7 38,6 | 3,252 {5,208

Két qua tinh toan theo phd XRD & bang 1 cho
thdy, ban diu khi ting dan luong uré tir 3,0 dén
5,0 gam kich thudc hat trung binh ctia ZnO cé
xu hudng giam. Céc tac gia trong cong trinh
[5] cho rang viéc giam kich thudc hat trung
binh cta ZnO 1a do uré trong cac phan tmg thé
hién vai trd nhu 13 chét hoat dong bé mit.
Nhom nghién ctru [6] lai giai thich rang, do
ban kinh ciia N (0,13 A) nhé hon so véi ban
kinh ctia O (1,4 A) nén khi N tham gia vio cu
trac mang tinh thé ZnO s& lam cho d¢ dai lién
két Zn-N trong lién két O-Zn-N sau khi pha tap
s& bé hon so voi do dai lién két Zn-O ban dau,
dan dén 1am giam kich thu6c hat. Sau dé, néu
tang luong uré 16n hon 5,0 gam, kich thudc hat
trung binh ciia ZnO c¢6 xu huéng ting. Nhung
nhin chung, tat ca cac mau N-ZnO déu c6 kich
thudc hat trung binh bé hon so véi mau ZnO
khéng duoc pha tap. Két qua nay chung to su
c6 mat cua uré da we ché qua trinh ting trudng
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cac hat tinh thé ZnO.

Quy luat bién ddi kich thudc hat trung binh &
trén ciing pht hop véi su thay doi cac hang sb
mang a va ¢ cia ZnO theo két qua tinh toan
ctia chiing t6i (bang 1). Két qua cho thiy, khi
tang dan lwong uré tir 3,0 dén 5,0 gam cac mau
N-ZnO c6 gia tri hang s6 mang a va ¢ nho hon
so voi mau ZnO. Nguyén nhan do d6 dai lién
két cua Zn-N bé hon so véi do dai lién két Zn-
O nhu d3 dugc dé cap bén trén. Khi ting luong
uré 16n hon 5,0 gam, kich thudc hat trung binh
va cac héng ) mang a va ¢ cta vat liéu N-ZnO
¢6 xu huéng ting. Piéu nay co thé do sy tham

gia nhiéu ctia N vao cau triic mang ZnO di lam
tang thé tich t& bao mang tinh thé ciia ZnO.

T_ZnON_S [ TEM]

JEM-1400 1 o 2016 b)
Hinh 2. Anh TEM ciia hai mdu: ZnO (hinh a)
va N-ZnO (hinh b)



Anh TEM cta mau ZnO khéng dugc pha tap
(ZnO, ty 1& khéi luong uré/Zn(NOs), = 0/7) va
mau ZnO dugc pha tap boi N (N-ZnO, ty 1&
khéi lwong uré/Zn(NOs), = 5/7) dwoc dua ra &
hinh 2. Két qua TEM cho théy, ca hai loai vat
liéu: ZnO va N-ZnO c6 cac hat tinh thé co xu
hudng két dinh lai v&i nhau, tuy nhién vat liéu
N-ZnO ¢6 kich thudc hat bé va phan b twong
dbi déng déu hon so vdéi vat liéu ZnO.

Mau ZnO va mau N-ZnO & trén ciing dugc
chung t6i tién hanh chup BET. Két qua BET
cho théy vat lidu ZnO c6 dién tich bé mat riéng
(0,49 m?/g) bé hon so véi vat liéu N-ZnO (6,98
m%g). Két qua nay ciing phi hop voi viée
nghién ctru phd XRD & trén khi thu duge vat
liéu ZnO cob kich thudc hat trung binh (40,5
nm) 16n hon so véi vat liéu N-ZnO (37 nm).
Nhu vay, su tham gia ciia N vao cAu tric mang
tinh thé ZnO da lam giam kich thudc hat va cai
thién dién tich bé mit riéng cta vat lidu ZnO.
Pho hip thy UV-Vis pha ran ciia hai mau: ZnO
va N-ZnO duoc dwa ra ¢ hinh 3. Két qua cho
thdy, mau N-ZnO c6 bd hip thyu quang chuyén
dich manh vé ving 4nh sang nhin thdy hon so
v6i mau ZnO. Qua sy tinh toan, mau ZnO co
gi4 tri nang lwong ving cam khoang 3,10 eV,
trong khi d6 miu N-ZnO gi4 tri ndy nim trong
khoang 2,79 dén 1,63 eV. Két qua nay ching
t6, N trong ciu tric mang tinh thé ZnO da thé
hién vai tro thu hep gid tri nang lugng vung
cAm cua vat liéu ZnO.
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Hinh 3. Phé UV-Vis cia mau ZnO va mau N-
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Bang 2. Hi¢u suat phdn huy quang cia vt liéu
Zn0 ¢ cic ty 1é khoi heong uré/Zn(NOs): khdc nhau

Nong | Nong do
Tyl¢ d6MB | MBsau | .
S A £ . . Hiéu
Kyhi¢éu | khoilugng | trudc |phanimg|
miu  |uréZn(NOw)| phin | (me/l) i;a)t
(gam/gam) | Umg ’
(mg/l)
T-ZnON-0 0/7 10 691 |309
T-ZnON-3 3/7 10 443 | 55.7
T-ZnON-5 57 10 097 903
T-ZnON-7 7/7 10 4,61 | 539

Két qua vé hiéu suat phan huy quang MB trong
dung dich nudc trén vat liéu ZnO & cac ty 1€
khéi lugng uré/Zn(NOs), khac nhau ¢ bang 2
cho thdy, khi ting dan ty 1¢ khdi luong
uré/Zn(NOs), tir 0/7 dén 5/7 (gam/gam) hiéu
sudt phan huy quang ting va dat gia tri cuc dai
& mau N-ZnO tmg vé6i ty 1& khdi luong
uré/Zn(NOs), 5/7 (H = 90,3%). Nguyén nhan
¢6 thé trong khoang ty 1& khéi luong nay, N
trong vat liéu ZnO da thé hién tét vai tro tang
cuong d6 hip thu quang trong ving anh sang
nhin thiy va giap viéc tach hiéu qua cac
electron va 18 trong quang sinh. Co ché phan
tmg dugc Lin [7] giai thich rang, khi ZnO
trong dung dich dwoc chiéu sang voi ngudn
ning lugng 16n hon ning lugng ving cam thi
c4c electron vung dan va cac 15 tréng ving hoa
tri duoc tao ra trén bé mat hat ZnO, nhu dugc
mo ta trong phan tmg 1.1. Cac 15 trong co thé
phéan ung véi nudce trén bé mit hat kém dé tao
ra cac gbc hydroxyl hoat dong OH' (phan tmg
1.2). Oxi hoat dong nhu 1 chit nhan electron
va hinh thanh anion gbc supe-oxit O»~ (phan
tmg 1.3). Cac anion gdc nay co thé hoat dong
nhu 13 chét oxi héa hodc ngudn tao ra cac gde
hydroxyl thong qua su hinh thanh H,O, sau d6
(phan tmg 1.4 d&én 1.6). Cac san pham oxi hoa
manh ciing véi cac goc hydroxyl phan timg véi
xanh metylen (MB*) dé tao ra cac hop chat
khong mau, néu phan hiy dén cing s& tao ra
cdc chat it doc hai nhu CO,, H>0, HCL, Na...

ZnO+hv —e +h' (1.1
H,O+h" > OH +h" (1.2)




0,+e > 05 (1.3)
O, +H" —> HO, (1.4)
2HO ,— 0,+H,0, (1.5)
H,0+0, - 0OH +0,+0H" (1.6)
OH + MB" — Chit khong mau (1.7)

Sau d6, khi tang ty 1¢ khéi luong uré/Zn(NOs),
16n hon 5/7, hiéu suat phan huy quang giam
manh. Didu nay co thé do khi nong do N trong
mang tinh thé ZnO qua cao, dan dén no6 hoat
dong nhu 1a cac tam tai két hop giita cac
electron va 13 tréng quang sinh, 1am giam hoat
tinh QXT cua vat liéu N-ZnO. Nhin chung, tit
¢4 cac miu N-ZnO déu co hiéu suat phan hiy
quang cao hon nhiéu so véi miu ZnO. Nhu
vay, khi N duoc pha tap vao cAu trac mang
tinh thé ZnO né da cai thién dang ké hoat tinh
QXT cua vat li€u nay dudi nglé)n birc xa anh
sang nhin thay.

3.2. Anh hwéng ciia nhiét d9 nung miu

Pé khao sat anh hudng cua nhiét do nung dén
cAu tric pha va hoat tinh QXT cta san pham,
mau N-ZnO (ty 1& khéi luong uré/Zn(NOs), =
5/7) dugc nung & cac nhiét d¢ khac nhau: 550,
600, 700 va 750°C. Cac mau duoc ky hiéu
tuong tmg tir T-ZnON-550 dén T-ZnON-750.
Két qua phd XRD cta miu N-ZnO theo nhiét
d6 nung thay ddi tir 550 dén 750°C (hinh 4)
cho théy, tat ca cac mau N-ZnO déu co do két
tinh t6t (duong nén phd XRD it bi nhidu) va
két tinh theo kiéu ciu triic Wurtzit luc giac voi
cac mat (100); (002); (101); (102); (110);
(103); (200); (112) va (201) ung voi goc 2
theta thay d6i trong khoang 36° dén 70°.
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Bang 3. Kich thude hat trung binh (D) va théng s6
mang cua vt lieu N-ZnO ¢ cac nhi¢t do nung khac

nhau
Ky hicu Nhiét do D Thong so mang
- nung (nm) a=b, c,
0 A | A
T-ZnON-550| 550 36,7 3,247 {5,201
T-ZnON-600| 600 37,0 3,249 {5,202
T-ZnON-700| 700 39,7 3,251 {5,203
T-ZnON-750| 750 434 3,260 |5,205

Su bién d6i kich thudc hat trung binh cia tinh
thé N-ZnO theo nhiét d6 nung thay dbi tir 550
dén 750°C (bang 3) cho thay, khi ting dan
nhiét d¢ nung kich thudc hat trung binh tang
dan. Piéu nay c6 thé do c¢6 su két ty 16n giita
cac hat khi ting dan nhiét d6 nung. Két qua &
bang 3 con cho thdy, khi ting dan nhiét do
nung cac gia tri hang sé mang a va ¢ trong cau
tric mang tinh thé N-ZnO ting dan. Két qua
ndy duoc gidi thich do ban kinh ctia N (0,13 A)
nho hon so véi ban kinh ctia O (1,4 A) [6] nén
khi ting nhiét d6 nung qua trinh that thoat N da
thay thé O trudc d6 trong céu tric mang tinh
thé ZnO ciing ting theo. Nhitng nguyén tir N bi
that thoat nay dugc thay thé boi cac nguyén tir
O va do d6 1am ting cac hing s6 mang a va ¢
trong cAu tric mang tinh thé N-ZnO.

Bing 4. Anh hirng ciia nhiét d6 nung méau N-ZnO
dén hiéu sudt phdan hiy quang dung dich MB

Nhiét | Néngdo | Néngdo Suz‘
Ky hi¢u dd |MBtruéc| MBsau han
mau nung | phanung | phan Ging I;u}’/
OC 1
°C) | (mgl) (mg/l) %)
T-ZnON- | 550
1 2.1 2
550 0 18 78,20
T-ZnON- | 600
10 0,98 90,20
600 ’ ’
T-ZnON- | 700
10 0,63 93,70
700 ’ ’
T-ZnON- | 750
10 1,42 85,74
750 ’ ’

Két qua hiéu suat phan huy quang ciia miu N-
Zn0O 6 céac nhi¢t do nung khac nhau (bang 4)




cho thdy, khi ting dan nhiét d6 nung tir 550
dén 700°C hiéu suat phan huy quang ting.
Nguyén nhan c6 thé do vat liéu N-ZnO én dinh
hon vé& mat ciu truc. Trong khoang nhiét do
nung tir 600 dén 700°C hiéu suit phan hiy
quang it thay d6i va dat gia gia tri kha 1on (H >
90%). Tuy nhién, khi nang nhiét d¢ nung 1én
hon 700°C hiéu suét phan hiy quang c6 xu
hudng giam. Nguyén nhan khi nung & nhiét do
cao co su két tu 16n giita cac hat, 1am tang kich
thude hat trung binh, tir d6 lam giam hiéu suit
QXT. Nhu vay, nhiét ¢ nung thich hop cho
quy trinh diéu ché vat liéu N-ZnO bang cach
nhiét phan hdn hop Zn(NOs), va uré nam trong
khoang nhiét d¢ tir 600 - 700°C.

4. KET LUAN

Pi diéu ché thanh cong vat lidu nano N-ZnO
bang phuong phap xu 1y nhiét hdn hop
Zn(NOs), va uré. Vat litu N-ZnO diéu ché
duoc o chu tric wurtzit, c6 kich thude hat
trung binh khoang 40 nm va dién tich bé mat
riéng dat khoang 6,98 m%g. Mau N-ZnO ¢ ty
1¢ khéi luong uré/ Zn(NOs), = 5/7 (gam/gam),
nung & 700°C trong 2 gid c¢6 hoat tinh QXT
cao nhit va cao hon khoang 3 1an so v6i mau
ZnO khong dugc pha tap. Xanh methylen trong
dung dich nudc gan nhu bi phan hiy hoan toan
trén vat licu N-ZnO chi sau khoang 60 phut
chiéu sang boi dén Compact. Ngoai ra, nghién
ctru con cho thdy N da thé hién vai tro e ché
su tang trudng va cai thién sy phan bd céc hat
tinh thé, dong thoi ting cuong kha ning hap
thu quang vé viing anh sang nhin thay khi dugc
pha tap vao cdu triic mang tinh thé ZnO.
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