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ABSTRACT

ZnO was modified by CuO via a facile method, in which ZnO was grown on
available CuO using microwave reaction system. The obtained composite,
denoted as ZnO/CuQ, was characterized by X-Ray Diffraction, scanning
electron microscopy, Transmission Electron Microscopy, Energy-dispersive X-
ray, infrared spectra and Ultraviolet-Visible Diffuse Reflectance Spectroscopy.
The characterizations showed that ZnO/CuO composite possesses a bandgap
of around 3.37 eV, and consists of ZnO and CuO. The photocatalytic activity
of the CuQO, ZnO and ZnO/CuO was assessed by degradation of methylene
blue under visible light. Among them, ZnO/CuQO displayed the best
photocatalytic activity. The enhancement in photocatalytic activity for the
Zn0O/CuO was observed, which can be attributed to the presence of CuO in

the materials.

Md& dau

Viéc st dung cac vét liéu ban dan lam xuc tac quang dé
XU ly & nhiém moi trudng da dudc nghién clu rong réi
trong nhiing ndm gén day.

Trong s6 cac chét ban dan dang oxit, ZnO la moét chat
kha phé bién va dudc nghién clu nhigu. Tuy nhién, nd
c6 nang lugng vung cdm 1én, khodng 3,37 eV nén kém
hoat déng trong ving anh sang kha kién [1, 2]. P& c6
mét s& cong trinh cong bd vé viéc pha tap N hay dong
pha tap N va Cu vao ZnO nham cai thién hoat tinh
quang xUc tac trong vlng anh sang kha kién cua loai
vat liéu ban dan nay [3, 4].

Ngoai ZnO, dong oxit (CuO) la chat ban dan than thién
vai méi truong, da dudc st dung réng réi trong x ly 6
nhiém do tinh 6n dinh hda hoc cao va tinh chat quang
dién t6t [5]. CuO thudc loai ban dan loai p c6 nang
lugng ving cdm khéng 6n dinh, véi gia tri nang luong
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vung cdm hep, tUr 1,2 — 1,58 eV [6, 7, 8]. Do qua trinh tai
két hgp electron — 16 tréng xdy ra manh nén hoat tinh
xUc tac quang trong vung anh séng kha kién cla vat
liéu nay khong cao. Vi vay, viéc két hgp vét liéu nay vdi
cac chét ban dan khac nham lam gidm qua trinh tai két
hap electreon — 16 tréng 1a su quan tam cla nhiéu nha
khoa hoc dé Ung dung loai chat ban dan nay trong Iinh
vuc xUc tac quang [9, 10].

Gén day, mét loai vét liéu lai ZnO—CuQ da dugc nghién
clu dé Ung dung ching trong viéc xI ly méi trudng
nudc [11, 12]. Cac vat liéu nay c6 hoat tinh quang xdc
tdc tét, phan hdy gan nhu hoan toan methyl orange
(MO) [N, 13], rhodamine B (RhB) [12], congo do [14]
trong vung anh sang kha kién. Mac du vay, viéc tim
ki€ém cac phuong phap mdi dé dat dugc hé ZnO/CuO
¢6 hoat tinh xtc tac cao van dang dugc dat ra.

Trong bai bao nay, chdng toi trinh bay mdt phuong
phap don gian dé lam tang hoat tinh xtc tac ZnO trong
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vling anh sang kha kién bang cach phat trién cac hat
nano ZnO trén CuO da dugc diéu ché trudc do tu Cu
nguyén tl. Hoat tinh xdc tac quang trong vung kha kién
cla vét liéu nay clng dugc khdo sét bang phan ng
phan huiy xanh metylen trong dung dich nudc.

Thyc nghiém
2.1. Hba chét

Cac hoa chét chinh s&t dung trong nghién clu dudc
mua tr cbng ty Merck bao gdbm:  Cu,
Zn(O0CCH;3),.2H,0, CH;COOH, NaOH, CoHsOH tuyét
déi, xanh metylen (MB).

2.2. Phuong phéap t6ng hgp mau
2.2.1. Téng hgp CuO tur Cu bot

Bot Cu dugc lam sach trong axit axetic khoadng 25 phut
dé loai bd I6p oxit bé mat. Sau do bot duge ria lai
nhigu lan bang CoHsOH tuyét ddi. Sau khi da sdy khod
trong 16 séy khéng khi néng & 65 °C trong 5 phut, bot
tiép tuc dét nhanh dén nhiét d6 500 °C trong 7 gid vdi
su ¢ mat cla khong khi trong 16 nung. Méu thu dugc
dé ngudi dén nhiét d6 phong l1a CuO.

2.2.2. Téng hgp vdt liéu composite ZnO/CuO

Hoa tan 1,4 mmol mudi Zn(OOCCH3),.2H,0 trong 60ml
nudc céat, khudy lién tuc tao dung dich dong nhét. Cho
CuO vao dung dich dong nhét trén va thém 1,5 mmol
(99,75 mg) NaOH. Sau do mau dugc chiéu xa vi song
véi cong sudt 650W trong 20 chu ky (mdi chu ky trong
15 gidy, tranh su sdi 1én cla dung moi). Mau bét dudc
rlfa lai nhieu Ian vdi nudc, say khod rdi nung & 500 °C
trong 1 giG vdi sy c& mat cla khong khi, vat liéu thu
dugc la ZnO/CuO.

Mot mau ZnO cling dudc t6ng hop dé so sanh, quy
trinh t6ng hgp hoan toan tuong tu composit ZnO/CuO
nhung khéng cé mat cta CuO.

2.3. Phuong phéap ddc trung

Nhiéu xa tia X (XRD) clia cac mau dudc do trén may
Brucker D8 Advance, 6ng phét tia X bang Cu cé budc
séng A = 1,540 A, dién ap 30kV, cudng dé dong éng
phat 0,01A. Phé hdng ngoai (IR) clia mau vat liéu dudc ghi
trén méay IRAffinity-1S (Shimadzu). Phd tan xa nang lugng
tia X (EDS) va anh hién vi dién tir quét (SEM) dugc do
trén may Nova Nano SEM 450. Anh hién vi dién tu

truyén qua (TEM) dugc do trén méy JEOL JEM-2100F.
PhS phan xa khuéch tan ti ngoai kha kién (UV-Vis-
DRS) trang théi rdn cGia mau dudc do trén may GBC
Instrument—2885. Nong dé xanh methylen trong céc
mau dung dich sau phan Ung dudc xéc dinh bang
phuong phép do quang trén may UV-Vis Jenway 6800
cta Anh.

2.4. Banh gié hoat tinh xdc tac quang

Lay 0,02 gam xuc tac cho vao céc 250 mL, sau do cho
ti€p 200 mL dung dich xanh metylen (MB) ndng dé 10
mg/L. Dung gidy trang nhdém boc kin céc sau do khudy
déu céc trén méy khudy trong t gig (khudy trong bong
t6)) dé cho qua trinh hdp phu — gidi hap phu dat can
bang, sau mdi gid 14y khoang 8 mL dung dich MB dem
li tdm va tién hanh do quang dé xac dinh ndng dd MB.
Nong dé MB tai thai diém qua trinh hép phu — gidi hdp
phu dat can bang dugc ki hiéu la Co. G& gidy nhém va
ti€p tuc khudy déu coc dudi sy chiéu sang cla dén sai
toc 60W-220V ¢o st dung kinh loc tia UV. Dung khuéy
V@i thdi gian tuong Ung t =1, 2, .., 7 gid. Sau mdi gidy
ldy khoang 8 mL dung dich MB dem i tdm va cho vao
lo, ki hiéu mau C, véit =1, 2, ..., 7. Nong dé MB trong
cac mau dung dich sau phan Ung & cac thdi gian khac
nhau dugc xac dinh bang phuong phép do quang trén
may UV-Vis Jenway 6800.

Mot mau tréng (chiéu den, khéng xic téc) cling dugc
tién hanh tuong tu dé so séanh.

PE xac dinh ndng dé MB, dudng chudn dugc thiét 1ap
bdi md&i quan hé dd hédp thu theo ndng do trén may
UV-vis Jenway 6800 tai budc song khodng 663 nm.
Hiéu sudt xUc tac cua vat liéu dugc xac dinh theo céng
thuc:

C,-C

H= x100%

0

trong d6, C, la nébng d6 déu tai thai diém dat can bang
h&p phu va C la néng dé tai thai diém khao sét.

K&t qua va thao luan

3.1. Bdc trung vat liéu

3.1.1. Nhiéu xa tia X

Pha tinh thé cla cac mau vét lieu dugc dic trung bdi
nhiéu xa XRD va két qua dugc trinh bay trong Hinh 1.

Mau ZnO c6 céu tric luc giac kiu wurtzite vdi cac pic
nhiéu xa tai 20 = 31,87° 34,54°; 36,34°; 47,65° 56,65°
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va 62,92° [13, 15, 16] tuong Ung vd&i cac mat phan xa
(100), (002), (101), (102), (110) va (103). Mau CuO c6 céu
triic monoclinic, trong dé cac nguyén t& O chiém vj tri
héc tr dién clia cau tric nay, CuO cé cac pic nhidu xa
dac trung tai 26 = 32,59° 35,59° 38,80° 48,79°
53,59° 58,33° va 65,71° tuong Ung vdi cac mat phan xa
(110), (002), (111), (202), (020), (202) va (113) [15, 16, 17,
18]. Ph& XRD clia mau ZnO/CuQ cé chifa tat cd cac
dinh cta nhiéu xa ZnO va CuO tinh khiét, va khéng
thdy co pic nhidu xa clia pha la. Biéu nay ching to vét
liéu composite ZnO/CuO bao gdm 2 céu t& ZnO va
CuO.

7] ¥
1400 + x ZnO

| x + CuO
1200

1000 + X
CuO/ZnO =+ 4 1T

800 1

600

Cuong d6 (a.u.)

CuO
400

(100}

200

ZnO

10 20 30 40 50 60
2-Theta (do)

Hinh 7: Gidn dd XRD clia c&c mau vat liéu

3.1.2. Hién vidién t&r quét (SEM) va phé tdn xg ndng
lugng tia X (EDS)

Ph& EDS cuia cac mau dugc trinh bay & Hinh 2.
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Hinh 2: Phé tan xa nang lugng tia X clia cac mau
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K&t qua chi ra rang, trong cac mau CuO va ZnO/CuO
c6 sy hién dién day di céc nguyén t& thanh phén.
Trong mau CuO, sy hién dién cla nguyén t6 Cu tuong
Ung véi muc nang lugng khodng 0,9 KeV; 8,0 KeV va
8,8 KeV; clia nguyén t6 O & vung nang lugng khodng
3,5 KeV [19, 20]. C4c dU liéu phan trdm nguyén té
(tuong Ung vdi ti 1& nguyén t&r Cu:O = 1:1) cling dugc
xac dinh va minh chiing cho do tinh khiét ctia mau CuO
la kha cao. Trong méu ZnO/CuO, ngoai cac nguyén té&
Cu va O con ¢b sy hién dién cla nguyén t6 Zn Ung vdi
cac muc nang luong khoang 1,0 KeV; 8,6 KeV va 9,5
KeV [12, 21] vdi thanh phan khéi lugng la 47,00%. Ngoai
ra, trén mau nay khong co su hién dién cla bét ky
nguyén té nao khac ngoai Cu, Zn va O. Biéu nay chiing
td mau vat liéu composite ZnO/CuO thu dugc la kha
tinh khiét. K&t qua nay la kha tring hop vdéi két qua
phan tich XRD.

Hinh thai bé mat cla cac mau vt liéu dudc quan sat
bang anh SEM, két qua dugc thé hién & Hinh 3.

det
TLD

] WD det
x | 43mm | TLD

Hinh 3: Anh hién vi dién ti quét (SEM) clia cac mau
CuO (A) va ZnO/CuO (B)
Hinh &nh SEM clia mau CuO va ZnO/CuO cho théy, su
kh&c nhau vé hinh thai bé m3t & hai mau vat liéu nay. O
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hinh 3A, su phan bé cla cac tinh thé CuO co thé lén
dén khoang 200 nm. Tuy nhién, & hinh B, hinh thai céac
hat hoan toan khac. Biéu nay cé thé do co sy thay dbi
hinh thai CuO trong qua trinh tao composite. Cac hat
composite bao gdbm cac hat hinh tru cé do tinh thé cao
va phan bd kha réng co kich thudc tir 40 nm dén 100
nm.

3.1.3. Anh TEM

Cau trdc vét liéu ZnO/CuO cling dugc dac trung bang
phuong phap hién vi dién ti truyén qua va két qua
dugc trinh bay & Hinh 4.

ZnO-Cu0009

Print Mag: 20600x @ 51 mm
2:55:00 p 03/22/18

ITEM Mode: Imaging

500 nm

HV=80.0kV
Direct Mag: 10000x

Hinh 4: Anh TEM ctia mau vét liéu ZnO/CuO

Anh TEM [4n nifa kh3ng dinh composite bao gdm cac
hinh tru cé dudng kinh t& 40 nm dén 100 nm.

3.1.4. Phé hdng ngogi (IR)

Ph& IR dugc ghi khi st dung ki thudt ép vién KBr vdi
cac mau dang bét CuO, ZnO va composite ZnO/CuO,
quét & viing c6 s6 séng tir 4000 — 400 cm ™, dugc trinh
bay & Hinh 5.

Phé& IR cla cd ba mau vat liéu (ZnO, CuO va ZnO/Cu0)
c6 dao dbng trong vung 450 — 500 cm™ 13 do dao
dong cla lién két M—O (M = Zn, Cu), xac nhan su hinh
thanh ZnO, CuO. M6t déi xudt hién & 1400 — 1700 cm’’
c6 thé 1a do su bién dang goc SH-OH clia nudc. Ngoai
ra, mot dai xudt hién & 3200 — 3600 cm’! dugc gén cho
su kéo dai O-H cua nudc. Nhitng phéat hién nay phu
hop vdi céac gia tri trong mét s6 tai liéu da dugc cong
bé [6, 22, 23, 24, 25].

g
<
=
o
[ =3
<@
=
c
=
rY a- CuO
b- ZnO (Zn-0) %
c- CuO/ZnO o,
(Cu-0)
OD T ) L T T L] T
4000 3500 3000 2500 2000 1500 1000 500
Sb séng (cm™)

Hinh 5: Phé IR ciia cdc mdu vit lidu CuO, ZnO va
Zn0O/Cu0

3.1.5. UV-Vis-DRS

Kha nang hdp thu anh sédng cla céac vat liéu dugc dac
trung bang phuong phép UV-Vis—DRS. Két quéa dugc
trinh bay & Hinh 6.

16 1@ 20 22 24 26 28
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Cwérng dd hép thuy (a.u.)
s
1

T T T T T
350 400 450 500 550 600 650 700 750 800
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Bwéc song (nm)
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Hinh 6: Phd UV-Vis-DRS va nang lugng ving cdm clia
cac mau vat lidu

CuO hdp thu anh séng vung kha kién, ba hép thu anh
sang kéo dai dén hét vung kha kién (800 nm), nang
lugng ving cdm cla CuO téng hgp theo phuong phép
nay clng dugc xac dinh, bang khoadng 1,58 eV. Riéng
déi v&i ZnO, chi hdp thu anh séng vung ti ngoai, bg
hdp thu anh sang nam vung < 390 nm, nang luong
ving ¢dm cla ZnO clng dugc xac dinh, bang 3,37 eV.
D&i véi vat liéu ZnO/CuO, b hép thu dich chuyén vé
vung anh séng kha kién, bg hép thu anh sang cua vat
liéu ndm & vung > 400 nm (vung kha kién). Tuy nhién,
su dich chuyén nay la khéng léch nhigu so véi ZnO.
Diéu nay cho théy, khi bién tinh, vat liéu ZnO/CuO co
gié tri nang lugng ving cdm khéng thay déi nhiéu so
vdi ZnO.

Tom lai, tat ca cac dac trung trén déu chi ra rdng, mau
vat liéu ZnO/CuO d& dugc téng hop thanh céng. Nang
lugng vlng cdm cla céc vét liéu cling da dugc xac
dinh. Gid tri ndng lugng ving cdm thay ddi khong
nhiéu so vdi vét liéu tién chat ZnO. Vét liéu thu dugc cé
kich thudc tinh thé nano (40 — 50 nm), cac tinh thé nay
két hgp thanh nhiing hat 16n hon, c6 kich thudc vai
tram nanomet.

3.2.Danh gia hoat tinh x(c tac quang cuta vat liéu CuO,
ZnO va ZnO/CuO

Két qua khao sat hoat tinh quang xdc tac phan hay MB
(ndbng dd 10 mg/L) trong dung dich nudc cla ba mau
vat lieu ZnO, CuO va ZnO/CuO dudi sy chiéu xa cla
den sdi tdc 60W — 220V dugc trinh bay & Hinh 7.

Hinh 7 cho thdy, mau ZnO phan hiy MB réat kém. Digu
nay la do, vat liéu ZnO cd néng lugng vang cdm cao

27

(Eg = 3,37 eV), gén nhu khoéng cé budc nhdy electron
trong diéu kién chiéu sang nay. Mau CuO, tuy ¢ nidng
lugng vung cdm thdp (Eg = 1,58 eV) nhung kha ndng
phén hiy MB cling khéng cao. Diéu nay cé thé do
trong CuO, kha nang tai hgp electron — 16 tréng quang
sinh cao, dan dén su hinh thanh cac géc tu do -O5,
-OH thép nén hiéu sudt phan hldy MB kém. Su phan
hdy MB xdy ra manh nhdt d&i v mau vat liéu
ZnO/Cu0, sau 7 gid chiéu séng, hiéu suét phan hay MB
trén mau nay dat 99,5%, cao hon rdt nhiéu so vdéi cac
mau riéng 1& ZnO va CuO.

Céc gia tri hang s6 téc dé tr Hinh 7B cho théy, su phan
hiy MB cla céc vat liéu tuan theo phuang trinh  déng
hoc béac 1 vdi hé sé hdi quy tuong Ung vdi céc vét liéu
ZnO, CuO va ZnO/CuO lan luct bang 0,971; 0,969 va
0,957. Téc do phan hiy MB cla vét liéu ZnO/CuO gép
nhiéu 1&n so vdi téc do phan hiy MB cta ZnO va CuO
rieng 1é (gdp 41 1&n so vdi ZnO va gdp 18 lan so vdi
CuO).

Bong téi Chiéu anh sang dén 60W-22-V

1.2+

—¥— mau trang
—a—7n0O
—a&— CuO
—e— Zn0O/CuO

—5- — 7 T y
-1 0 1 2 3 4 5 6 7
Thei gian (gior)

6 - #Zn0 y=0.019x+0013;R*=02971

M CuO v=0.044x+ 0.071; R*= 0969

ZnO/CuD y=0.785x- 0.549; R* =0.957

In{Co/C)

Thé&i gian (gidr)

Hinh 7: (A)- D6 thi biéu dién sy phu thudc C/Co clia MB
(ndng dd 10 mg/L) theo thai gian phan Ung t va (B)-
Téc d6 phan hly MB bdi céc vat liéu ZnO, CuO va
Zn0/Cu0 bang dén sgi toéc 60W—220W
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Trén cg s& mét so tai liéu da duge cong bé [26, 27, 28],
ca ché gidi thich qua trinh gidm tai két hop electron — 16
tréng quang sinh cla vét liéu ZnO/CuO dugc dé xuét
Hinh 8. Sau khi phan ly bdi photon &nh séng, e quang
sinh nhanh chéng chuyén dén ving dan (CB) cling nhu
trén bé mat cla ZnO. Pdng thdi, h™ quang sinh tUr vung
héa tri (VB) cling nhanh chéng di chuyén dén bé mat
cla CuO. Hai quéa trinh nay xdy ra déng thai nén lam
giam su tai két hop electron — 16 tréng (h™) Xy ra trong
vét liéu ZnO/CuO.

Tai vung dan (CB) va trén bé mat clia ZnO, electron
quang sinh sé& két hgp vdi O, hoa tan tao thanh géc
anion -O5. Béng thyi, tai vung hoa tri (VB) clia CuO, 16
tréng quang sinh (h") s& két hop véi H,0 tao thanh géc
tu do -OH . Vi qué trinh téi két hgp electron — 16 tréng
xdy ra trong vat liéu ZnO/CuQ bi han ché nén lugng
g6c anion -0, va géc tu do -OH tao ra nhiéu. Két
qua, MB bi phan hly nhanh chéng bdi g&c anion -0,
va géc tu do -OH tao thanh céac chét vo co don gian
nhu CO,, H,O0.

E 4
'O;
0.7 =™ ‘ ””””””” Anh sang
kha kién
0.4 f---mmmmmmeneenees
02 o
oot —
H,O
+0.8 |- annnannass - [RNREEEEEE R
—)
Ar\l’l sééng =OH
L 2.07| KNAKEN VB
Zn0O

Hinh 8: M& hinh gidi thich su gidm qua trinh tai két hop
electron — 16 tréng trong vat liéu composite

Trén cg s& mot s6 tai liéu da cong bé [26, 29], qué trinh
quang xUc tac cla vat liéu ZnO/CuO dugc thyc hién
theo céac budc sau:

ZnO/CuO —™— h{,(CuO) + e, (ZnO)

MB —~ MB’

e(Zn0) + O, —— -0, + ZnO
hyg(CuO) + H,0 —— -OH + H" + CuO
H,O + -0, — -O0OH + OH"

:OOH + H,0 —— -OH + H,0,

H,0, — 2-OH

MB" + .OH — CO, + H,0+ ...
MB® + .0, — CO, + H,0 + ...

K&t luan

1. Vat liéu ZnO/CuO da dugc téng hgp tUr hai nguodn
nguyén liéu la CuO va Zn(OOCCHs), trong dung dich
nudc ¢4 NaOH bang phuong phap chiéu xa vi song.
Cac phuaong phép phan tich vat ly hién dai nhu XRD, IR,
EDX, SEM, TEM d& chiing minh cho két qué nay.

2. Ph& UV-Vis-DRS da chi ra, vat liéu ZnO/CuO hép thy
anh sang trong vung kha kién, nang lugng vung cadm
cla vat liéu nay clng da dugc xé&c dinh, khoang 3,27
eV, khéng khac nhiéu so vdi ZnO.

3. P& khao sét hoat tinh quang xuc tac cla cac vat liéu
Zn0O, CuO va ZnO/CuO bdi sy phan hiy MB trong
dung dich nudc. Két qud cho théy, vét liéu composite
ZnO/CuO thé hién hoat tinh xic tac quang trong ving
anh séng kha kién t6t hon nhiéu so vdi cac cau tl riéng
& CuO va ZnO.

L3i cdm on: Nhém tac gid chan thanh cam on du an
TEAM (code ZEIN2016PR437) da tai trg mét phan kinh
phi cho viéc thuc hién bai bao nay.
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