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Novel photocatalysts ZnO/g-CsN4 have been synthesized by a facile route in
which mixtures of zinc acetate dihydrate and melamine are heated at 550 °C.
The obtained materials were characterized by X-Ray diffraction (XRD), infrared
spectra (IR), energy-dispersive X-ray spectroscopy (EDS), scanning electron
microscopy (SEM), and UV-vis diffuse reflectance spectroscopy (UV-vis DRS).
The UV-vis DRS results showed that ZnO, g-CsNas, and ZnO/g-CsN4 materials
possess bandgap of around 325, 270, and 2.79 eV, respectively. The
photocatalytic activity of the materials was assessed by degradation of
methylene blue (MB) under visible light. Among the three materials,
Zn0O/g-C3Ns exhibited the highest photocatalytic activity. The improved
photocatalytic activity of the ZnO/g-CsN4 is attributed to the presence of g-
C3Ng in the materials.

Gidi thiéu chung

ZnO 1a chat ban dan loai n cé cau tric wurtzit luc giac,
bén & nhiét d6 phong [1]. Do s& hitu céc tinh chat thd
vi nhu dé dan quang I6n, tinh chat ban dan, ning
lugng dién tu cao lam cho nd dugc Ung dung trong
nhiéu mh vuc khac nhau nhu quang dién, b phét tia
UV, vét liéu cla s6, bd tach séng quang mat trdi, thiét
bi dién tif cOng suat cao, man hinh, v.v [2—4]. Hon nlia,
kha ndng hap thu nang lugng mat trgi I6n hon TiO2
khién né tréd nén hiu ich trong finh vic xdc tac quang.
Céc Ung dung néu trén dugc quyét dinh bdi cac théng
s6 hinh théi, kich thudc va dién tich bé mat cla céc hat
ZnO nano dugc t8ng hop bang nhiéu phuong phap
khac nhau nhu két tua [5], thly nhiét [6], sol-gel [7] va
téng hop dét [8].

V&i nang lugng vung cdm 2,7 eV va vung dan phu
hap, mot chat ban dan polymer mdi graphitic carbon
nitride (g-C3N4) d& dugc Ung dung rong rai nhu mét
chét xtc tac quang trong phan tach nudc, phan hay
chdt 6 nhiém va cac Ung dung khac [9, 10]. Tuy nhién,
véi ndng luong ving cdm réng clia ZnO va sy tai t§
hap electron — 16 tréng quang sinh cao clia g-CsN4 d3
lam han ché kha ndng Ung dung cua vét liéu nay vao
thuc tién xUc tac quang trong ving anh sang kha kién.
DE cai thién nhitng dac diém nay, nhiéu phuong phép
bién tinh g-C3N4 khac nhau dudc ap dung nham tang
cusng hoat tinh xUc tac quang cla vat liéu nhu lai gép
g-C3Na vd&i cac oxide kim loai [11, 12], pha tap kim loai,
phi kim [13, 14], ldng dong kim loai quy hoac kim loai
chuyén tiép [15, 16]... Trong s6 cac phuong phap nay,
lai ghép g-C3N4 vdi cac oxide kim loai ma ddc biét lai
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ghép vd&i ZnO la mét hudng nghién clu rong rai trong
nhiing ndm gan day [17-19]. Viéc lai ghép nay co thé
lam gidm dang ké kha nang tai két hop electron — 16
tréng va céi thién kha nang hdp thu quang cua vat liéu
nay trong anh sang nhin thay.

V& muc dich tim ra cac phuong phap mdi nham lai
ghép g-CsNs vai ZnO tao ra vat liéu xuc tac quang
hiéu qua, trong cong trinh nay nhém nghién cliu téng
hop vat lieu ZnO/g-C3Na bang phuong phap nung &
pha ran tU hai tién chét la melamine va zinc acrtate
dihydrate.

Thyc nghiém va phuong phép nghién clu
Héa chdt

Céc hda chat dugc st dung trong nghién clu nay déu
dugc mua tU hdng Sigma Aldrich (Buic) bao gdm zinc
acetate dihydrate (Zn(CH3COO)2.2H20, = 99,0%),
melamine  (CsHeNe, = 99%) , methylene blue
(CisH18CIN3SxH20, > 97%) va ethanol (CoHsOH, >
99,9%). T4t ca cac hda chat déu thudc loai cd doé tinh
khiét cao.

Phuong phdp téng hop vat liéu

Cho 10 gam melamine va 5 gam zinc acrtate dihydrate
vao c¢6i ma ndo, nghién min trong 3 gid. Sau do cho
vao ce su va boc kin nhiéu I6p bang gidy nhém. Dat
c6c s vao lo nung, nung néng & nhiét dé 550 °C
trong 4 gid. Lam ngudi san phdm dén nhiét do phong.
Chét rén thu dugc rifa sach nhiéu bang nudc cét va
ethanol, tiép tuc dem mau sdy & 80 °C trong 12 gid.
San pham thu dugc la ZnO/g-C3Na.

Méu ZnO va g-C3Nz (d€ so sanh) dugc téng hop &
diéu kién nhu trén nhung khong cd mat melmine (ddi
véi téng hap ZnO) va khong co zine acrtate dihydrate
(d6i v&i téng hap g-C3Na).

Phuong phdp ddc trung

Nhiéu xa tia X (XRD) ctia cac mau dugc do trén may
Brucker D8 Advance, 6ng phat tia X bang Cu ¢ budc
song A = 1,540 A, dién ap 30kV, cudng dé dong éng
phat 0,01A. Phé hdng ngoai (IR) clia mau vat liéu dugc ghi
trén may GX - PerkinElmer. Phé tan xa nang lugng tia X
(EDS) va anh hién vi dién tir quét (SEM) dugc do trén
may Nova Nano SEM 450. Phé UV-vis DRS dugc do
trén may GBC Instrument—2885 budc song tu 200 dén
800 nm. Nong dé dung dich MB dugc xac dinh bang
phuang phap do quang trén may UV-vis Jenway 6800.

Khdo sdt hoat tinh xtc tdc quang

Nong do dung dich MB clia qua trinh quang xdc tac &
cac thai diém khac nhau dugc xéc dinh dua vao dudng
chuén dudc thiét 1ap bdi méi quan hé gitia d6 hap thu
theo néng doé trén may UV-vis Jenway 6800, tai budc
séng 663 nm. Hiéu suat phan hdy MB cla cac vat liéu
dugc xac dinh theo cong thic:
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trong d6, Co la ndng d6 dau cla MB tai thai diém dat
can bang hap phu — giai hdp phu va C: la nédng dé MB
tai tling thai diém khao sat.

K&t qua va thao luan
bdc trung vat liéu
Cac mau vét lieu ZnO/g-CsNa, g-CsNa va ZnO dugc

dac trung nhiéu xa XRD, két qua dugc trinh bay & Hinh
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Hinh 1: Gian dd nhiéu xa XRD clia cAc mau vat liéu
g-CsNg, ZnO va ZnO/g-C3Ng

P&i vai mau ZnO/g-C3Na, thanh phan pha co xuat hién
day du cac nhiéu xa dac trung clia ZnO Ung vai 20 =
31,8%; 34,4°; 36,25°; 47,48%; 56,6° 62,92° 66,3° va 67,9°
tuong Ung véi cac mat tinh thé (100), (002), (101), (102),
(110), (103), (220), (112) va (201) [17, 18, 20]. Ngoai ra
con ¢b sy xudt hién nhiéu xa dac trung cla g-C3Ny tai
26 = 27,82° tuong Ung vdi mat tinh thé (002) la su sap
xép lién hgp cla vong tham tri-s-triazine [17, 21]. Diéu
nay chiing to da ghép thanh céng g-C3Ns véi ZnO tao
thanh vat liéu ZnO/g-CsN4 [17].
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PhS héng ngoai clia cac mau ZnO/g-CsNa, g-C3Ns va
ZnO dugc trinh bay & Hinh 2. B&i véi g-C3Ng, dinh hédp
thu tai khoang 810 cm™ & dao déng cla nhém CN-
cyclo trong cac don vi cdu tric triazine [17, 21]. Peak
hap thu & s6 song 1640 cm™ dac trung cho dao déng
hoa tri cta lién két C=N dj vong, dai hap thu co s6
séng 1242 — 1238 cm™ la dao dong kéo dai cla lién két
C-N [21]. Ngoai ra, mét dai hdp thu réng c6 dinh &
3200 cm™ 13 dao déng clia cac nhém amine so cap (-
NH2) va amine thr cdp(-NH-) cla g-C3N4 ngung tu
khong hoan toan. Béi véi ZnO, dai hdp thu tai 509
cm 13 dao dong dac trung cla lién két Zn-O [22].
Ngoai ra, dai hdp thu co s6 song tif 3100 — 3400 cm™
la dao dong hoa tri cla nhém O-H culia cac phén thd
nudc hdp phu vét ly trén bé méat cac hat ZnO [22]. PhS
IR ctia ZnO/g-C3N4 co déy du cac dao dong dac trung
clia cac lién két trong cac don phan ZnO va g-C3Na.
Tuy nhién, dao déng cla cac lién két C=N va C-N hai
léch vé ving co s6 song thap hon. Cu thé, dao déng
clia lién két C=N (1640 cm™ d6i vdi g-CNs nhung &
1550 cm™ déi vai ZnO/g-C3Na), dao déng cua lién két
CN (1238 = 1412 cm™ d6i v&i g-CsN4 nhung & 1238 -
1350 cm™ d6i v ZnO/g-CaNa). Diéu nay ching to da
co sy tuang tac gilfa cac don phan ZnO va g-CiNa
trong composite ZnO/g-C3Na.
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Hinh 2: Ph& IR clia cac mau vt liéu ZnO, g-CsN4 va
Zn0/g-C3N4

Thanh phan nguyén t6 clla mau ZnO, ZnO/g-CsN4
dugc dac trung bdi phd tan xa nang luong tia X, két
qua dugc trinh bay & Hinh 3.

Trén phé tan xa nang lugng tia X clia cac mau ZnO va
Zn0O/g-CsNa, vé mat dinh tinh chi xudt hién peak cla
cac nguyén té thanh phan tucng Ung cla ZnO va
Zn0O/g-CsNa tudng Ung ma khong thay xuat hién peak
clia bat ki nguyén t6 nao khac.

Theo phuong phép dac trung EDS, thanh phéan khdi
lugng clia cac nguyén t8 trong cac mau nay cling
dugc xac dinh, két qua dudc trinh bay & Bang 1.

Bang 1: Thanh phan nguyén t8 ctia mau ZnO va
Zn0O/g-C3Ng tU ddc trung EDS

Vat lieu % nguyén té Téng
Zn0O n O C N
Zn0O/g-CsNg | 12,45 | 18,00 | 27,11 | 42,43 | 100

po1 2 3 4 & &
Ul Seale 649 cts Cursar: 4 812 ke (5 ¢ts)

o1 2z 3 4 s & & 8 10 11 12 13 14 15 16 17 13 13 2|
Ul Seale 266 cts Cursar: 4 DBZ ke (2 ¢ts) kev|

Hinh 3: Phé& EDS clia mau vat liéu ZnO (a) va
Zn0/g-C3Ns (b)

Két qua nay rat phu hgp vdi phuong phap dac trung
XRD, IR. V&i két qua dat dugc cé thé khang dinh d3
t6ng hap thanh cong vét liéu ZnO/g-C3N4. Mau
Zn0O/g-C3N4 thu dudc la khé tinh khiét.

Hinh thai, kich thudc hat clla mau vat liéu dugc khao
sat bdi ki thuat hién vi dién tr quét (SEM), két qua
dugc trinh bay & Hinh 4.
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Hinh 4: Anh SEM clia mau vat liéu ZnO (a) va
Zn0/g-C3Ng (b) tucong Ung

TU Hinh 4 cho théy, hinh théai bé mat clia hai vat liéu 1a
hoan khac nhau. Trong khi Hinh 4a Ia cac hat ZnO c¢6
dang hinh cdu kha ré nét vdi kich thudc tuong déi
déng déu, khoang 50 nm (tinh theo thang do). Con &
Hinh 4b, 1a cac hat ¢ kich thudc tuong déng véi ZnO
& Hinh 4a nhung hinh anh kha md nhat, khéng ré nét.

K&t qua khéac biét nay la do su tao thanh g-C3Na trong
vat liéu ZnO/g-CsNa.
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Hinh 5: Phé UV-vis DRS va nang lugng ving cadm cla
cac vat lieu g-CsNg, ZnO va ZnO/g-C3N4

Vung hép thu va ndng lugng viing cdm cla cac mau
vat lieu g-CsNs, ZnO va Zn0O/g-C3N4 dugc dac trung
bang phuong phap UV-vis trang thai rén, két qua
dugc trinh bay trong Hinh 5.

Vat litu ZnO/g-C3Ns co bd hdp thu anh sang nam
trong vung kha kién tai budc song > 445 nm. Nang
lugng ving cdm dudc xac dinh (Eg = 2,79 eV), nang
lugng vling cdm cd chiéu hudng gidm han so vdi cac
vat lieu don ZnO (3,25 eV). Viéc thay déi gia tri nang

luong ving cam cla ZnO/g-CsNa so v&i ZnO la mot
trong nhiing nguyén nhan lam tang hoat tinh xtc tac

quang cla vat liéu ZnO/g-C3Na.

Ddnh gid hoat tinh xdc tdc quang

3 4 5
Thdi gian (gid)

Hinh 6: Su phan hiy MB bdi cac vat liéu g-C3Ns, ZnO,

7Zn0/g-C3Ns dudi su chiéu xa clia den LED 40W—-220V

(lugng xuc tac 0,05 gam, MB 5 mg/L)
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Trén cg s& thu dugc tu viéc dac trung cac vat liéu,
nhom nghién clu tiép tuc khdo sat hoat tinh xuc tac
quang cla vat liéu nay bang phan tng phan hiy MB (5
mg/L) bdi &nh séng den LED 40W—-220V vdi téng thdi
gian chiéu sang 7 gid. Sau 1 gi& cho mét lan 18y mau
dé xac dinh ndng dé MB. Két qua dugc trinh bay &
Hinh 6.

K&t quéa cho thay, sau 7 giG chiéu sang, hiéu suét phan
hldy MB clia ZnO/g-C3Ns dat 86,59%, vuat xa hiéu suat
phan hiy MB clia ZnO (chi dat 32,08%) va g-C3N4 (chi
dat 21,28 %) & cling diéu kién chiéu sang.

Su tang cudng hoat tinh xdc tac trong vung anh sang
kha kién clia ZnO/g-C3N4 so vai ZnO dugc giéi thich la
do su c6 mat clia g-C3N4 lam cho vat liéu nay hap thu
anh sang vung kha kién, mat khac con lam han ché
qua trinh tai t§ hap electron — 16 tréng quang sinh xay
ra trong khi tham gia phan Ung quang xtc tac. Dua
trén két qua tai liéu da dugc cong bé [23], ca ché cla
qué trinh nay dugc dé xuat & Hinh 7.
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Hinh 7: Sg d6 giai thich ca ché phan hly cao MB cla
vat liéu ZnO/g-C3Na dudi chiéu xa &nh sang nhin thay

Két luén

Cac vat lieu ZnO/g-CaNa, ZnO va g-C3N4 da dudc t6ng
hap thanh cédng bang phuong phép nung & pha ran tir
céc tién chat melamine va zinc acrtate dihydrate. San
phém dugc dic trung va xac nhan bdi cac phuong
phan tich héa ly hién dai nhu XRD, IR, EDS, SEM. Vung
hép thu &nh séng va ndng lugng ving cdm cla vét liéu
nay cling dugc xac dinh bang phd UV-vis trang théi
ran. Su phan hdy MB bdi vat liéu ZnO/g-C3N4 dat
86,59%, cao han nhiéu so vdi vat liéu rieng lé ZnO
(32,08%) va g-C3N4 (21,28%) & cung diéu kién khao séat.
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