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Tém tit: Vit liéu t6 hop Ag/ZnO/g-CsNy duoc ché tao thanh cong bang phiong phdp thiy
nhiét. Cau triic vit liéu dwoc phan tich bc%ng ph(f nhiéu xa tia X (XRD), anh hién vi dién tir
quét (SEM) cho thdy cdc tinh thé ZnO két tinh tot, g-C3Ny c6 dang tam dong deu tir 100 dén
200 nm. Thanh phan cdc nguyén t6 dwoc khdo st bang phé tan sdc ning lwong tia X (EDS).
Két qua do ph(f hdp thu (UV-Vis) cho thdy vt liéu ché tao duwoc c6 dé bén va on dinh cao, sau
4 chu ki quang xiic tdc hiéu sudt quang xiic tdc lén t6i 97%.
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1. PAT VAN DE

O nhiém méi trudong nédi chung va 6 nhiém ngudn nude noéi riéng tré thanh mot trong nhing
mdi de doa dic biét nghiém trong ddi v6i con ngudi va sinh vat xung quanh. Véi su gia ting
dan s6 thé gidi cling nhu qua trinh cong nghiép hoa da 1am cho 6 nhiém ngudn nude ngay cang
nghiém trong. Thuc nhudém hiru co hién nay dang 13 mét ngudn gay 6 nhiém nguy hiém néu
khéng duoc xir Iy trude khi thai ra méi trudng. Cac nghién clru gin day da chi ra ring thubc
nhuém hitu co & néng d6 rat thap c6 thé gay nén mira, budn nén, néu sir dung trong thoi gian
dai c6 thé gay ung thu [1, 2].

Mot s6 bién phap nham xir 1y thuée nhudém da duge sir dung nhu phuong phap hip phu va
siéu loc. Tuy nhién, hiéu qua cta phuong phap nay con thap va thoi gian tuong dbi dai. Gan
day, cac nha khoa hoc cho ring vat liéu oxit ban dan tré thanh tng vién tiém ning cho qua trinh
phan hay thudc nhudm hitu co vi tinh hiéu qua, don gian, va &n dinh. Mot sb loai vat liéu xtc
tac dién hinh cho qua trinh phan huy nay duoc ké dén nhu ZnO, TiO2, C3Na... Tuy nhién, kha
ning Gmg dung quang xtc tic ctia ZnO va TiOz con nhiéu han ché do d6 rong ving cam 16n.
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Vit liéu g-C3Ny4 c6 d6 rong viing cim thich hop day hira hen cho viing 4nh sang kha kién nhung
téc d6 tai hop dién tir - 15 tréng lai qua 16n [3, 4].

Pé giam tdc do tai to hop ciia cac cap dién tir - 16 trong, mot sb giai phap da dugc cac nha
khoa hoc chi ra nhu pha tap kim loai chuyén tiép [5-8], pht hat nano kim loai quy Ag, Au, Pt
1én bé mit g-C3N4 [9-12], hodc tao ra cac tiép xuc di thé [13-15]. Trong nghién ctru nay, chiing
t6i str dung cau trac di thé Ag/ZnO/g-C3N4 ing dung lam chat xtc tic quang hoa cho qua trinh
phan huy Methylene blue (MB).

2. THUC NGHIEM

Trong nghién ctru ndy tit ca cac héa chat ban déu 1 hoa chat phan tich, c6 d6 sach cao bao

gom: Bac nitrat (AgNO3, > 99%), Melamine (C3HgNg), Etanol (CoHsOH), K&m axetat dihydrat

(C4sHs04Zn.2H,0, > 98%), Hexametyle netetramine (C¢H 2N4). Quy trinh ché tao vat lidu duoc
mo ta nhu sau:

Quy trinh ché tao g-C3Ny tir melamine trinh bay chi tiét trong bao céo ciia Wang va cong
su [16] dugc mo ta tom tét nhu sau: bot melamine duge nung néng & nhiét do 550 °C trong thot
gian 4h vdi téc d6 gia nhiét tir nhiét d6 phong 14 5 °C/phiit. Sau khi dé nguéi tu nhién mau thu
duoc c6 mau vang déc trung cia g-C3Na.

Vit liéu t6 hop Ag/ZnO/g-C3N4 duge ché tao bang phuong phap thily nhiét theo quy trinh
sau: mot luong xac dinh g-C3Ns duoc phan tan thu duoc trong 60 ml con 100% bing bé siéu
am trong thoi gian 12h. Sau d6 20 ml hdn hop dung dich chira chuan bi dung dich gom AgNOs
va Zn(NO3),-6H>0 duoc thém vao dung dich chira g-C3Ny va tiép tuc khudy déu trong thoi
gian 60 phut véi tbc d6 khudy 1a 300 vong/phut. Cudi cling, toan bd dung dich dugc cho vao
thiy nhiét ¢ nhiét do 160 °C trong tho1 gian 24 gio [17].

Qué trinh danh gi4 hiéu suat quang xuc tac cua vat liéu Ag/ZnO/g-C3N4 nhur sau: 30 mg
Ag/Zn0/g-C3N4 hoa véi 30 ml dung dich ctia MB (10 mgL). Sau d6 khudy déu hdn hop trong
bong t6i 30 phut dugce dung dich A. Liy 2 ml dung dich A vao éng eppendorf sau d6 tiép tuc
khuéy va c6 chiéu anh dén UV cong suat 150W (Xenon LAX 1000, budc séng 380 nm -780
nm) véi khoang cach tir nguon dén dung dich A 1a 15 cm trong béng t6i nham kich thich phan
g quang xtc tac. Cir sau mdi 10 phut lai 14y ra 2 ml hdn hop dung dich dé danh gia hiéu suat
quang xuc tac ctia vat liéu t6 hop Ag/Zn0/g-C3Ny trén co s phép do phd hap thu UV-Vis. Phd
nhidu xa tia X duoc thuc hién trén hé nhidu xa ké tia X - Empyryan (PANalytical), anh SEM
duogc chup boi kinh hién vi dién tir quét phan giai cao NOVA NanoSEM 450 (FEI) tich hop
phan tich EDS (AMETEK), phé hip thu UV-Vis duoc ghi nhan trén hé do mau 1ong Shimazu
2450, mau ran thuc hién trén hé do Carry 5000.

3. KET QUA VA THAO LUAN
3.1. Pho nhiéu xa tia x

Gian d6 nhiéu xa tia X (XRD) ciia mau hat nano ZnO va Ag/ZnO/g-C3N, da duoc chi ra
trén Hinh 3.1. Két qua phan tich cho thiy tinh thé ZnO két tinh tbt, cac dinh nhidu xa dic trung
cua chu trac luc giac wurtzite cia ZnO tai goc 20 lan luot 12 31.7°, 34.4°, 36.3°, 47.5°, 56.6° va
62.9° twong g véi cac mat mang (100), (002), (101), (102), (110), (103) xuat hién dong thoi
trén mau ZnO va miu Ag/ZnO/g-C3Ny. Trén gian d6 nhiéu xa khong xuat hién cac dinh nhiéu
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xa cua pha la. Ttr gian dd nhilu xa tia X ctia mau ZnO xac dinh duoc he‘”lng ) mang tinh thé cua
ZnO 1a a =b = 0.325 nm, ¢ = 0.52 nm, phtt hop véi cac két qua da duoc cong bd (JSPS 36-
1451). Kich thuéc tinh thé ZnO dugc xac dinh tir cong thirc Debye — Scherre lan luot 1a 10 nm
va 11 nm tuong tng véi mau ZnO va Ag/ZnO/g-C3Ny. Bén canh d6, trén gian dd nhidu xa tia
X ctia mau Ag/ZnO/g-C3Ny4 con xuét hién dinh nhidu xa dic trung tai goc 27.6° tuong tmg vai
mit (002) trong cau tric luc giac ciia g-C3N4 (JCPDS 87-1526) va cac dinh nhiéu xa c¢6 cuong
d6 yéu tai vi tri 38.1° va 44.2° ctia bac kim loai. Két qua nay c6 thé duoc giai thich 1a do ham
luong bac thap trong ciu tric di thé Ag/ZnO/g-C3Ny (khoang 2% khéi luong).
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Hinh 3.1: Gian d6 nhiu xa tia X ctia mau hat nano ZnO va Ag/ZnO/g-C3N4

3.2. Két qua do SEM

Pé quan sat hinh thai bé mit ciia cac miu ché tao dugc chiing t6i tién hanh phan tich anh
SEM cuia miu Ag/ZnO/g-C3Ns, ZnO va mau g-C3N4. Anh SEM ctia cic mau ché tao duogc chi
ra trén Hinh 3.2. Két qua cho thiy vat liéu g-C3Ns c6 dang tam dic trung tuong dbi dong déu,
dudng kinh trong khoang tir 100 nm dén 200 nm, chiéu day khoang 50 nm (Hinh 3.2a). Hat
nano ZnO c6 dang cau duong kinh khoang 20 nm va dang thanh c6 chiéu dai ¢& 40 nm va chiéu
rong khoang 15 nm. D6i voi mau Ag/ZnO/g-C3Ny cb thé quan sat thdy dong thoi cac tim g-
C3N4 va cac thanh nano (hat nano) ZnO dic trung. Trén anh SEM (Hinh 3.2d) con xuét hién
céc hat cau nho duong kinh khoang 5 nm phan tan d

afp | 4112023 | det "mag @ | WD |
= | 4:2223PM | TLD 0. 50 000 x 5.0 mm Nova NanoSEM NPE199



Scientific Journal of Hanoi Metropolitan University - Vol.74 /July(2023)

71

afp | 41172023 | det "~ mag
4:09:07 PM_| TLD | 10.00kV | 25000 | 5.4 mm Nova NanoSEM NPE199

i

| 4n12023 | det nay
4:07:28 PM TLD 10.00 KV | 100 000 x

Nova NanoSEM NPE199

Hinh 3.2: Anh SEM ctia mau g-C3Ny4 (a), ZnO (b) va Ag/ZnO/g-C3N4 [(c) anh c6
d6 phéong dai thap, (d) anh c6 d6 phong dai cao]

3.3. Pho tan sic ning luong tia x (eds)

Pé kiém tra do tinh khiét cua cac mau ché
tao, ching t6i da tién hanh phan tich thanh phan
nguyén t6 hoa hoc clia céc mau. Két qua phan tich
cho thay trén phd tan sic ning luong (Hmh 3. 3)
chi xuat hién cac dinh dic trung ctia mau bao gom
C, N, Ag, Zn va O ma khong thdy xuit hién cac
dinh cua nguyén t6 la. D6 véi mau
Ag/ZnO/C3Ny ching t61 xac dinh dugc ham
luong theo khéi luong cua céc pha tinh thé ZnO,
Ag va g-C3Ny lan luot 1a 28%, 2% va 70%. Két
qua nay kha pht hop véi ham lugng cac mau dua
vao la 19%, 2% va 79%.
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Hinh 3.3: Phé tan sac néng luong EDS

cula cac mau che tao

Bén canh d6, dé kiém tra phan bb nguyén t6 héa hoc cé trong mau, chiing t6i da tién hanh
phan tich phdé EDS mapping ctia mau Ag/Zn0/g-C3Na4. Két qua cho thiy cac hat nano Ag, ZnO
phan tan déu trén toan bé mau ché tao duoc. Cac tAim g-C3Ny ¢6 kich thudc hang trim nanomet.

Hmh 3.4: EDS mapping cua vat liu Ag/ZnO/ 2-C3Ny (a) anh SEM, (b) element Overlay
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3.4. Pho quang hip thu (UV-VIS)

Pé danh gia kha ning ing dung quang xuc tic cia mau ché tao, chung t6i tién hanh phan
tich ph6 hip thu ctia cac mau ché tao dugc. Trén phd hap thu c6 thé quan sat dugc bo ving hap
thu ctia ZnO tai budc song 400 nm, bd ving hap thu ciia g-C3Ny tai vi tri 450 nm va bo ving
ciia vat liéu Ag/ZnO/g-C3Ny dich chuyén d6 vé phia séng dai so v6i bo viing cua vat liéu ZnO.
Diéu nay 1a ddu hiéu cho thiy mau Ag/ZnO/g-C3N4 c6 thé 1a vat lidu quang xuc tac day trién
vong trong ving anh sang kha kién.

Ning luong ving cdm cta cac mau ché tao dugc xac dinh thong qua phuong trinh Tauc:
(ahv)? = A(hv — Eg). Trong d6 a 12 hing s6 hap thu, h 1a hing s6 Plank, v 14 tin s6 cta anh
sang t6i, A 1a hang sb, E,4 1a nang luong ving cAm cua vt liéu. Nang luong viing cdm ctia mau
duoc xac dinh bang cach vé d6 thi su phu thudc cia (ahv)? vao Eg nhu duoc trinh bay trén
Hinh 3.5. Ngoa1 suy phan tuyén tinh ctia d6 thi cét truc nang luong chung ta xac dinh duoc do

rong viing cdm ciia mau ZnO, g-C3N4 va Ag/ZnO/g C3Ny4 lan luot1a 3.2 eV, 2.9 eV va3.l eV,
pht hop véi cac cong trinh di duoc cong bd.
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Hinh 3.5: Phé hap thu (a) va d6 thi su phu thudc ciia (ahn)? vao ning lugng (b) ciia mau
Zn0, g-C3N4 va Ag/ZnO/g-C3Ny
3.5. Anh hwéng ham hrong ciia g-C3Ny dén hiéu ing quang xiic tac
Pé nghién ctru anh hudng cia g-C3Ny dén

hiéu qua quang xlic tc clia mau chl'mg t6i tién :(1) (;lel:tit
hanh ghi ph6 hap thu cia cua cac mau theo thoi _|——20phit
gian xic tac tlr 0 dén 60 phut véi khoang thi gian 3 |70
lay mau 1a 10 phat. Hinh 3.6 trinh bay ph6 hap = :gg p};q:
thu ctia MB theo thoi gian quang xtc tac ctia mau s o
xuc tac Ag/ZnO/g-C3Ny. Su suy giam cudng do §

hép thu cua MB tai vi tri dinh hép thu 665 nm cua

MB duoc stir dung dé danh gia hiéu suat xuc tac

quang cia tat cd cac mau. Két qua cho thiy sau 400430 500 gigc sgl?g (n:jo 700750 800
60 phut dinh hap thu dac trung ctia MB suy giam

hoan toan, dinh héap thu dic trung cia MB khéng
quan sat thay trén phd hap thu.

Hinh 3.6: Ph6 hap thu ctia MB theo thoi
gian quang xtc tac ciia mau Ag/ZnO/g-
C3Ny
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Hiéu suit quang xuc tac sau 60 phut chiéu dén duoc chi ra trén Hinh 3.7. Két qua cho thay
hiéu suat phan huy 16n nhét duoc ghi nhan trén mau Ag/ZnO/g-C3Ng (Ma) 1én dén 97%, gap 2
lan so véi mau ZnO va g-C3Ny trong ciing diéu kién thi nghiém. Hau hét cac nghién ctru cho
rang qua trinh tai hop dién tir va 15 tréng ctia mau Ag/ZnO/g-C3N4 giam manh so véi mau ZnO
va g-C3Ny tinh khiét 13 nguyén nhan chinh dé hiéu qua quang xuc tac dugc nang cao. C6 thé
thdy rang khi ham luong g-C3Ny ting thi hiéu suit quang xic tic ciing ting va dat gia trj cuc
dai tai mau Ag/ZnO/g-C3N4c ti 1¢ khdi luong Ag/Zn)/g-C3N4 1a 1/10/20 va bat dau suy giam
khi ti 1& g-C3Ny tiép tuc ting.

M : Ag/ZnO/C N =1/10/20 M,: Ag/ZnO/C N, = 1/10/40
100 M,: Ag/ZnO/C N, = 1/10/40 100 7 %/
M Ag/ZnO/C N 1/10/100 o
S s04 ' / § S 80- / /
2 601 s 2 E\; %// % Z 60 % %
o = ~1 1 B
. HBECER | ERLL
Mau
Hinh 3.7: D6 thi biéu dién hiéu suat phan Hinh 3.8: Hiéu suit quang xtc tac clia vat
hiy ciia MB sau thoi gian 60 phut liéu Ag/ZnO/g-C3Ny4

3.6. Kha ning tai sir dung cia xuc tac quang ag/zno/g-c3ng

Pé danh gia tinh 6n dinh xtc tic cua vat liéu quang xuc tac chiing t6i da tién hanh phan
tich kha nang tai sir dung cua vat liéu. Két qua cho thiy sau 4 lan thuc hién quy trinh quang xuc
tac thi hiéu suat quang xtc tac clia mau van 1én téi xap xi 97% (Hinh 3.8).
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Hinh 3.9: Gian &6 XRD cuia Ag/ZnO/g- Hinh 3.10: Co ché phan hiy MB ciia vét

C3N; trude va sau 4 1an xuc tac ligu Ag/ZnO/g-C3N4
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bé danh gia do bén cua vat liéu chung to1 tién hanh do phé nhiéu xa tia X ctia mau sau 4
lan quang xtc tac. Két qua cho thdy mau thu duoc c6 cac dinh nhiu xa dic trung cia Ag, ZnO
va g-C3N4 ma khong thdy xuit hién cac dinh nhiéu xa la nao khac (Hinh 3.9).

Hinh 3.10 minh hoa qua trinh qué trinh quang xtc tac nhim phén hity chat mau hiru co MB
khi str dung vat liu Ag/ZnO/g-C3N4 dudi tac dung cua anh sang UV-Vis. Dudi birc xa cua anh
sang nhin thay, cdc phan tir ZnO va g-C3Nj trong mau Ag/ZnO/g-C3Ny s& nhan ning luong kich
thich va tao ra cc cap dién va tir 15 trong trong dung dich (Ag/ZnO/g-C3Ny + hv — Ag/ZnO/g-
C3N4 (eg + hip). Trong méi truong dung dich, cac cip dién tir va 16 trong niy c6 thé tuong
tac voi oxy va nudc dé tao ra cac chat oxy hoa nhu 1a: HoOs, <02 va OHe. Co ché hinh thanh
céc chét oxy hoa *0, va cac gbe OHe 1a do cac 15 tréng phan tmg véi cac ion OH trong nudc
tao thanh cac géc tu do OHe. Cac electron tu do di chuyén dén bé mat chit xtc tac va hép thu
O trén bé mat dé tao thanh «O>~. Khi tac dung voi chat mau hitu co MB, hai chat oxy héa manh
1a «Oy" va OHe s& phan hay chung thanh CO; va H,0 1am mat mau san pham (MB + (H202,
«0y, OH*) — san phdm mat mau). Trong qua trinh di chuyén, cac dién tir va 15 tréng s& nhay
sang cac ving dan (CB) va héa tri (VB) ciia t6 hop vat liéu. Cu thé, dbi véi ZnO, cac 15 tréng
duoc tao ra tir ving hoa tri (VB) dé dang di chuyén sang ving hoa tri (VB) cia g-C3N4. Trong
khi @6, cac dién tir bi kich thich tir ving dan (CB) ciia g-C3Ny lai ¢6 xu huéng di chuyén dén
vung din (CB) ctia ZnO. Su di chuyén cua dién tir va 1 trong nay dan dén thé ning ving hoa
tri ctia ZnO duong hon cua g-C3Ny va thé ning ving dan cua g-C3Ng 4m hon cta ZnO. Nhu
vay su tai to hop cua cac electron tu do va 16 trng trong dung dich giam di, sé luong dién tir
va 15 tréng 16n gitp cho hiéu qua phan hiy thudc nhuém tét hon. Vé6i cac hat Ag dugc thém
vao, do hiéu g cong huéng plasmon bé mit cia vat liéu Ag/ZnO/g-C3N; ciing lam cho hiéu
sudt quang xuc tac cua vat lidu dugc ting cuong.

4. KET LUAN

Vit liéu Ag/ZnO/g-C3Ny duoc téng hop thanh cong bang phuong phép thity nhiét. Pia g-
C3N4 dugc dinh cac hat nano bac c6 kich thude khoang 5 nm va céc thanh (hat) nano ZnO. Két
qua phan tich céu tric cho thay su két tinh t6t cuia cac tinh thé ZnO. Cac hat Ag, ZnO phan tan
dong déu trén cac tim g-C3Na.

Két qua nghién ciru vé qué trinh quang xtc tic cho thdy hiéu suit phan hay MB cua vét
lidu ché tao duoc 1én dén 97% sau thoi gian chiéu sang 60 phit & mau co ti 16 Ag/ZnO/g-C3N4
1a 1/20/40. Co ché tang cuong hiéu suit quang xtic tac clia mau vat lidu da duoc giai thich. Mau
vat liéu ché tao duoc c6 d6 bén va én dinh cao sau 4 chu ki quang xuc tac hiéu suét quang xuc
tac 1én t6i 97%. Mau vat liéu Ag/ZnO/g-C3Ny4 c6 hiéu sudt quang xuc tac cao gap 2 lan so véi
mau ZnO va g-C3Nj trong cung diéu kién.

* Nghién ciru ndy dwoc tién hanh trong khuén khé dé tai 0G.23.13 ciia Pai hoc Quéc gia
Ha Noi.
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SYNTHESIS OF Ag/ZnO/g- C:Ns COMPOSITE MATERIAL FOR
ENHANCED PHOTOCATALYTIC PERFORMANCE

Abstract: The Ag/ZnO/g-C3N; composite material was successfully fabricated via a
hydrothermal method. The materials structure was analyzed using X-ray diffraction (XRD)
and scanning electron microscopy (SEM), which revealed well-crystallized ZnO nanoparticles
and uniform g-C3Ny sheets ranging from 100 to 200 nm. The elemental composition was
investigated using energy-dispersive X-ray spectroscopy (EDS). The absorption spectrum
(UV-Vis) measurements demonstrated that the synthesized material exhibited high durability
and stability after 4 photocatalytic cycles, with a photocatalytic efficiency of up to 97%.

Keywords: Ag/ZnO/g-C3N,, hydrothermal, photocatalytic, absorption spectrum.



