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The g-C3N4/SrTiOs composite was hydrothermally synthesized at 150 °C for 12
hours from a dispersed mixture of g-C3N4 and SrTiOs in water, in which SrTiOs
was hydrothermally synthesized at 150 °C for 12 hours using strontium nitrate,
propan-2-ol, titanium tetrachloride and sodium hydroxide as precursors
without assistance of any surfactant; and g-CsN4 was prepared by pyrolysis of
melamine at 520 °C. The properties of materials were characterized by various
techniques such as X-ray diffraction (XRD), infrared spectra (IR), scanning
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS). The
photocatalytic activity of materials was assessed by degradation of methylene
blue (MB) under visible light. The enhancement of photocatalytic activity of the
g-C3Ny/SrTiOs composite compared to single components g-CsNs and SrTiOs

was observed.

Gidi thiéu chung

Vat liéu ki€u perovskite da dugc nghién cltu rong réi vi
cac Ung dung thuc tién cla chdng nhu vat liéu xdc tac,
van chuyén oxy, ap dién va dién maoi [1, 2]. Strontium
titanate (SrTiOs) la mét perovskite dién hinh co kha
nang diéu chinh cac tinh chét vat ly va hda hoc bang
cach thay déi thanh phan cta né. Vi du, n6 dé dang
chuyén d&i thanh phan chat ban dan loai n & nhiét do
phong bang cach khit hoac pha tap [3, 4]. Vi ly do do,
SrTiOs da dugc nghién cltu nhu mét vat liéu quang xdc
tac [5] va nhiét dién [6, 7]. SrTiO; tinh khiét c6 nang
lugng vung cdm 3,2 eV; la vat liéu siéu 6n dinh nhiét
va hoa hoc. Nhiéu nghién clitu da dugc thuc hién dé
cai thién hoat tinh quang xUc tac cla SrTiOs, chang
han nhu diéu chinh hinh théi dé tang dién tich bé mat

[8, 9], pha tap vd&i di nguyén t& dé diéu chinh nang
lugng ving cdm [10, 1] nham thuc ddy su phén tach
dién tich [12, 13]. Tuy nhién, trong qué trinh xUc tac
quang, sy tai két hgp nhanh chéng cia céac thanh
phan mang dién tich da lam han ché hiéu sudt quang
xUc tac cla SrTiOs. Gan day, mét s6 vat liéu cla SrTiOs
da dugc diéu ché bang cach dua cac khuyét tat (nhu 16
réng oxygen) vao chét xuc tac quang nay, vi du TiO;,
¢ thé thu hep nang lugng ving cdm va md réng su
hép thu anh sang nhin thay, va quan trong han, nd cé
thé thic day hiéu qua su phan tach dién tich va nang
cao hiéu qua hoat tinh xtc tac quang.

D3 c6 nhitng cong trinh nghién cdu nham khac phuc
nhiing nhugc diém cta g-CsNy4 va SrTiOs bang cach lai
ghép tryc tiép hai chat ban dan tao thanh cac vt liéu
composite. Day 1a mot cach tiép can mdi mé, thic day
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sy phan tach cac hat mang dién nham tang cudng
hoat tinh quang xUc tac [14-16].

V& muc dich tiép can cac phuong phap don gian dé
lai ghép g-C3N4 v&i SrTiO; nham tao ra vat liéu xuc tac
quang hiéu qua, trong cong trinh nay nhoém nghién
clu téng hop vat liéu g-CsNu/SrTiOs bang phuong
phap thay nhiét tt hdn hop hai tién chdt g-CsNg va
SrTiOs.

Thyc nghiém va phuang phap nghién cdu
Héa chdt

Céc hda chét chinh dugc st dung trong nghién clu
nay déu dugc mua tU hang Sigma Aldrich (Bdc) bao
goém: melamine (CsHeNs, > 99%), propan-2-ol
(CsH70H, = 99,5%), titanium tetrachloride (TiCly >
99,9%), ethanol (CoHsOH, > 99,9%), strontium nitrate
(Sr(NO3)2, = 99,0%), sodium hydroxide (NaOH, > 98%),
methylene blue hydrate (CisHsCIN3SxHO, > 97%). T4t
ca cac hda chat déu do tinh khiét cao.

Phuong phdp téng hgp vat liéu

Tron g-CsNa va SrTiOs (thu dugc tur qué trinh diéu ché
g-CNy [17] va SrTiOs [18]) theo ti 1& 10%, 15%, 20% va
25% vé khéi luang clia g-CsNa (hdn hop X). Phan tan X
vao 100 mL nudc va siéu am trong 2 gid. Cho toan bd
dung dich trén vao autoclave, tién hanh thay nhiét
trong 12 gi& & 150 °C. San phdm thu dugc dem i tam
va rla sach nhiéu lan bang nuéc cat va ethanol dén
pH trung tinh. Tiép tuc sdy khd san phédm trong tu
chan khong & 80 °C trong 24 gid. Cac mau vat liéu thu
dugc ki hiéu 10%CN/ST, 15%CN/ST, 20%CN/ST,
25%CN/ST tuong Ung theo % khoi ludng clia g-CsNa.

Phuong phdp ddc trung

Nhiéu xa tia X (XRD) ctia cac mau dudc do trén may
Brucker D8 Advance, 6ng phat tia X bang Cu c6 budc
séng A=1540 A, dién ap 30kV, cudng do dong 6ng
phéat 0,01A. Phé héng ngoai (IR) clia mau vat lieu duoc ghi
trén may GX - PerkinElmer. Phé tan xa nang lugng tia X
(EDS) va anh hién vi dién t& quét (SEM) dugc do trén
may Nova Nano SEM 450. Nong dé dung dich MB
duagc xac dinh bang phuong phap do quang trén may
UV-vis Jenway 6800.

Khdo sat hoat tinh xtc tdc quang

Nong dé dung dich MB xac dinh dugc thuc hién qua
trinh quang xuc tac & cac thai diém khac nhau dugc

xac dinh dua vao dudng chuédn dugc thiét 1ap bdi méi
quan hé gitta d6 hép thu theo ndng dé trén may UV-
vis Jenway 6800, tai budc sdbng 663 nm. Hiéu sudt phan
hiy MB cuia céc vat liéu dugc xac dinh theo cong thic:
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0
trong d6, Co 1a ndng dé dau cla MB tai thai diém dat
can bang hap phu - gidi hdp phu va C; la ndbng dé MB
tai tUng thai diém khao sat.

Két qua va thao luan
bdc trung vat liéu
Thanh phan pha cla cac mau vat lieu x%CN/ST, g-

C3N4 va SrTiO; dugc xac dinh bang nhiéu xa XRD, két
qué dugc trinh bay & Hinh 1a.
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Hinh 1: Nhiéu xa XRD (a), phé IR (b) clia cac vét liéu
x%CN/ST (x = 5,10, 15, 20) va g-C3N4 va SrTiOs

TU Hinh 1a cho thdy, nhiéu xa dac trung cla SrTiOs tai
20 = 22,96 32,42° 40,14°; 46,52° va 57,84° tucng Ung
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V8 cac mat nhiéu xa (100), (110), (117), (200), (211) [19,
20] va nhiéu xa dic trung clia g-CsNg tai 20 = 27,34°
tuong Ung vdéi mat nhiéu xa (002) [21, 22] déu hién thi
day du trong mau x%CN/ST. Két qua nay kha trung
hop vdi nhiéu cong bé trudc day vé composite g-
C3Ny4/SrTiOs [15, 23]. Nhu vay, phuang phap dac trung
nay da x&c nhan sy tao thanh composite g-
C3N4/SrTiOs. Trong dé, su hinh thanh g-CsN4/SrTiOs &
mau 20%CN/ST la t6t nhat bdi cudng dé nhiéu xa, do
tinh thé cao hon. Lién két hda hoc trong cac vat liéu
ST, CN va x%CN/ST dugc trinh bay & Hinh 1b. Trén
phd IR clia x%CN/ST xudt hién ddy du cac dao déng
dac trung cuta cac lién két trong g-C3Na.

500 nm

1
IMS-NKL 5.0kV 4.0mm x100k SE(M) 500nm

500 nm

IMS-NKL 5.0kV 4.0mm x100k SE(M) 500nm

Hinh 2: Anh SEM cla vat liéu SrTiO; (a) va composite
20%CN/ST (b)

Cu thé, & s song 810 cm™, 1412-1250 cm, 1576-1632
cm™ va dai réng & 3190 cm™ la dao déng dac trung
cla lien két C-N ngoai vong tham, lién két C-N va
C=N trong vong thom clia don vi cdu trc triazine, cac
nhom amine —-NH;, =NH- ngung tu khong hoan toan
tuong Ung [24, 25]. Ngoai ra, trong phé IR cua

x%CN/ST con xudt hién dao dong dac trung cua lién
két Sr-Ti-O cla SrTiOs & s6 song 586 cm™! [26, 27]. Tuy
nhién, dao déng cla lién két nay trong x%CN/ST hai
léch vé phia c6 s6 song nhd han so vdi trong SrTiOs
tinh khiét, r& rang nhat la d6i vai mau 20%CN/ST. Diéu
nay ching to, da cé su tac dung tuong hd gilta cac
thanh phan hinh thanh nén céc mau vat liéu x%CN/ST.
TU két qua XRD, FT-IR, mau 20%CN/ST dudc sit dung
cho cac nghién clu tiép theo.

Anh SEM cla vét liéu SrTiOs va composite 20%CN/ST
dugc trinh bay & Hinh 2. Tu Hinh 2a cho théy, SrTiOs la
cac hat c6 dang hinh cdu khéa ré nét, kich thudc dong
nhéat t&r 50-100 nm tinh theo thang do. Con composite
20%CN/ST (Hinh 2b) gém céc hat c6 hinh dang tuong
dong va kich thudc tuong duang SrTiOs. Tuy nhién, bé
mat cla vat liéu nay khong dugc ré nét, day dudgc cho
la do su co6 mat cia g-CsN4 phu 1én SrTiOs trong
209%CN/ST.

PhS EDS cla cac nguyén t& trong mau vat liéu
20%CN/ST dugc trinh bay & Hinh 3. Thanh phan khéi
lugng clia cac nguyén t6 trong mau vat liéu SrTiOs va
20%CN/ST dugc dac trung theo phuong phép nay
cling dugc chira & Bang 1.

Bang 1: Thanh phan khéi lugng cac nguyén t6 clia vat
liéu SrTiOs va 209%CN/ST

VAt lid % khoi luon
T Sr Ti O C N
SrTiOs 47,74 | 26,10 | 26,16 0 0
209%CN/ST | 40,59 | 2219 | 22,25 | 586 | 91

TU két qua nay cho théy, ngoai su xudt hién peak cua
nguyén t& Sr, Ti, O (cta SrTiOs) con co sy xudt hién
peak clia cac nguyén t& C, N (clia g-CsNa) ma khong
tim thdy ¢ mat cla bét ki nguyén té nao khac. Két
hop vdi két qua thu dugc tUr dac trung XRD, IR va HR-
TEM c6 thé khdng dinh vt liéu c6 do tinh khiét.

20
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Hinh 3: Ph& EDS clia mau vat liéu 20%CN/ST
Bdnh gid hoat tinh xdc tdc quang

Két qua khao sat hoat tinh quang xtc tac phan hdy MB
(5 mg/L) tai pH=8,5 dudi su chiéu xa anh sédng deén
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LED-30W bdi céc vat liéu dugc trinh bay & Hinh 4a. Tu
két qua thu dudc cho thdy, mau vat liéu 20%CN/ST ¢o
hoat tinh xUc tac rat cao, cao han rat nhiéu so vdi céac
vat liéu thanh phan g-C3Ny, SrTiOs va cao hon cac mau
composite con lai. Sau 7 gig chiéu sang, su phan hdy
MB bdi mau nay dat 91,38%; con déi vdi g-C3Ns va
SrTiOs hiéu sudt phan hdy MB chi dat 58,17% va
37,81% tuang Ung & cling diéu kién chiéu sang.

Co nhiéu yéu t6 khac nhau anh hudng dén hoat tinh
xUc tac quang cla vat liéu trong moi trudng nudc,
trong do céu trdc, hinh dang, kich thudc, bé mat ... vat
liéu xUc tac dong mot vai trd quan trong. Ngoai ra, cac
yéu t6 bén ngoai nhu mdi trudng nhu pH cla dung
dich, loai chat 6 nhiém va ndng dé ban dau, cusng do
va ngudn anh sang, lieu lugng chat xuc tac... cling la
nhiing yéu t6 anh hudng co tinh chat quyét dinh dén
hoat tinh xdc tac quang cua vat liéu [28-30].

Anh huéng ctia pH dén téc do phan (ing quang phan
huy chdt mau cé thé dugc hiéu theo tuong tac tinh
dién gilta cac hat mang dién vd&i cac mau hiu cg, sy
hinh thanh g6éc hydroxyl ((OH) do phén Ung gitta cac
ion hydroxide (OH") v&i cac 16 tréng quang sinh xay ra
trén bé mat vat liéu.

Trong khudn khé clia codng bé nay, anh hudng cla pH
dung dich chat mau dén hoat tinh xtic tdc quang clia mau
vat liéu 209%CN/ST dugc khao sat.

K&t qud thi nghiém d& xac dinh dugc pHpzc=7,39.
Nghta 13, & ving pH<7,39 bé mat mau vat liéu
20%CN/ST tich dién duong, ngugc lai & vung pH >
7,39 bé mét vat liéu tich dién am.

O thi nghiém nay, pH clia dung dich MB dudc chon
trén cg s& diém dién tich 0 (tai pHpzc=7,39), cu thé
chon cac gia tri pH=4,02; 6,13; 8,06; 10,15 va 11,67.
Ngudn chiéu xa la anh sédng den LED-30W, két qua
dugc trinh bay & Hinh 4b. Tu day cho thdy, hiéu suét
phan hiy MB bdi mau véat lieu 20%CN/ST trong moi
trusng base cao han nhiéu so véi méi trudng acid.

Trong mdi trudng acid, hiéu sudt phan hiy MB cla
mau vat liéu 20%CN/ST dat 68,56% & pH=4,02 va
81,01% & pH=6,13. Diéu nay dugc gidi thich, khi
pH<7,39 (mdi trudng acid), bé mat mau vat liéu
20%CNY/ST tich dién ducng nén MB hap phu kém Ién
bé mat vat liéu & pH ving nay (do luc day tinh dién
gitta thuéc nhuém cation MB va dién tich duang trén
bé mat chat xdc tac) do do lam gidm s& phan t& MB
tiép xUc vdi cac tam xdc tac va lam gidm hiéu qua
quang phan hdy MB.

Ngugc lai, trong mdi trudng base, hiéu sudt quang
phan hy MB bdi mau vat liéu 20%CN/ST rét cao, dat

89,40% & pH=8,06; dat 92,11% & pH=10,15 va dac biét
G pH=11,67 dat 96,83%. Diéu nay la do, & mdi trudng
pH cao, su hién dién cla nhiéu ion hydroxyl c6 sén
trong dung dich cao han céc ion nay bi hdp phu trén
bé mat chét xic tac, tao diéu kién thuan lgi hon cho
viéc di chuyén cac 16 tréng dén cac ion hydroxyl bi hdp
phy, do dé uu tién hinh thanh cac géc "OH [31]. Ngoai
ra, su hdp phu ctia MB (thudc nhudém cation) trén bé
mat chat xdc tac tich dién am (3 pH>7,39) s& dé dang
hon do luc hit finh dién gitta cac phén mang dién tich
trai ddu, do do lam tang s6 phan ti MB tiép xic vdi
cac tam xUc tac dan dén hiéu qua quang phan hay MB
cao trong mdi trudng nay.

Nhu vay, mau vat liéu 20%CN/ST cé hoat tinh quang

xUc tac vugt tréi trong moi trudng base, dac biét tai gia
tri pH=8,5.
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Hinh 4: (a)-Su quang phan huy MB (5 mg/L) cla cac
mau vat liéu; (b)-Hiéu sudt phan huy MB & pH khac
nhau bdi mau vat liéu 20%CN/ST (chiéu sang bdi den
Led-30W, lugng xuc tac 0,05 g)

https://doi.org/10.51316/jca.2023.005
32


https://doi.org/10.51316/jca.2023.005

Vietnam Journal of Catalysis and Adsorption, 12 —issue 1(2023) 29-34

Két luan

Composite g-C3N4/SrTiOs d& dugc téng hop thanh
cong. San pham dugc dac trung va xac nhan bdi cac
phuong phap phan tich hoa ly hién dai nhu XRD, IR,
EDS, SEM. Tai pH=8,5 hiéu sudt quang phan hay MB (5
mg/L) bdi composite g-CsN4/SrTiOs la cao nhét, dat
91,38%, cao hon nhiéu so vdi hiéu sudt quang phan
hiy MB bdi vat liéu riéng 1é g-CsN4 va SrTiOs, dat
58,17% va 37,81% tucong Ung & cung diéu kién khao
sat.

Anh hudng clia pH dén hoat tinh quang xdc tac cla
vat liéu g-C3Nu/SrTiOs cling dugc khdo sét, trong moi
trudng base, hoat tinh xtc tac quang cla vat liéu cao
hon nhiéu trong moi trudng acid, hiéu suat quang xuc
tac phan huy MB dat cao nhét & pH=11,67.

LSi cdm on

Céc tac gid chan thanh cdm on dé tai cdp BS ma s
B2021-DQN-05 da tai trg moét phén kinh phi cho viéc
thuc hién bai béo nay.
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