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Received: 24/06/2026 In this study, a g-CsN4/SiO; (CN/SIO;) composite material was
Accepted: 30/06/2026 synthesized via a thermal polymerization method using urea as the
Published: 30/06/2026 precursor for g-C3N4 and SiO, prepared from tetraethyl orthosilicate
Keywords: (TEOS). The effect of the urea/SiO, precursor ratio on the structural
CN/SIO; characteristics and photocatalytic activity of the material was
ohotocatalysis: investigated. The synthesized materials were characterized using X-ray
Rhodamine B: diffraction (XRD), Fourier-transform infrared spectroscopy (FT-IR),

scanning electron microscopy (SEM), ultraviolet-visible diffuse
reflectance spectroscopy (UV-Vis DRS) and photoluminescence (PL)
spectroscopy. The results demonstrated the successful formation of the
CN/SiO, composite, with SiO, particles uniformly distributed on the
surface of g-C3N4 without significantly altering its crystal structure. The
CN/SiO,-30 sample exhibited the lowest photoluminescence intensity,
indicating a more effective suppression of photogenerated electron—
hole pair recombination compared with the other samples. The
photocatalytic activity was evaluated through the degradation of
rhodamine B (RhB) under visible-light irradiation. The results showed
that the CN/SIiO,-30 sample achieved the highest RhB degradation
efficiency, reaching 82.2% after 90 minutes of irradiation, with an
apparent reaction rate constant of 0.0193 min™". In addition, the effects
of the initial RhB concentration and solution pH on the photocatalytic
process were also investigated.

visible light; composite

Gidi thiéu chung 2,7 eV va c6 kha nang hap thu anh sang kha kién hiéu
qua. Nha déc tinh 8n dinh nhiét, 8n dinh hda hoc va dé
Graphitic carbon nitride (g-C3Na) 1a vat liéu ban dan téng hap, g-CsN4 da thu hat nhiéu sy quan tam trong

khong chifa kim loai c6 nang lugng ving cdm khoang finh vuc quang xuc tac, dac biét 1a xi ly chat & nhiém
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hitu cg va tach nudc tao hydro dudi anh sang kha kién
[1, 2]. Tuy nhién, nhugc diém I6n cla g-CsNy la dién tich
bé mat riéng thdp va tdc do tai t8 hap electron — 16
tréng quang sinh nhanh, lam han ché hiéu qué xtc tac
quang. D€ cai thién hoat tinh quang xUc tac clia g-CsNy,
nhiéu phuong phap da dugc nghién cltu nhu pha tap
kim loai, phi kim hodc tao composite vai cac vat liéu ban
dan khac [3-6]. Trong do, viéc két hap g-CsNa vdi SiO
la hudng nghién clu tiém nang do SiO; cé dién tich bé
mat 16n, dé én dinh cao, gia thanh thép va kha nang
phan tan tét. Viéc phan bd cac hat SiO; trén bé mat g-
5Ny 6 thé lam tang dién tich tiép xuc, han ché su két
tu cla vat liéu va cai thién kha nang hdp phu chat 6
nhiém, tir d6 nang cao hiéu qua quang xuc tac [7].
Trong nghién cltu nay, vat liéu composite CN/SIO, dugc
téng hop bang phuong phap nung nhiét véi cac ti 1é
tién chat khac nhau. Anh hudng cla ti 1& tién chat dén
c4u trdc, tinh chat quang hoc va hoat tinh quang xUc tac
clia vat liéu dudc khdo sét thong qua phan Ung phéan
hdy RhB dudi anh sang kha kién. Bong thai, anh hudng
clia ndng dé ban dau RhB va pH dung dich dén hiéu
qua xt ly cling dugc danh gia.

Thyc nghiém va phuang phap nghién cdu

Thuc nghiém
Hoa chdt

TEOS (tetraethyl orthosilicate, 299,5%), urea (299,0%),
CTAB (hexadecyltrimethylammonium bromide,
>99,0%), ethanol (299,5%), NHs; (299,0%) va
Rhodamine B (RhB, =299,0%) dugc mua tu Sigma-Aldrich
va st dung truc ti€p ma khéng qua tinh ché thém.

Téng hop vat liéu

Téng hap g-CsNa: Cho m gam urea vao chén st co ndp
day kin va nung & 550 °C trong 1 gi& vdi téc do gia nhiét
10 °C/phut. Sau khi nung, san pham dugc rira bang nudc
cat dén trung tinh, sdy & 80 °C trong 12 gid va ky hiéu
la CN.

Téng hop SiO2: Hoa tan 0,16 g CTAB vao 50 mL nudc
cét, sau do thém 15 mL ethanol va 1 mL dung dich NHs.
H6n hop dugc khudy trong 30 phut. Tiép theo, nhd tir
tUr 1 mL TEOS vao dung dich va tiép tuc khuéy trong 24
gid. Chét rén thu dugc dugc ly tam, rifa bang nudc cét
va ethanol nhiéu lan, sau do sdy & 60 °C trong 24 gic
dé thu SiO..

Téng hap composite CN/SiOz: Trén déu 0,1 g SiO, vdi
m gam urea (m = 1; 3; 5), nghién min va nung & 550 °C
trong 1 gi&f trong méi trudng khi Ar. San phdm sau nung

dugc rifa dén trung tinh, sdy & 80 °C trong 12 gid va ky
hiéu tuong Ung la CN/SIO,-10, CN/SIO2-30 va CN/SiO-50.

Phuong phdp ddc trung vat liéu

Gian do nhiéu xa tia X (XRD) dudc ghi trén may Bruker
D8 Advance sut dung buic xa CuKoe (A = 1,540 A). Phd
hdng ngoai FT-IR dugc do trén may PerkinElmer GX.
Hinh thai bé mat vat liéu dugc khao st bang kinh hién
vi dién tir quét SEM (Nova Nano SEM 450). Phé UV-Vis
DRS dudc ghi trén may Shimadzu UV-2600. Phé phéat
quang PL dugc st dung dé danh gia kha nang tai té hap
electron — 16 tréng quang sinh.

Khdo sdt hoat tinh quang xuc tdc

Cho 0,1 g vét liéu vao 100 mL dung dich RhB cé noéng
dd 10 mg/L. HOn hop dugc khudy trong bong téi 60
phut dé dat can bang hdp phu — gidi hap phu trudc khi
chiéu sang bang dén LED 30 W. Mau dung dich dugc
&y dinh ky mdi 10 phdt va xac dinh ndng dé RhB béng
phucng phap UV-Vis tai budc song 553 nm.

Hiéu sudt phan hiy RhB cla cac vat liéu dugc xac dinh
theo cbng thuc:

H: CG_CE

x 100%

[e]
trong do, Co la ndng dd dau clia RhB tai thai diém dat
can bang hdp phu — gidi hdp phu va C; 1a ndbng dé RhB
tai tUng thai diém khao sét.

Két qua va thao luan

Gian do XRD clia cac mau CN, SiO2 va CN/SiOx-x dudc
trinh bay & Hinh 1a. DBéi véi SiOy, xudt hién mét dinh
rong tai 26 = 22° dac trung cho cdu tric vo dinh hinh
cla silica [8]. Trong cac mau composite CN/SiO»-x, hai
dinh dac trung clia g-CsNy tai khoang 13,0° va 27,4°
tuong Ung vai cac mét tinh thé (100) va (002) van dugc
duy tri. Biéu nay cho thdy su hinh thanh composite
khéng lam thay déi dang ké cdu tric tinh thé cla g-
GNa.

Ph& FT-IR clia cac mau dugc trinh bay & Hinh 1b. B&i véi
SiO,, dinh hép thu séc nét tai 475; 796 va 1035 cm ™ dugc
gan cho dao déng bién dang Si-O-Si, dao ddng bién
dang Si-OH va dao déng hda tri khdng déi xiing Si-O-
Si. Trong cac mau composite xudt hién thém cac dai hap
thu dac trung clia g-CsNa nhu dinh tai 808 cm™ cua
vong triazine va cac dai trong vung 1200-1650 cm™
tuong Ung vdi dao dong cla lién két C-N va C=N. Dai
réng nam & 3050 - 3280 cm™' dugc quy cho dao déng
hoa tri O-H clia H.O hap phu trén bé mat vat liéu. Cac
két qua nay chiing minh su hinh thanh thanh céng cla
vat liéu composite CN/SIO; [9].
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Hinh 1: Gian do nhiéu xa tia X (a) va phd IR (b) clia cac mau vat liéu CN, SiO,, CN/SiOz-x (véi x = 10; 30; 50)

Hinh 2: Anh SEM cuia céc vat liéu SiO; CN va composite CN/SiO»-30

Hinh thai va cau tric vi mé cua SiO,, CN va CN/SIO; da
dugc nghién cltu bang kinh hién vi dién t quét SEM
(Hinh 2). Anh SEM cho théy SiO» c6 dang hat c3u trong
khi g-C3N4 o c4u tric dang I6p. Trong mau CN/SiO»-
30, céc hat SiO, dugc phén tan kha dong déu trén bé
mat cac I16p g-CsN., gilp han ché sy két tu va lam tang
dién tich tiép xdc cla vat liéu.

Ph& hédp thu UV-Vis DRS cua SiO, CN va cac mau
composite CN/SIO, dugc trinh bay trong Hinh (3a). Co
thé nhan thédy SiO; tinh khiét chi hdp thu manh trong
vung tU ngoai va hau nhu khdong hép thu trong ving
anh sang kha kién do c6 néng lugng viing cdm rét I6n,
vi vay vat liéu khong thé dugc kich thich dudi anh sang
kha kién [10].

Déi v mau CN, phé hdp thu kéo dai tir ving t&r ngoai dén
khoang 450-470 nm, dac trung cho su chuyén dién t tur
ving héa tri (VB) Ién viing dan (CB). Kha nang hap thu nay
xuat phéat tir cau tric lién hgp Tt clia mang heptazine, tao
nén nang lugng vuing cdm khodang 2,7 eV va cho phép vat
liéu hoat dong dudi &nh séng kha kién [1, 10].

Sau khi két hgp véi SiO,, cac mau composite CN/SIO;
van duy tri dac tinh hédp thu clia CN nhung cudng do
hdp thu thay déi theo ham lugng SiO,. Biéu nay cho
thdy SiO, chu yéu déng vai tro la chat mang, trong khi su
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tuong tac gitia hai pha da gép phan diéu chinh cau tric
dién tr va khé nang thu nhan anh sang cla vat liéu [10, 11].
Trong cac mau composite, CN/SiO,-30 ¢c6 cudng dé
hap thu cao nhét va mép hép thu cd xu hudng dich nhe
vé vling budc song dai han so vdi CN. Hién tugng dich
dod cho thdy su hinh thanh giao dién dj thé gitta CN va
SiO, da lam tang kha nang khai thac anh sang kha kién,
dong thai cai thién hiéu quéd truyén va tach dién tich
quang sinh. Khi ham luong SiO; tang 1én 50%, cudng do
hép thu gidm so v&i mau CN/SiO,-30. Nguyén nhan co
thé la do lugng SiO; du thira lam gidm ty 1é pha hoat
déng quang CN va che pht mét phén bé mat héap thu
anh séang, tur dé lam gidm kha nang thu nhan photon
cla vat liéu. Nhin chung, khd néng hap thu anh séng
clia cac mau co xu hudng theo thit tu: CN/SIO,-30 >
CN/SiO2-50 = CN/SiO»-10 > CN >> SiO,, chiing to ty 1é
phdi trén thich hgp gitta CN va SiO, ¢é vai tro quan
trong trong viéc nang cao tinh chét quang hoc cla
composite [10, 11].

N&ng lugng viing cdm clia cac mau dugc xac va két qua
thé hién trén Hinh (3b) cho thdy mau CN c6 nang lugng
vung cdm khoang 2,7 eV, phu hgp vdi cac gia tri dé
dudc cong bé déi vai g-CsNg va gidi thich kha nang hép
thu anh sdng dén vung kha kién ctia vat liéu [1, 10]. Sau
khi két hgp vdi SiO,, nang lugng viing cam clia cac mau
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composite gidm nhe, trong dé mau CN/SIO,-30 c6 gia
tri nho nhét. Sy thu hep vang cdm dugc cho la két qua
clia tuang téac dién t tai giao dién CN/SIO,, tao diéu
kién thuan lgi cho qua trinh kich thich electron dudi anh
sang kha kién va thuc déy su tach cap electron-16 tréng
quang sinh [10, 11].

Band gap nho han ddng nghia vdi viéc vat liéu can nang
lugng photon thdp hon dé kich thich electron tir viing
hda tri 1én vung dan, nhd d6 md rong ving hép thu
sang budc séng dai hon va tang hiéu qua si dung anh
sdng mat trdi trong qua trinh quang xdc tac [10, 12].

0.06

Da&i v mau CN/SIO,-50, ndng lugng vung cdm tang
nhe tr& lai so vai CN/SIO2-30. Diéu nay cé thé dugc giai
thich bdi ham lugng SiO, qua I6n lam gidm ty lé pha
ban dan CN trong composite, khién hiéu qua diéu chinh
c4u tric vang nang lugng khong con téi uu [10, 11].

Két qua xac dinh ndng lugng ving cdm hoan toan phu
hap vai phd hép thu UV-Vis DRS. Mau CN/SiO»-30 vira
c6 cudng dé hép thu &nh sang manh nhét vita c6 nang
lugng viing cdm nhd nhét, cho thdy day la ty 1& phdi
tron téi uu dé tang kha nang hap thu anh sang, thic
d&y qué trinh tao va tach dién tich quang sinh, t&r dé du
ki€én mang lai hoat tinh quang xUc tac cao nhat [10-12].
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Hinh 3: PhS UV-Vis DRS (a), nang lugng ving cdm dugc xac dinh theo ham Kubelka-Munk (b) va Phé PL (c) cla
c4c mau vat liéu SiO,, CN, CN/SiO» (v&i x = 10; 30; 50)

Phé phat quang (PL) cla tat ca cac mau dudgc thé hién
trong Hinh 3c. Két qua phé PL cho thdy cudng doé phat
quang cla mau CN/SiO,-30 thdp hon dang k€ so vdi
CN va SiO; tinh khiét. Biéu nay chiing to su tai t6 hop
electron — 16 tréng quang sinh bi han ché hiéu qua han
trong vat liéu composite. Su cai thién kha nang tach dién
tich quang sinh 1a nguyén nhan quan trong gidp nang
cao hoat tinh quang xuc tac cia mau composite [13].

Khdo sat hogt tinh quang xuc tdc caa cdc vat liéu

Két qua su thay déi gia tri C/Co theo thdi gian clia cac
mau vt liéu CN/SiOz-x dugc trinh bay & Hinh 4.

K&t qua phan hly RhB clia cac mau vét liéu dugc trinh
bay & Hinh 4a. Sau 90 phut chiéu sang, cac mau
composite déu cho hiéu qua phan hly cao hon so véi
cac vat liéu don 1é. Trong dé, mau CN/SIiO,-30 cho hiéu
sudt phén hdy RhB cao nhat dat 82,2%, trong khi
CN/SiO2-10, CN/SIO2-50, CN, va SiO, dat lan lugt
khodng 64,72%, 57,04%, 64,7% va 7,9%.

K&t qua nay c6 thé dugc giai thich do su phan bé déng
déu cua SiO; trén bé mat g-CsN4 gilp tang khad nang
hdp phu RhB, dong thai han ché su tai t6 hop electron
— 16 tréng quang sinh. Ngoai ra, dién tich bé mat I6n
hon clia composite cling gop phén tang sé lugng tam
hoat déng quang xuc tac.
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Hinh 4: Hiéu qua quang xuc tac (a) va md hinh déng
hoc Langmuir-Hinshelwood (b) cua cac mau vat liéu
CN, SiO; va CN/SIOz-x (vai x = 10; 30; 50)
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Poéng hoc phdn Ung dugc khdo sat theo md hinh
Langmuir—Hinshelwood. Két qua tinh toan hang s téc
dé dugc trinh bay trong Bang 1.

Bang 1: Hang s6 téc dé phan Ung quang xuc tac clia
cac mau vat lieu

MAL Hang s6 téc do k Hé s6
(phut™) tuong quan R?

CN 0.0057 0.97

SiO; 0.0013 0.86

CN/SIOz-10 0.0116 0.99

CN/SIiOz-30 0.0193 0.94

CN/SiO-50 0.0098 0.98

Mau CN/SiO2-30 ¢6 hang s6 téc do 16n nhét, diéu nay
cho thdy vat liéu nay la t&i uu cho qué trinh tng hop
vat liéu composite quang xuc tac.

Anh hudng clia ndng dé ban d4u dung dich RhB dugc
tién hanh trong khoang tir 10 mg/L dén 30 mg/L. Két
qua dugc thé hién trén Hinh 5.
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Hinh 5: Anh hudng clia ndng d6 ban d3u va pH dén
qué trinh quang phan hiy RhB clia mau CN/SiO2-30

Khi tang ndng dé RhB tr 10 1én 30 mg/L, hiéu suat phan
hly gidm tU 82,2% xudng con 41,19%. Nguyén nhan la
do & ndng do cao, cac phan t& RhB hap phu nhiéu trén
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bé mat xdc tac, che phu céac tdm hoat dong va can tré
su tiép xUc cla anh sang vdi bé mat vat liéu. Béng thdi,
sU gia tdng dd mau cla dung dich cling lam gidm kha
nang xuyén sau cla photon vao hé phan Ung [14, 15].
pH la mét trong nhiing yéu té anh hudng dén qué trinh
quang xuc tac cta vat liéu khi dugc si dung vao trong
thuc té. Thi nghiém dugc tién hanh trong nhiing diéu
kién pH khac nhau, cu thé pH = 2,01; 4,01; 6,02; 7,97 va
10,01. Méi trudng pH dugc diéu chinh ngay tur ban dau
bang cac dung dich HCI 0,TM va NaOH 0,1M va do dac
trén may do pH HANA HI2211. Két qué dugc trinh bay &
Hinh 5b.

Hinh 5b cho théy, trong vung acid, hiéu qua phan huy
clia RhB dat 87,8% va 84,3% sau 90 phut chiéu séng tai
cac pH = 2,01 va 4,01. Khi pH tdng dan vé mdi trusng
trung tinh pH = 6,02, hiéu suat phan hiy cé gidm khong
dang ké con 82,2%. Vat liéu cé su gidm hoat tinh khi di
vao mobi trudng base khi hiéu suét gidm ré rét xuéng
56,5% & pH = 7,97 va chi con 34,8% khi tang Ién dén
pH kiém manh (pH = 10,01). Nhu vay, vét liéu co kha
nang hoat ddng manh trong vung pH kha réng va phu
hap vai moi trudng acid. Biéu nay cé thé la do trong
moi trudng acid, dién tich bé mat cla chat xic tac
quang bi anh hudng. Hon thé nifa, sy hinh thanh géc
hydroxyl (OH) trong méi trudng acid nhiéu va dé dang
hon nén qué trinh quang phan huy xay ra nhanh. Ngugc
lai trong mdi trudng base, cac géc hydroxyl ("OH) tao ra
kho han nén lam gidm qua trinh quang phéan hly chéat
mau [16].

K&t luadn

Vat liéu composite CN/SIO, da dudc téng hop thanh
cobng bang phuong phap nung nhiét st dung urea va
SiO, lam tién chat. Két qua dac trung vat liéu cho thay
cac hat SiO; phan bé trén bé mat g-CsN4 ma khong lam
thay d&i dang k& cau truc tinh thé cua vat liéu nén. Mau
CN/Si0,-30 cho hoat tinh quang xUc tac t6t nhat véi
hiéu suat phan hay RhB dat 82,2% sau 90 phut chiéu
sang kha kién va hang s6 téc dé phan dng dat 0,0193
phut™!. Ngoai ra, hiéu qua x(r ly RhB bi anh hudng dang
ké bdi néng dd ban dau va pH dung dich. Két qua
nghién cfu cho thay vat liéu composite CN/SIO; cé tiém
nang Ung dung trong x Iy cac chat & nhiém hitu co
bang phuong phéap quang xUc tac
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