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TOM TAT:

Vit li€u graphitic carbon nitride da thu hat sy quan tAm manh m€ nho dac tinh hoa - ly 6n dinh,
dé tong hop va kha niang hap thu anh sang kha kién. Tuy nhién, graphitic carbon nitride van c6
mot s& nhuoc diém nhu dién tich bé mat nhé va tde do tai két hop dién tir - 16 tréng cao. Chinh vi
vay, nhiéu nghién ciru da dugc thyc hién dé cai thién dic tinh cua vat liéu nay nhu tao composite
v6i oxide kim loai, MXene, hodc pha tap nguyén t6. Bai bao nay tong quan céc phuong phép tong
hop vt liéu trén co s& graphitic carbon nitride va img dung cua chiing trong xir 1y chat thai hitu
co, dac biét 1a thudc nhudom va khang sinh trong nudc thai.

Tir khoa: graphitic carbon nitride, g-C,N
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1. Pit vén dé

Trong nhirng nim gan ddy, sy hién dién cua cac
chat 6 nhim hitu co trong nudc thai nhu thude
nhudm, per- va polyfluoroalkyl (PFAS), duoc pham
Va san phim chim soc ca nhan (PPCPs) da tro thanh
mdi quan ngai toan cau. Diém chung cia cic chét
ndy 1a tinh bén vimg cao, khé phan huay sinh hoc va
kha nang tich Iy lau dai trong hé sinh thai. Chinh
vi vdy, cic chét nay gy ra nhiing tac dong nghiém
trong ddi v6i moéi trudng va sic khoe cong dong
(Corpus et al., 2024). Hién nay, nhiéu cong nghé xtr
ly nuéc thai da duoc ap dung rong rdi nhim loai bo
céc chit 6 nhidm, bao gdm két tiia, phan huy sinh
hoc, loc, cic qua trinh oxy hoa tién tién (AOPs),
hap phu va quang xuc tac (Lu etal., 2022) Trong so
d6, quang xuc tac ndi bat nhd chi phi thap, tinh than
thién v&i moi truong va kha nang phan huy hiéu qua
céc chit 6 nhidm. Chinh vi vdy, quang xiic tic ngay
cang dugc xem 1a mot giai phép trién vong trong linh
vuc lam sach nudc va xur ly cac chit 6 nhiém kho
loai bo bang cac phuong phap truyén thong.

Chat ban dan graphitic carbon nitride (g-C,N,)
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chat xuc tac quang, chit 6 nhiém hitu co.

dugc biét dén nhu mot hudng nghién ctru day tiém
nang trong linh vyc quang xtc tac nho vao cac dic
tinh hoa - 1y doc dao, dé dang téng hop va bén trong
moi truong acid va base. Mot trong nhitng uu diém
ndi bat cua g- CN, la band gap khoang 2.7 eV, cho
phép vat liéu hip thu anh sang trong ving kha kién
- chiém phén 16n phd birc xa mat trdi (Wang et al.,
2009). Khi duge chiéu sang, g-C,N, c6 kha ning
kich thich dién tir tr ving hoéa tri (VB) 1€n vung dan
(CB), dong thoi tao ra 13 trdng dién tir (h*) trong VB.

Qua trinh nay dan dén sy hinh thanh céac cap dién
tir - 15 trong, 1a tién dé cho cac phan ing oxy hoa -
khir trong méi truedng. Mac du g-C,N, s6 hitu nhiéu
wu diém, vét liéu nay van ton tai mot s6 han ché nhu
kha ning hap thy anh sang kha kién hep, dién tich bé
mat nho, va téc do phén tach cap dién tir - 16 tréng
thap Nhirng yéu t6 bét loi nay lam suy giam hiéu
sudt quang xuc tac tong thé (Tan et al., 2021) Nhiéu
phuong phap di dugc nghién ctu nhim nang cao
kha nang hép thy anh séang va cai thién qua trinh van
chuyen dién tr cua vat ligu g-C\N,, bao gf)rn thay
d6i hinh thai, tao khuyét tat, pha tap nguyén t5, ghép
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nbi v6i vat lidu khac. Bai bao nay tong quan vé (1)
cac phuong phap téng hop vét lidu quang xiic tac
trén co s6 g-C,N, va (2) ing dung cua cac vat liéu
nay trong linh vuc xt ly chat thai hitu co.

2. Phwong phép tong hop vt liéu quang xiic
tac trén co s¢ g-C,N,

g-C\N, dugc xem la mot vat liéu tiém nang thay
thé cho cac chit xtic tac quang trén co sé oxide kim
loai. Pé nang cao hiéu qua ing dung, cac nghién ciru
da duoc thyc hién nham t6i wu hoa dic tinh quang
- di¢n cua g-C.N v dic biét 1a tang kha nang hip thu
anh sang trong vung kha kién va cai thién hiu qua
phan tach dién tich. Cac hudng nghién ctru ndi bat 1a
tao vat liu composite hé 2 thanh phan hodc 3 thanh
phan bang cach két hop g-C ,N, véi cac hop chit ban
dan khac nhu B1VO InVO AgVO VZOS, TiO, va
ZnO va dic biét gan day cac ngh1en ciru vé su ket
hop cua g-C,N, va vit liéu MXene cho thdy su cai
thién dang ké v hiéu qua quang xuc tac cua vat liéu.
Mot phuong phap khac ciing dugce nghién ciru 1a pha
tap vao g-C,N, cic nguyén t6 phi kim va kim loai
dong vai tro nhu dong xuc tac.

Vat liéu composite trén co so g-C N, Nhoém
nghién ctou cta Thanh Tung (2023) da tong hop
thanh cong vat 11eu g-C.N,/CuWO, bang phuong
phap nhiét pha rin co ho tror si€u am tai nhiét do
530°C. Két qua cho théy, gia tri ning luong ving
cAm cia cac vat liu g- -C,N,/CuWO, (2.52 eV) téng
hop dugc giam so voi Vat heu g-CN, (2.71 eV) va
CuWO, (2.13 eV). Viéc thay dbi gla tr1 nang lugng
ving cam, cho phép du doan vat lidu compos1te tong
hop duge ¢6 hoat tinh quang xtic tac tot trong ving
anh sang nhin thay nho sy xuc tac hiép trg ctia ca hai
hop phin g- -C,N, va CuWO,.

Xuan Huan va cOng sy (2022) d3 c6 bao céo tong
hop vat li¢u composite MnFeO /g-C,N,. Vat li¢u
composite dugc tong hop tir tién chat MnCl 4H.0,
FeCL.4H,0 va g-C\N,. g-C.N, bang phu’orng phap
sol- gel Tu két qua anh TEM cua mau san pham cho
tbay, g-C N, c6 dang hinh tam 16n, dugc trang tri
bang cac hat nano dang hat Fe O, va Mn,0O,. Duong
kinh céc hat t1nh thé oxide khoang 5- 20 nm va cac
hat nhé dugc gin vao bé mét cac tam g- -C,N,. Wang
et al. (2020) di thyc hién tong hop composne cua
a-Fe,0, va vat li¢u khuyét tat cua g- -C,N, (d-C,N,).

Trong nghién ciu nay, vat liéu a- Fe 0, /d CN,
dugc téng hop bang phuong phap phan tan siéu am
két hop nung. Két qua phén tich tinh chét vat liéu
cho thay vat liéu d- C,N, c6 sy mo rong vung hép
thy anh séng va qua trlnh chuyén tai dién tich qua

cac muc nang lugng phu (sub-gaps) hiéu qua hon.
Jin et al. (2020) da thuc hién nghién ciru composite
g-C,N, va Co,0, ing dung trong quang xuc tac xu ly
chat thal Nghlen ctru nay, nham nang cao hiéu suét
quang xuc tac dudi anh sang kha kién trong qua trinh
phén huy khang sinh théng qua peroxymonosulfate
(PMS). Mot hé di thé Z-scheme hai chiéu (2D)
Co,0, nanomeshes/g-C,N, nanosheets da dugc tong
hop thanh cong bing phuong phap nung hén hop
gitra MOF-Co nanosheets siéu mong va g-C,N,. Céhu
trac dac biét dang nanomeshes/nanosheets nay so
hiru dién tich bé mat riéng 16n (153.92 m?/g), cung
cép nhiéu vi tri hoat dong d& tiép can va tao ra dién
tich tiép xtc mat thiét giita Co,0, va g-C,N,. Nho
do, sy phéan tach va van chuyen cac hat tai dlen duogc
thiic ddy manh mé, gop phan cai thién dang ké hiéu
suat quang xuc tac.

Vat lieu MXene/g-C:N,: Zhanga et al. (2024)
da thyc hién tong hop vat liéu Ti,C/g-C.N bang
phuong phap lam khé dung moi. Ket qua thu duogc
gia tri band gap cua vét li¢u g-C\N, va Ti,C,/g-C\N,
tuong ung la 2.81 eV va 3.1 eV. Hinh anh SEM cua
mau san pham Ti,C,/g-C,N, cho thdy cdu tric cua
mang compos1te Su két hop gira Ti,C, va g-C)N, da
lam bién dbi cau trac 16p co trét tu cua Ti,C, thanh
dang bét quy tic, dong thoi sb luong vi tri khuyet tat
trén bé mit g- -C,N, ciing tang 1én. Ti,C, dong vai tro
han ché hién tuong két tu bang cach bao boc g-C\N,
va lién két chit ché, tir d6 cai thién kha ning phan
tan vat liéu, lam tang d¢ nham trung binh cua bé mit
va tao ra dién tich bé mat 16n hon. Ngoai ra, su thay
d6i nay con tang khoang cach giita cac 16p vat liéu
va hinh thanh nhiéu kénh dan, gitp khuéch tan anh
sang hiéu qua hon. Bing phuong phap tron don gian
céc tién chét voi nhau.

Vit 11eu Ti,C/g-C.N cung da dugc Nasri et al.
(2022) tong hop thanh cong bang phwong phéap thim
udt. Nhom nghién ctru da khao sat cac ty 1€ khac
nhau cua Ti,C /g-C,N,1a 4, 8 va 12% anh huong dén
hoat tich xuc tac cia vat liéu san phdm thu dugc.
Két qua thu duoc band gap cua vat liéu g- CN,, 1%
Ti,C,/g-C)N,, 4% Ti,C/g- C3N4, 8% Ti,C,/g-C.N,
va 12% Ti,C /g-C N, tuong ung 1a 2.61, 2.53, 2.09,
2.20 va 2.3 | eV.

Xu et al. (2024) da téng hop thanh cong vat liéu
V,C/g-C.N, bang k¥ thuat tron tu 1ap ghép don gian
(H1nh 1) Ket qua thu duoc gia tri band gap cia vat
liéu g-C,N, va V,C/g-C.N, tuong rng 1 2.84 eV va
2.82 ¢eV. Ngoal ra, tu ket qua phan tich tong tro dién
hoa cua vat liéu cho thay, mau V,C/g-C\N, co tong
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tr¢ dién hoa thip hon g- CN,, ddng nghia vai toe do
truyén tai dién tich cuia vat liéu composite cao hon
vat ligu g-C.N,. Thém vao do, nghién ctu cling da
thyuc hién phan tich hi¢u qua cta vat liéu trong viéc
tach va van chuyén cac cap dién tir - 16 tréng duoc
sinh ra do hap thu 4nh sang, tbc do tai t hop ctia cac
cip dién ta-15 tréng duoc xac dinh béng viéc do va
phéan tich dong dién tam thoi phat sinh khi vat liéu
duoc chiéu sang. Vat liéu composite cho thiy tin

sudt tai to hop dién tir - 15 tréng giam déng ké so véi
g-C.N,.

Zeng et al. (2022) da bao cao viéc tong hop vat
liu mang g-C,N,@MXene/PES (MXenelaTi,C,T)).
Trong nghlen clru nay, cac tim nano g-C ,N, da duorc
sir dung dé bién tinh mang MXene 2 chleu nharn tao
ra vat li€u composite quang xuc tac méi g-C\N,@
MXene/PES (CN-MX) thong qua phuong phap loc
chan khong (Hinh 2).

Hinh 1: Quad trinh téng hop xiic tac quang V,C/g-C.N,
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3.Ung dung cuia céc vat li¢u trén co sé g-C,N,
trong xir ly chit thai hiru co

3.1. Xir Iy chit mau hivu co

Xuan Huan va cong sy (2022) da thuc hién khao
sat kha ning thudc nhudém hoat tinh RR-195 trong
moi truong nude cua vat liéu MnFeO /g-C.N,. Mau
vat liéu MnFeO /g-C.N tong hop bang phu’ong phap
sol-gel ¢ cac ty le mol Mn Fe 2:1 ¢6 cau tric pha 6n
dinh nhét, cho hiéu qua xu ly thudc nhudém dat hiéu
sudt 91% sau thoi gian 80 phut ¢ diéu kién nong do
RR-195 ban dau 1a 100 mg/L, & 25°C. Nasri et al.
(2022) da khao sat kha nang phan huy methyl blue
(MB) cua cac vt ligu 1% Ti,C/g-C.N,, 4% Ti3C2/
gC3N4, 8% Ti,C,/g-C,\N,va 12% Ti,C /g-C\N,. Ket
qua vat ligu 1% Ti,C,/g-C,N, dat dugc kha nang
phan huy methyl blue cao nhat (khoang 60%) trong
180 phiit. Co ché cho qua trinh phan hiry methyl blue
cling dugc nhém tac gia dé nghi trong bao cao nay
(Hinh 3).

Hinh 3: Co ché quang xic tac phan hiy MB
cua vét liéu Ti,C,/g-C,N,
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Zeng et al. (2022) da thuc hién nghién ctru kha
nang xu ly Congo red (CR) va Trypan blue (TB) cua
mang g-C N4@MXene/PES (MXene la Ti,C,T).
Két qua cho thiy, kha nang xu ly tuyét voi cua vat
lidu nay véi ty 1¢ loai bo chat mau hiru co twong ng
1a 98% cho CR va 96% cho TB. Xu et al. (2024) da
khéo sat tinh chat quang xuc tac ctia vat liéu V ,Clg-
C,N, thong qua kha nang phén huy methyl orange.
Vat heu composite V,C/g-C,N, dat hi¢u suét phan
hay methyl orange 1en t61 94. 5% sau 120 phut chleu
sang bang anh sang kha kién, gép 1.56 1an hiéu suét

phan huy methyl orange cta vat li¢u g-C,N,.

3.2. Xi# Iy thuéc khdng sinh

Vén dé 6 nhidm ngudn nude do du lwong thude
khang sinh, dic biét 1a tetracycline hydrochloride
(TC), di tré thanh mbi quan tim 16n trong linh vuc
mdi trudng va sic khoe cong dong. TC 1a mot loai
khang sinh phé rong, thuong duoc sir dung trong y
té va chin nuéi, nhung kha ning phan huy sinh hoc
thip khién n6 ton tai 1au dai trong moi trudng nude,
gy nguy co hinh thanh vi khudn khang thudc va anh
hudng dén hé sinh thai thuy sinh. Zeng et al. (2022)
da thyc hién khao sat kha nang phén huy TC béng
mang g-C.N,@MXene/PES, cho thdy, hiéu suét
phéan huy TC ctia vat liéu nay 1én dén 86%.

Kang et al. (2021) da thyc hién khao sat kha ning
phéan huy ctia TC bang vat liéu composite trén co s&
g-C N,. Trong nghién ctru nay, dé nang cao hiéu suét
phan huy quang xuc tac tetracycline (TC) dudi anh
sang kha kién v6i su hd tro cta peroxymonosulfate
(PMS) trén BiVO,, nhom tac gia da tién hanh dong
bién tinh BiVO, bang céch két hop g-C ,N, va doping
Na*, tao thanh hé di thé g-C ,N,/Na- BlVO (CN/
Na—B1VO) Vit liéu CN/Na- B1VO thu duoc cho
thiy hiéu suat phan hay TC dugc cal thlen 10 1ét, dat
t61 98,20% chi sau 40 phit, cao gép 3.13 lan so voi
BiVO,.

Q1 et al. (2020) da thyc hién tong hop cac
nanocomposite di thé 3 thanh phan CeO/
nitrogen-doped carbon quantum dots (NCQDs)/g-
CN, bang phuong phép nung nhiét & nhiét do cao
két hop thuy nhiét va khao sat kha ndng quang xuc
tac cua vat liu trong viéc phan huy TC va tao khi H,,.
So voi CeO, va g- C3 4] h¢ Z-scheme CeO,/N CQDs/
g-CN, (CSN v6i x biéu thi ham luong CeO theo
% kh01 lugng) cho thay kha ning phan hay TC va
sinh H, vuot troi nho hiéu qua phén tach dién tich
cao va do on dinh quang xuc tac dugc cai thién. Dac
biét, mau CSN, thé hién hoat tinh quang xtic tac t6t
nhét trong phan hay TC (dung dich 100 mL, ndng
d6 20 mg.L"), dat 100% phan hiy sau 60 phut dudi
chiéu sang kha kién (A > 420 nm) (Hinh 4) Két qua
nay khing dinh vai trd quan trong cta céu trac di
thé Z-scheme va su hién dién cia NCQDs trong viéc
thiic ddy qua trinh tach - chuyén dién tir - 15 trong,
déng thoi nang cao hi¢u suit va do bén cua hé xuc
tac.

Ngoai cac nghién ctru vé xir 1y chat 6 nhiém
TC, mét sé khanh sinh khac ciing duge quan tam.
Zhanga et al. (2024) da tién hanh nghién ctru kha
nang phan hiy quang xuc tac ciprofloxacin (CIP)
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Hinh 4: Co ché phan hdy TC cua vét liéu
Z-scheme CeO,/NC&Ds/g-C,N,
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cua vat li¢u Ti,C,/g-C\N,. Két qua cho thdy, mau
Ti,C/g-C.N dat hi¢u suat loal bd quang xtc tac CIP
1en toi 97 8%, cao hon 1.23 14n so véi g- CN,. bac
biét, h¢ 6%-MX/CN thé hién hoat tinh quang xtc tac
t6i wu ¢ diéu kién pH = 7 v6i nong d6 ban dau cua
CIP1a 10 mg/L.

Theo Zhang et al. (2021), qua trinh quang xtc tac
dudianhsang khakién kéthopvéi peroxymonosulfate

54% TOC chi trong vong 10 phut. Nhém da thuc
hién qghién curu xuc tac quang Co/g-C,N, dugc téng
hop bang phuong phap nung don gian va st dyng vt
liéu dé danh gi4 higu qua ciia 2 hé Co/g-C,N,/H,0,
va Co/g-C,N,/PMS trong qua trinh phén hay quang
xuc tac NOR dudi chiéu sang kha kién.

4. Két luan

Qua céc nghién ctru da duoc cong bd, co thé thiy
g-CN, la mot vat liéu ban dan dﬁy tiém nang trong
linh vyc quang xuc tac xu ly chat thai hitu co va
khang sinh trong nuéc. Cac nghién ciru cho thdy viée
két hop g-C ,N, v6i cac vt ligu khac nhu oxide kim
loai, MXene hoac pha tap nguyén t6 da glup mo rong
vung hap thy anh sang, ting dién tich bé mit, thic
ddy qua trinh phan tach va van chuyén dién tich, tir
d6 nang cao hiéu suit quang xuc tac. Dic biét, trong
xt ly khang sinh nhu tetracycline hydrochloride
(TC), ciprofloxacin (CIP) va norfloxacin (NOR), céc
hé composite trén co so g-C,N, da dat hiéu suit phan
hay vuot trdi, khang dinh gia tri tng dung thuc tién
trong xtr Iy nuGe thai. Vat ligu trén co s¢ g-C,N, hira

hen s& tro thanh giai phap bén viing, hidu qua va than
thién moi trudng cho céng nghé xir Iy 6 nhidm chat
thai hiru com

(PMS) da cho hiéu qua phan hiy norfloxacin (NOR)
vuot trdi so voi hé quang xtc tac thong thuong. Cu
the, hi¢u suat phan hiy NOR dat 96.4% va loai bo
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ABSTRACT

Graphitic carbon nitride (g-CsN4) has garnered significant attention owing to its robust
physicochemical stability, facile synthesis, and effective visible-light absorption. Nevertheless,
its practical application is hindered by inherent limitations, including low specific surface
area and rapid electron—hole recombination. To address these challenges, extensive research
has focused on modifying g-CsN4 through strategies such as compositing with metal oxides,
integration with MXene materials, and elemental doping. This study provides a comprehensive
review of the synthesis approaches for g-CsNi-based materials and critically examines their
performance in the treatment of organic pollutants, with particular emphasis on the degradation
of dyes and antibiotics in wastewater.

Keywords: graphitic carbon nitride, g-C,N,, photocatalyst, organic pollutant.
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