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SUMMARY

EFFECT OF MANUFACTURING TIME ON THE PHOTOCATALYTIC ACTIVITY OF
g-CsNs DOPED WITH Co* TRANSITION METAL IONS

Through a simple chemical method, we have successfully synthesized g-CsN, material doped with Co®* ions
at a ratio of 7-12%, and the 10% Co-doped g-CsN4 sample with varying synthesis times from 6 to 20 hours.
The material's structure was investigated using X-ray Diffraction (XRD) and Raman spectroscopy. The
optical properties of the material system were examined through fluorescence spectra and X-ray
Photoelectron Spectroscopy (XPS). The photocatalytic capability of both pure g-CsN4 and 10% Co-doped g-
CsN4 samples was assessed by monitoring the degradation of Rhodamine B (RhB) solution under natural
sunlight and Xenon lamp irradiation. The research results indicate that the optimal photocatalytic
performance is achieved with 10% Co®*doped g-CsN4 synthesized for 15 hours. The enhanced photocatalytic
ability of the doped material system is attributed to Co®* acting as a center to capture electrons, prolonging
electron-hole recombination time and thereby increasing the photocatalytic efficiency.
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1. MO PAU con han ché. Cac huéng nghién ctru trén g-CsNy
hién nay dang tap trung vao khic phuc nhugc
diém trén nhim nang cao hiéu xuit quang xdc
tac cua vat liéu. Pé tang kha ning quang xuc tac
ciia g-C3Na, mot sé huéng nghién ctru di cong
N - R : bd 1a pha cac nguyén t6 tap chat nhu dit hiém
hep (¢ 2,7 §V) phu hop v6i vice haP thurong ving iy v [3,4], kim loai Fe [5], Co [6], Mg [7]
anh sang nhin thay [1]. Bén canh do, vat liéu c6 uu
diém 1a phuong phap ché tao don gian tir nhiing tién
chét ré tién, dé kiém [2], hira hen 1 mét trong nhing
vat lidu c6 tinh img dung cao trong viéc xir Iy ngudn
nude thai dudi anh sang mat troi. Tuy nhién, g-CsNa
tinh khiét c6 mot han ché 1a toc do tai hop dién

Dé cai thién van dé 6 nhidm moi trudong va dic biét
1a 6 nhiém ngudn nude, gin ddy, mot vat liéu ban
dan méi 1a Nitrit carbon graphite (g- C3Ns) dang duoc
cac nha khoa hoc quan tam do c6 d¢ rong ving cim

nhim tao ra cac tam tap chat ¢ vai trd nhu tdm
bét dién tu, gitp ting thoi gian ton tai cua dién
tir, giam téc do tai hop cua cip dién tir - 15
trong. Trong sb d6, cac cong bd chu yéu la
nghién vé anh huéng cta nong do pha tap 1én
viéc cai thién tinh chat quang xuc tac cua vat

ttr - 15 tréng cao nén hiéu sudt quang xuc tic van A AP .
& ; quang liéu g-C3N4. Do d6, bao cao nay tap trung vao
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nghién ctru sy thay doi thoi gian ché tao vat liéu
g-C3N4 pha tap nguyén to kim loai chuyén tiép
Co** v6i nong d6 10% nham cai thién tinh chat
quang Xxuc tac cua hé vat liéu.

2. THUC NGHIEM

2.1. Ché tao vit ligu g-CsNs pha tap Co® theo
thoi gian

Str dung phuong phip héa hoc don gian, cac mau
g-C3N; pha tap chat Co véi ti 16 14 7 %, 8 %, 10 %
va 12 %, cing thoi gian khudy tir 1a 12 gio da duoc
ché tao thanh cong (hé mau CN/Co-12h). Chon
mAau g-CsN, pha tap Co 10 % dé thay d6i thoi gian
khudy tir 1an luot 1a 3 gio, 6 gio, 9 gio, 12 gio, 15
gio va 20 gio. Tién hanh theo cac budc sau: Cho
0,5 g g-CsN4 vao cbc dung 50 ml nude cét, sau do
khudy tir 30 phit, rung siéu 4m mot gid thu dugc
dung dich A. Céan 0,177 g mudi Co(NO3),.6H0,
cho vao cbc dung dung dich A, dit coc 1én bép
khudy tir, gia nhiét & nhiét d6 90°C va tdc do khudy
400 rpm trong x gi¢ thu dugc dung dich B. Dem
hdn hop dung dich B tién hanh loc rira 2 1an voi
ethanol, mau thu dwoc dem siy kho & 100°C trong
5 gio. Sau d6, mau dugc lam ngudi ¢ nhiét do
phong, san phim cubi ciing thu dwoc 1a mau bot g-
CsN4 pha tap chit Co 10 %, quiy tir x gio. Ki hiéu:
CN/Co010-xh.

2.2. Nghién ctru hoat tinh quang xuc tac

Hoa 0,06 g mau CN/C010-xh vao 30 ml nuéc cét,

khudy tir 30 phit. Thém 30 ml dung dich RhB (20
ppm) vao dung dich trén. Hon hop duoc khudy
trong budng t&i 30 phat dé xac dinh d hap thy bio
hoa. Sau khi khudy t6i, hdn hop dugc chiéu sang
dudi anh sang dén xenon hoac anh sang tu nhién
trong khoang 2 gio dé nghién ciru tinh chit quang
xuc tic ciia mau ché tao duge. Ctr cach 15 phut, 4
ml dung dich dugc lay ra dem li tam (4000 vong/
10 phat) dé tach bo bot g-CsNa.

2.3. Mot sé phwong phap phan tich ciu tric va
tinh chét ciia hé miu.

Phép do nhiéu xa tia X (XRD) dugc thyc hién trén
hé do D8 Advance diffractometer (Bruker) str dung
bic xa Cu-K,, tai vién Khoa hoc vat li€u thudc
vién Khoa hoc va Cong nghé Viét Nam. Phép do
phé tan xa Raman & nhiét d§ phong, dugc thuc
hién trén hé Labram HR 800 dat tai phong thi
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nghiém, Khoa Vit li, Pai hoc Su pham Ha Noi.
Phd huynh quang cua cac mau vat liéu duoc thyuc
hién véi ngudn kich thich laser 13 355 nm trong
khoang budc song 400-800 nm tai Vién Khoa hoc
Vat liéu-Vién Han 1am Khoa hoc va Coéng nghé
Viét Nam. Phé XPS duoc do bing phd ké
ESCALab 250 véi ngudn tia X don sic caa Al Ka
(1486,6 eV), tai Truong Dai hoc Ewha Womans,
Han Qudc. Qui trinh danh gia hiéu suit quang xtc
tac duoc thuc hién tai phong thi nghiém trung tam
Khoa hoc va cong nghé Nano, Trudng Pai hoc Su
pham Ha Noi.

3. THAO LUAN KET QUA NGHIEN CUU

3.1. Anh huéng ciia ndng dp tap chit Co Ién cac
tinh chit cta vat liéu

3.1.1. Gidn db nhiéu xa tia X
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Hinh 1. Gian do nhiéu xa tia X ciia hé mau g-C3Ns pha
tap Co theo cdc nong do khdac nhau

Két qua phép do nhiéu xa tia X ctia hé pha tap kim
loai Co véi cac nong d6 tir 7 % dén 12 % duoc



trinh bay trén hinh 1. Hinh 1(a) cho thdy, miu g-
CsNy tinh khiét va tit ca cac mau pha tap kim loai
Co déu biéu hién cac dinh nhidu xa tai cac vi tri
goc la 26 = 13,1° va 26 = 27,7° phu hop véi the
chudn JCPDS (87-1526) cua tinh thé g-C3Na, két
qué nay thé hién vat liéu két tinh & pha cAu trac luc
gic. Pinh & vi tri 13,1° pht hop véi két qua nhiéu
xa trén mat phang (100), co6 cuong do yéu, dic
trung cho khoang cach giita cac mat phang graphite
trong tinh thé g-C3N, [8]. Pinh ¢ vi tri 27,7° 1a két
qua nhiéu xa trén mat (002), c6 cuong do manh,
dac trung cho khoang cich cua cac don vi
heptazine trén mot mat graphite [8]. Gian dd nhidu
xa tia X ctia cac miu g-CsNs pha tap chit Co
khong thdy c6 sy xudt hién thém cua cac dinh
nhidu xa méi. Hinh 1(b), biéu dién gian d6 nhiéu
xa tia X tir vi tri 26 tir 27° dén 29° cho thay, vi tri
ciia dinh nhidu xa (002) dich nhe vé phia goc
20 bé hon khi pha tap chat Co. Theo quan sat, su
dich dinh ctia mdu CN/C010-12h 1a nhiéu nhét. Su
dich nhe vi tri dinh nhiéu xa c6 thé duogc giai thich
1a do céac ion Co xen vao khong gian gitra cac don
vi heptazine, tao cac lién két yéu voi cac nguyén tir
N, gdy anh huong déng ké téi cau triic tinh thé g-
CsNa.

3.1.2 Phé hupnh quang

Nhu ching ta da biét, ning lwong photon (huynh
quang) s€ dugc giai phong khi ¢o sy tai hgp cia
cdp dién tir - 16 tréng. Do vy, bang cach so sanh
cuong do dinh phat xa huynh quang c6 thé gitp so
sanh thoi gian tai hop dién tir 16 tréng tir d6 phan
doan hiéu sudt quang xuc tac cua cac mau [9].
Chung t6i tién hanh do phd phat xa huynh quang
ctia cac mau, két qua thu dugc dugc trinh bay trén
hinh 2. Ta thdy, phd huynh quang cua tit ca cac
mau trong hé 1a mot dai rong tir 400 nm dén 700
nm. Dinh huynh quang cta cac mau pha tap c6 xu
huéng dich vé phia budc soéng ngén. Pac biét,
cuong do dinh huynh quang cta cac mau khac
nhau c6 sy khac nhau va giam so véi miu tinh
khiét; mau pha tap 10 % kim loai Co c6 sy dich
dinh manh nhit va cuong d6 dinh phat xa suy yéu
nhiéu nhat. Diéu nay cho thay viéc pha tap chit Co
¢6 kha nang lam tang hiéu suit quang xuc tac cua
g-CsNs va miu c6 ndng d6 10 % kim loai Co hira
hen cho hiéu suét quang xtic tac tot nhét.
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Hinh 2. Phé huynh quang ciia cdc mau trong hé pha
tap chdt Co theo nong dé khdc nhau

Tir két qua nghién ctru va phan tich vé gian do nhidu
xa tia X, ph6 huynh quang va két qua xi li quang xtic
tac cua hé mau g-CsN, pha tap Co theo cac ndng do
khéc nhau (bang 1), chiing t6i lya chon mau g-C3sN4
¢6 ndng do tap chat Co 10 % dé tién hanh khao sat
anh huong cua thoi gian khudy tir 1én tinh chit cia
vt liéu bang cach thay ddi thoi gian khudy tir lan luot
la: 9 gio, 12 gio, 15 gio va 20 gio.

Bang 1. Két qua xi Ii quang xiic tdc ciia hé mau g-
CsNa pha tap ion kim loai chuyén tiép Co theo cac
nong dé sau 60 phiit chiéu sang.

STT Tén miu Hiéu suét (%)
1 CN/Co7 96,2
2 CN/Co8 97,4
3 CN/Co10 98,5
4 CN/Co12 95,9

3.2. Anh hwéng cia thoi gian ché tao 1én cac
tinh chit cia vt liéu

3.2.1. Phé tin xa Raman

Két qua phép do pho tan xa Raman ciia hé pha tap
chat Co 10 % thay doi thoi gian khudy tir tir 9 -20
gior dugce thé hién trén hinh 3. Két qua cho thy khi
thay dbi thoi gian khudy tir tir 9 gio téi 20 gid, phd
tan xa Raman ciia cac miu pha tap chit Co 10 %
khong thdy xudt hién dinh m&i, la so v6i miu tinh
khiét. Tuy nhién, khi phan tich ki cac cac dinh tan
xa chung t61 nhan the‘iy vi tri dinh dac trung cho
dao dong cua cac don vi heptazine c6 su khac nhau
giita cac mau pha tap chat so voi mau v6i mau tinh



khiét, ciing nhu giita cac mau pha tap chit v6i nhau
(hinh 3b): Pinh phdé ciia miu CN/Col0-9h c6
cuong d6 nho va co vi tri dinh 1éch nhe vé phia s6
song bé. Pinh phd cua cic miu CN/Col0-12h,
CN/C010-15h, CN/C010-20h c6 vi tri dich vé phia
) song 16n hon va coé sy dich vi tri gén nhu nhau.
Tir cac két qua trén ching t6i cho rang, thoi gian
khudy tir ¢6 anh huéng dén sy phan tan cac tap
chat Co trong mang tinh thé g-C3Ns. Do d6 anh
huéng cua tap chit Co dén dao dong cac don vi
heptazine & cac mau c6 thdi gian khudy tir khac
nhau la khac nhau.
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Hinh 3. Phé tan xa Raman ciia hé méu pha tap

chdt Co 10 % theo thoi gian

3.2.2. Phé XPS

Dé tim hiéu thém vé thanh phin hoa hoc trén bé
mit 1am co s& giai thich hidu sudt quang xtc tac ctia
vat lidu, chung t6i tién hanh phép do phd XPS cua
méu c6 hoat tinh quang xuc tac t6t nhat trong hé pha
tap Co (CN/Co10-15h) va miu g-CsN, tinh khiét.
Két qua phép do dugc trinh bay trén hinh 4. Két qua
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cho thiy, cac nguyén tr C, N va O la nhitng thanh
phan chu yéu trong ca 2 mau. Pinh Cls trén phd
XPS ctia g-C3Ny tinh khiét va mau 10% Co, ting véi
niang luong khoang 285 eV dic trung cho lién két C-
C; C=N; N-C=N. binh Nls ung v6i mic ning
luong khoang 400 eV dac trung cho cac lién két C-
N=C; N- (C)s; C-N-H [10]. Tir phép phén tich phd
XPS ctia mdu CN/Co10-15h, dinh phé dic trung cho
muc nang luvong 2p cta Co cod cuong do bé dugc tim
thdy ¢ vi tri 780,7 eV. V&i mitc Co2p & vi tri nay,
chung t6i nhan dinh réng, tap chét Co ton tai trong
mau CN/Co10-15h dudi dang oxit (CoO). Két qua
nay dugc cho 1a do su tuong tac ctia Cls va Nls voi
Co2p. Két qua nay phu hop véi két qua phan tich
gian d0 nhiéu xa tia X va ph tan xa Raman.
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Hinh 4. Két qud do phé XPS ciia hai mau: CN va
CN/Co010-15h

3.2.3. Két qua xiv Iy quang xiic tic

Viéc xur Iy quang xtic tac cta hé pha tap chat Co 10
% vé6i thoi gian khudy tir khac nhau dudi sy chiéu
sang cuia anh sang mat trdi (10h-12h budi sang),
v6i didu kién nhiét do: 48°C, cudng do anh sang:
37665 Ix. Két qua duoc trinh bay trén hinh 5(a). Ta
thdy, dung dich RhB gan nhu khong bi phan hity khi
khong c6 chat xtc tac. Thoi gian khudy tir trong quy
trinh ché tao mau co anh hudng dang ké dén hiéu
suat quang xic tic ctia mau: Thoi gian khudy tir
cang dai hiéu suat quang xdc tic cing cao, mau
CN/C010-15h va CN/C010-20h c6 hiéu suit quang
xuc tac twong duong nhau va cao hon so vdi cac
méu con lai. Chi sau 30 phit chiéu sang bang 4nh
sang mat troi, dung dich RhB da dugc CN/Col0-
15h va CN/C010-20h khir hoan toan. Két qua trén
ciing dwoc chung t6i kiém tra lai bang cach xur ly



quang xuc tic ctia hé dudi su chiéu sang cta dén
Xenon. Két qua kiém tra dugc trinh bay trén hinh
5(b). So sanh hinh 5(a) va hinh 5(b), c6 thé thay su
phit hop dugce thé hién rat rd. Két qua trén hinh 5(b),
hai miu CN/Col10-15h va CN/C010-20h vin thé
hién hi¢u sudt quang xuc tac tot nhat: Sau 45 phit
chiéu sang dudi dén Xenon, dung dich RhB da dugc
2 mau trén khir hoan toan, khac v6i két qué trén hinh
5(a), thoi gian khir hoan toan 1a 30 phit. Didu nay
dugc cho ring, hiéu suit quang xtc tic bi anh hudng
boi cuong d6 anh sang: Khi xtr Iy quang xtc tac voi
anh sang mat troi ching t6i do dugc thong luong
anh sang tai thoi diém lam thi nghiém 1a 37665 Ix
16n hon thong lugng sang dén Xenon (34450 Ix). Do
vay hiéu sudt quang xuc tac ciia cic mau trong hé ¢
su khac nhau nhu trén. Nhu vay, so véi viéc pha tap
kim loai dit hiém Nd vao vat liéu nén g-CsNs ma
nhém nghién ciru di cong bd trong tai lidu [3], thoi
gian xr 1y quang xuc tac da giam rat nhiéu lan, tir
200 phit xudng con 30 phut (bang 2).
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cia hé mau g-CsN4 pha tap 10% Co theo thoi gian.
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Bang 2. Két qua xit Ii quang xiic tdc ciia hé mau g-
C3Na pha tap ion kim logi ddt hiém Nd theo cdc nong
dg sau 200 phiit chiéu sang [3].

STT Tén miu Hiéu suit (%)
1 CNNd-2 92,3
2 CNNd-6 95,6
3 CNNd-10 99,8

Nhu vdy, trong nghién ciru ché tao g-CsNy pha tap
kim loai Co v6i muc dich ting hiéu sudt quang
xuc tac ciia vat liéu nén g-C3Ny, chiing toi da tim
duoc néng do tap chit Co va thoi gian khuéy tur
cho hiéu suit quang xuc tac tét nhat do la: Nong
d6 Co 10% va thoi gian khudy tir dat dén do bio
hoa 1a 15 gid, mau CN/Co10-15h 1a miu tot nhat
trong h¢ pha tap Co.

4. KET LUAN

Nghién ctru dd thanh cong trong viéc pha tap chét
Co% vao mang tinh thé cua vat liéu g-CsN4 bang
phuong phap héa don gian. Tir gian dd nhiéu xa tia
X va phd huynh quang ctia cac mau CN/Co 7-12%
Co, ta thdy Co®* ¢6 anh hudng nho t6i cau trac tinh
thé ctia g-C3Na. Tir phd huynh quang va két qua xir
Iy quang xUc tac chung toi lya chon miu 10% Co
12 miu dy doan c6 kha ning cho hiéu suit quang
xtc tac cao nhit dé tién hanh khao sat sy thay doi
thoi gian ché tao tir 6-20 gio 1én cAu trtc, tinh chat
va kha nang xur ly quang xtc tac cua hé vat ligu.
Két qua phd tan xa Raman, va phd XPS cho thiy
cac ion tap chat khi dugc pha tap vao vét li¢u s€
xen vao cac vi tri trong giita cac don vi heptazine,
tham gia lién két yéu véi cac nguyén tir C, N & gan,
dan dén sy thay doi nho cac dao dong cua cac lién
két co ban trong ciu triic mang tinh thé g-CsNa, két
qua nay phu hop v6i gian dd nhidu xa tia X va phd
huynh quang. Hiéu suit quang xiic tac ctia vat liéu
0-CsN4 dd duoc cai thién dang ké khi thay di thoi
gian ché tao tir 6-20 gio khi pha tap 10% Co. Mau
CN/C010-15h ¢6 hiéu suit quang xuc tac tot nhat
phan hity 100% RhB trong 30 phiit chiéu sang dnh
sang mit troi va sau 45 phut chiéu sing dén Xenon
va hiéu sut tang gan gip doi so voi mau g-CsNy
tinh khiét. Két qua nghién ciru bude dau cho thdy
giai phap pha tap nguyén t6 kim loai chuyén tiép
Co vao g-CsNy4 va lya chon thoi gian ché tao phu
hop 1a kha thi trong viéc ting hiéu suit quang xtc
tac, c6 tiém ning Gmg dung trong thuc tién.



Loi cdm on: "Nghién ciru nay dugc tai tro boi
Truong Pai hoc Giao thong véan tdi (BH GTVT)
trong d¢ tai ma s6 T2024-CB-013”. Nhom tac gia
Xin tran trong cdm on sy tai trg nay.
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