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Hién nay, trong bdi canh ngudn nwéc ngot dang ngay cang khan hiém, van dé 6 nhiém moi
trwdng nwéc dang la van dé nhirc nhdi can dwoc gidi quyét. Ping trwdc tinh trang dang
bao ddng nay, cac nha khoa hoc da va dang nghién ctru cac phwong phap dé loai bd cac
chét 6 nhiém ra khéi ngudn nuéc, trong dé phwong phap oxy héa nang cao st dung chét
xuc tac quang dwoc ap dung rong rai do c6 tiém néng I&n. Trong nghién clru nay, vat liéu
xtc tac quang CuO/g-CsN, dwoc tdng hop dé& dang bang phwong phap nung tir melamine
va thdy nhiét trong diéu kién nhiét do, thoi gian dwoc kiém soat chat ché. Két gua dac trwng
vat liéu bang cac phwong phap SEM, EDX, FT-IR cho thay vat liéu CuO/g-CsN, da dwoc
tdng hop thanh céng véi nang lwong viing cdm phu hop cho quang xtc tac dwdi anh séng
kha kién (2,6 eV) dwoc xac dinh bang phwong phap UV-Vis DRS. Két qua x& ly thu dwoc
ciing cho thay hiéu suét cao trong viéc loai bd thudc nhuém Direct Fast Scarlet 4BS khai
nwéc dudi chiéu xa anh sang kha kién. Vat liéu 7% CuO/g-C;N, cho phép xt ly Direct Fast
Scarlet 4BS véi hiéu suat [én dén 92,8% & pH = 7 trong 150 phut.

CuO, g-C3N,, 7Cu0/g-C3N,, phdm nhudm Direct Fast Scarlet 4BS, xlic tac quang.

Currently, in the context of the shortage of freshwater sources are increasingly, the problem
of water pollution is is becoming extremely serious that needs to be solved. Therefore,
many methods have been applied to remove dyes in water, and the photocatalytic method
is the most effective. In this study, the photocatalyst material CuO/g-C;N, was easily
synthesized by hydrothermal method and calcined from melamine strictly controlled
hydrothermal time, temperature conditions. The characterization results (SEM, EDX and
FT-IR methods) show that CuO/g-Cs;N,4 has been successfully synthesized, with bandgap
energies suitable for photocatalysis under visible light irradiation (approx 2,6 eV) was
determined by the UV-Vis DS method. The treatment results of the obtained materials also
show high efficiency in removing Direct Fast Scarlet 4 BS (DFS-4BS) dye from water under
visible light irradiation. The CuO/g-C3N, material showed the best DFS-4BS treatment, with
an efficiency of up to 92,8% at pH= 7 in 150 mins.

Ti/SnO,—-Sh,0s/PbO, anode, phenol oxidation, cyclic voltammetry.
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1. GIOI THIEU

O Viét Nam, nganh cdng nghiép dét may rat
phét trién, 12 nganh céng nghiép c6 kim ngach
xuat khau 16n the hai trong nuéc. Tuy nhién,
nganh dét nhuém dao thai ra mot luong 1on
nudéce thai, thuong chira nhiéu pham mau, chat
hitu co va mudi, 1am giam kha ning truyén
anh sang vao nudc, gay can tré qua trinh
quang hop, ngoai ra, ching con c¢6 doc tinh
cao va khé phéan huy sinh hoc, gay anh huong
tram trong dén cudc séng cua cac loai thuy
sinh va stic khoe cua con nguoi [1].

Direct Fast Scarlet 4 BS (DFS-4BS) la mot
trong nhitng loai thudéc nhuém thudc nhém
azo - day 1a ho thuéc nhuom quan trong nhat
va cd sé lwong lén nhat, chiém khoang
60-70% sb luong céc thudc nhudm tong hop.
Tuy nhién, thuéc nhuom azo lai c6 nhing tac
dong tiéu cuc dén sic khoe con nguoi: gay
nhiém doc gen, gy dot bién va gay ung thu,...
2, 3].

Do d6, c¢6 rat nhiéu cong trinh nghién ctu sir
dung cac phuong phap khac nhau dé xu ly
pham nhudém trong nudc nhu: phuong phap
hdéa hoc, phuong phap sinh hoc, phuong phap
keo ty,... Hién nay, mot trong nhitng phuong
phap duoc sir dung dé xu ly pham nhuom
mang lai hiéu sut cao 1a phuong phap quang
xuc tac. Véi qua trinh quang xuc tac, cac hat
tai dién sinh ra trong vat liéu do hap thy mot
phan anh sang mat troi duoc sir dung nhu céc
tac nhan oxy hoa — khur, xir Iy céc chat hiru co
doc hai thanh CO, va H,0. Ngoai ra, phuong
phap nay con c¢6 wu diém la chat xuc tac ré
tién va khong gay 6 nhiém thi cap [4].

Thoi gian gan day, vat liéu g-CsN, tré thanh
mot vat liéu cé stirc hut trong nganh khoa hoc
vt liéu vi c6 nhiéu dic tinh hdp dan nhu: tinh
on dinh héa hoc, bén nhiét, khéng bi in mon,
khong tham nudc, bén canh dé ciu trac dién

tir ¢ thé mo rong da giup g-CsN, tro thanh
mét trong sé nhiing vat liéu xuc tac quang hta
hen nhat. Tuy nhién, g-CsN, c6 dién tich bé
mit nho, s6 luong tdm phan Gng tiép xdc con
it va hiéu suat tai to hop cua céc cap electron
va 16 tréng quang sinh cao, diéu nay lam cho
g-C3N4 c6 hiéu suét xuc tac quang thap [5].

Vi vay, nhiéu ky thuat bién tinh khac nhau da
dugc thuc hién nham ting hiéu qua xuc tac
quang cua vat liéu g-CsN4 Nhidu oxit kim
loai di dwoc nghién ctu dé bién tinh véi
g-CsN, nhu TiO,, MnO,... Trong s6 cac vat
liu nay, CuO la maot vat liéu rat pha hop dé
bién tinh v&i g-CsNy4 Vi €6 nhiéu dic tinh hap
dan nhu: c6 d6 rong ving cam hep (Eg=1,2
eV), s& hitu cau trdc tinh thé don nghiéng voi
mot sé dic tinh doc ddo, bao gdm chirc ning
quang dién, d6 6n dinh cao, ngoai ra, CuO
con ¢d hé sb hap thu anh ang kha kién cao [6].
Céc vat liéu da tong hop dugc dic trung boi
cac ky thuat phan tich hién dai nhu: SEM,
EDX, FT-IR va UV-Vis.

2. THUC NGHIEM
2.1. H6a chét str dung

C6H402, CU(N03)2.5H20, C35H25N701082Na,
EDTA, HCI, NaOH, melamine. T4t ca cac hda
chat sir dung déu dat do tinh khiét > 98% va
¢ ngudn gdc tir Sigma-Aldrich.

2.2. Phwong phap ché tao vat liéu
Quy trinh tong hop vat liéu g-C3N,

g-CsN, duoc tong hop bang céch nung
melamine ¢ nhiét do cao. Cu thé, ldy 3 gam
melamine vao ci, nghién min, sau dé cho vao
cc nung s, boc kin nhiéu 16p bang gidy bac,
dat coc sir vao 10 nung. Nung néng & nhiét do
550°C trong 3 gid. Sau do6 san pham dugc dé
ngudi & nhiét dd phong roi nghién min. Vat
liéu thu duoc ¢ dang bot, c6 mau vang [7].
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Quy trinh téng hep vit liéu CuO/g-C3N,

Cho 0,2 gam g-C3N4 phan tan trong 50 ml
nuéce cat bang cach rung siéu &m trong 5 phdt.
Sau d6 thém 200 ml Cu(NOgs); 0,2 M vao
dung dich trén rdi khuay bing may khuy tu.
Thém tur tir ting giot NaOH 0,2 M vao hon
hop dang khudy & trén va tiép tuc khudy trong
1 gio tai nhiét do phong. Hon hop sau khi
khuidy dem di thuy nhiét trong 14 gio tai
130°C. San pham thu duoc dem di rira bang
nudc cit va con sau d6 dem ly tim. Nung hon
hop sau ly tdm trong 10 gio tai 140°C, ta thu
dugc chat ran la vat ligu CuO/g-C3N, [7].

2.3. Phwong phap phan tich tinh chat dac
treng cua vat liéu

Hinh thai bé mat vat lieu dugc dic trung
boi kinh hién vi dién tor quét (SEM)
(TM4000PIlus/Hitachi, Nhat Ban). Cac nhém
chtc trén bé mat vat liéu dugc xac dinh bang
viéc sir dung may quang phd héng ngoai
Fourier Jasco FT-IR 4600 (Nhat Ban). Théng
tin vé cac nguyén t6 cling véi ti phan cua tirng
nguyén t6 c6 mat trong mau vat liéu duoc
phan tich bang phd tan xa ning lugng tia X
(EDX- Oxford, Anh Quéc).

2.4. Qué trinh khao sat kha nang xw ly
pham nhuém DFS-4BS cua vat liéu

Quy trinh chung: Lay 0,05 g cac vat liéu céc
cho vao coc rdi cho vao 100 mL dung dich
pham nhuém DFS-4BS 80 ppm. Ban dau, hé
phan ng s& duoc khudy trong bong téi 30
phut, sau d6 dugc chiéu sang bang dén
compact 32 W trong vong 120 phuat. Trong
toan bo thoi gian, hé dugc ngdm trong nudc
dé ¢ dinh nhiét d6 dung dich. Sau cac khoang
thoi gian 30 phat, 60 phat, 120 phat va 150
phiit, ding xi lanh dé hat dung dich ra roi sir
dung dau loc dé loc dung dich. Sau do tién
hanh do mat d6 quang trén may UV-VIS &

budc séng 505 nm va dya vao duong chuan
dé xac dinh luong pham nhudém bi phan huy
(Ct/Co). Trong d6 Co la ndng d6 DFS-4BS
trong dung dich ban dau va Ct la nong do
DFS-4BS trong dung dich sau khi bi tién hanh
phan huy tai cac thoi diém t.

3. KET QUA VA THAO LUAN
3.1. Pac trwng vat liéu

Hinh thai bé mat cua cac vat lieu duge dic
trung boi ki thuat kinh hién vi dién tir quét,
két qua duoc thé hién & hinh 1. Tir anh SEM
c6 thé thy su céc hat nano CuO phan tan kha
dong déu trén tdm g-CsN,, diéu nay tao diéu
kién thuan lgi cho qua trinh trao d6i dién tir -
15 tréng quang sinh gitta hai pha thanh phan.
Ngoai ra, vat liéu tdng hop duoc co kich c&
céc hat kha dong déu nhau (khoang 0,5-1 um)
(hinh 1).
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IMS-NKL 5.0kV 5.0mm x50.0k SE(M)

Hinh 1. Anh SEM cua céc vat liéu

Pho tan xa niang luong tia X (EDX) cua vat
lieu 7% CuO/g-CsN, dugc sir dung dé xéc
dinh thanh phan nguyén t6 cua mau vat liéu
7% CuO/g-C3N4. Két qua duoc trinh bay &
hinh 2. Tir két qua cho thay, vat liéu khong
chaa bat ki nguyén té nao khéac ngoai céc
nguyén té cau thanh 1én vat lidu. Didu nay cho
thdy vat liéu 7% CuO/g-C3N, tong hop duoc
6 do tinh khiét kha cao.

B Spectum 3

Hinh 2. Phd tan xa nang lwong tia X (EDX)
cta mau vat liéu 7% CuO/g-CsN,

Lién két héa hoc trong vat liéu duoc dic
trung boi phd hdéng ngoai bién doi, két qua
duoc thé hién & hinh 3. Két qua cho thay tat
ca cac peak dic trung cua g-CsNs déu cuat
hién trén phé FT-IR cua cac vat liéu
7%Cu0/g-C3N,4 voi cac ty 18 bién tinh khéc
nhau. Cac peak nay tng véi cac sé song:
810 cm™, 1250-1632 cm™*, 3000-3300 cm ™,
ching dic trung chp su ¢ mit lién két C-N
trong vong thom cua triazine, lién két C-N

ngoai vong thom, lién két C=N cua hé lién
hop pi trong vong thom va dao dong cua cac
amine so cap, tha cap [6-9]. Cac mau c6 ham
luong g-CsN4 I6n thi cac peak cang duogc thé
hién ro rang hon.

—9CN,
—— 7% CuO/g-CN,
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Hinh 3. Phé héng ngoai FT-IR ctia cac mau vat liéu

da téng hop

C6 thé thay khi pha tap, nang lugng ving cim
cua vat liéu thay doi. So véi ving cim caa
g-CsNs thi ving cim cua vat lisu 7%
CuO/g-C3N, giam di nhiéu, két qua dugc thé
hién ¢ hinh 4 va bang 1. Khi nang lugng vung
cam giam, kha ning tai t& hop electron tét
hon nén hiéu suat ctia qua trinh xdc tac quang
s& tot hon. Vay vt lieu 7% CuO/g-C3N, co
dai hap thu quang dich chuyén vé phia &nh
sang kha kién manh, ning luong ving cim
giam, mang lai hiéu qua xi ly pham mau
trong nudcC.
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Hinh 4. Phd UV-VIS cta cac mau vat liéu

TAP CHi KHOA HOC & CONG NGHE . SO 41 - 2023

43



KHOA HOC & CONG NGHE

Bang 7. Nang lwong ving cam cua céc vat liéu
da téng hop

Vit ligu Niing ltgn?e\\//l‘;ng cam
g-C3N, 2,7
Cuo 1,49
7% CuO/g-CsN, 2,63

3.2. Kha nang xuc tac quang cua vat liéu

Hoat tinh xUc tdc quang cua vat liéu g-C3Na,
CuO va vit liéu 7%CuO/g-C3N,4 pha tap voi
cac ty 1é khac nhau duoc thé hién trén hinh 5.
Két qua cho thiy rang thi vat lieu 7%
CuO/g-C3N,4 cho hiéu suat xdc tc quang rat
cao (dat 92,8%).

1.04 —a— CuO
—e—g-C3N4
| —&— 7% CuO/g-C3N4

T T T T T T T T T
-20 0 20 40 60 80 100 120 140 160

time (min)

Hinh 5. Anh hwéng cua ty 1& phdi trén CuO/g-CsNg4
dén kha ndng xt |y phdm nhuém DFS-4BS

Hinh 6 cho thay gié tri pH c6 anh huong dén
kha nang phan huy DFS-4BS cua vat liéu 7%
CuO/g-C3Ny: trong 30 phdt hap phu nong do
giam khong dang ké so véi qua trinh chiéu
sang, diéu d6 c6 nghia la yéu té chinh dé nong
d6 pham nhuom DFS-4BS giam la do qué
trinh xtc tac quang. Do thi cho thiy hiéu suat
xUc t&c quang cua vat lieu 7% CuO/g-C3Ny4
giam tir pH=3 dén pH=5, ting tir pH=6 dén
pH=7 va lai giam dén pH=9. Do pHpzc cua
vat liéu 7% CuO/g-CsN4 ¢ khoang 7,0 [6-8].
Diéu nay cho thay khi pH < 7, bé mat vat liéu
tich dién duong con khi pH > 7, bé mat vat

liéu tich dién am, ma pham nhuém DFS-4BF
la pham nhudém cation. Bén canh d6, ¢ pH
thip thi mot phan caa CuO trong cac mau vat
liéu ciing bi hoa tan dan t&i hiéu qua xir ly
thap. Do d6, pH = 7 1a pH tbi vu cua dung
dich, tai day, vat li¢u 7% CuO/g-C3N, dat hi¢u
suit xdc tac quang cao nhat (92,8%).

0.8+

0.6 -

Ct/Co

0.4

0.2

0.0

T T T T T T T T
o 20 40 60 80 100 120 140 160
time (min)

Hinh 6. Anh hwéng cta pH dén kha nang xir Iy pham
mau DFS-4BS

Trong nghién cuu nay, cac thi nghiém tai sinh
vat ligu 7% CuO/ g-CsN4 da dugc thuc hién
dé danh gia d6 on dinh cua vat lidu véi su
phan huy quang caa pham nhuém DFS-4BS
duéi su chiéu xa caa anh sang kha kién. Cac
diéu kién t6i vu nhu da trinh bay trong céc
phan trudc duoc 4p dung. Két qua trén hinh 7
cho thay sau 3 lan tai sinh, hiéu suat xir ly
pham nhuom van kha cao (dat 60,5%) Diéu
nay chung to hoat dong quang xdc tac cua vat
liéu twong ddi on dinh va vat liéu ¢ kha nang
ung dung cao trong Xt 1y moi truong.

—=— Tai sinh lan 1
—e— Tai sinh lan 2
| —&— Tai sinh lan 3

0.6

CvCo

0.4

024

0.0

T T T T T T T T
0 20 40 60 80 100 120 140 160
time (min)

Hinh 7. Kha nang tai sinh cta vat liéu
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4. KET LUAN

Vit liéu 7% CuO/g-C3N,4 duoc tong hop bang
phuong phap thuy nhiét. Théng qua cac phép
do: SEM, EDX, FT-IR, UV-VIS da chung
minh dugc vat liéu da dugc tong hop thanh
cong. Vit lieu 7% CuO/g-C3N,4 da cai thién
hoat tinh quang xUc tac trong vung anh sang
kha kién, mang lai hiéu qua xir Iy cao hon.
Kha nang quang xuc tac cua vat ligu dugc
danh gia thong qua su suy giam ndng do cua
phdm nhuom DFS-4BS dudi su chiéu sang

cua dén compact 34W. Két qua cho thay vat
liéu 7% CuO/g-C3N,4 dat hiéu suét xir 1y cao
(92,5%) voi cac didu kién xir ly ti wu: pH=7,
khéi lwong vat liéu 0,05g, thoi gian xu ly
trong 150 phut.
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