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SUMMARY

FACTORS AFFECTING THE PHOTOCATALYTIC DEGRADATION
OF RHODAMINE B ON PRUSSIAN BLUE/g-C3N4s UNDER VISIBLE LIGHT

Rhodamine B can be degraded using Prussian blue/g-CsNs as a photo-Fenton-like reagent under
visible light. In this research, factors affecting the photocatalytic degradation of rhodamine B,
including initial rhodamine B concentration, H,O, dosage, light source intensity, and light source, were
investigated. The results showed that the degradation of rhodamine B occurred with a suitable
concentration of H,O, (0,02 mol/L) and achieved the highest efficiency of 93,93% after 60 minutes
under visible light irradiation. Our research results in a breakthrough in the field of photo-Fenton and
greatly advances the practical utility of this method for environmental applications.
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1. GIOI THIEU

Hién nay, cac nganh cdng nghiép nhu dét may,
da va thuc pham thai ra mot lugng 16n céc chat
thai 6 nhidm doc hai dén ngudn nudc ty nhién
anh huong dén stc khoe, sinh hoat cua con
ngudi va sinh vat [1]. Pang cha ¥, cic nhém
thudc nhugm téng hop gom cau tric mang mau
gay ra cac van dé nghiém trong ddi véi ca dong
thuc vat [2]. Dac biét, thubc nhuom rhodamine
B (RhB) la yéu té gay ra doc tb than kinh, gay
dot bién, ung thu va kich tng da, mat va duong
hd hap [3]. Do d6, viéc loai bo thubc nhuom
hitu co kho phan hiy trong moi trudng nudc
thai 1a mot trong nhiing van dé quan trong
trong xtr Iy méi truong. Dé giai quyét dugc van
dé nay, c6 nhiéu phuong phap khac nhau duoc
sir dung nhu: hap phy, phan hiy sinh hoc va
xic tac quang [4-6]. Da c6 nhiéu cong trinh
nghién ciru ctia cdc nhdm téc gia da st dung
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cac phuong phap dé xu ly cac chét hitu co kho
phan huy trong moi truong nudc [7, 8]. Trong
s6 cac phuwong phap nay, qué trinh quang
Fenton xuc tac 1& mot trong nhiing phuong
phép mang lai trién vong nhit dé xu 1y nudc
thai do hiéu qua cao, bén viing va khong doc
hai [9]. Tinh ning quan trong cua quang xuc
tac 1 sir dung cac chat xdc tac quang ban dan.
Vi chit ban dan quang xuc tac 1a mot loai vat
liu quang xuc tac c6 céc tinh chat tét, mang
lai hiéu qua cao trong van dé xur Iy méi trudng
thong qua viéc st dung nang lugng &nh séng
mat troi [10]. Trong s6 cac chat ban dan noi
Ién 12 g-CsNa. g-C3Ny la mét vat lieu hai chiéu
(2D) duoc str dung rong réi trong linh vyc xuc
tac, ¢c6 nang lugng ving cam thich hop (2,7
eV), ¢6 nhiéu trong ty nhién va tinh 6n dinh
héa hoc tét [11]. Tuy nhién, hiéu suit xdc tac
cua g-C3N4 con thip do hiéu suat tao dién tich
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thdp va téc do truyén dién tich cham. Do vay,
di c6 nhiéu nd lyc 16n dé cai thi¢n hoat tinh
quang xUc tac cua g-CsN4 bang cach két hop
Vi céc chat khac dé tao thanh composite. Theo
nghién cau cua nhom tac gia Cam va cong su
[12] da tong hop vat lieu composite
BiVO4/Ta,0s/g-C3N4 ding dé xir ly chat mau
RhB. Hi¢u qua xir ly RhB dat 90,27% sau 90
phat dudi viing anh sang kha kién.

Prussian blue (PB), mot hop chat pigment xanh
dam, 1a mot hdn hop hoa tri kim loai chuyén
tiép hexacyanoferrates
(Fe"',[Fe"(CN)e]s.nH20). PB va céc hop chit
twong tw (c&c hop chat kim loai khac
hexacyano) dugc sir dung rong rai trong dién
hoa, sinh hoa, y sinh va truong dién tur [13].
Véi su két hop gitra PB va g-CsN, s& day
nhanh qua trinh chuyén dién tich va ting
cuong hoat tinh xdc tac cua vat liéu.

Do vay, trong nghién ciru nay, RhB dugc thu
nghiém phan hay quang xuc tac bang to hop
PB trén nén g-CsN4 dudi birc xa cua ving anh
séang nhin thdy. Bén canh do6, cac yéu té anh
huong dén qua trinh quang xuc tac dwoc khao
sat nhu: ndng d6 RhB ban dau, cuong do chiéu
séng, ndng do dung dich H20; va ngudn séng.
2. THUC NGHIEM

2.1. Héa chét, vat ligu

Cac vat liéu, hoa chét sir dung cho nghién curu
nay gom: sodium ferrocyanide decahydrate
(NasFe(CN)s, > 99%), hydrochloric acid (HCI,
~37%), urea (CO(NH2)2, > 99%), thodamine B
(RhB), H20, 30% cua Sigma-Aldrich dugc st
dung truc tiép ma khong phai qua cac qua trinh
tinh ché.

2.2. Anh hwéng ciia ndng dd RhB ban diu
Cho lugng xuc tac PB/g-CsN4 1a 0,05 g vao
100 mL dung dich RhB véi céc ndng do khac
nhau lan luot 12 30 mg/L, 40 mg/L va 50 mg/L.
Hon hop dugc khudy trong béng tbi véi thoi
gian 1a 60 phit dé dat can bang hap phy, sau do
bo sung mot luong H,0, vao dung dich va
duoc chiéu sang bang dén soi d6t cong suat 60
W. Cir sau 10 phut phan &ng, hat 1y khoang 6
mL dung dich dem di li tim sau d6 loc bo chit
ran. Dung dich thu duoc sau khi loc bo chit
rin dem di do mat do quang trén may UV-Vis
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CE-2011 dé xac dinh gi4 tri ndng d6 cua RhB
sau mdi thoi gian phan ung. Po chuyén hoéa
cua qua trinh phén hiy RhB dugc tinh theo
cbng thuc:
r =525 100y

c, ' '
Trong d0, C, va C; twong tmg v6i ndong do6 RhB
ban dau sau khi dat can bang hap phu va ndng
d6 RhB tai thoi diém t.
2.3. Anh hwéng caa lwrgng H20;
Cho lugng xuc tac PB/g-CsN4 la 0,05 g vao
100 mL dung dich RhB véi cac nong do 30
mg/L. Hon hop duoc khudy trong bong tbi vai
thoi gian 1a 60 phut dé dat can bang hip phu,
sau d6 bd sung mot luong H.0, lan luot la
0,005 mol/L; 0,01 mol/L; 0,015 mol/L; 0,02
mol/L; 0,025 mol/L va 0,03 mol/L vao dung
dich va dwoc chiéu sang bang dén soi dt cong
suit 60 W. Cu sau 10 phat phan ¢ng, hit lay
khoang 6 mL dung dich dugc dem di li tdm sau
d6 loc bo chat rin. Dung dich thu duoc sau khi
loc bo chat rin dem di do mat d6 quang trén
méay UV-Vis CE-2011 dé xac dinh duoc gié tri
ndng d6 cua RhB sau mdi thoi gian phan ung.
2.4. Anh hwéng ciia cwong dd ngudn sang
Cuong d6 ngudn sang lién quan tryc tiép dén
s6 lugng photon ciing nhung mirc ning lugng
cung cap cho quéa trinh phan &ng cua hé quang
xUc tac. Vi vay, qua trinh phan huy RhB dugc
thir nghiém vai cac loai dén c6 cac cuong do
khac nhau la: 220V — 40W, 220V - 60W va
220V — 100W. Qua trinh phan ung dugc thuc
hién nhu & muyc 2.2 v6i lugng x1c tac 1a 0,05 g
PB/g-CsN4 trong 100 mL dung dich RhB cé
ndng do 1a 30 mg/L, lugng H,0; 1 0,02 mol/L.
2.5. Anh hwéng ciia ngudn sang
Trong nghién ctru ndy, cac ngudn sang dwoc
khao sat la: &nh sdng mat troi tu nhién, dén
LED 220V — 30W, dén sgi dbt 220V — 60W va
den Xenon 220V — 30W. Qua trinh phan ung
dugc thyc hién nhu & muc 2.2 véi lugng xtic
tac la 0,05 g PB/g-CsN. trong 100 mL dung
dich RhB ¢6 ndng d6 1a 30 mg/L, lugng H20;
12 0,02 mol/L.
3. KET QUA VA THAO LUAN
3.1. Hoat tinh quang x(c tac cia cac vat liéu
Hoat tinh xdc tac quang Fenton cta cac mau
vat liéu phan hiy RhB dudi vung anh sang kha
kién duoc thé hién trong Hinh 1.
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Hinh 1. Hoat tinh xGc tadc quang Fenton cua
Cac vat Iiéu H,0, + Vis, g-C3N4 + Vis, PB +
Vis va PB/g-C3N4 + H202 + Vis phan hiy RhB
duwéi ving &nh sang kha kién
Nhu quan sat & Hinh 1 cho thay sy phan hiy
RhB duéi phan tng quang oxy héa caa H,O; +
Vis, g-C3N4 + Vis, PB + Vis 1a khong dang ké.
Trong khi d6, véi su két hop cua pha PB va g-
C3N4 tao vat liéu composite da ting cuong
dang ké hiéu qua xuc tac quang Fenton phan
hiiy RhB dui viing anh sang kha kién véi hiéu

suét 1én dén hon 93% sau 60 phut chiéu sang.
3.2. C4c yéu t6 anh hwéng dén qua trinh xdc
tac quang Fenton

3.2.1. Anh hwéng ciia nong djp RhB ban dau
Két qua phan tich anh huong cua ndng d6 RhB
ban dau dén hiéu qua qué trinh quang xuc tac
phéan hay RhB dugc trinh bay & Hinh 2.

Theo quan sat & Hinh 2, khi ndng d6 ban dau
dung dich RhB ting thi phan trim phan huy
chat mau cuoa vat liéu xuc tac giam. O ndng do
RhB 30 mg/L, hiéu suit dat cao nhét 1a 93,93
% sau 60 pht chiéu sang. Tuy nhién, khi nong
d6 RhB tang 1én 40 mg/L va 50 mg/L thi hiéu
SUit giam twong ng voi cac gia tri 82,53
va70,96 %.
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Hinh 2. Anh hurong cua nong dé dung dich
RhB ban ddu dén qua trinh quang phan hay
RhB trén xic tac PB/g-CsNa
Diéu nay dugc giai thich dya vao hai Ii do
chinh: thir nhat, khi ndng d6 ban dau RhB ting
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Ién, nhiéu phan tr chit mau hitu co hip phu
trén bé mat vat liéu dan dén che lap cac tam
hoat dong trén bé mat chat ban dan lam giam
s6 lwong géc ty do tao ra, do d6 anh huong tiéu
cuc dén hoat dong quang xtic tac. Hon nira, su
ton tai lugng lon RhB c6 thé gy ra hiéu tng
canh tranh giita chding cho céc vi tri hap phu va
tam xdc tac gisi han trén vat liéu dan dén uc
ché su phan huay chat mau [14, 15]. Tht hai,
khi ndng d6 RhB tang thi cang nhiéu phan tir
hitu co nay tich tu trén bé mat vat liéu tao ra
nhiing I6p day c6 mau ctia RhB trong dung dich,
gay ra hién tuwong che sang, lam can tré anh sang
xuyén qua dung dich di sau dén tiép xdc véi bé
mat xuc tac [16]. Tur két qua phan tich trén,
chding t6i chon ndng do ban dau RhB 30 mg/L la
thich hop dbi vai viec xur Ii chat mau hitu co
trong nudc thai cua vat liéu PB/g-C3N..

3.2.2. Anh hwéng cia lwong H20;

Két qua phan tich anh huong cua lwong H,0;
dén hiéu qua qua trinh quang xdc tac phan hay
RhB dugc trinh bay ¢ Hinh 3.
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Hinh 3. Anh huréng cua nong dé dung dich
H,0. @én qué trinh quang phan hiy RhB trén
xUc tac PB/g-C3Na4
Két qua trinh bay trén Hinh 3 cho thay, khi
tang ndéng do cua dung dich H,O, 0,005 dén
0,030 mol/L két qua cho thiy rang hiéu suat
phan hiy quang Fenton cua RhB ting déu dan
khi ting liéu lugng H20; va dat dén gia tri I6n
nhat 1a 93,93% twong ng véi 0,020 mol/L
(200 uL) HoO,. Sau do, khi nong d6 H,0; ting
nita thi hiéu suit phan hay RhB giam. Biéu nay
c6 thé do khi liéu luong cao cua H,0; cé thé
lam giam hoat tinh quang xc tac bang cach loai

bo cac tac dong cuia cac goc ty do [17].



3.2.3. Anh hwéng ciia cwong dp nguén sang
Két qua khao sat anh huong cua cudong do
ngudn sang dén hiéu qua qua trinh quang xuc
tac phan huy RhB dugc trinh bay ¢ Hinh 4.

Két qua ¢ Hinh 4 cho thay, clng véi su ting
cuong d6 deén chiéu sang, hiéu qua phan huy
RhB ciia mau ciing ting dan. Diéu nay cho
thdy khi ting cudng do chiéu sang, vé ban chat
da lam tang s luong photon cung cip vao hé
phan ng hay ndi cach khac, nang lugng cung
cap cho viéc kich thich electron tir viing hoa tri
lén ving dan ciing ting. Piéu dé tao didu kién
thuan lgi cho quéa trinh phan tach cap electron
— 16 tréng quang sinh tao ra nhiéu géc tu do
hon lam tdng cwong hiéu qua quang Xuc tac
cua vat liéu [18]. Bé&n canh d6, khi tang cuong
d6 deén, do roi cua chum photon di vao long
dung dich ciing ting 1én dang ké nghia la
cuong do deén cang cao, cang c¢6 nhiéu photon
tién sau vao bén trong lop dung dich va tiép
can dugc véi bé mat xitc tac, do d6 lam ting
cuong kha ning tao thanh géc tu do lam ting
hiéu qua phan hay chat mau cua vat liéu.
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Hinh 4. Anh hirong ciia cweong dé nguon sang
dén qué trinh quang phan hiy RhB trén xuc tac
PB/g-C3N4

3.2.4. Anh hwéng ciia nguon sang

Quan sat Hinh 5 cho thay dén day toc chi thyc
hién hiéu suit suy giam RhB 1a 62,0% sau 10
phat phan tng trong khi cac gid tri ndy coa dén
LED 30 W, dén Xenon 30 W va anh sang mat
troi ty nhién twong Gng la 79,3%, 84,0% va
90,6 %. Su gia ting hiéu sudt quang Fenton
cua vat ligu PB/g-C3N4 dudi cac ngudn sang
khac nhau c6 thé Ia do pham vi nang lwong cua
photon duogc phan phdi tir cAc loai dén nay.
Diéu nay duoc thé hién rd trén Hinh 6.

235

Két qua khao sat anh huéng cua ngudn sang
dén hiéu qua qué trinh quang xuc tac phan huay
RhB duoc trinh bay ¢ Hinh 5.
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Hinh 5. Anh huong ciia nguon sang dén qud trinh
quang phan hity RhB trén xuc tac PB/g-C3Ny
Theo Hinh 6, quang phé anh séng cua dén day
t6c tap trung cao do tir viing nhin thay do dén
viing hong ngoai gan, khéng thich hop dé kich
hoat chat ban dan c6 d6 rong ving cam Ién cua
g-CsNs. Ham luong thap cua céc photon lién
quan dén ving mau xanh lam 14 du dé tang toc
quang Fenton véi hiéu suat chap nhan duoc.
Trong khi d6, cac ngudn sang con lai bao gém
thanh phan cao cua céc photon tia UV va &nh
sang xanh c6 nang lugng cao hon gia tri do
rong ving cam cua g-CsNs (2,7 eV). Diéu nay
tao ra nhiéu cap electron - 13 tréng hon va thuc
déy hiéu qua phan @ng quang Fenton trén cac
vi tri hoat déng cua PB.
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Hinh 6. Phé anh sang cia cac nguon chiéu xg
khac nhau ciza mau PB/g-C3Ny

4. KET LUAN

Qué trinh quang xudc tac phan huy RhB trong

moi truong nudc 6 hiéu qua cao khi sir dung

vat liéu composit PB/g-C3sNs dudi vung anh



sang kha kién. Cac két qua cho thdy, véi luong
xuc tac PB/g-CsN4 1a 0,05 g trong méi truong
trung tinh, qué trinh quang xuc tac phan hay
RhB ndng d6 30 mg/L dat hiéu suat 93% sau
60 phut chiéu sang voi dén soi d6t 60W-220V,
lugng H20- thich hep la 0,02 mol/L. Bén canh
d6, voi nguon anh sang mit troi thi hiéu suat
phan hiy RhB dat dén 90,6% chi sau 10 phat
chiéu sang. Céc két qua nghién ctu nay thé
hién 15 hon vé qué trinh quang Fenton Xuc tac
phan hiay chit mau RhB trén xic tac PB/g-
C3Ny dé tir 6 c6 thé dua ra nhitng diéu kién
thich hop hon vao tng dung xt 1y moéi truong
nudc
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