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FENTON HOA BG1 XUC TAC DI THE Ce0, MANG TREN Si0,
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TOMTAT

Qua trinh oxy héa Fenton dj thé phan hiy thu6c nhudm Synozol Brilliant Blue (SBB) dugc thuc hién béi xtc tac chita Ceri(IV) Oxide trén nén chat mang Silic
dioxit (Ce0,/Si0;). Xic téc Ceri(IV) Oxide dugc diéu ché tir Ce(NO3)s.6H0, cling véi chat mang la Si0, dugc diéu ché tir tro trdu. Tinh chat dac trung clia xtc tac
dugc xac dinh bdi phé nhiéu xa tia X (XRD), kinh hién vi dién i dac trung cau tric t& vi (SEM), dién tich bé mét riéng (BET) va phé hdng ngoai bién ddi Fourier
(FTIR). Két qua thuc nghiém cho thay, xtc tac Ce0,/Si0; phan hdly Synozol Brilliant Blue Ién dén 94,5% trong thai gian 60 phuit véi cc diéu kién thich hgp: lugng
xtic tac 0,7g/50mL; pH 2-3; ti I thé tich H,0, 30% 0,5mL/50mL.Nghién ctiu nay ching minh tiém ndng ctia Ce0,/Si0, nhu mt chat xiic tac hiéu qua va bén viing
dé xtr Iy nudc thai bi 6 nhiém thudc nhudm.

Tirkhéa: Fenton, Synozol Brilliant Blue, Ce0,/Si0,.

ABSTRACT

The heterogeneous Fenton-like oxidation of Synozol Brilliant Blue (SBB) dye was carried out using a Ce0,/Si0; catalyst, in which cerium (IV) oxide (Ce0,) was
supported on a silica matrix derived from rice husk ash. The Ce0, phase was synthesized from cerium (Ill) nitrate hexahydrate (Ce(NOs);-6H,0). The
physicochemical properties of the catalyst were systematically characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), Brunauer-
Emmett-Teller (BET) surface area analysis, and Fourier-transform infrared spectroscopy (FTIR). The catalytic performance was evaluated through the degradation
of SBB under Fenton-like conditions. The results demonstrated that the Ce0,/Si0; catalyst achieved up to 94.5% dye removal efficiency within 60 minutes under
optimized conditions: catalyst loading of 0.7g per 50mL of dye solution, pH 2-3, and a 30% H,0, volume ratio of 0.5mL per 50mL. These findings highlight the
potential of Ce0,/Si0; as an efficient and sustainable catalyst for the treatment of dye-contaminated wastewater.

Keywords: Fenton, Synozol Brilliant Blue, (e0,/Si0;.
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1. MG PAU Fenton dugc 4p dung dé xt ly cac loai nuéc thai 6 nhiém

Phan ting Fenton va kiéu Fenton la mot phan tngoxy €0 chtia cac hop chét hitu ca bén viing, khong hoac khé
héa nang cao, phan hiy hiéu qué cac chét hitu co bing i Phan huy sinh hoc [2]. Ky thuat Fenton déng thé van
cach tao ra gic hydroxyl, vén c6 kha nang oxy héa manh €@ han ché nhu khong tai st dung duoc xdc tac, tao ra
nhat trong cac loai g&c ¢ oxy hoat dong [1]. Qua trinh mot lugng bun [6n sau xt ly, dé bi anh hudng cla cacion
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la,... Phdn Ung giéng Fenton di thé da thu hat dugc su
cha y rong rai vi dé én dinh héa hoc cao va pham vi pH
lam viéc réng hon nhu quy trinh ki€éu Fenton dua trén
MnO; va CeO; [3, 4].

Xeri la nguyén t6 dat hiém phé bién nhat, véi cau tric
electron doc dao la [Xe] 4f'5d'6s2, cho phép loai bo ba
electron tao thanh trang thai 6xi hoa xeri (Ill) v6i cau trac
electron [Xe] 4f', cing nhu mat tat ca cac electron 16p
ngoai tao thanh trang thai oxi hoa xeri (IV) [5]. DG6i vdi xeri
(Ce0,), ngudi ta thay rang bé mat xeri chdia cac chd
khuyét oxy, khién cac electron ngoai giam gan Ce* tao
thanh Ce3* [6]. Su cling ton tai cla Ce* va Ce** tao nén
hé thong chu trinh oxy héa khir giong Fenton, tham gia
vao qua trinh truyén electron cia phan Ung oxy hoa khu
[7]. Cac chd khuyét oxy doi dao va thé oxy hda khir thap
thic ddy hiéu suat cao trong cac ing dung oxy hoa xuc
tac cta no [8]. Dac biét, iing dung clia CeO, gan day da
dugc ma réng sang xt ly nudc thai nhu mét chat xuc tac
gidng Fenton khéng dong nhat [4, 9-13].

Cac chat xuc tac kim loai 8 dang nano c6 xu hudng két
tu va khé phan tan do nang lugng bé mat I6n dan dén
gidm hoat ddng va do6 én dinh cla chat xuc tac [14]. Viéc
mang cac hat cé hoat tinh trén chat mang c6 dién tich bé
mat x8p cao la mét gidi phap tuyét vai dé giam su két tu.
Chat mang silica vo dinh hinh c6 mét s6 loi ich nhu dién
tich bé mat cao (trén 200m?/g), d6 6n dinh cao, khéng
hoat dong héa hoc, khéng chéy va cau tric 16 trung binh
[15]. Do d6, chat xuc tac cé thé dugc tai sinh bang phucng
phap nhiét. Hon nifa, trdu la mét loai sinh khéi phé bién
& Viét Nam, c6 thé 1a nguén silica théng qua qua trinh
chiét xuat sol-gel don gian [16]. Do d6, viéc (ing dung
silica tir trdu lam chat mang thu6c thi Fenton da thu hat
dugc su cha y 16n gan day [17, 18-20].

Trong nghién ctu nay, chat xuc tac CeO, dugc mang
trén SiO, (Ce0,/Si0,) da dugc téng hop va st dung cho
qua trinh Fenton dé phan hdy thuéc nhuém Synozol
Brilliant Blue. Cac dac tinh clia chat xtc tac téng hop dugc
phan tich bang phuong phap nhiéu xa tia X (XRD), kinh
hién vi dién ti quét (SEM), phé tan xa nang luong (EDS),
héng ngoai bién d&i Fourier (FTIR), dién tich bé mat riéng
Brunauer Emmett-Teller (SBET) va dudng dang nhiét hap
phu- nhd hap phu. Hoat tinh xuic tac dugc nghién ciu
théng qua phan tng phan hly Synozol Brilliant Blue. Cac
diéu kién hoat dong t6i uu trong qua trinh phan hay
Synozol Brilliant Blue cling dugc xac dinh.

2. THUC NGHIEM
2.1. Héa chat

Cac hoa chat st dung Ce(NOs)3.6H,0 > 99,5%, HCl >

36%, H.02 = 30%, NHs = 25%, Synozol Brilliant Blue c6
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nguon goc tuTrung Quéc. Nudc cat st dung tai phong thi
nghiém Khoa Céng nghé Héa - Truong Pai hoc Cong
nghiép Ha Noi.
2.2. Diéu ché xuc tac Ce0,/SiO,

SiO, dugc diéu ché tur tro trau theo qui trinh [20].

Vat liéu CeO,/SiO, dugc diéu ché bang phuang phap
két tua theo cac budc nhu sau:

Can 0,531g Ce(NOs)3.6H,0 vao céc thay tinh 100mL va
thém 1mL HNO; 65%. Hoa tan Ce(NOs);.6H,0 bang 20mL
nudc cat. Dung dich thu dugc goi la dung dich Ce.

Can 4g SiO, phan tan déu trong 20mL nudc cat.
Chuyén dung dich Ce vao dung dich SiO2, khudy déu
trong 30 phut. Diéu chinh pH cta dung dich bang cach
nho tir tur dung dich NH; 2M vao hén hgp dung dich cho
dén khi pH = 11. Khudy déu hén hgp trong vong 60 phut
sau khi két thic qua trinh thém NHs. Loc tach lay két taa,
ria sach két ta bang nudc cat 5 l1an (méi lan 20mL nudc
cét). Sdy khé chat ran 6 100°C trong 4 gid. Sau d6, tiép tuc
nung chat ran & 500°C trong 4 gid thu dugc xuc tac
Ce0,/Si0,.

2.3. Dac trung tinh chat xuc tac

Dién tich bé mat riéng dugc xac dinh bang phuang
phap hap phu - gidi hdp N, theo BET, trén thiét bj
TRISTAR Il PLUS (hdng Micromeritics). Gian dé nhiéu xa
tia X (XRD), dugc thuc hién trén may D8 Advance (Bruker
- Duc) vai géc quét 20 tir 10 dén 80°, vai buc xa KA clia
anot Cu cé A = 0,154056nm, tai Vién Héa hoc - Vién Han
lam Khoa hoc va Cong nghé Viét Nam. Hinh thai cdu trac
té vi cla xuc tac dugc dac trung bang phuong phap SEM
trén thiét bi Field Emission Scaning Electron S-4800
(hang Hitachisdz - Nhat Ban), tai Vién Vé sinh Dich té
Trung uong. Phé FTIR dugc do trén may FT/IR-6600
(hang Jasco - Nhat Ban) tai Khoa Cong nghé Héa, Trudng
Pai hoc Cong nghiép Ha Noi.

2.4. Qua trinh phan hay Synozol Brilliant Blue

Qua trinh phan hly SBB bdi xuc tadc Ce0,/SiO, dugc
thuc hién & nhiét d6 phong, khudy tir véi toc dé 600
vong/phut. Cac chat dugc cho vao céc thuy tinh dung tich
250mL chira 50mL dung dich SBB nong dé 35mg/L, thoi
gian phan tng bat dau dugc tinh tir khi b6 sung H,0,. Cac
yéu t6 anh hudng dugc khao sat bao gém: Lugng xuc tac
0,2 - 1,19/50mL; pH 2-7; thé tich H,O, (30%) 0,1 -
2mL/50mL; thai gian x{ ly dugc thuc hién dé xac dinh cac
diéu kién thich hgp cho viéc phan hdy SBB, mau dugc lay
ra theo cac méc thai gian 5 - 90 phut, dem ly tam, sau d6
do mat d6 quang cla dung dich trén may Thermo Fisher
Scientific & budc séng 628 nm, tai Khoa Cong nghé Hda,
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Trudng Pai hoc Céng nghiép Ha Néi. Budng chuan dinh
lugng SBB dugc xay dung trong khoadng néng d6 1, 2, 4,
6, 8mg/L, hinh anh quét UV-VIS cac dai néng do dugc thé
hién trong hinh 1.

Sample 3
Sample 2
0.8 {Sample 1

::: A

\

Absorbance

400 450 500 50 600 650 70 750
Wavelength (nm)

Hinh 1. Ph UV-VIS ctia dutng chudn dinh lugng SBB
Hiéu suat phan hay (H %) SBB theo cong thuc:

C,C

H(%)=—""x100

CO

Trong dé:

Co: nGng d6 SBB ban dau khi chua xt ly (mg/L).

Ce: nbng dé SBB con lai sau thai gian t (mg/L).

3. KET QUA VA THAO LUAN
3.1.Pac trung tinh chat caa vat liéu

3.1.1. Gidn dé nhiéu xa tia X (XRD)

DPé xac dinh thanh phan pha cda vat liéu, SiO, va
Ce0,/Si0; dugc phan tich bgi phuong phap nhiéu xa tia
X. K&t qua phd XRD cuda SiO, va mau xuc tac Ce0,/SiO,
dugc trinh bay trén hinh 2. C6 thé thdy, gian dé XRD cua
SiO, c6 mot peak nhiéu xa c6 chan kha réng & goc quét
20 tir 16 - 28°, diéu nay khang dinh SiO, c6 cau truc vo
dinh hinh.

28.61°

Ce0,/SIO,

Lin{Cps)

SiO,

40 50 80 70 80
2-Theta

Hinh 2. Gian d6 XRD ctia Ce0,/Si0,

10 20 30
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Ngoai ra, trén gidn d6 XRD cua vat liéu CeO,/SiO; xuat
hién cac pic tai cac vi tri tuong Ung véi (géc quét 26)
28,61°% 33,05°% 47,52°% 56,41° 59,07° 69,45°% 76,77° va
79,16°. Day la céc pic dac trung cho sy ton tai ctia CeO;
tuong dong véi nghién cliu ctia Oman Zuas va cac cong
su[21]. Nhu vay, c6 thé khang dinh su tén tai cau trdc tinh
thé ctia CeO, trén SiO,.

3.1.2. Phé héng ngoai

DPé chiing minh su c6 mat ctia CeO, da dugc gén thanh
cong lén Si0,, vat liéu Ce0,/Si0, dugc phan tich bang phé
hong ngoai bién déi (FTIR). Phé héng ngoai cla SiO, va
Ce0,/Si0; dugc thé hién trong hinh 3. Quan sat phé héng
ngoai clia mau SiO, va mau xuc tac Ce0,/Si0,, cho thay
déu c6 su xuat hién clia cac peak dac trung clia cac nhom
chuic cé trong vat liéu. Cac peak c6 sé séng 1065cm™ va
797cm™ lan lugt dac trung cho dao dong kéo dai khéng
déi xting va d6i xiing cla lién két Si-O-Si trong cau tric
chat mang SiO,. Mat khac, peak cé s6 séng 456cm”' dac
trung cho dao déng udn clia Si-O [22]. Su xuat hién peak
3 s6 song 677cm™ dac trung cho dao dong cua lién két
Ce-O trén vat liéu Ce0,/SiO,, trong khi d6 trén chat mang
SiO, khéng c6 peak & s song nay [23]. Diéu d6, khang
dinh su tdng hgp thanh céng da dua dugc CeO; Ién trén
chat mang la SiO,.
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Hinh 3. Pho hdng ngoai ctia Si0, va Ce0,/Si0;

3.1.3. Budng ddng nhiét hdp phu - gidi hdp nito BET

Quan sat gian do6 hap phu- giadi hap N, cda SiO,va xtc
tac CeO,/SiO, (hinh 4) cho thdy, xuat hién vong tré &
khoang ap suét tuong doi p/po tir 0,4 dén 1,0 gia tri nay
dac trung cho vat liéu mao quan trung binh, cu thé kich
thudc mao quan cuta SiO, va clia xuc tac tuong ung tu
4,23nm va 3,89nm.

Cac thong s6 bé mat clia vat liéu dugc trinh bay trong
bang 1. Tu két qua bang 1, cho thdy sau khi c6 dinh CeO,,
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dién tich bé mat riéng gidm tir 299,677m*/g (Si0,) xuéng
235,400m?/g (Ce0,/Si0,). Tuang tng, dudng kinh 16 trung
binh ctia SiO; (4,23nm) I&n hon so véi CeO,/Si0; (3,89nm).
Tuong tu, téng thé tich 16 x8p ciing gidm tur 1,13cm?/g
(Si0,) xuéng 0,95cm?/g (Ce0,/Si0,). Nguyén nhan c6 thé
la do su phat trién clia cac hat nano CeO, trén bé mat SiO,,
mot phan lam che lap cac 16 x6p clia SiO,. Tuy nhién, vat
liéu téng hop Ce0,/SiO, thu dugc van gilt dugc dién tich
bé mat I6n va dé x8p phat trién tét, goép phan nang cao
hiéu qua xuc tac.

@ MWJ
/
- /
E
.%; =
5 ]
I
nn‘ I]1I 4 I]2I : n,’il ; ﬂ';em“p;,:sum[pﬂ;];;l o7 [i}:] (2] 10
(B)
"] W}Mﬁ
/.

Quantity Adsorbed [cm?/g STP)

al
[

0o 0.1 02 03 04 05 06 o7 L:) 0.8 1.0
Relative Pressure (p/p®}

Hinh 4. Gian do hap phu-giai hap Ny: (A) Si0,, (B) (e0,/Si0,

Bang 1. Dién tich bé mét riéng, thé tich 16 x6p, kich thudc mao quén trung
binh cla chat mang Si0; va (e0,/Si0, bang phuang phap hap phu-nha hap

theo BET
Vatliéu | Diéntichbémat | Thétich o xop Kich thudc
riéng trung binh mao quan
(mYqg) (cm’/g) (nm)
Si0; 299,677 1,13 4,23
(e0,/5i0, 235,400 0,95 3,89
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3.1.4. Ddc trung cdu truic té vi SEM

Pé quan sat rd hon vé hinh thai cta vat liéu, SiO; va
Ce0,/Si0, dugc phan tich béi kinh hién vi dién ti quét.
K&t qua dac trung cau tric té vi SEM clia xuc tac Ce0,/SiO,
dugc thé hién trong hinh 5. T hinh anh ¢6 thé thdy, mau
SiO, téng hop dugc bao gém cac hat dang hinh ciu
tuong d6i déng déu co kich thudc hat < 500nm (hinh
5(A)). Hinh 5(B) cho thay, cac hat CeO, c6 kich thudc (<
150nm) nhoé hon kich thudc hat ctia SiO, dugc gan Ién
trén bé mat clia chat mang SiO..

£

||"”|7’|||||||'
.00um

IMS-NKL 5.0kV 4.7mm x20.0k SE(M)
Hinh 5. Anh SEM ctia Si0; (A), Ce0,/Si0, (B)
3.1.5. Thanh phan cua vit liéu
Thanh phan hoa hoc cua vat liéu dugc dac trung bai

phd tan xa nang lugng tia X (EDX). TU gian d6 hinh 6 cho

thdy, vat lieu CeO,/SiO, téng hop xudt hién cac peak dac
trung xac nhan su c6 mat clia cac nguyén t6 Si, O, Ce va

thanh phan cac nguyén t6 lan lugt chiém 32,34%; 63,76%

va 3,90% vé khéi lugng (bang 2). Ham lugng % khéi lugng

nguyén t6 Ce kha tuong dong so vGi % khéi lugng

nguyén t6 Ce theo ly thuyét la 4%.
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Bang 2. Thanh phan hda hoc cia vét liéu Ce0,/Si0, dugc phan tich bai EDX

Thanh phan Ti 1& khéi lugng (%)
0 63,76
Si 32,34
(e 3,90

o1 2 3 1

Spectrum 1

3.2.2. Anh huéng cua luong xiic tdc Ce0,/SiO,

K&t qua clia anh hudng lugng xuc tac Ce0,/SiO, dugc
thé hién trén hinh 8. TU két qua cho thay, khi gia tang
lugng xuc tac xu ly dan dén hiéu qua xut ly SBB tang lén,
thé hién qua gia tri hiéu suat phan hay (H%) tang va dat
cao nhat tai ty 1é xic tac & 0,79/50mL, dat 94,35%. Tuy
nhién, khi gia tang thém lugng xuc tac, hiéu suat qua
trinh x{t ly khéng tang. Cu thé, hiéu sudt gidam nhe con
93,1% tuong ung véi lugng xuc tac la 1,1g/50mL. Tu cac
két qua trén, lugng chat xuc tac dugc chon thich hop la
0,79/50mL cho cac nghién ctu tiép theo.

100

.

80 +

I-\\.

H (%)

70

Ul Scale 4609 ot Cursor: 17 890 keV (0 cts)

Hinh 6. Phd EDX cta vat liéu Ce0,/Si0;
3.2. Cac yéu té anh hudng téi kha nang phan hay
Synozol Brilliant Blue

3.2.1. Anh huéng cua thoi gian

Két qua nghién ctru anh hudng clia thaoi gian téi hiéu
suat phan hay SBB dugc trinh bay trén hinh 7. Tur két qua
cho thdy, hiéu suat phan lng tang nhanh tu khoang
50,65% sau 5 phut dén khoang 93,91% sau 60 phut phan
Ung, va dén 90 phut, hiéu suat phan hay SBB gan nhu
khéng thay d6i. Nhu vay, thai gian phan ting thich hgp
dugc chon dé€ phan hay SBB trong cac nghién clu tiép
theo la 60 phut.

100

90 /
80 /

]/
| |

504 ®

H (%)

60 +

50 T T T T T
0.0 0.2 04 0.6 0.8 1.0 1.2

Lueng xtic tac (g)

Hinh 8. Anh huéng ctia uong xiic téc dén hiéu sudt phan hiy SBB
3.2.3. Anh huéng cua luong H,0,
Két qua nghién ctiu anh hudng cltia lugng H.O, dén

hiéu suat x ly SBB dugc thé hién trén hinh 9.

100
— _ g n

80 /
£ 604
T

401

[ ]
20 . . .
0.0 0.5 1.0 1.5 20

Thé tich Hy05 30% {mL)

Hinh 9. Anh huéng cia Iugng H,0, dén hiéu sut phan hiy SBB

40

20

T T T

40 60 80
Thoi gian (phut)

Hinh 7. Anh huéng cia thoi gian dén hiéu suat phan hay SBB
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100

Tu két qua cho thay, khi ty 1& H0, (30%) tang, hiéu suat
phan hay tang. Cu thé, khi ty 1& H,0, 1a 0,1mL/50mL thi
hiéu suat xt ly SBB dat khoang 37,4%. Sau d6, hiéu suat
tang lén khi thé tich H,0, tdng va dat cao nhat véi hiéu
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suat 95,1% & ty [& 0,5mL/50mL. Nguyén nhan, do sy tang
nong do H,0, dan dén gia tdng cac géc ty do *OH va lam
tang hiéu suat cta qua trinh phan hiy SBB tang. Tuy
nhién, khi lugng H,0- khi du thira dan dén sé tao ra goc
*OOH theo phan tng [24].

H,0; + *OH — H,0 + HOO*

Tinh oxy héa ctia géc *OOH yéu han so vai goc *OH,
dan dén su gidm nhe hiéu suat xr ly SBB. Nhu vay, ty 1é
H,0, thich hgp dugc chon la 0,5mL/50mL.

3.2.4. Anh huéng cia pH

Két qua nghién cru anh hudng ctia pH dén qua trinh
phan huy SBB dugc trinh bay trén hinh 10.

100
a—HN

80 \
40- \_

20

H (%)

pH

Hinh 10. Anh huging cia pH dén hiéu suat phan hily SBB

Két qua cho thay, 8 khoang pH 2-3 hiéu suat phan hay
SBB c6 gid tri 6n dinh tir 93,1 - 94,5% va dat hiéu suat cao
nhat tai pH = 3. Tuy nhién & pH > 3, hiéu suat phan hay
SBB gidm manh. Diéu nay, c6 thé gidi thich rdng trong moi
truong pH bat dau 16n hon 3, cac ion Ce3*, Ce** bi thay
phan tao thanh phuc hydroxo lam giam kha nang tao g6c
*OH [25]. Nhu vay, pH 2-3 thich hgp cho qua trinh phan
hay SBB.
4. KET LUAN

Vat lieu Ce0,/SiO, da dugc téng hop thanh cong bang
phuong phap két tta ti tién chat Ce(NOs);.6H,0 trén chat
mang SiO,. Vat liéu c6 dién tich bé mat riéng dat
235,400m?/g va kich thudc mao quan thudc loai trung
binh. Vat liéu dugc st dung lam xuc tac cho qua trinh
Fenton hoéa phan hly Synozol Brilliant Blue vai cac diéu
kién thich hgp: lugng xuc tac 0,7g/50mL dung dich SBB;
pH 2-3; ti 1& thé tich H,0, 30%/50mL dung dich SBB =
0,5mL; thoi gian phan hay la 60 phut véi hiéu suat dat
94,5%. Két qua nay cho thdy tiém nang lng dung cla
Ce0,/SiO; lam xuc tac trong x{ ly nudc thai chira thudc
nhudém hitu co.
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Nhoém tac gia xin chan thanh cdm on Khoa Céng nghé
Hda, Trudng Dai hoc Céng nghiép Ha Noi da tao diéu kién
thuan Igi vé ky thuat trong qua trinh téng hop vat liéu va
phan tich d€ hoan thanh nghién ctu nay. Nhiing déng
gdp nay c6 y nghia quan trong doi véi su hoan thién clia
cong trinh nghién cuu.
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