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SUMMARY

EFFECTS OF CALCINATION TEMPERATURES OF Fe,03-La,0; ON METHYLENE
BLUE PHOTODEGRADATION EFFICIENCY

Nanostructured Fe,0s-La,03 (FL) as photocatalysts for methylene blue (MB) degradation were prepared by
gel combustion methods using tartaric acid and polyvinyl alcohol (PVA) as fuels and gel-generators at

various calcination temperatures.

MB photodegradation experiments exhibited the photocatalytic

performance decrease in the order of FL750 > FL650 > FL550 > FL450, which corresponded to the
decrease of calcination temperature of as-prepared gel mixtures. The optimization for MB photodegradation
conditions using FL650 exhibited the highest degradation efficiency of > 90% for five hours in case of a
catalyst dosage of 0.05 g/L and a MB initial concentration of 5 ppm.

Keywords: Fe,0s-La,0s, methylene blue, gel combustion, polyvinyl alcohol, tartaric acid.

1. MO DAU

Hién tugng 6 nhidm nudc boi nhiéu tac
nhan khac nhau nhu thay d6i pH bat
thuong cta nudc, ham lugng Amoni, vi
sinh, v.v., dang ngay cang gia tang. Nudc
tu nhién khong c6 mau, sy thay d6i mau
c6 thé do cac chat mang mau gdy nén nhu
thai tir sinh hoat, cac khu ché xuét va tir
nhiéu hoat dong khac.

Hién tai, nhiéu phuong phap khac nhau da
duoc nghién ctru dé loai bo va xir 1y triét
dé cac chit 6 nhidm nay. Pién hinh 13 viéc
str dung 0z0n, chlorine, v.v., c0 tinh Oxi
héa manh va déu dem dén hiéu qua trong
loai bo tot ddi vai cac chat hitu co gay 0
nhiém, dic biét 1a cac chat mang mau [1].
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Géc hydroxyl tu do (¢OH) 12 mot trong sd
cac tac nhan oxi hoa do. *OH duoc biét
dén 1a c6 hiéu qua nhat va dugc ng dung
phd bién trong xir 1y cac chat 6 nhiém [2].
C6 nhiéu cach dé sinh ra tac nhan nay, noi
bat la sit dung tac nhan anh sang hay
quang xdc tac (QXT). QXT c6 dic diém
nhu thao tac don gian, c6 thé khoang hoa
cac chat hitu co mot cach hoan toan thanh
cac san pham vo co khéng ddc hodc co
thé d& dang xur Iy hon. Do d6, dé xir ly
cac chit hitu co kho phan huy, dic biét 1a
cac chat co mau thi QXT hoan toan co
tiém nang [3].

Fe,03 (v6i ning lugng ving cam (Eg) 2,0
— 2,2 V) 1a mdt chat QXT c6 hiéu qua
gop phan loai bo triét dé nhiéu loai thude


mailto:nguyenvungocmai@qnu.edu.vn

Tap chi phén tich Héa, Ly va Sinh hoc - Tap 31, S6 2A 2025

nhudém [4]. Tuy nhién, viéc cac dién tir
dugc kich thich (€) va 16 tréng quang
sinh (h*) dé bi tai to hop din dén giam
hoat tinh QXT cua vat li€u va giam hi¢u
suat xir I [5]. Trong khi d6, véi Eq = 5,18
eV, viéc hip thu anh sang kha kién cua
La203 lai twong dbi han ché [6]. Vi vay,
de thu hep Eq phu hgp voi ing dung thuc
té, cung nhu han ché sy tai to hop cia e
va h* trén Fe,0s, cac nghién ctru cling da
tién hanh tong hop hé oxit Fe,03-La,03
(FL) va cai thién hoat tinh QXT xir 1y cac
chat nhuém mau [7,8].

Mot s6 phuong phap tong hop nén cac hat
nano oxit FL da duogc thuc hién nhu
phuong phap thuy nhiét, sol gel, v.v. [9].
D¢ téng hop FL trong nghién ciu nay,
nhém tac gia thuc hi¢n cac thi nghiém
bang phuong phap d6t chay gel (GCB)
v6i cac hop chét polyvinyl alcohol (PVA)
va tartaric acid (TrA) két hop véi cac tién
chét ctia Fe,O3 va LayOs. Su két hop nay
lam thuc ddy qua trinh tao phtic va ciing
nhu cung cap nhiét luong gilp qua trinh
téng hop vt liéu c6 thé xay ra ¢ nhiét do
thap v4i 4o dong déu cao.

2. THUC NGHIEM
2.1. Ho4 chit

Céac hoa chét sir dung trong nghién ciru
bao gdm Fe(NOs3)3.9H,0, La(NOs)s,
NH;OH, HNO3;, PVA, TrA, MB c6 do
sach phan tich (Merck, buc).

2.2. Tong hop FL vé6i cac nhiét dd nung
gel khac nhau

Thyc hién tong hop FL bang GCB: TrA va
PVA duoc hoa tan hoan toan trong nudc,
sau do cac tién chit cua kim loai voi ti 16
(La:Fe = 1:1, LaFe/PVATTA = 1/3,
PVA:TrA = 1:1) dugc nhé tir tir vao hdn
hop nay, diéu chinh pH vé 3,0 va khudy &
80 °C dén khi hinh thanh gel. Siy kho mau
gel ¢ 110 °C trong hai gio trude khi nung ¢
céc nhigt do khac nhau (450 — 750 °C) dé
thu dugc san phAm mong mudn.
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2.3. Nghién ctru xir Iy MB biang QXT
voi vat liéu FL

Thi nghiém khdo sat anh hudng ctia nhiét
d6 nung dén qua trinh phan huy MB dugc
thuc hién véi 250 mL dung dich MB 5
ppm ¢ pH 7, ham lugng FL 0,05 g/L,
dugc chiéu sang boi dén LED 50 W trong
5 gio.

Sau khi lya chon duogc vt liéu FL ¢ nhiét
dd nung thich hop, cac khao sat anh
hudng cua ham luong FL (a) va ndng do
dau cua MB (b) dugc thyuc hién. Thay doi:
a) ham lugng FL ¢ cac gia tri 0,01 g/L,
0,025 g/L, 0,05 g/L, 0,1 g/L (MB 5 ppm,
pH 7 khong d6i); b) nong d6 MB ¢ 2,5
ppm; 5 ppm; 7,5 ppm (gitt nguyén ham
luong chat xuc tac, pH 7).

2.4. Phuong phap phan tich

Cac mau gel kho da tong hop duoc tién
hanh khao sat v6i phép phan tich nhiét
trén thict bi Labsys-EVO-1600 (Phap).

Cac dac trung vé pha va ciu tric hat oxit
FL tao thanh dugc danh gia bﬁng nhiéu xa
tia X (XRD) trén thiét bi cua Bruker
(buc). Hinh thai hoc cua vat liéu duoc
phan tich trén thiét bj JEOL— 5300.

Néng do MB tai cac mbc thoi gian qur(_)c
xac dinh bang thiét bi may quang pho CE-
2011 6 A =663 nm.

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia nhiét do nung ciu
trac pha FL

Gian d6 nhiét cia mau gel da téng hop
trén hinh 1 cho thdy su mat kh01 clia mau
gel bao gdom céc giai doan: mat nudc & <
200 °C, phan hily cac tién chét nitrat tir
200 — 450 °C va sy phan hity ctia hé PVA
va TrA (tmg vdi pic ¢ 348,89 °C trén
duong DTA). Bén canh do, khi nhiét do
trén 600 °C, miu gel gan nhu khong c6 sy
thay d6i khdi lwong, hay néi cach khac
vat liéu mong mubn dugc hinh thanh &
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khoang nhiét do nay. Két qua phan tich
XRD cua mau nung ¢ nhi¢t do khac nhau
dugc chi ra trong hinh 2.

3.2.
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Hinh 2. Két qud XRD cdc mau FL: a) FL450, b)
FL550, c) FL650, d) FL750.

Phé XRD cua cic mau FL nung & cic
mirc nhiét khac nhau (ki hiéu lan lugt 1a
FL450, FL550, FL650 va FL750) cho
thdy qua trinh két tinh cac pha oxit dién ra
16 rang theo nhiét d6. O FL450, vat liéu
van con vo dinh hinh. Véi FL550, mot sb
dinh nhiéu xa cua Fe,O; va La,0; di
xudt hién, tuy nhién chua diy du, cho thay
su két tinh cua vat liéu chua hoan toan.
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Trong khi d6, mau FL650, FL750 da thé
hién di cac dinh nhiu xa dic trung cua
cd hai pha oxit, v&i cuong do va do sdc
nét cao hon, phan anh muc do két tinh
hoan chinh va 6n dinh pha t6t hon [8].
Tuy nhién, FL750 c6 thé giy tiéu tén
nang lugng trong qua trinh tong hop. Do
d6, FL650 duoc lya chon 1am mau nghién
clru tiép theo vi dat duoc su két tinh déy
du cua vat liéu ¢ nhiét do xu Iy hop 1y.
Hinh thai ctia mau FL650 dugc chup boi
thiét bi SEM. Vat liéu FL650 duoc hinh
thanh véi cac 16 rdng dang t6 ong twong
dbi dong déu v6i duong kinh 18 khoang
150 — 250 nm (Hinh 3).

2.00um

IMS-NKL 5.0kV 6.5mm x20.0k SE(M)

Hinh 3. Anh SEM ciia mau FL650

3.3. Xir Iy MB véi cdc vat liéu FL

Hinh 4 ghi lai thay d6i nong d6 cia MB
trong binh phan Gng cua qua trinh QXT
su dung cac vat liéu FL450, FL550,
FL650 va FL750.

Két qua xir Iy MB trong niam gio chiéu
sang giam tuong Ung theo thu ty FL750 >
FL650 > FL550 > FL450. Theo do, qua
trinh QXT bi anh huéng bdi pha tinh thé,
kich thudc hat cua vat liéu, v.v. Su khac
biét c6 thé 1a do ciu triic pha cua FL450,
FL550, FL650 va FL750. Trén hinh 2
thdy rang vt liéu duge nung & 650 °C va
750 °C c6 hiéu qua gan twong duong. Do
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d6, & nhiét do >650 °C chi gay ra su tiéu
tén nang luong. Vi vdy, nhiét d6 nung gel
650 °C 1a phu hgp va vat liéu FL650 duoc
lya chon cho cac thi nghiém sau.
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Hinh 4. Sw phdn hiy MB boi vit liéu a) FLA50, b)
FL550, ¢)FL650 va d)FL750.
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3.4. Mot s6 yéu t6 anh hwéng dén xir ly
MB ciia FL650

Ham luong FL650 dugc thay ddi tir 0,01
— 0,1 g/L dé danh gia anh huéng téi qua
trinh xr Iy 250 mL MB 5 ppm trong moi
trueong trung tinh & pH 7 (Hinh 5a).

Khi ham lugng FL650 thay doi thi hiéu
suét xtr Iy MB ciing c6 sy thay doi 16 rét.
Khi FL650 trong dung dich <0,05 g/L thi
hiéu suat phan huy MB ting tir <30% lén
>90%. Ham lugng FL650 tiép tuc dugc
tang 1én 0,1 g/L thi hiéu suat xir Iy MB lai
6 xu hudng giam di. Hién tuong nay 1a do
su chan sang, cac hat xuc tac bi két ty va
su tiép xuc gitta FL650 va MB bj giam di.

Tiép theo, tién hanh thay d6i nong d6 MB
trong dung dich (2,5 ppm; Sppm; 7,5
ppm) cho qua trinh QXT cua FL650. Két
qua (hinh 5b) cho thay nong d6 MB anh
hudng truc tiép dén hiéu suat QXT cua
vat liéu FL650. Nong do MB cang ting
thi hiéu suét xtr Iy MB trén FL650 cang
giam di. Khi ham lugng FL650 khong
d6i, viéc ting nong do chat hiru co khién
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vuot qua kha nang xu 1y trong mot thoi
diém. Sy canh tranh vi tri hdp phu ciing
nhu tdm xuc tic dién ra manh mé, lam
giam hiéu suit xu Iy MB. Véi su thay d6i
hiéu suit xur Iy sau nam gio chiéu sang,
FL650 cho kha ning xir 1y tot véi cac

dung dich MB <5 ppm.
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Hinh 5. Su phdn hiy MB ¢ a) ham luong FL650
khac nhau, b) nong do MB ban dau khdc nhau

4. KET LUAN

Nhiét d6 nung anh huéng 16n dén qué
trinh hinh thanh pha ciing ciu triic ciia vat
liéu FL. FL650 cho ciu triic to ong dong
déu voi duong kinh 16 réng 150 — 250 nm.
Hiéu qua xir Iy MB thay d6i theo thir tu
FL750 > FL650 > FL550 > FL450. Thi
nghiém xir ly MB st dung FL650 cho
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thdy hiéu suat tot nhat co thé dat >90%
v6i ham luwgng FL650 0,05 g/L trong 250
mL MB 5 ppm & pH khi dugc chiéu sang
lién tuc nam gio.

Loi cam on: Nghién clru nay dugc tai trg
boi Quy Phat trién khoa hoc va cong nghé
Quéc gia (NAFOSTED) trong dé tai ma
56 104.03-2023.21.

Cam két: Day 1a cong trinh cia nhom tac
gia va chua gui dang ndi dung nay ¢ bat
ky tap chi nao.
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