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In this, work, a series of REVO4 (RE = La, Pr, Nd) nanoparticles were
successfully fabricated by the hydrothermal method. The as-synthesized
REVO4 nanoparticles were characterized by various techniques of X-ray
diffraction (XRD), scanning electron microscope (SEM) and energy
dispersive X-ray spectroscopy (EDX). The photocatalytic activities of
obtained products were investigated by photodegradation of
moderacid red RS and direct yellow GX under visible light. The NdVO4
photocatalyst showed higher discoloration of organic dyes than LaVO4
and PrVOs. About 64% moderacid red RS was degraded within 150

minutes catalyzed by the catalyst NdVOa.

Gidi thiéu chung

Hién nay, su phat trién manh cla céc lang nghé dét
nhuém dang kéo theo hién trang & nhiém ngudn nudc
tai lang nghé, gay anh hudng dén mai trudng séng va
suic khde ngudi dan. Vi dac thu st dung nhiéu nudc,
hda chat, thuéc nhudm trong khi quy md san xuét nho,
tht cong nén khéng cé hé théng xI i nudc thai bai
ban do chi phi 13p dat cao.

P& xU Ii & nhiém, vat liéu vanadat da dugc khao sat co
tiém nang Ung dung lam xtc tac quang phan hly cac
hop chat mau hitu ¢ bdi cac dac tinh bén ca hoc, xtc
tdc & vung kha kién, hiéu suét xtc tac kha cao va kha
nang tai st dung nhiéu lan [1-4, 6].

Trong nghién clu, vat liéu REVO. (RE = La, Pr, Nd) ché

tao bang phuong phép thiy nhiét dugc dung lam xdc
tdc quang phén hay phédm nhuém do <o axit

(Moderacid Red RS, CooHrN2NasOpSs) va phdm nhudm
Véﬂg truc tiép (Direct Yellow GX, C3oH26N4Na>OsS5).

Thyc nghiém va phuang phap nghién cu
T6ng hop va xdc dinh cdu tric

Cho tUr tir dung dich RE(NO3); vao céc dung dung dich
NH4VOs, diéu chinh pH bang 12 va khudy tir & 80°C dé
phan ing hoan toan.

Chuyén san phém trong céc vao binh thly nhiét, nung
3§ 200°C trong 8 gid, thu dugc vat liéu REVOs.

Toan bé qué trinh téng hop vat liéu REVO. dugc biéu
dién trén Hinh 1.

Vat liéu REVO, dugc xac dinh cdu trdc va hinh théi
bang phuong phap XRD, phé UV-Vis, chup anh SEM,
phd tan sdc nang luong tia X va do dién tich bé mat
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riéng BET. Gian dd XRD dugc ghi trén méay Siemens
D5005 vai buc xa CuKa tai Khoa Vat I, Trudng Bai
hoc Khoa hoc Ty nhién. Anh SEM cua véat liéu dugc
ghi trén may Hitachi S-4800 tai Vién Vé sinh Dich té
Trung uong.

RE(NOs)s NH4VOs

!

Két tla trdng + Dung dich
RE3* : VO4* = 1:1 (theo mol)

l Dung dich NaOH
4_

Két ta trdng + Dung dich c6 pH = 12

l« Khudy & 80°C, 2h

Binh teflon

L—Nung & 200°C (8h)

Log, rira

l«sa’y kho & 80°C

REVO,

Hinh 1: So do t6ng hop vat liéu nano REVO, bang
phuong phép thuy nhiét

Khdo sat hogt tinh xuc tdc

Vat liéu xtc tadc REVO,4 dudc khdo sat vai ham lugng 1
g/L, ndng db phdm nhudém la 20 ppm. Dau tién, hé
xUc tac quang dugc khudy tur 30 phut trong bong téi
dé dat can bang hdp phu. Sau do6, hé xuc tac dugc
chiéu buc xa kha kién dugi anh sang bong den sai dét
200W. Mau dung dich dugc 18y dinh ki theo thdi gian,
li tam va dugc do quang & budc séng cuc dai dé xac
dinh néng do phém nhudm con lai trén may UV-Vis
S60 Biochorom tai Khoa Hoa hoc, Trudng Bai hoc Su
pham Ha Noi.

K&t qua va thao luan

Khdo sdt diéu kién téng hop

Vat liéu LaVOs sau khi thiy nhiét & 200°C dugc xac dinh
céu tric bang gian dé XRD (Hinh 2).
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Hinh 2: Gian d® XRD cua vat liéu LaVO4 sau khi thay
nhiét & 200°C

Két qua cho théy, vat liéu LaVOs ton tai & hai pha tinh
thé 1a monoclinic (60%) va tetragonal (40%). Tiép tuc
nung dén 600°C trong 4 gid, thu dugc vat liéu LaVOq
gan nhu daon pha monoclinic. Nhu véy, pha monoclinic
bén hon & nhiét do cao (Hinh 3).
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Hinh 3: Gidn dd XRD cla vat liéu LaVO4 sau khi nung
3 600°C

2000

u
-
0
o
(S}
1

1000

500 o J J

T v T v T T T T T T T T T
10 20 30 40 50 60 70

2 theta (deg)

Intensity (a.u.)

Hinh 4: Gidn d& XRD cla vét liéu PrvVOq sau khi thay
nhiét 3 200°C
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Hinh 5: Gidn dd XRD cla vét liéu NdVOa sau khi thly
nhiét & 200°C

Céc vat lieu PrvOs va NdVO4 sau khi thay nhiét &
200°C déu don pha tinh thé tetragonal (Hinh 4, 5).

Xdc dinh cdu trac vdt lidu

Trudc hét, cdu tric vat liéu dugc xac dinh bang
phuang phap nhiéu xa tia X. Tinh thé LaVO4cé cu tric
monoclinic Ung vdéi thé chuén JCPDS s6& 14-0688,
nhém khong gian 12/a [1]. Tinh thé PrvO, cé cdu tric
tetragonal (JCPDS s& 84-1457, nhém khéong gian
141/amd [2-3]. Tinh th€ NdVO. c6 céu tric tetragonal
(JCPDS s6 15-0769, nhém khong gian 141/amd [4-7].
Kich thudc trung binh cla tinh thé dudc xac dinh theo
cong thic Scherrer (Bang 1).
Bang 1: Kich thudc trung binh cua tinh thé (D)
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Hinh 6: Gian do EDX cua vét liéu REVO4

@3
©
-
=)
b
i
Y]

K&t qua cho théy ti 1é s& nguyén t clia cac vat liéu pha
tap khé phu hgp vdi thanh phan i thuyét va dugc trinh
bay & Bang 2.
Bang 2: Ti 1& vé s& nguyén t& mbi nguyén té trong
vat liéu REVO.

Vat liéu B (rad) 26 (9) D (A)
LaVO, 3,97x107 28,00 36,0
PrvOs 43,91x1073 24,40 3.2
NdVO4 29,99x10°3 24,44 4,7

Tiép theo, cac nguyén té trong thanh phan clia vat liéu
dudc xéc dinh bang phép do EDX (Hinh 6).

Spectrum 1
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Hinh 7: Phé UV-Vis cla vat liéu REVO.
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Mét thong s6 quan trong anh hudng dén kha nang
xUc tac clia chét xUc tac ban dan la dé réng ving cam,
do véy phé hdp thu UV-Vis cla céc vat lieu d& dugc
ghi lai (Hinh 6). Két qua trén Hinh 6 cho thay vat liéu
REVO4 c6 budc séng hédp thu nam trong vung kha kién
va tif ngoai gan (Hinh 7).

TU 6 liéu Hinh 7 uéc tinh dugc dé réng ving cdm cua
vat liéu va dugc so sanh vdi cac gia tri da cong bo khi
khao sat do thi (ahv)? phu thudc hv theo phuong phap
Tauc (Bang 3).

Bang 3: D6 réng vung cdm vat liéu REVO4

Vat liéu A nm Eq eV Gia tri so sanh
LaVOq 500 2,48 2,50 eV [1]
PrvOs, 450 2,76 329eV [2]
NdVOx 390 319 3,72 eV [4]

Hinh thai bé mat va kich thudc hat cla vat liéu da duoc
xac dinh trén anh SEM (Hinh 8).
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Hinh 8: Anh SEM cla véat liéu LaVOy, (a), PrVOs va
NdVOy, ()
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Két qua cho thay céc hat vat liéu tucng dai rdi rac, kich
thudc hat trung binh khodng 50 nm. Ngoai ra, qué
trinh xUc tac di thé xay ra trén bé mat xdc tac nén phu
thudc vao dién tich bé mat riéng clia chat xdc tac. Két
qué do dién tich bé mét riéng Seer d6i vGi hé NdVOy4 la
58,30 m?/g. Két qua nay thdp hon so vdi gia tri cong
bé 1a 80,88 m?/g [4].

Hoat tinh xtic tdc caa vat lidu

Anh hudng cta thdi gian xuc tdc

Hoat tinh xUc tac quang cla vat liéu REVO, trong phan
Ung phan hly moderacid red RS dugc khao sat trong

khodng thdi gian tir 0 dén 150 phut. Két qua dugc dua
ra & Hinh 9.
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Hinh 9: D6 chuyén hoa moderacid red RS theo thdi
gian trén xUc tac REVO4
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Két qud & Hinh 9 cho thdy, vat liéu NdVO4 cbd do
chuyén hoa tét nhét, dat 64% sau 150 phdt chiéu sang.
Hiéu sudt chuyén hoa cac chat mau hitu co khac trén
xUc tac NdVOs nhu sau: Eriochorme black T la 47,5%
[4], malachite green la 17,5% [4], methyl orange la
29,8% [6] va Rhodamine B la 66% [6].

Dua trén cg ché xdc tac chung clia vat liéu ban dan va
két qua nghién clu cac hé tuong déng [1-4], cG ché
xUc tac cla vat liéu REVO. dugc dé xudt nhu sau:

REVO4 + hv = REVO4[e + h7]

REVOue] + O» » REVOs + -Oo
REVO.h*] + OH - REVO, + HO-

h* h*

valence band

REVO,

Hinh 10: Minh hoa ca ché tao tiéu phan hoat déng trén
bé mat xUc tac REVO,

G8c supeoxit 027, gb¢ hydroxyl HO- va 16 tréng (h*) 1a
Ccac tac nhan oxi hda manh, chuyén hoa phan t&r phém
nhudm trén bé mat xac tac REVO4 thanh cac san pham
hitu cg va v ¢g don gian.

Anh huéng ctia phdm nhuém

K&t quad & Bang 4 minh hoa khad nang xdc tac cla véat
litu REVO4 dé chuyén hda phdm nhuém moderacid
red RS va direct yellow GX.
Bang 4: D6 chuyén hda phdm nhudm trén xdc tac
REVQO4 sau 150 phdt chiéu séng

Pham nhudm LaVOy, PrvO, NdVO,
moderacid red RS 43% 54% 64%
direct yellow GX 24% 33% 23%

K&t qua cho thdy hoat tinh xUc tac quang cla REVOq
déi v&i moderacid red RS cao hon direct yellow GX.
Cong thic cdu tao cla hai phdm nhudm nay dugc trinh
bay tuong Ung & Hinh 11.

[ 70,0 Os O™ |

T
@)

|
N ~

N
Na

w

SO;Na
JOON—NOXQN_N@oﬁ

SO;Na
Hinh 11: C&u tao phan ti moderacid red RS va direct
yellow GX

K&t ludn

Trong nghién cltu nay, vét liéu nano REVO4 dugc téng
hap bang phuong phap thiy nhiét va thay nhiét-nung,
LaVO4 c6 cdu truc monoclinic, PrVO4 va NdVO,4 déu co
c4u truc tetragonal, kich thudc cac hat ~ 50 nm.

Cac vét litu REVO4 déu co khd nang xuc tac chuyén
hoa phdm nhuém moderacid red RS va direct yellow
GX, trong d6 NdVO. chuyén hda 64% moderacid red
RS sau 150 phut chiéu séng.
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