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SUMMARY

SYNTHESIS, INVESTIGATION OF OPTICAL PROPERTIES AND
PHOTOCATALYTIC ACTIVITY OF ZnWO,:Eu*, AI** NANOCRYSTALS

AR (2—8 mol%) sensitized ZnWO4:Eu®*(4 mol%) red emitting phosphors were synthesized by the
hydrothermal method. The samples were well crystallized in the pure monoclinic wolframite structure
with P2/c space group. The nanoparticals were characterized by X-ray diffraction (XRD), scanning
electron microscope (SEM), UV-Visible spectroscopy (UV-Vis) and photoluminescence (PL) properties.
The red emission of Eu®* and AI®* co-doped ZnWO, under the excitation at 393 nm can be promissing
candidate for red phosphor materials for white LED (Light Emitting Diode). Moreover, the
photocatalyric activity of the samples were estimated against methylene blue (MB - cationic) dye
pollutant under ultra-violet (UV) lamp irradiation at room temperature. The dye remove efficiency of
approximately 98% offers an effective approach to remove organic contaminants in industrial
wastewater.
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1. PAT VAN PE xa cta ion Eu* thong qua viéc lam giam tinh
Hién nay, vat liéu phat quang dang dugc ung dbi xtmg cia mang tinh thé, phd v& quy tic
dung rong rdi trong y sinh va chiéu sang trong ngin cam cac budc chuyén do tinh di xing.
noéng nghiép. Vat lidu phat quang gdbm hai Su két hop gitra cac ion Eud*-Al* trong mang
thanh phan chinh 13 mang nén va tam phat nén ZnWO, duoc du doan c6 tiém ning (mg
quang. Véi cdu tric dic biét cua 16p vo 4f va dung ché tao dén LED chiéu anh sang d6 phuc
ban kinh nguyén tir phu hgp véi cation mang vu noéng nghiép, giup rat ngin thoi gian thu
nén, cac ion dat hiém nhu Eu3, Er¥*, Sm¥,... hoach va ting ning suit cdy trong. Ngoai ra, hé
dugc s dung phd bién lam tdm phat quang. vt liéu pha tap trén nén wolframite con c6 kha
Trong sé do6, ion Eu®* c6 hiéu suét phat quang nang xuc tac quang chuyén hoa nhidu chit mau
cao, cho phat xa vung mau do [4, 9-11] (Hinh hiru co trong nuéc 6 nhiém dudi anh sang tir
1) dang duoc ng dung ché tao dén LED chiéu ngoai [1-2, 5-8].

sdng cho ndng nghiép, gitp ting qué trinh Trong nghién ctu ndy, hé vat liéu nano
quang hop cho cdy trong. Cac nghién ciru cho ZNWO44%EU x%AI** (x = 2, 4, 6, 8) duoc
thy, viéc pha tap cac ion kim loai kiém (Li*, tdng hop theo phuong phap thuy nhiét-nung dé
Na*, K*) [4], ion hoa tri 2, 3 (Ca?*, Bi**) [3, 9] khao sat tinh chit quang va hoat tinh XUc tac

¢6 vai tro ting nhay, gilp ting cudng do phat
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quang phan hiy phim nhu¢m methylene blue
(MB).

2. PHUONG PHAP NGHIEN CUU

2.1. Tong hop va xac dinh céu tric

Qué trinh tong hop vat lidu ZnWO,Eu®, AR
bang phuong phap thily nhiét-nung dugc thuc
hién theo cac budc sau:

Bude I: Hoa tan Na;WO4.2H,0 vao nuée rdi
nhd tr tr vao cbc dung dung dich gdm
Zn(NO3)2, Eu(NO3)s va Al(NOs)s, khudy tir &
80°C dé thyc hién phan tmg trao dbi.

Bude 2: Chuyén toan bo phan dung dich va chat
ran tao thanh vao binh teflon dé thuc hién qua
trinh thuy nhiét & 200°C trong 4 gio.

Bude 3: Loc lay phan chét ran rdi tiép tuc nung
khd & 200°C trong 4 gio, thu dugc vét liéu nano
ZnWO4Eu®, AP,

Vit lidu ZnWO44%EU X%AI* (x = 2, 4, 6,
8) dwoc xac dinh cu trac, hinh thai dic trung
va tinh chit quang bang phuong phap XRD,
UV-Vis, SEM, EDX va PL.

Gian d6 XRD dugc do trén may D8-Advance,
Bruker (KaCu = 1,5418 A) va anh SEM cua
vat li€u duogc ghi trén may HITACHI S-4800
tai Vién Khoa hoc Vat liéu, Vién Han lam
Khoa hoc va Cong nghé Viét Nam. Phd phan
xa khuéch tan UV-Vis cua vat lidu duge do
trén may JASCO V-770 tai Khoa Vit li,
Truong Pai hoc Su pham Ha Noi. Phd huynh
quang duoc do trén may Nanolog, Horiba
Jobin Yvon, ngudn kich thich 13 dén xenon
(450 W, A = 250-800 nm), tai Vién tién tién
Khoa hoc va Coéng nghé (AIST), Truong Dai
hoc Bach khoa Ha Noi.

2.2. Khdo sat hoat tinh xuc tac

Vit lidu xtc tdic ZnWO4EU®*, AP duoc khao
sat voi ham luong 2 g/L, ndng d6 MB 1a 30
ppm. Dau tién, hé xdc tac quang dugc khudy
30 phut trong bong toi dé dat can bang hap phu
cta MB trén bé mit xtc tic. Sau d6, hé xc tac
duoc chiéu buc xa tir ngoai xa bé’mg dén UV-C
(254 nm). Mau dung dich dugc 1iy dinh ki theo
thoi gian, 1i tdm va do quang ¢ budc song cuc
dai 660 nm dé xac dinh nong d6 MB con lai
trong dung dich. Nong d6 MB duoc xac dinh
bang may do UV-Vis S60 Biochorom tai Khoa
Hoéa hoc, Truong Pai hoc Su pham Ha Noi.

3. KET QUA VA THAO LUAN

3.1. Xac dinh cAu tric vat liéu

CAac hé vat liéu ZnWO44%EU* X%AIR* (x = 2,
4, 6, 8) dugc xac dinh cau tric bang phuong
phép nhiéu xa tia X (Hinh 1).

Két qua trén Hinh 1 cho thdy cac tinh thé
ZnWO4:4%EU®* X%AIP* déu cdu tric kiéu
monoclinic tmg véi thé chuan JCPDS sé 15-
0774, nhoém khong gian: P2/c [10].
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Hinh 1. Gidn dé nhiéu xa tia X ciia vét liéu
ZNWO4:4%Eut x%AI*

Bang 1. Gia tri kich thuéc tinh thé trung binh
(D) ciia vit liéu ZNWO4:4%EU3* x%AIR*

D

Vit ligu plrad) | 20) | 4

ZnWO4:4%Eu,2%Al | 0,9822 | 30,5824 | 26,1

ZnWO4:4%Eu,4%Al | 1,2330 | 30,5460 | 20,7

ZnWO4:4%Eu,6%Al | 1,4161 | 30,6625 | 18,1

ZnWO4:4%Eu,8%Al | 1,5395 | 30,6295 | 16,6

Két qua Bang 1 cho thay, gia tri kich thudc
tinh thé trung binh cua vat liéu ZnWO4Eu3*,
A giam khi ti 1é pha tap Al®* ting do ban
kinh ion AP* (53 pm) nhé hon ban kinh ion
Zn?* (74 pm).

Tiép theo, cac nguyén td trong thanh phin vat
liéu dugc xac dinh bang phép do EDX (Hinh 2).
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Hinh 2. Gian do tan xa nang heong tia X cia
vdt liéu ZnWO4:4%Eu® 2%AIP*
Trén gidan d6 EDX xudt hién diy du cac
nguyén t6  trong mau  vat liéu



ZnWO,:Eu* APR*. Ti 1¢ phan trim nguyén tir
ning Zn : W : Eu phu hop t6t v6i thanh phan
du kién, con ham lwong cac nguyén tir nhe 1a O
va Al ¢6 sai sb dang ké.

Mot théng s6 quan trong anh huéng dén kha
ning xdc tic clia chdt xtc tac ban dan la do
rong ving cim. Tir s6 liéu do UV-Vis miu rén,
nang lugng ving cAm cua cac vat liéu da dugc
xac dinh theo phuong phap Tauc (Hinh 3).
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Hinh 3. Nang heong viing cdm ciia vit liéu
ZnWO4:4%Eu® x%AIR*

Két qua trén Hinh 3 cho thiy, khi ting ham
luong AI®* pha tap tir 2% dén 8%, do rong ving
cAm c6 xu hudng ting tir 3,61 eV dén 3,66 eV.
Céc gia tri nay phu hgp véi nang lugng ving
cAm ciia ZnWO, trong khoang 3,47 eV dén
3,77 eV [1].

Hinh thai bé mat va kich thudc hat cta vat li¢u
da dugc xac dinh trén anh SEM (Hinh 4).

IMS-NKL 5.0kV 4.9mm x200k SE(M)

Hinh 4. Anh SEM ciia hé vt liéu nano
ZnWO,:4%EU®* 2%AI3*
Két qua Hinh 4 cho thdy cac hat vat liéu c6
khuynh huéng phéan b két dam, dang hinh que
v6i chidu dai trung binh khoang 50 nm.
3.3. Tinh chét huynh quang ciia vat li¢u
Dé khao sat tinh chat huynh quang, phd huynh

quang cua cac vat li¢u da dugc ghi lai & budc
song kich thich 393 nm (Hinh 5).

220

Két qua trén Hinh 5 cho thdy, cac miu déu cho
phat xa kha manh trong vung mau do ¢ budc
song 614 nm ung v6i bude chuyén *Do—"F ciia
tam phat quang Eu®* trong mang nén [4, 9-11].
Bén canh d6, phd PL con ¢ cac dinh phat xa
yéu hon ¢ 593 nm, 654 nm va 700 nm g voi
cac bude chuyén *Do—"F1, 5Do—"F3, SDo—"Fa.

Mit khac, khi ham luwong pha tap AI®* ting tir
2% dén 8% thi cuong do phat huynh quang
tang. Didu nay duoc li giai 1a khi ting nong do
ion AI** di lam cho tinh d6i xtng cua mang
tinh thé giam, cac budc chuyén duwoc phép

tang, cuong d phat xa tang.
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Hinh 5. Phé huynh quang cia vit liéu
ZNWO4:4%Eut x%AI*

3.4. Hoat tinh xtic tac quang cia vat liéu
Hoat tinh xtc tac quang cua hé vat li¢u nano
ZnWO,:Eu*,AIF* trong nghién ctru chuyén hoa
MB duoc thuc hién dudi ngu@)n chiéu sang to
ngoai Véi su ¢6 mit cia H,0, ndng do 30 ppm.
Két qua cho thdy, tat ci cac vat li¢u
ZnWO4Eu3*, AIR* déu c6 hoat tinh xuc tac tdt,
phan hay trén 98% MB chi sau 60 phit chiéu
séng (Hinh 6).
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Hinh 6. Sw chuyén héa MB theo thoi gian trén
vat liéu xac tac ZnWO4:Eus*, AR
Két qua trén Hinh 6 cho thy, trong diéu kién thi
nghiém, hé vat liéu ZnWO4EUu* APF* ¢6 kha ning



chuyén héa gn nhur hoan toan MB, cao hon vét liéu
ZnWO, khéng pha tap dat 81% [1-2] va 87% [5].
Co ché cua qua trinh xtc tac quang cua vat li¢u
ban dan trén nén ZnWO, dugc giai thich nhu
sau: Khi chiéu anh sang tir ngoai, electron
trong vung vung hoa tri (valence band, VB)
hap thu anh sang, chuyén lén ving dan
(conduction band, CB). Qua trinh kich thich
nay tao ra electron tu do trén ving dan (e cg)
va 16 trong duong dudi ving hoa tri (h*ve),
twong g voi CAC mirc nang luong 1an luot 1a -
0,14 eV va +3,66 eV [10].

Tiép d6, e cs va h*vg tac dung véi cac tiéu
phan trong dung dich (02, H.0), tao ra ion
superoxide O, va gbc tur do HO«:

O; + e cg — 0,-0,046 eV [10]

H0+ h'yg — HOe* + H*+2,70€V [10]

Ddng thoi, dudi vai trd xtc tac cua vat liéu nén
ZnWO, khi chiéu tia UV, H,0, bi phan ct
thanh gdc tu do:

H.O, — 2HO-

lon superoxide O, va gbc tu do HO» tao thanh
s& tham gia qua trinh oxi hoa pham nhuém MB
thanh cac chit vo co don gian.

4. KET LUAN

Trong nghién ctru nay, hé vét li€éu nano
ZnWO4%EU®* x%AI** (x = 2, 4, 6, 8) di
duogc téng hop thanh cong bang phuong phap
thay nhiét-nung. Vat li€u thu duogc déu ¢6 chu
trdc don pha monoclinic. Cac hat vat liéu c6
dang hinh que, phan bd twrong dbi két dam.

Cac vat lidu ZnWO4Eu, ARt déu c6 kha
nang phat xa manh ¢ vung mau do & budc song
614 nm (°Do-"F,), tao ra chit bot phat quang
mau do tiém ning dé ché tao LED chiéu sang
phuc vu nong nghiép.

Cac vat lidu ZnWO4:Eu®, AI** ciing thé hién
hoat tinh x(c tac t6t, chuyén hoa gan nhu hoan
todn MB khi c¢6 mat H»O, chi sau 60 phut
chiéu sang bang dén UV.
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