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SUMMARY

SYNTHESIS, INVESTIGATION OF PHOTOCATALYTIC ACTIVITY AND
OPTICAL PROPERTIES OF CaWO,:Eu**, AP* NANOCRYSTALS

In this work, the variation of CaWOu:Eu’" nano phosphors with different compositions of AP* have
been reported. The CaWOqsEu’*, AP' nanoparticles were successfully — synthesized by the
hydrothermal method combined with low temperature calcination technology. The XRD results
indicate that CaWOq4.Eu®*, AF" has crystal of the scheelite type having Ca, point group symmetry and
I41/a space group symmetry. The photocatalytic properties of CaWOu:Eu’", AP™ nanocrystals were
investigated of degradation of methylene blue (MB) dye and they revealed a degradation capacity of
above 98% after 90 min. Moreover, photoluminescence results demonstrate that the CaWOq.Eu’", AP*
red phosphors are promising as color converters for application in WLEDs. The sensitization with AP*
in CaWOq:Eu?* leads to the enhancement of ~393 nm ("Fo — °Ls) and ~464 nm ("Fo — D) absorption
peak of Ev’*.
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1. PAT VAN DPE quang c6 quy trinh vén hanh don gian, chi phi
Trong nhimng nim gan ddy, phat trién kinh té di thdp va dem lai hiéu qua cao. Vi mot ham
do6i voi bao vé moi truong 1a nhiém vy wu tién luong nho chat xtc tac duoc phan tan vao
hang dau cta nhidu quéc gia. O nudc ta, van dé nudc, cac phan tor oxygen hoa tan va nudc
cai thién moi truong 6 nhiém boi cac chat thai dung mai s& dugc chuyén hoa thanh cac gdc tu
cong nghiép dang duoc tip trung giai quyét. do dé oxi héa phdm nhudém thanh san phdm
Trong d6, dién hinh 1a cac hoa chét ciia nganh cudi cung 1a cac chat vo co don gian, than
dét nhuém, mot nganh dang phat trién manh thién véi méi trudng [1-4]. Trong sb cac vt
mé va chiém kim ngach xuét khau cao. Nguén liéu xuc tac quang, h¢ vat li¢u nén CaWO4
nudc thai phat sinh trong cong nghiép dét dugc quan tim nghién ciru do c6 tiém ning xuc
nhudm tir cac cdng doan ho soi, rii hd, ndu, téy tac tot [1-2, 4-6]. Pac biét, khi pha tap Eu®"
tréng, nhudm, cAm mau va hoan tat. Hé’mg nam, vao hé nén CaWOs d3 hoat hoa bé mit vat lidu
nganh dét nhud¢m thai vao moi truong mot va cai thién hoat tinh xuc tac, hudng téi cac vi
lwong 16n nude thai v6i ndng d6 phdm nhudém tri ion lanthanoids trd thanh tdm xac quang [7].
cao da gy 6 nhiém moi trudng, anh hudng téi Bén canh hoat tinh xuc tac quang, hé vat li€u
sinh vat thay sinh va mit can bang sinh thai. CaWO4:Eu*" ciing thé hién tinh chat phat
Trong sd cac phuong phap xur 1i nude thai dét quang manh trong ving mau do [8-10] nén rat
nhudm, phuong phép st dung cac chét xtc tic thuén tién trong cac tmg dung chiéu sang nong
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nghiép. Pdi vai cdy trong, chit diép luc hap
thy manh anh sang mau xanh lam (400 — 500
nm, kich thich sinh truéng) va vung mau doé
(600 — 700 nm, kich thich phét trién sinh
khéi dé ra hoa va dau qua). Do vy, viéc
chiéu sang cho ciy trong bang cac dén LED
phu bot phat quang mau do giap rut ngén
thoi gian thu hoach, tao ra hoa qua trai mua,
tang gia tri kinh té.

Trong nghién cou nay, hé vat liéu nano
CaW04:0,04Eu™, xAP" (x = 0,02, 0,04, 0,06 va
0,08) dugc tong hop theo phuong phap thity
nhiét dé khao sat tinh cht quang va hoat tinh xtc
tac quang phan hiy phim nhudm methylene
blue (MB). Viéc dong pha tap Eu’* va AI** trén
nén CeO: nham thay thé mot phan Eu* bang
AP* d@é lam giam chi phi ché tao nhung van
duy tri dugc céac tinh chat dac trung, wu viét
cua vat liéu.

2. PHUONG PHAP NGHIEN CUU

2.1. Téng hop va xac dinh céu tric

Qu4 trinh tong hop vat litu CaWO4:0,04Eu’*,
A¥* duge tién hanh theo cac budce sau:

Bude I: Hoa tan NaxWO42H0 vio nude rdi
cho vao cde lun dung dung dich gdm Ca(NOs),
Eu(NOs); va AI(NOs)s, khudy tir & 80 °C dé
thyc hién phan tng trao doi.

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

Bude 3: Loc 13y phan chit rin trong binh teflon,
sdy kho rdi tiép tuc nung kho & 200°C trong 4
gi®, thu duoc vat lieu CaWOs:Eu’*, AP,

Vit lieu CaWO04:0,04Eu®", xAP* (x = 0,02,
0,04, 0,06 va 0,08) dugc xac dinh cAu trac, hinh
thai ddc trung va tinh chat quang bang phuong
phap nhidu xa tia X (XRD), phd phan xa
khuéch tan UV-Vis (DRS), kinh hién vi dién tu
quét (SEM), phé tan xa ning luong tia X
(EDX) va ph6 huynh quang (PL).

Gian d6 XRD dugc do trén may D8-Advance,
Bruker (KaCu = 1,5418 A) va anh SEM cua
vat liéu dugc 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 (DRS) duoc do trén
may JASCO V-770 tai Khoa Vat li, Truong
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DHSP Ha Noi. Phd PL dugc do trén may
Nanolog, Horiba Jobin Yvon, ngudn kich thich
la dén xenon (450 W, A = 250-800 nm), tai
Vién tién tién Khoa hoc va Cong nghé (AIST),
Truong Dai hoc Bach khoa Ha Ndi.

2.2. Khdo sat hoat tinh xuc tac

Hoat tinh xtc tdc quang dugc khdo sat
trong mot dng do chira 150 mL dung dich
MB 30 ppm, ham lugng xuc tac
CaWO04:0,04Eu®", xAI** 1a 2 g/L. Ban déu,
hé dugc khudy 30 phut trong bong ti dé
dat can bing hép phu. Tiép d6, hé duoc
chiéu sang bang mot dén UV-C (254 nm)
nhung trong dung dich ¢ nhi¢t do thuong.
Sau mdi 30 phut, 5 mL dung dich duoc ldy
ra dé xac dinh néng do MB tai budc song
hép thy cuc dai 660 nm trén may UV-Vis
S60 Biochorom tai Khoa Hoéa hoc, Trudng
DHSP Ha Noi. Hiéu suit chuyén hoa cua
MB duoc tinh theo cong thirc:

Hiéu suat chuyén héa (%) = S =C 00

0
Trong d6, Co va Cq lan luot 1a ndng d6 MB tai
thoi diém ban dau va thoi diém t.
3. KET QUA VA THAO LUAN
3.1. Xéc dinh céu tric vt liu
Cac vt lidu CaWO04:0,04Eu>, XAP* (x = 0,02,
0,04, 0,06, 0,08) sau khi tong hop dugc xac dinh
cu tric bang phuong phap XRD (Hinh 1).
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Hinh 1. Phé nhiéu xa tia X cia vt lidu
CaW04:0,04Eu>*, xAP™,

Két qua trén Hinh 1 cho thdy cac tinh thé
CaWO04:0,04Eu™, xAP" ¢ cdu trac kiéu
tetragonal tmg v6i thé chuan ICDD 41-1431,
nhom khong gian: 141/a [1, 8-11].



Bdng 1. Gid tri kich thuéc tinh thé trung binh
(D) ciia vt liéu CaWO:4%Ew", x%AP*

D
Vit liéu B (rad) 20 (°)
(A)
CaWO4:0,04Eu’,
0.02A1 0,9822 | 30,582 | 26,1
CaWO04:0,04Eu’,
0.04A 1,2330 | 30,546 | 20,7
CaWO4:0,04Eu™",
0.06AF" 1,4161 30,662 | 18,1
CaWO4:0,04Eu’,
0.08AL 1,5395 | 30,629 | 16,6

Tiép theo, cic nguyén t6 trong thanh phan cua
vat liéu duoc xac dinh bé'mg phép do EDX
(Hinh 2).
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€
ull Scale 2435 cts Cursor: 16,440 keV (7 cts) kev)

Hinh 2. Gidn d6 tan xa ndng leong tia X ciia
vat lieu CaWOq4:0,04Eu", 0,024,

Trén gian d6 EDX xudt hién day du cac
nguyén td trong mau vat liéu CaWO4:Eu®" A
Vv6i ti 16 phan trim nguyén tir Ca : W : Eu : Al
phti hop véi ti 18 trong thanh phan du kién cua
vt liéu téng hop.
Mot théng sé quan trong anh huéng dén kha
ning xiic tic ciia chit xtc tic ban dan 1a do
rong vung cAm, do vay phé DRS cua cac vat
liéu da duoc ghi lai. Tu Kkét qua thu dugc, nang
luong ving cidm di duoc xic dinh béng
phuong phap Tauc [1] (Hinh 3).
Két qua trén Hinh 3 cho thdy, khi ting ham
lugng AP pha tap tir 2% dén 6%, d6 rong ving
cdm c6 xu hudéng giam va dat gia tri nho nhat 1a
3,63 eV. Tuy nhién, khi ting ham lugng A"
pha tap dén 8%, do rong vung cAm tang 1én
3,68 eV.
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Hinh 3. Nang liwong ving cam cia vt liéu
CaW04:0,04Eu°" xAP™.

Céc gia tri nang luong ving cam thu dwoc déu
giam manh so v6i mang nén CaWOs 14 4,69 eV
[5]va4,30eV [3].

Hinh thai bé mat va kich thude hat cua vat liéu
da dugc xac dinh trén anh SEM (Hinh 4).

IMS-NKL 5.0kV 5.0mm x250k SE(M)
Hinh 4. Anh SEM ciia hé vt liéu nano
CaW04:0,04Eu°", 0,04AF".
Két qua Hinh 4 cho théy cac hat vat liéu co
khuynh hudng phan bd két dam, dang hinh

cau, kich thudc trung binh khoang 30 nm.

3.3. Tinh chit huynh quang ctia vt liéu

a) Anh hweéng ciia nhiét dé nung mau

Dé khao sat anh huong cua nhiét ¢ nung mau
dén cuong do phat huynh quang, phd PL cua
vat liédu CaW04:0,04Eu*", 0,02A1*" sau khi gia
nhiét & cac nhiét d6 200, 400 va 800°C da duoc
ghi lai.

Két qua cho thdy, vat liéu nung & 400 °C co
cuong do phat huynh quang manh nhat va
nhiét @6 nung mau thich hop 1a 400°C.

b) Anh hwéng ciia nong dé AP* pha tap

Dé khao sat tinh chat huynh quang, phd huynh
quang cua cac vét li¢u da dugc ghi lai 6 budc
song kich thich 393 nm (Hinh 5).



160000 L L L L

140000
120000
CaWO0,:0,04Eu™", XAl
100000

80000

60000

Intensity (a.u.)

X

!

0,08
0,06
0,04
0 0,02

40000 —

20000

550 | 6(‘)0 ) 6;0 7(‘)0 7;0
Wavelength, nm
Hinh 5. Phé PL ciia vt ligu CaWO4:0,04Eu*",
xAP*.
Két qua trén Hinh 5 cho thiy, cac mau déu cho
phat xa kha manh trong vung mau dé & budc
song 611 nm tmg véi bude chuyén SDo—"F2 cua
tam phat quang Eu’* trong mang nén [8-11].
Bén canh d6, phd PL con c6 cac dinh phat xa
yéu hon ¢ 586 nm, 658 nm va 700 nm tmg véi
cac budc chuyén SDo—"Fi, SDo—"F3, SDo—"Fa.
Khi ham lugng AP* ting tir 2% dén 8% thi
cuong do phat huynh quang giam nhe va
cuong d6 phat huynh quang manh nhat ing véi
ndng d6 ion AI** pha tap 13 2%.
3.4. Hoat tinh xic tic quang cia vat liéu
Truéc hét, hé vat lidu CaWO40,04Eu’,
0,02A13* dugc khao sat hoat tinh xtic tac chuyén
hoa MB khi khong c6 va khi co H202 véi cac
nong d6 10 ppm, 20 ppm va 30 ppm (Béang 2).
Bdng 2. Hiéu sudt chuyén héa pham nhuém
trén xuc tac CaW04:0,04E1°", 0,024P" khi
khong co va co H20:

[H:02], ppm | 0 10 [ 20 [ 30

Hiéu suét, % 18 37 90 98

Két qua Bang 2 cho thay, hoat tinh xiic tac cua
vt liéu cao nhat khi ndng d6 H>0> dat 30 ppm.
Tu d6, hoat tinh x0Gc tdc cia cac vat liéu
CaW04:0,04Eu®*, xAI** dugc thuc hién véi su
¢6 mit ciia HO2 nong do 30 ppm. Két qua cho
thdy, tit ca cac vat lidu CaWOu4:0,04Eu®,
XAP* déu c6 hoat tinh xuc tac tbt, chuyén hoa
trén 90% MB chi sau 60 phut chiéu sang va
gan nhu hoan toan sau 90 phat chiéu sang.
Hiéu sudt chuyén hoa phim nhudém trén xuc
tac CaWO4:0,04Eu*", XAI** déu bang hoic cao
hon so v6i cac hé xuc tac nén CaWOs [1-5].
Co ché clia qué trinh xic tic quang clia vat liéu
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ban dan trén nén CaWOs duoc gidi thich nhu
sau. Khi chiéu anh sang tir ngoai, electron
trong vung vung hoda tri (valence band, VB)
hap thy ning lugng chuyén lén ving dan
(conduction band, CB), tao ra electron ty do
trén ving dan (e“cs) va 18 tréng duwong dudi
vung hoa tri (h"vs). Sau d6, cac electron tu do
phan ung vdi cac phan tir oxygen va hydrogen
peroxide:

ecs +02—> Oy

ecs + H O, —» *OH + OH"

O day, H202 gop phan triét tidu electron ving
dan, 1am ting 16 trong dé phan Gmg véi ion
hydroxide va phan tir nudc, tao ra gbc cac
hydroxyl tu do:

h*vs + OH — «OH

h'vs + H.O —» «OH +H"

Tiép d6, cac gbe tu do HO» s& oxi héa phan tir
MB thanh cic san phim trung gian va cudi
cling tao thanh cac chat vé co don gian.

4. KET LUAN

Trong nghién ciru nay, hé vat li€u nano
CaWO04:0,04Eu*", A" (x = 0,02, 0,04, 0,06,
0,08) di dugc tong hop thanh cong bang
phuong phép thily nhiét. Vat liéu thu dugc déu
¢6 céu trac don pha tetragonal. Cac hat vat li¢u
c¢6 dang hinh ciu, phan bd twong ddi két dam,
kich thudc trung binh khoang 30 nm.

Hé vat lidu CaWO4:Eu*, AP* thé hién xuc tac
t6t, chuyén hoa gan nhu hoan toan MB khi co
mit H>02 sau 90 phut chiéu sang. Bén canh do,
cac vat licu CaWO4:Eu*, A" cling c6 kha
nang phat xa manh ¢ ving mau dé ¢ budc song
614 nm (°Do-"F2), tao ra chit bot phat quang
mau do tiém nang dé ché tao LED phuc vu
chiéu sang nong nghiép.
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