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VAT LIEU NANO Nd,Zr,0-,Ag: TONG HQP VA KHAO SAT
HOAT TiNH XUC TAC QUANG

Dén toa soan 22-7-2019

Nguyén Vin Hai, D6 Thi Ngoc Bich
Khoa Hoa hoc, Trueong Pai hoc Sw pham Ha Noi

SUMMARY

Nd»Zr;,07:Ag NANOCRYSTALS: SYNTHESIS AND INVESTIGATION
OF PHOTOCATALYTIC BEHAVIOUR

Nd>Zr:07:Ag pyrochlore were successfully prepared by a hydrothermal-calcination process. The

composition, phase structures and optical properties of the Nd:Zr;O7:Ag catalysts were characterized

by X-ray diffraction, field emission scanning electron microscopy, specific surface area analysis, and

UV-Vis diffuse reflectance spectroscopy. The visible-light photocatalytic activity of the as-prepared

samples was investigated by the degradation of moderacid red RS aqueous solution. Compared to

Nd>Zr;0;, the Nd>Zr;07:Ag photocatalysts showed better photocatalytic activities, which should be

attributed to the high specific surface area of the catalysts and the formation of a heterostructure

between Ag and NdZr;0;.
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1. MO PAU
Hién nay, ngudn nudc ¢ nhidu lang nghé dét
vai bi 6 nhiém béi cac chdt phim nhudom. Dé
xtr 1i 6 nhiém, vat liéu ban dan pyrochlore da
duogc st dung lam xtic tac quang phéan huy cac
hop chdt mau. Hoat tinh xtic tac cua vat liéu
ban dan duoc cai thién manh khi dugc pha tap
Ag/Ag(D)[1,2].
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Hinh 1. Cdu tao phdn tir moderacid red RS
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Trong nghién ctu nay, vat licu Nd,Zr,O7:Ag
(viét gon 1a NZO-Ag) duogc tong hop va dung
lam chét xtc tic quang phan hiy mot loai
phim nhuém mau d6 c& 1a moderacid red RS
(C20H11N2Na3010S3).

2. THU'C NGHIEM

2.1. Téng hop va xic dinh céu tric

Cho AgNO; vao dung dich gdm Nd(NOs); va
ZrO(NOs),, khudy déu. Dung dung dich NaOH
diéu chinh pH dén 12, khudy tir & 30°C.

Loc lay két tua cho vao binh Teflon, nung néng
6 200°C trong 4 gio.

Loc két tiia hidroxit, siy kho rdi tiép tuc nung &
600°C trong 4 gio, thu dugc vat liéu NZO-Ag.
Toan bd qué trinh tong hop vat licu NZO-Ag
duoc biéu dién trén Hinh 2.



Nd(NO3)3 ZI'O(NO3)2 AgNO;

!

Dung dich
Nd:Zr:Ag=1:1:x (theo mol)

Dung dich NaOH

Két tua tring
(Duy tri pH = 12)

l«Khuay 4 30°C (4 gid)

Binh Teflon

Nung ¢ 200°C (4 gio)

Loc, sy kho —le- Nung & 600°C (4 gidy)
NZO-Ag

Hinh 2. So do tong hop vit liéu nano NZO-Ag
bang phirong phdp thity nhiét-nung

Vit liéu NZO-Ag duoc xac dinh cAu tric va
hinh thai dic trung bang phuong phap nhiéu xa
tia X, phd UV-Vis, chup anh kinh hién vi dién
tir quét, phd tan sic ning luong tia X va do
dién tich bé mit riéng BET.

Gian dd nhiéu xa tia X dugc ghi trén may
Siemens D5005 v&i bic xa CuKoatai Khoa
Vat li, Truong Dai hoc Khoa hoc Ty nhién.
Anh SEM cua vét liéu duoc ghi trén may
Hitachi S-4800 tai Vién Vé sinh Dich té Trung
uong.

2.2. Khdo sat hoat tinh xuc tac

Vit liéu xuc tdc NZO-Ag duoc khao sat voi
ham luong 2 g/L, ndng do acid red RS 1a 20
ppin. ,

Pau tién, hé xuc tic quang dugc khay tr 30
phiit trong bong tdi dé dat can bang hip phu
ctia moderacid red RS trén bé mat xuc tac. Sau
d6, hé xtc tac dugce chiéu birc xa kha kién dudi
anh sang bong dén sgi dét 100W. Mau dung
dich duoc lay dinh ki theo thoi gian, i tm va
dugc do quang & budc song cuc dai 525 nm dé
xac dinh néng d0 moderacid red RS con lai
trong dung dich.

Nong d6 moderacid red RS dugc xdc dinh
bang may do UV-Vis S60 Biochorom tai Khoa
Hoa hoc, Truong Pai hoc Su pham Ha Noi.

3. KET QUA VA THAO LUAN

3.1. Khio sat diéu kién tong hop

a) Anh hwong cia pH dung dich khudy trén
trieoe thuy nhiét

Céc gi4 tri pH duoc khao sat & 8, 10 va 12, mau
sau d6 duoc thily nhiét va nung thiéu két va do
XRD. Két qua & pH 12 thu dugc cdu tric tinh
thé don pha, nén nhifu xa thép, pic nhiéu xa
nhon (Hinh 3).
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Hinh 3. Gian d6 XRD cua vit liéu NZO tai pH
8, 10, 12, nung thiéu két ¢ 600°C trong 4 gio

b) Anh huong ciia nhiét @¢ nung thiéu két
Nhiét d6 nung thiéu két duoc khao sat & 500 va
600°C [3] va dugc do gian d6 XRD (Hinh 4).
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Hinh 4. Gidn d6 XRD cua vit liéu NZO dwoc
nung thiéu két ¢ 500 va 600°C trong 4 gio

Két qua cho thiy, khi nung & 600°C, pha tinh
thé hinh thanh 6n dinh.



Tu 36, hai hé vat liéu NZO-2%Ag va
NZO:5%Ag da dugc tong hop & pH 12, nung
thiéu két & 600°C.
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Hinh 5. Gian do XRD ctia vét liéu NZO-Ag
dirge nung thiéu két & 600°C trong 4 gic
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Déi voi vat liéu xuc tac quang, cAu trac tinh thé
hoan thién s& giam kha ning tai hop dién tir-16
tréng, dan toi tang higu suat phan mg giira cac
trung tam tich dién nay voi phéan tr nude va oxi
hoa tan, tao ra cac géc hoat dong nhu HO® dé
phéan hity chat mau.

3.2. X4c dinh céu tric vt liéu

Trude hét, cAu trac vat liéu duoc xéac dinh béng
phuong phép nhiéu xa tia X.

Tinh thé NZO thudc ho vt liéu pyrochlore c6
cong thuc chung 1a A;B>0O, trong d6 cation A
¢6 hoa tri III (nhém IIB, nhém lantanoit, Bi)
va B co6 hoéa tri IV (Ti, Zr, HY).

Céu trac pyrochlore dua trén kiéu fluorite (mg
véi mot anion bi 16i mang, tao ra sy sai léch nho
s0 v6i tinh thé 1y tudng.

Céu tric thuong dwoc mo ta trong didu kién cua
hai 16p mang oxit 16ng vao nhau véi tong thanh
phén 1a A,0-B,O¢ [4-6].

Trén gian d6 XRD cua vat liéu NZO, tat ca cac
vach nhiéu xa déu tring véi cu tric lap
phuong pyrochlore, (g véi nhém diém Fd3m
[4,5].

Sy xuét hién don pha tinh thé pyrochlore trén
gian dd XRD budc dau cho thiy Ag va Ag* di
vao vi tri xen k& Céc miu déu xuat hién 4 dinh
tai cac goc nhiu xa twong mg v&i cac mit
phang tinh thé (222), (400), (440), (622) cua
pha NZO, phu hop véi cong bb [6].
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Bang 1. Gid tri trung binh ciia hang sé6 mang

tinh thé
= z Hing sb mang a
Mit ph g ang a,
APINE | 20 (d0) .
(HKL) A
222 29,3 10,55
400 33,6 10,66
440 48,1 10,69
622 57,2 10,67

Tiép theo, cac nguyén t6 trong thanh phan cua
vat liéu duogc xac dinh béng phép do EDX
(Hinh 6). Két qua thu dugc c6 sy xuét hién tin
hiéu ctia cac nguyén t trong thanh phin cong
thire du kién.
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dugc xéac dinh tuong ung 1a 2,59 eV va 2,51

Nhu vy, khi pha tap Ag(I), dd rong ving cim
giam so véi gia tri 2,67 eV cia hé Nd»Zr,0
[5] va 3,29 eV cua hé Nd»Zr,07-Nd,0s [7].

1 1

Cudng do tuong doi
o
@
1

NZO-5%A
0.4 NZO-2%Ag 19

T T T T T 7 T T
200 300 400 500 600 700 800 900
Buéc s6ng hap thu, nm




Hinh 7. Phé UV-Vis cua vit liéu NZO-Ag
Hinh thai bé mat va kich thudc hat cua vat liéu
da dugc xac dinh trén anh SEM (Hinh 8).
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Hinh 8. Anh SEM ciia vit liéu NZO (a), NZO-
2%Ag (b) va NZO-5%Ag

Két qua cho tha"iy cac hat vat liéu NZO va
NZO-Ag c6 dang hinh cau, khuynh huéng két
dam, kich thudc hat khoang 30-40 nm.

Ngoai ra, qué trinh xtc tic di thé xay ra trén bé
mat x0c tac nén phy thudc vao dién tich bé mat
riéng ciia chat xiic tac. Két qua do dién tich bé
mit riéng (o) d6i voi hé vat liéu tong hop
trinh bay ¢ Bang 2 cho thay, cac vat lidu c6 gia
tri o nh6 hon so vai sb lidu 3,48 m?/g da cong
b6 v6i hé Nd>Zr, 07 [8].
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Bang 2. Dién tich bé mat riéng cua vdt liéu

Vit liéu Dién tich bé mit riéng
(m?/g)
NZO-2%Ag 0,80
NZO-5%Ag 0,52

3.3. Hoat tinh xtic tac cia vat liéu

Hoat tinh xuc tac quang cua vat liéu NZO va
NZO-Ag dugc khao sat trong phan Gng phan
hiy moderacid red RS trong khoang thoi gian
tir 0 dén 210 phiat. Két qua dugc dua ra & Hinh
9.
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Hinh 9. P6 chuyén héa moderacid red RS theo
thoi gian trén xuc hé NZO va NZO-Ag

Két qua & Hinh 9 cho thdy, viéc pha tap Ag da
tang cuong kha nang xtc tdc cia hé¢ NZO va
vat litu NZO-2%Ag c6 d6 chuyén hoa tdt
nhét, dat 74% sau thoi gian 180 phut.

4. KET LUAN

Trong nghién ctru nay, hé vat liéu nano NZO-
2%Ag va NZO-5%Ag da duoc tong hop bang
phuong phép thiy nhi¢t-nung. Trong qua trinh
nung thidu két, mot phan Ag(I) khong bén
chuyén hoa thanh Ag va ca hai dang déu nim ¢
vi tri xen k& trong mang chu. Vit li¢u thu dugc
déu don pha, cac hat véat li€u c6 kich thudc
trung binh 30-40 nm.

Céc vt liéu pha tap Ag trén nén NZO déu co
kha ning xuc tic chuyén hoa moderacid red
RS khoang 70% sau 180 phut chiéu sang.
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