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VAT LIEU NANO ZrO,:Bi(III): TONG HOP VA KHAO SAT
HOAT TiNH XUC TAC QUANG PHAN HUY PHAM NHUQM DIRECT YELLOW GX

Pén toa soan 30-12-2019

Nguyén Vin Hai, Pao Thi Van
Khoa Hoa hoc, Trueong Pai hoc Sw pham Ha Noi

SUMMARY

ZrO;:Bi(I1II) NANOCRYSTALS: SYNTHESIS AND INVESTIGATION
OF PHOTOCATALYTIC BEHAVIOUR IN THE REACTION OF DECOMPOSITION
OF DIRECT YELLOW GX

Doped samples were successfully synthesized using two methods: combustion and hydrothermal-
calcination. The amount of Bi(Ill) dopant over zirconium dioxide was 10% molar. The samples have
been studied via X-ray diffraction measurements for the structural characterization. Scanning electron
microscopy was used to obtain information about the surface topography, Branauer-Emmett-Teller
(BET) technique for the measurement of the specific surface area and diffuse reflectance UV-Vis
spectroscopy for the optical analysis. Then the as-prepared samples was investigated their
photocatalytic activity in the reaction of degradation of Direct Yellow GX aqueous solution under
visible-light.

Keywords: zirconium dioxide, bismuth-doped, Direct Yellow GX, photocatalytic activity.

1. MO PAU Trong nghién ctru nay, vat liu ZrO»:Bi(III)
Hién nay, cac chit pham nhudém 1 ngudn gy tong hop bang phuong phép ddt chay va thiy
6 nhiém ngudn nude chu yéu & cac lang nghé nhiét-nung dugc dung lam xuic tic quang phan
dét vai. Dé xir i 6 nhiém, vat liéu zirconium huy mét loai phém nhudm mau vang nhat 1a
oxide da duogc sir dung lam xtic tic quang phan Direct Yellow GX (C30H26NsNa,OsSy), viét tit
huy céc hop chat mau. Hoat tinh xtc tac cua 1aDYG.

vat lidu ban dan duoc cai thién khi duoc pha
tap ion kim loai chuyén tiép ho d va ho f[1,2].
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2. THUC NGHIEM Khudy déu hén hop ¢ 80°C va c6 dén can, lay
2.1. Téng hop vit li¢u tién chat nung & 600°C trong 4 gio.
a) Tong hop bang phirong phdp dot chay Toan bd qua trinh tong hop vat lidu
Tron dung dich ZrONOs), véi dung dich ZrO,:Bi(IIN)-DC duoc biéu dién trén Hinh 1.
Bi(NOs);, thém ure tao thanh dung dich déng

nht.
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ZrO:Bi(II)-BC

Hinh 1. So do tong hop vit liéu ZrO,:Bi(Ill)
bang phirong phdp dot chdy

b) Tong hop bang phwong phdp thiy nhiét-
nung
Cho dung dich Bi(NOs3); vao dung dich
ZrO(NOs),, khudy déu. Thém dan dung dich
NH; 5M dé diéu chinh pH dén 12, khudy tir &
25°C.
Chuyén toan bd hoa chét vao binh Teflon, nung
néng ¢ 200°C trong 4 gid.
Loc két tua hidroxit, sdy kho rdi tiép tuc nung &
600°C trong 4 gio, thu dugc vat liéu
ZrOy:Bi(III)-TN.
Toan bd qua trinh tong hop vat licu
ZrOy:Bi(II)-TN duoc biéu dién trén Hinh 2.

Dung dich
Zr : Bi=9: 1 (theo mol)

l" Dung dich NH; SM

Két tia tré.ng
(Duy tri pH = 8)

l+ Khudy 6 25°C (4 gid)

Binh Teflon

l&~ Nung & 200°C (4 gio)
v
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Loc, siy kho —p!
Y Nung & 600°C (4 gio)

ZrOyBi(IN)-TN

Hinh 2. So do tong hop vit liéu ZrO,:Bi(Ill)
bang phirong phdp thity nhiét-nung

2.2. X4c dinh céu tric

Vit liéu ZrO,:Bi(Ill) duoc xac dinh cu trac va
hinh thai dic trung bang cac phuong phap
XRD, UV-Vis, SEM, EDS va BET.

Gian d6 XRD duoc ghi trén may Siemens
D5005 véi bic xa CuKo tai Khoa Vat i,
Truong Pai hoc Khoa hoc Ty nhién. Anh SEM
ctia mau duoc ghi trén may Hitachi S-4800 tai
Vién Vé sinh Dich t& Trung wong. Gian db
TGA va BET do tai khoa Hoa hoc, Truong Dai
hoc Su pham Ha Noi.

2.3. Khdo sat hoat tinh xic tac

Vat liéu xuc tac ZrO,:Bi(IIl) dugc khao sat voi
ham lugng 2 g/L, ndng d6 DYG 1a 30 ppm.
Pau tién, hé xuc tac quang dwoc khiy tir 30
phiit trong bong tdi dé dat can bang hip phu
ctia DYG trén bé mit xuc tac. Sau do, hé xuc
tac dugc chiéu buc xa anh sang bong deén soi
d6t 200W. Mau dung dich dwoc lay dinh ki
theo thoi gian, li tam va dugc do quang & budce
song cuc dai 396 nm dé xac dinh néng do
DYG con lai trong dung dich.

Nong d6 DYG dugc xac dinh bing 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. Khio sat diéu ki¢n tong hop

a) Khdo sat nhiét do nung

Pé xéac dinh khoang nhiét d¢ nung thich hgp,
vat liéu ZrO»:Bi(Ill)-DC & giai doan tién chat
duoc duoc do gian db phén tich nhiét (Hinh 3).
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Hinh 3. Gian dé phan tich nhiét cia mau
ZrO;:Bi(Ill)-BC
Su giam 31,1% khdi lugng khi nung dén gan
200°C dwoc gan cho qua trinh mat nudc tir



mubi kép
0,9[ZrO(NOs3),-8H,0]0,1[Bi(NOs);-5H,0],
twong tmg v6i do giam 35,9% theo i thuyét.

Su giam 44,9% khi nung dén khoang 350°C
dugc quy két cho sy phan huy mudi nitrat tao
ra oxit ZrO,:Bi(Ill), ing vo6i do giam 54,5%
theo i thuyét.

Gian d cho thiy tir 500°C miu gan nhu khong
thay d6i khdi luwong. Do d6, vat ligu
ZrOy:Bi(III) dugc nung & 600°C dé dam bao
tinh thé on dinh.

b) Anh huéng ciia ti 1é mol giika tong ion kim
logi va ure

Ti 1€ mol giira téng ion kim loai va ure duoc
khdosatdcactile1:5,1:10,1:15val:20.
Otilel
monoclinic, sau d6 pha nay giam dan, dén ti 1¢ 1
: 20 thi chi con pha tetragonal (Hinh 4). Céac pic
tai 30,4°, 35,2° 50,4° va 60,2° dwoc gan cho
cac mit phang phan xa (101), (110), (112) va
(211) [2].
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Hinh 4. Gian d6 XRD cua vdt liéu
ZrO::Bi(lll)-DC voi ti ¢ ure tang tur 1 : 5
dén 1 : 20.

Theo két qua phan tich nhiét, mau ZrO,:Bi(III)-
TN sau qué trinh thiy nhiét dugc tach lay
két tta hidroxit va nung & 600°C, thu duoc
pha tinh thé ZrO, & dang tetragonal (hinh 5).

78

120 4 (101)
1004 ZrO,:Bi(lll)-TN

80

60 (112)

(211)

Cugng d6 tudng doi

404 (110)

20

T T T T T T
20 30 40 50 60 70 80

Goc nhiéu xa 20 (d0)

Hinh 5. Gian do XRD cua vit liéu
ZrO,:Bi(Il)-TN.

Déi voi vat liéu xdic tac quang, cau tric tinh thé
hoan thién s& giam kha ning tai hop dién tir-15
trng (e, h"), 1am tang hiéu sudt phan tng giita
cac trung tam tich dién voi phan tir nudce va oxi
hoa tan, tao cac trung tdm hoat dong nhu 4,
*OH, +O; dé phan huy chit mau. Duéi day 1a
s0 dd tao cac tdm hoat dong trén vat liéu xuc tac
ZrOs [3]:

UV-Vis

70, ——— 710, (h" +¢)
Z10,(e’) + O,—— Z10, + <O,
Zr0,(h") + HLO —— Z1O, + «OH + H'

3.2. X4c dinh céu tric vat liu

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

Trén gian dd XRD cua vat liéu ZrO,:Bi(III)
tong hop dugc chi xuat hién pha tinh thé cta
ZrO,. Diéu nay budc dau cho thdy Bi(Ill) da
thay thé Zr(IV), dong thoi tao 16 tréng O dé
trung hoa dién. Tinh thé ZrO, thuong ton tai
hén hop hai dang thu hinh: monoclinic va
tetragonal [2]. Vat liéu pha tap ZrO,:Bi(III) sau
khi nung & 600°C c6 ciu tric tetragonal, (mg
v6i nhom diém khong gian P4,/nme. Piéu nay
twong dong nhan dinh rang khi tang ti 1¢ pha
tap dat hiém tir 1 dén 5 mol% (ca CeO, va
Er,03) thi dang tetragonal chiém wu thé [1].



Bang 1. Gia tri kich thuoc trung binh (d)
ciia tinh thé ZrO,:Bi(Ill)

Vit liéu B(rad) | 20(°) | d (nm)
ZrOy:Bi(IID)-
0,0377 30,2 6,6
DC b > b
ZrOy:Bi(IlD)-
0,0336 30,0 7.4
TN b b b

Tiép theo, cac nguyén t6 trong thanh phan cua
vat liéu dugc xac dinh béng phép do EDS
(Hinh 6). Két qua thu duoc c6 sy xuit hién tin
hiéu cta cac nguyén tb trong thanh phan cong
thirc du kién va thanh phan gan sat véi ti 18 Zr :
Bi:0=9:1:20 theo li thuyét.
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Hinh 6. Gian do EDS cua vét liéu
ZrO::Bi(Ill)-DC.

Mbt thong sb quan trong anh huéng dén kha
ning xuc tac clia chat xic tic ban dan la do
rong ving cdm, do vy phd hip thu UV-Vis
cua cac vat liéu da duogc ghi lai (Hinh 7).

Két qua trén Hinh 7 cho thdy vat liéu
ZrOx:Bi(IlT)-BC va ZrOx:Bi(Ill)-TN c¢6 budce
song hap thu nam trong ving kha kién (500 va
476 nm). Tir d6, d6 rong ving cAm Eg cua cac
vat liéu trén duoc xac dinh twong tng 1a 2,48
eVva262eV.

Nhu vay, khi pha tap Bi(IIl), d6 rong vung
cAm giam so v&i gia tri khoang 5 eV cua hé
Zr0O; [1].
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Hinh 7. Phé UV-Vis cuia vit liéu ZrO,:Bi(IIl).

Hinh thai b& mat va kich thude hat cua vat lidu
da dugc xac dinh trén anh SEM (Hinh 8).

(b)
Hinh 8. Anh SEM ciia vit liéu ZrO,:Bi(Ill)-PC
(a) va ZrO;:Bi(Ill)-TN (b).

Két qua cho thiy cac hat vat liéu ZrO,:Bi(IIT)
¢6 dang hinh ciu, khuynh huéng két dam, kich
thudc hat khoang 40-50 nm.

Ngoai ra, qua trinh xuc tac di thé xay ra trén bé
mat xuc tac nén phu thudc vao dién tich bé mit



riéng cia chat xuc tic. Két qua Bang 2 cho
thdy, cac vat lidu co gia tri dién tich bé mit
riéng nho, diéu nay phu hop voi khuynh hudng
két dam quan sat duoc trén anh SEM.

Bang 2. Dién tich bé mat riéng cua vdt liéu

Vit liéu Dién tich bé mit riéng
(m’/g)
ZrO,:Bi(IlT)-BC 3,22
ZrO,:Bi(IIT)-TN 4,08

3.3. Hoat tinh xtc tac cia vat liéu
Hoat tinh x0c tac quang cia vat li€u
ZrO:Bi(Ill) dugc khao sat trong phan ung
phén hiy Direct Yellow GX trong khoang thoi
gian tir 0 dén 150 phat. Két qua dugc dua ra ¢

Hinh 9.
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Thai gian xuc tac, phat
Hinh 9. B6 chuyén héa DYG theo thoi gian
trén xuc ZrO;:Bi(Ill).

Két qua & Hinh 9 cho thdy, viéc pha tap Bi(IIT)
da tang cuong kha nang xuc tac cua hé ZrO,
v6i phdm nhuém DYG véi hiéu suit chuyén
hoa dat khoang 70%. Két qua nay twong dwong
khi so sanh vo6i hé BiO3/ZrO, trong xir li
Congo red [4].

4. KET LUAN

Cong thurc cAu tao cia DYG duge mo ta nhu sau:
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Hé vat liéu nano ZrO»:Bi(IlI) da dugc tong hop
bang phuong phap ddt chay va thuy nhiét-
nung, c6 cau trac don pha tetragonal sau khi
nung & 600°C, kich thudc hat trung binh
khoang 40-50 nm.

Céc vat lidu pha tap Bi(IIl) trén nén ZrO, déu
¢6 kha ning xuc tic chuyén hoa gan 70% pham
nhuém DYG sau 150 phut chiéu sang.
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