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Nghién clru kha nang quang xuc tac cua BiNbO,
phan hay metyl da cam dwéi anh sang trong vung kha kién
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Abstract

BiNbO, nanopowders prepared by combustion urea gel method were tested photocatalytic degradation under
visible — light irradiation for methyl orange solution. BiNbO, were synthesized in optimal conditions, such as molar
ratio Bi/Nb/urea = 1/1/6, pH 1, gel is formed after calcination on temperature of 120°C for 4 hours and calcination
temperature from 550 °C to 1050 °C for 2 hours. The prepared samples were characterized by X-Ray diffraction, field
emission scanning electron microscopy, thermal gravimetric and differential thermal analysis and ultraviolet-visible
light spectrophotometry. The effect of calcination temperature on phase formation and methylene orange degradation
were investigated. The result shows that the synthesized BiNbO, for the optimized sample have size that smaller than
70 nm. Also decomposing methyl orange solution illumination for 2 hours at a rate of 0.25 g/l BiNbO, turns liquid were
capacity ~ 99 %. After the 3" time of regeneration the BiNbO, also able to be used by evidence of 97.20 % of removing

methyl orange.
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1. GIOI THIEU

Ngudn nang luong tir &nh sng mat troi da va
dang dugc nghién ctiu sir dung trong nhiéu linh vuc
nhu: san xuat dién ning tr pin nang lugng mat troi,
binh nuéc néng nang lugng mat troi, hay xir ly moi
truong, ... nhung tong nang lugng dugc khai thac va
st dung nay van con rat nho so véi tong nang luong
c4c birc xa mat troi phat ra dén bé mat trai dat.

Véi nganh khoa hoc méi truong, viéc xu ly moi
truong nude dac biét 1la nudc thai dét nhuom dang
duogc nghién cuiu rong rai [1]. Pac biét 1a hudng xir
ly theo phan ung quang xdc tac nham tan dung cac
birc xa mat troi ¢& phan huy cac hop chét hitu co
trong nudc thai. Cac vat li¢u xtc taic quang dang
duoc nghién ciu phan 16n duéi anh sang tir ngoai [2,
3]. Nhung buc Xa t ngoai chi chiém khoang 8%
tong birc xa mat troi, trong do c6 dén 48% la cac buc
xa trong ving kha kién. Vi vay, viéc nghlen ctu cac
vat liéu xac tac quang cod nang lwgng vung cam
trong vung anh sang kha kién 1a rat quan trong nham
tan dung ngu0n nang luong mat troi dong thoi giam
thiéu su 6 nhidm mai trudng nuéc. HEé oxit phic hop
chira bitmut c6 nang lugng ving cam Eg trong
khoang 2,1-2,8 eV [4-8] dang 1a hé vat licu maoi
duoc nghién ctu rong rai trong linh vuc xa ly pham
mau.

Nghién ctu nay tong vat liéu BiNbO, bang
phuong phap d6t chay gel uré va danh gia kha ning
xuc tac quang cua chdng véi dung dich metyl da
cam dusi tac dung cua anh sang trong vung kha
kien.

2. THUC NGHIEM
2.1. Hoéa chit va thiét bi

Cac hda chit dugc str dung gdm Bi(NO3)3.5H,0,
(NH,)sNbO(C,0.,)s, axit nitric HNOs, uré déu c6 do
sach phan tich.

Dung dich lam viéc metyl da cam (MO) duoc
pha tir dung dich chuan MO 1000 ppm va dung dich
H,0, 30% c6 do sach phan tich.

May khuay tir gia nhiét IRE (Y), ti siy M400
(Puc), 16 nung S 4800 (My), hé thiét bi quang xdc
tac Ace photochemical U.V power supplies &
mercury vapor lamps (M¥).

2.2. Tong hep vat ligu

Hoa tan mot luwong Ure trong nudc ¢ nhiét do 80
°C, sau d6 nho tur tur cac dung dich Bi(NO3); va
(NH,;)3sNbO(C,04)3 vao vaéi ti 16 mol kim loai trén
ure = 1/1/6, hé c6 pH = 1. Khudy déu trén may
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khudy tir trong 2 gio hé gel BiNbO, duoc hinh
thanh. Gel dugc mang siy trong 4 gid & 120 °C va
dem nung & cac nhiét d6 thu duoc cac mau vat lidu
twong tng.

2.3. Cac phwong phap nghién ciru

Céc tinh chat cua vat liéu BiNbO, duoc xéac dinh
bang cac phuwong phap sau:

- Phuong phap phan tich nhiét vi sai TG-
DTA/DSC trén thiét bi Labsys Evo cua hing
Setaram (Phap).

- Phuong phap nhiéu xa tia X (XRD) dung dé
xac dinh thanh phan pha cia mau vat liéu dugc do
trén may Siemens D-5000 (buc) vai buc xa CuK,
Véi bude song A = 1,5406 A.

- Xac dinh vi hinh thai hoc bé mat cia mau bang
phuong phap kinh hién vi dién tir quét SEM trén
méy S-4800 Hitachi (Nhat Ban)

Kha niang quang xtic tac cta vat liéu duoc tién
hanh trén hé thiét bi quang xuc tac My (dén phét dnh
sang mercury vapor lamps) c6 budc song dugc mod
phong theo anh sang mat troi trong vung tie ngoai (A
> 280 nm) va kha kién. Pén c6 cong suat 450 W,
220 V. Khoang cach tir tam dén dén bé mat dung
dich d (cm) c6 thé thay d6i, dung tich binh phan ng
500 ml. Hé thiét bi duoc 1am mat bang hé thdng
nudc 1am mat tuan hoan va duoc dat trong mot tu
kin. Mot s yéu té anh huong dén kha ning quang
XUc tac cua vat liéu nhu thoi gian, nhiét @6 nung vat
liéu dugc nghién cau va khao sat kha nang tai su
dung vat liéu.

Quy trinh danh gia nhu sau: cho vat liéu va dung
dich pham mau véi ti 1& (g/l) nhét dinh vao hé thiét
bi quang xuc tac, chiéu sang trong thoi gian nhat
dinh va cach mot khoang thoi gian At dung dich
duge xac dinh lai ndng d6 bang phuong phép tric
quang so mau. Trong qua trinh thuc nghiém thay doi
mot s6 diéu kién thi nghiém (vat liéu, ndng do dung
dich pham mau, anh sang...) dé nghién cuu anh
huong cua ching téi kha nang quang xtc tac cua vat
liéu.

- Nong dd dung dich MO duoc xac dinh bang
phuong phap tric quang so mau trén may UV-Vis
Shimazu (Nhat Ban) ¢ budc song A = 464 nm.

- Kha nang quang xuc tac phan huy MO cua vat
lieu BiNbO, dugc danh gia boi hiéu suat phan hiy
duoc tinh nhu sau:

Co-Cs
— x100%
C

0

H (%) =

Trong do:
H 1a hiéu suit phan hay MO cua vat liéu (%);
Cy la ndng d¢ ban dau ciia MO (ppm);
C: la nong do sau phan tng ciia MO (ppm).

Dao Ngoc Nhiém va céng su
3. KET QUA VA THAO LUAN

3.1. Anh hwéng caa nhiét dd nung téi sw hinh
thanh pha cia BiNbO,

Gel sau khi ché tao nhu phan 2.2 dugc mang do
phan tich nhiét trén trén may Setaram (Phap) ¢ diéu
kién: toc do gia nhiét 10 °C/phut trong mdi trudng
khéng khi tir nhiét d6 phong dén 900 °C. Két qua
phan tich nhiét vi sai caa mau gel vat liéu BiNbO,
dugc ghi lai ¢ hinh 1.
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Hinh 1: Gian d6 phan tich nhiét caa mau gel BiNbO,

Ttr gian dd phan tich nhiét hinh 1 c6 thé thay: co
3 hiéu ung mat khdi luong tuong wng véi 3 hiéu ang
nhiét. Cac hiéu &ng nhiét déu la hiéu ung toa nhiét,
c6 thé gan cho cac phan ung dbt chay cac phan tir
hitu co trong gel BiNbO,. Tt nhiét d6 > 550 °C thi
khong con hiéu tng nhiét va khéi luong mau khong
dbi. Vi vay, hiéu ung toa nhiét & 564 °C c6 thé la
nhiét chuyén pha hinh thanh tinh thé cua vat liéu
BiNbO,.

Dé xac dinh sy ton tai cac pha trong vat lidu
BNO chang t6i su dung phuong phap XRD vdéi cac
vat liéu BiNbO, duoc nung ¢ nhiét d6 khac nhau
550, 750, 850, 950 va 1050 °C trong 2 gio. Két qua
XRD dugc ghi lai trong hinh 2.
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Hinh 2: Gian d& XRD ciia cic mau BiNbO, duoc
nung ¢ nhiét d6 khac nhau: (a) 550 °C, (b) 750 °C,
(c) 850 °C, (d) 950 °C, (e) 1050 °C
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Tir gian @6 XRD cua cac mau vat liéu cho thay,
& nhiét @6 nung 550 °C vat liéu van con ton tai ¢
dang vo dinh hinh chi c6 mot phan nho da tao thanh
tinh thé dang a-BiNbO,. Chung to hiéu ung toa nhiét
& nhiét @6 ~ 564 °C (hinh 1) &ng véi nhiét chuyén
pha tao tinh thé BiNbO, cia mau gel BiNbO, la phu
hop. O nhiét &6 nung 750 °C va 850 °C thi tin hiéu
dic trung cho pha tinh thé dang a-BiNbO, di hinh
thanh rd rang va cuong do Ion hon. Khi nang nhiét
d6 18n 950 °C két qua phan tich XRD cho thy ngoai
pha két tinh tinh thé a-BiNbO, con c6 xuét hién cac
tin hiéu dic trung cho pha tinh thé dang B-BiNbO,
va ¢ nhiét @6 nung 1050 °C thi mau thu dugc 14 pha
két tinh tinh thé dang B-BiNbO,. Tir nghién ctu chi
ra rang nhiét dé nung anh huong rat 16n vao su hinh
thanh pha két tinh tinh thé cua vat liéu BiNbO,. Két
qua nghién ctru nay tuong tu nhu két qua cong bd
ctiia H.-F. Zhai va cong su [8]. Dé thu duoc don pha
a-BiNbO, miu can nung tir 750 dén 850 °C con dé
thu dugc hén hop pha a-BiNbO, va p-BiNbO, mau
can nung & 950 °C va khi nung ¢ 1050 °C thi mau
thu dugc la pha B-BiNbO,.

Mau vat liéu o-BiNbO, nung & 850 °C trong 2
gio duge dem phan tich vi hinh thai hoc trén may S-
4800 Hitachi. Két qua vi hinh thai cua mau vat liéu
a-BiNbO, dugc biéu dién & hinh 3.

Hinh 3: Anh FE-SEM cua vt liéu BiNbO, nung &
nhiét d6 850 °C trong 2 gio

Tir két qua vi hinh thai hoc (hinh 3) cua vat ligu
BiNbO, cho thiy, miu BiNbO, duoc ché tao bang
phuong phap dét chay gel ure c¢é kich thudc tuong
dbi dong déu < 70 nm.

3.2. Kha niang quang xic tac cia vat lieu BiNbO,

Kha nang quang xuc tac cua vat li¢u duoc
nghién ctu véi dung dich metyl da cam dudi anh
sang trong ving kha kién. Can 0,25 g vat liéu
BiNbO, cho vao 100 ml dung dich MO 5 ppm véi sy
c6 mat cua 0,1 ppm H,0, trong hé quang xUc tac.
Trudéc khi phan ¢ng quang dién ra, vat liéu dugc tién
hanh thir d4nh gia kha nang hap phu trong dung dich
MO. Cur sau 1 gid, dung dich duoc xac dinh lai néng

Nghién ciu khd nang quang xiic tdc cua...

d6 va cho dén khi nong do dung dich trong h¢ khong
thay doi chung to vat lieu khéng con kha nang hap
phu ddi voi metyl da cam thi dem dénh gia kha ning
quang xUc tac cua chang.

Kha nang quang xuc tac phan huy MO cua vat
liéu BiNbO, theo thoi gian dugc thi nghiém va danh
gia nhu & phan 2.3 két qua nghién ctru dwoc phan
tich, tinh toan va biéu dién & hinh 4. Tir két qua thi
nghiém cho thay hiéu suat quang xUc tac cua vat liéu
giam dan theo thoi gian, hiéu xuat quang xdc tac 16n
nhat trong 15 phut dau sau khi chiéu sang va sau 1
gio chiéu sang hiéu suat phan hay da dat 80 % va dat
gia tri ~ 99 % sau 120 phut chiéu sang.
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Hinh 4: Phd UV-Vis ctia cac mau MO sau khi quang
phéan huy vai vat liéu BiNbO, nung ¢ 850 °C trong
2 gio voi thoi gian khac nhau
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Hinh 5: Anh huéng nhiét d6 nung dén kha nang
quang xuc tac cua vat li¢u BiNbO,

Anh huong cia nhiét d6 nung dén kha ning
quang xUc tac caa hé vat liéu BiNbO, dugc nghién
clru Vai cac thi nghiém twong ty nhu trén. Két qua
nghién cau dugc tinh toan va biéu dién trén hinh 5.
Tir d6 thi biéu dién anh huong cua nhiét do nung dén
kha nang quang xdc tac cua vat liéu (hinh 5) cho
thiy, nhiét d6 nung gel anh huong rat 16n d&én hiéu
suit quang xuc tac phan bay MO. Vat liéu BiNbO,
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duoc nung ¢ 550 °C ¢6 hiéu suat phan hiy MO thap
nhat 59,67 % va cao nhat di vai vat liéu BNO duoc
nung & 850 va 1050 °C (hiéu suat ~ 99 %). Khi
nhiét d6 nung tang thi cau tric vat ligu thay doi tir
dang a-BiNbO, sang B-BiNbO,. Khi tang nhiét do
nung mau BNO tir 550 °C dén 1050 °C thi hiéu suat
phan huy MO ciing ting lan luot tir 59,67 % dén
99,45 %. Anh huéng cua hinh thai cdu trac dén qua
trinh phan hay MO 1a mét diéu kha tha vi s& duogc
nghién ctu mot cach hé thong ty my & cong trinh
sau.

3.3. Kha nang tai str dung cia vat liu

Pé danh gia kha ning st dung lai cua vat lidu
a-BiNbO, nung & 850 °C trong 2 gid duoc tién hanh
tuwong ty nhu trén véi dung dich MO 5 ppm (khdng
thu hoi va xtr ly vat liéu). Két qua thi nghiém duoc
phan tich, tinh toan va biéu dién & hinh 6. Hinh 6
cho thdy, sau 3 lan sir dung lai hiéu suat phan hay
dung dich metyl da cam cua vat liéu dudi anh sang
kha kién giam khong dang ké ( tir 98,85 % sau 3 lan
tai st dung hiéu suat phan hay MO cua vat liéu H >
97,2 %). Chung to, cd thé sir dung vat lidu nhiéu lan
ma hiéu suat xdc tac cua vat liéu van khong giam
mac du vat liéu khong duoc thu hdi va xir ly.
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Hinh 6: Kha nang tai st dung cua vat liéu BiNbO,
nung & nhiét do 850 °C trong 2 gio

4. KET LUAN

Vit liéu a-BiNbO, duogc tdng hop bing phuong
phap d6t chay gel ure & cac diéu kién thi nghiém
nhu: ti ¢ mol Bi/Nb/uré = 1/1/6, pH = 1, gel sau khi
dugc sdy & 120 °C trong 4 gio va dem nung & 850

Lién h¢: Pao Ngoc Nhiém
Vién Khoa hoc vit liéu

Dao Ngoc Nhiém va céng su

°C trong 2 gio ¢ kich thuéc dong déu < 70 nm
(FE-SEM).

Kha nang quang xuc tac cua vat liéu a-BiNbO,
nung ¢ 850 °C trong 2 gio vai dung dich metyl da
cam dudi bic xa kha kién cho két qua tét voi hiéu
suat phan hay MO dat 99 % sau 2 gio chiéu séang.
Kha ning tai sir dung cua vat liéu sau 3 lan c6 hiéu
sut phan hay MO > 97 %.

Loi cam on. Nghién ciu ndy dwgc Quy phét trién
Khoa hoc va Cong nghé quoc gia (NAFOSTED)
thudc dé tai ma so 103.02-2013.12 tai tro.
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