HNUE JOURNAL OF SCIENCE DOI: 10.18173/2354-1059.2019-0005
Natural Sciences 2019, Volume 64, Issue 3, pp. 45-52
This paper is available online at http://stdb.hnue.edu.vn

ANH HUONG SU PHA TAP Fe LEN KHA NANG QUANG XUC TAC
CUA VAT LIEU Bi,WO; CHE TAO BANG PHUONG PHAP THUY NHIET

Nguyén Pang Phu, Pham Vian Hai, Pham D Chung va Luc Huy Hoang
Khoa Vat li, Truerong Pai hoc Su Pham Ha Ngi

Tém tit. Vat lidu Bi,WOg pha tap Fe véi cac ti 1¢ 0,5, 1,0, 1,5, 2,0, 2,5% da duoc ché tao
thanh cong bang phuong phap thily nhiét. Hinh thai hoc, cu trac tinh thé, cdu trac dién tir va
dic trung quang hoc cta cac mau di dwgc khio sat qua cac phép do nhiéu xa tia X (XRD),
hién vi dién tr quét (SEM), phd hap thy (Uv-VIS -DRS), phé quang huynh quang (PL) va pho
huynh quang tia X (XPS). Thong tin vé sy thay the cua ion Fe3+ vao vi tri Bi®* trong tinh thé
Bi,WOg dd dugc x4c dinh. Su thay thé cta ion Fe** vao vi tri Bi** khong lam thay dbi cAu tric
orthrombic ctia tinh thé Bi, WO, tuy nhién lam thay d6i do rong ciia ving cAm quang va kha
nang quang xuc tac trong ving anh sang nhin thdy cua vat liéu. Mau Bi,WOs pha tap 1,5% Fe
c6 kha nang quang xc tac phan huy 97% RhB trong 180 dudi tac dung cua nh sang trong
ving nhin thdy. Su ting cuong kha nang quang xuic tac cua vat liéu Bi,WOs pha tap Fe duoc
giai thich do sy suy giam téc do tai hop dién tir - 15 tréng.

Tir khoa: Bismuth tungstate oxide, quang x1c tac, thuy nhiét.

1. Mé dau

Vit liéu Bi,WOgduoc céc nha khoa hoc quan tdm nghién ctu trong thoi gian gan day do c¢6 cac
dic trung dién, sit dién 1i tha, co do bén hda hoc cao va dic biét 1a c6 kha ning quang xiic tac phan
hity mot s6 chat doc hai trong méi trudng dudi tac dung cua anh sang nhin thay [1-3]. Tuy nhién, mot
s6 két qua nghién ctu cho thdy, hiéu suat quang xdc tac cua vat liéu Bi,WOg chua cao va mot trong
nhirng nguyén nhan quan trong dugc cho la do téc do tai hop 15 tréng dién tir cao trong qué trinh
quang xuc tac [4, 5]. Dé khic phuc duoc han ché ndy, cac nha khoa hoc sir dung nhiéu phuong phap
khéc nhau dé bién tinh vat liéu Bi;WOg. Mét sb két qua nghién cau cho thdy, kha ning quang xdc tac
cua Bi;,WOs da dugc cai thién khi pha tap mot sb nguyén t6 nhu Ag [2], Iot [6], sulfur [7] Nito [8],
cécbon [9], molibden [10]. Bén cach d6, mét sé cong b gan day da ching t6 viéc pha tap Fe vao TiO,
[11-13], BiOCI [14], SnO, [15], CeO, [16] da lam ting cudng dang ké kha ning quang xiic tic clia CAC
vat liéu nay.

Gan day, ching toi da sir dung phuong phap hoa don gian dé ché tao thanh cong céc vat liu
quang xuc tac nhu Bi;,WOg, BiVO,, MnWO, va Bi,Sn,0; [3, 17, 18, 19]. Trong bai bao nay,
ching t6i tiép tuc nghién ctru ché tao vat liéu Bi,WOs pha tap Fe bang phuong phap thiy nhiét.
Mau Bi,WOs pha tap Fe c6 kha ning quang xuc tac phan hily RhB dudi tdc dung cua anh sang
trong vuing nhin thy tt hon mau khong pha tap. Co ché ting cuong kha ning quang xtic tic cua
vat liéu Bi;WOg pha tap Fe ciing duoc thao luan chi tiét & day.
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2. No¢i dung nghién ctru
2.1. Thuc nghiém

Vit liéu Bi,WOs pha tap Fe dugc ché tao bang phuong phap thuy nhiét. Dau tién, 2,5 mmol
Na,W0,.2H,0 dugc hoa vao trong 100 ml nudc cat 2 lan va khudy déu ¢ nhiét do phong. Sau do,
dung dich Bi(NO3); véi ndng d6 5 mmol duoc tron vao dung dich trén. Mot phan Bi(NOs); duoc
thay thé bang Fe(NO3); theo tinh toan sao cho ti phan mol gitra Fe** va Bi** dat 0%, 0,5%, 1,0%,
1,5%, 2,0%, 2,5%. Hon hop dung dich nay tiép tuc duoc khudy tir trong 30 phat ¢ nhiét do phong
trude khi dugc cho vao binh thiy nhiét Teflon dat trong 18i thép. Binh thay nhiét sau d6 duoc gia
nhiét 1&n 180 °C va gitr ¢b dinh tai nhiét do nay trong 12 gio. Sau khi dé ngudi xudng nhiét do
phong, mau bot duoc tach ra khoi hon hop bang may i tim. Mau thu dugc sau d6 duoc ria véi
nudc cat 4 1an roi say kho tai nhiét & 70 °C trong 24h.

Céu trdc tinh thé cia cac mau dwoc phan tich trén hé do nhidu xa ké tia X (Bruker D5005) tai
nhiét @6 phong, hinh thai hoc cua vat liéu duoc phan tich trén kinh hién vi dién tir quét (SEM,
S4800-Hitachi), tinh chat quang cua vat liéu khao sat trén hé do hap thu Jasco V670 véi dai budc
s6ng tir 200 nm dén 800 nm, phép do phd huynh quang duoc thyc hién trén Hé do FluoroMax 4 -
Horiba véi ngudn kich laser He—Cd budc song 325 nm. Phép do quang dién tir tia X duoc thuc
hién trén hé ULVAC-PHI sir dung nguon tia X Al-Ka dé xac nhan su ¢6 mit ciing nhu héa tri cia
nguyén t6 trong tinh thé.

Kha ning quang xuc tic cia hé vat liéu dudi tic dung cua anh sang trong vung nhin thay
dugc danh gia thong qua kha nang phan huy Rhodamine B (RhB). Trong thi nghiém nay, nguén
sang 1a dén xenon véi cong suat 300 W cting kinh loc dé chin cac budc song dudi 400 nm. Trong
mdi thi nghiém vé quang x(c tac, mot lugng 0,1 gam Bi,WOs pha tap Fe duoc hda vao dung dich
RhB véi ndng d6 10 ppm. Dung dich nay dwoc khudy déu trong 1h trong diéu kién bong téi dé dat
dd hap phu bdo hoa RhB trén bé mat cua vat liéu. Dung dich sau d6 duoc chiéu sang, sau mdi
khoang thai gian 30 phat, 5 ml dung dich duoc Iy ra va quay li tam loai dé bo chit quang xuc tac.
Nong do dung dich RhB con lai trong dung dich dwoc tinh tuong dbi tir cuong do dinh phd hap
thu dac trung cho RhB tai 554 nm.

2.2. Két qua va thio luin

Hinh 1 trinh bay gian d6 nhiéu xa tia X cua hé vat liéu Bi,WOg pha tap Fe. Gian d6 nhiu xa
tia X cua mau Bi,WOs xuit hién 5 dinh nhidu xa tai cac vi tri goc 20 la 28,3°, 32,7°, 47,1°, 55,9°,
58,5° va 68,8°. Bdi chiéu vai dir ligu tir the chuan JCPDS 39-0256, cac dinh nhidu xa trén theo thir
tu twong ung voi cac ho mat phang mang: (131), (002), (202), (133), (262), (004) cua Bi,WOs V6i
cau trac orthorhombic. Gidn dd nhidu xa cua cac mau Bi,WOg¢ pha tap Fe véi cac nong d6 khac
nhau van xuit hién 5 dinh nhidu xa tuong tu nhu mau khong pha tap Fe. Tuy nhién, cé thé quan
sat thay trén Hinh chén trong Hinh 1, khi dwgc pha tap Fe, dinh nhiéu xa bj léch Vé phia goc 20
I6m, do léch tang khi ndng d6 pha tap Fe ting. Su léch dinh nhidu xa vé phia goc 26 16n dong
nghia vdi su ting 1én cua hing sé mang tinh thé. Pay 1a mét bang ching vé su thay thé cua Fe®*
cho Bi** trong tinh thé Bi,WOs. Mic du ban kinh ion cua Fe** nho hon Bi** tuy nhién, khi Fe**
thay thé cho vi tri Bi** d¢ dai lién két Fe-O (1,964 A) I6n hon so voi do dai lién két W-O (1,933 A)
lam cho céac Fe® khdng nam & vi tri trung tm ma bi léch vé phia oxi trong 16p Bi,0,, két qua la
gay ra hién trong méo mang lam cho hing sb mang ting 1én [20].

Dé tim hiéu chi tiét hon trang thai dién tir cua cac ion trong tinh thé Bi,WOs:Fe, phép pho ké
quang dién tir tia X (XPS) cho mau Bi,WOQq:1,5% Fe duoc thuc hién. Két qua dugc trinh bay trén
Hinh 2.
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Hinh 2. Phé quang di¢n tir tia X ciia mdu Bi,WOg pha tap 1,5% Fe

Két qua thu duoc trén Hinh 2 cho thiy, pho XPS xuat hién cac dinh c6 niang luong lién két
164,3 va 159,0 eV tuong (ng voi obital Bi4f7/2 va Bi4f5/2 cua ion Bi** véi muc ning luong lién
két 164,3 va 159,0 eV. Céc dinh tai 35,8 va 38,0 eV theo thir tu 1a cic niang luong lién két cua
WA4f5/2 va WA4F7/2 trong trang thai (WO4)* cua tinh thé Bi,WOs. Dinh tai vi tri 530 eV 1a dic
trung cho niang lugng lién két O2p cia 6 xi. Pac biét, trén phd XPS ¢6 xuat hién cac dinh c6 ning
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lugng lién két tai 723,5 va 710,4 eV twong tng voi obital Fe2pl/2 va Fe2p2/3 cia Fe®. Két qua
nay cung cap thém biang chitng cho thiy sy ton tai cua Fe** trong tinh thé Bi,WOe.

(a) SFFONY o (b) oy (c)

2um 2um
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Hinh 3. Anh SEM ciia cic miu Bi, WO, pha tap (a) 0%, (b) 0,5%,(c) 1,0%, 1,5%, 2,0%, 2,5% Fe

Anh SEM cua vat lieu Bi,WOs pha tap Fe duoc trinh bay trén Hinh 3 cho ;héy,, cac mau co
hinh thai hoc giong nhau gom cac phien nhoé véi kich thudc vai chuc nm tyu sap xep trong qua
trinh thay nhiét dé tao thanh cac cau tric cé dang bong hoa c6 kich thuoc ¢ 1-2 micromet. Ket
qua thu dugc cling cho thay, viéc pha tap Fe khdng anh hudng dén hinh thai hoc cua vat liéu

Bi,WOQs.
Pho hap thu va pho chuyén d6i Kubela - Munk ciia vat liéu Bi,WOs pha tap Fe duoc trinh bay

trén Hinh 4.
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Hinh 4. (a) Phé hdp thu va (b) phé chuyén doi Kubela — Munk méu Bi,WOg pha tap 0%,
0,5%, 1,0%, 1,5%, 2,0%, 2,5% Fe

Két qua chi ra rang, phd hip thu cua tit ca cac mau déu c6 bd hip thu nam trong ving énh
sang nhin thiy. Mau Bi,WOg tinh khiét c6 b hap thu trong viing 400 dén 450 nm twong (ng Voi
d6 rong viing cam quang 2,76 eV, c6 ngudn gbc su chuyén doi tir viing hoa tri duge dong gop chu
yéu bai céc obital Biés va O2p 1én viing dan dugc dong gop boi W5d. Khi duoc pha tap Fe, phd
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hap thu ciia cac mau Bi,WOs bi dich vé phia budc song I6n thé hién kha nang hap thu anh sang
trong viing nhin thay so véi vat liéu Bi,WOg khong pha tap.

Kha ning quang xuc tac ciia hé mau Bi,WOs pha tap Fe duoc danh gia thong qua kha néng
phan huy RhB duéi tc dung caa anh sang nhin thay. Nong d¢6 RhB con lai trong dung dich dugc
danh gia qua cuong d6 dinh hap thu dic trung ctia RhB tai 554 nm. Két qua_ Vvé sy suy giam nong
do RhB trong dung dich theo thoi gian do hiéu ting quang xuc tac cua cac mau Bi,WOs pha tap Fe
Vi cac ndng do khac nhau duoc trinh bay trén Hinh 5(a).
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Hinh 5. a) Sur suy gi@m néng dp RhB theo thoi gian duwdi tic dung quang xUc tac ciia cac mau
Bi,WOs pha tap Fe vdi cac nong dé khdc nhau (b) Duong djpng hec quang xuc tac
theo md hinh Langmuir - Hinshelwood cia cac mau Bi, WO, pha tap Fe

Két qua thu duoc trén Hinh 5(a) cho thiy, mau Bi,WOg c6 kha ning quang xuc tac phan hiy
dugc 65% RhB trong dung dich sau 180°. Cac mau Bi,WOs pha tap Fe dén 2% déu c6 kha ning
quang xuc tac tét hon mau khdng pha tap, trong d6 miu Bi,WOg pha tap 1, 5% Fe c6 kha nang
quang xuc tac manh nhat khi phan hay dugc 97% RhB sau 180°. Tuy nhién mau Bi,WOs pha tap
2,5% Fe c6 kha ndng quang xtic tac kém hon so véi mau tinh khiét. Dé danh gia toan dién hon vé
kha ning quang xuc tac ctia hé mau nay chdng toi st dung mo hinh dong hoc Langmuir —
Hinshelwood theo phuong trinh In(C0/C) = kt, trong d6 Co 1a ndng dé RhB ban dau, C & ndng
d6 RhB sau 30 pht, k 1a hiang s6 téc d6 phan hay RhB dugc xac dinh bang d6 doc caa do thi, t la
thoi gian. Két qua duoc trinh bay trén Hinh 5(b) cho thay, téc d6 phan hay k caa cac mau Bi,WOs
pha tap Fe véi ndng do 0, 0,5%, 1,0%, 1,5%, 2,0%, 2,5% theo thi tu 12 13 0,0052, 0,0066, 0,0078,
0,0128, 0,0064, 0,0037 mg/phut. C6 thé thay, téc do phan hiy quang xdc tAc ciia ciia mau pha tap
1,5% Fe la cao nhat, manh gap 2,5 lan tc do phan hily cia mau Bi,WOs tinh khiét.

Két qua nghién ctu ¢ trén cho théy, cac mau Bi,WOs pha tap Fe c6 hinh thai hoc it thay ddi
va déu c6 kha ning hap thu tot anh sang trong viing nhin thay tot hon Bi,WOs tinh khiét.
Tuy nhién, mau Bi,WOs pha tap 2,5% Fe lai c6 kha ning quang xuc tac thap hon ca mau khong
pha tap. Nhu vy, co ché tang cuong quang xUc tac cua vat lieu khi pha tap Fe c6 thé duoc dong
gop tir nguyén nhan khéc, cé thé 1a tc do tai hop dién tir 16 tréng cua vat liéu.

Ta biét ring, nong do dién tir va I3 trong Ia yéu to quan trong dnh huong dén higu suét cua
phan tng quang Xuc tac. Cu thé, néu nong do dién tir hoac 15 trong trong mau ban din cang I6n thi
hiéu suat caa phan wng x{c tac cang cao. Tuy nhién, dién tir va 15 tréng trong ban dan luén c6 xu
huéng két hop véi nhau dong thoi gidi phong ra ndng luong dudi dang photon anh sang - tic tin
hiéu huynh quang. Do d6 dé tim hiéu co ché ting cuong kha ndng quang xuc tac cua hé vat liéu t6
hop ching t6i thuc hién phép do phd huynh quang cua cac mau. Vé nguyén tic, cudong do cua tin
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hiéu huynh quang Ién chi ra téc do tai hop cua cap dién ta-16 tréng xay ra nhanh. Trong Hinh 6,
ching t6i trinh bay két qua phép d6 phd huynh quang caa cac mau Bi,WOg tinh khiét va pha tap.

Két qua cho thay, mau Bi,WOQg tinh khiét c6 ving phét xa huynh quang trong ving budc
song tir 380 nm dén 600 nm Vi cuong do dinh 16n nhét tai 500 - 520 nm phi hop chuyén doi phat
xa viing dan dén vang héa tri cua ban dan Bi;WOs [21]. Cac miu Bi,WOQ pha tap Fe ciing c6 dai
phét xa nam trong ving nay nhung c6 cudng do thay doi khi nong d¢ pha tap thay doi. Mau pha
tap 1,5% Fe c¢6 cudng d6 dinh huynh quang thap nhat, mau pha tap 2,5% Fe c6 cuong do huynh
guang manh nhat. So sénh vai toc d6 phan huy quang xic tac ciia cac mau trong Hinh 5, ching toi
thiy c6 su phil hop gitra cuong do huynh quang voi kha nang quang xtc tac. Cu thé mau mau pha
tap Fe 1.5% c6 c6 cuong do huynh quang thap ddng thoi cling 12 mau o hiéu suat quang Xac tac
tot nhat. Két qua nay chi ra rang yéu tb quyet dinh dén phan ¢ng quang xUc tac cua ban dan
Bi,WOs pha Fe la do téc d6 tai hop dién tu-15 trong.

600

Cuong d¢ huynh quang (d.v.t.y)
S
(=]

400 500 600 700
Buéce séng (nm)

Hinh 6. Phé huynh quang ¢ buréc séng kich thich 325 nm cia cac méu
Bi,WOg pha tap Fe védi cac nong dg khac nhau

3. Kétluin

Vit liéu Bi,WOs pha tap Fe véi cac ndng d6 0, 0,5, 1,0, 1,5, 2,0, 2,5% dé dwoc ché tao thanh
cbng bang phuo‘ng phap thay nhiét. Thu dugc céc bang chang cho thay khi dugc pha tap, ion Fe®*
da thay thé cho Bi** trong tinh thé Bi,WOQg. Cac mau ché tao dugc déu cd kha ning phan huy RhB
dudi téc dung cua 4nh séng trong ving nhin thay. Mau Bi,WOg pha tap 1,5% Fe c6 kha ning
guang xuc tac manh nhat phan hiy dugc 97% RhB trong dung dich sau 180°. Nguyén nhan ting
cuong kha ning quang xtic tic ctia cdc mau Bi,WOs pha tap Fe dugc danh gia c6 sy dong gop
quan trong caa tbc do tai hop 16 tréng- dién tir thap cua vat lidu.

Loi cdm on. Nghién ctru nay duoc tai trg bsi Quy Phat trien Khoa hoc va Cong ngh¢ Quéc gia
(NAFOSTED) trong dé tai ma s6 “103.02-2016.21”.
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ABSTRACT

Photocatalytic properties of Fe-doped Bi,WOQOgs nanoparticles
were prepared using hydrothermal method

Nguyen Dang Phu, Pham Van Hai, Pham Do Chung and Luc Huy Hoang
Faculty of Physics, Hanoi National University of Education
Different contents of Fe loaded in Bi,WOg nanopowders were synthesized using
hydrothermal method. The physical properties of the products were characterized in detail using
XRD, SEM, XPS, UV-VIS DRS and PL spectroscopy techniques. The successful incorporation of
Fe* ions into Bi,WOs. was observed, producing a lattice distortion of Bi,WQs. The results
showed that Fe doping had great influences on the photocatalytic efficiency of Bi,WOg
nanoparticles. The Bi,WOs:1.5% Fe sample exhibited the best photocatalytic activity in
photodegradation of RhB under visible light irradiation. The enhanced photocatalytic activity of
the Fe loaded in Bi,WOs nanopowders was mainly caused by the efficient separation of electron
and hole pairs.
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