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SUMMARY

STUDY STRUCTURE CHARACTERISTICS AND THE PHOTOCATALYTIC
ACTIVITIES DEGRADATION OF PHENOL ON BiOCly;sBros MATERIAL

BiOCly.sBro.s nanoparticles have been prepared by solid phase reaction method in a humid environment
with varying contents of Bi(NO3)3.5H20, KCI and KBr with the initial mol ratio 1.0: 0.5:0.5. X-Ray
diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray (EDS), Raman
spectroscopy, and UV-Vis DRS were used to analyze the properties of materials, including their
morphology, crystal structure, and element distribution. Meanwhile, the XRD plot of the sample
BiOClo.5sBros shows that the diffraction peaks are slightly shifted towards a wider 28 angle than that of
BiOBy. This is explained by the deformation of the crystal structure when chloride is involved in the
lattice, which is beneficial for the efficient generation and separation of electron-hole pairs. In
addition, we evaluated the photocatalytic activity of BiOClosBros on the degradation of phenol under
visible light irradiation and found that the composite material (conversion of 99.11%,) exhibited a
higher photocatalytic activity than single BiOCI (conversion of 11,39%) and BiOBr (conversion of
24.02%) after 90 minutes of illumination.
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1. GIOI THIEU hoan toan cac chit gdy 6 nhiém doc hai ra khoi
Ky thuat xtr Iy nuéc 6 nhiém nhu thAm thiu nuée 1a nhu cau cép thiét [2]. Quang xuc tac
nguoc, loc, hép phu, léng, su dung hoa chét va duoc biét dén nhu 1a mot qua trinh hoa hoc
cac phuong phap xur ly sinh hoc, mang loc, ... xanh, hira hen mang lai dugc phuong phap méi
dd dwoc st dung rong rai dé loai bo chat 6 dé loai bo hoan toan cac hoa chat doc hai giy 6
nhiém trong méi truong nude. Tuy nhién, hi¢u nhiém nudc [3]. Véi su tién bo vuot bac vé
qua ctia cac ky thuat nay van chua dap ung du cong nghé nano, mot sd chét ban dan kich
dé xir Iy nuéc thai bao gdbm cac chat giy 6 thuéc nano nhu cac oxide kim loai, hop chat
nhiém khac nhau, dic biét 13 cac chét hitu co sulfide (Bi203, Fe20s, ZnO, TiO, CdS, ...) da
doc hai bén viing nhu dugc phém, thude trix duoc téng hop va st dung lam chit xtc tac
sau, thudc nhudm, ... [1]. Do do, viéc tim kiém quang dé xir 1y chit 6 nhiém trong méi trudong
va phat trién cac ky thuat moi dé co thé loai bo nuéce [4], [5] . Tuy nhién, hau hét cac chit ban
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dan dwoc nghién ciru tmg dung lam chat xiic
tac quang déu c6 nhing nhuoc diém nhu do
bén co, li, hoa thap nén co thé gay 6 nhiém thir
cép hodc phuong phap diéu ché sir dung nhiéu
nang luong, quy trinh tién hanh phtc tap, st
dung thém céac hoa chét khac, ...s& lang phi va
gy 6 nhiém moi truong.

Trong nhing nim gan ddy, cac hop chat
bismuth oxyhalide BiOX (X = F, Cl, Br, I)
dugc phat hién 1a nhitng chat ban din c6 ning
lwong ving cdm phu hop cho viéc ung dung
lam chat xtic tic quang dé phan huy cac chat
hitu co gay 6 nhiém nuédc. Vat lidu ndy co
nhiéu lgi thé nhu dién tich bé mit riéng 16n,
hinh thai ciu truc doc ddo, phuong phép tong
hop don gian [6].

Nghién ctru nay da st dung phuong phap phan
mg pha ran trong méi truong am [2], [7], [8]
dé tong hop vat lidu BiO(CI/Br) c6 hoat tinh
xic tac quang cao nham dé phan huy phenol
trong mdi truong nudc dudi vung anh sang kha
kién.

2. THUC NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1. Héa chit

Céc hoa chat dugc sir dung c6 xuét xi tir hing
Sigma Aldrich bao gdm: Bismuth nitrate

pentahydrate (Bi(NOs3)3-5H20, 98%),
potassium chloride (KCl, >99%), potassium
bromide (KBr, >99%), Phenol (CsHsOH

>99%).

2.2. Tong hop vit liéu

Quy trinh tong hop vat liéu BiOClosBros nhu
sau: cic hop chat mudi dang rin gom
Bi(NOs)3.5H20; KCI; KBr; dugc ldy theo ti 16
mol ban dau 1a 1,0: 0,5 : 0,5 va cho vao c6i ma
nao nghién min. Tiép do, chuyén toan b lugng
hoéa chit trén vao binh thuy tinh c6 nép (trong
binh thily tinh c6 sdn dng nghiém nhé chira 1
mL nudc cat) va dit vao tu séy & nhiét do 80
°C trong thoi gian 24 gio dé thyc hién phan
tmg pha ran trong méi truong am. Két thuc
phéan mg, mau vat liéu (ki hiéu: BiOClo,sBros)
dugc rira sach bang nudc cat hai 1an, siy kho ¢
nhiét o 105 °C trong thoi gian 2 gid, nghién
va bao quan trong binh hiit am. Cac mau vat
liéu dang BiOX (X = CI hoéc Br) riéng 1é duoc
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téng hop theo qui trinh twong ty nhu trén véi ti
1¢ mol ban d4u ctia cac chat dugc lay theo ding
ti 1¢ hop thuc dé tao ra BiOCl va BiOBr.

2.3. Pac trung vit liéu

Cac mau vat liéu sau khi téng hop dugc nghién
ciru dac trung hoa 1i theo cac phuong phap
gbém: gian dd nhidu xa tia X (XRD — Rigaku
X-ray); phd raman ciia cic mau vat liéu dugc
do trén thiét bi XPLORA-Plus Horiba; phd
phan xa khuéch tan tir ngoai-kha kién (UV-
Vis-DRS - Shimadzu UV-2600), Hitachi; Anh
hién vi dién tir quét (SEM) va pho tan xa ning
luong tia X (EDS) duoc khao sat trén thiét bi
JSM-7600F.

2.4. Danh gia hoat tinh xiic tac quang

Cac mau vat liéu dugc danh gia hoat tinh xuc
tac quang thong qua phan ing quang phan huy
phenol nhu sau: (i) cho 20 mg chat xtc tac vao
cbe thuy tinh 250 mL cing véi 100 mL dung
dich Phenol 10 mg/L. Hén hgp xic tic va
phenol duoc khudy tron lién tuc trong bong tdi
dé dat can bang hap phuy; (ii) chiéu xa anh sang
bang dén LED 220V-30W véi cudng do tuong
{mg 14 41200 Lux dé thyc hién qué trinh quang
xuc tac. Sau mdi 15 phut thoi gian s& 1y 2 mL
mau dem loai bo chét xuc tac bang thiét bi ly
tam EBA 20. Dung dich sau ly tdm duoc bao
quan trong béng ti va tién hanh xac dinh ndng
d6 Phenol con lai theo phuong phap do phd
UV-Vis (budc song 265 nm) trén may quang
phd UV-1800 Shimadzu.

Hiéu suit chuyén hoa Phenol (%H) dugc xéac
dinh theo cong thitc: H (%) = 100%x[(Co-
Cy)/Co]. Vi Co 12 ndng d6 ciia Phenol tai thoi
diém ¢, (sau khi dat can bang hip phy) va C
la ndng d con lai cia Phenol sau thoi gian
chiéu xa ¢.

3. KET QUA VA THAO LUAN

Thanh phén céu tric pha cua vat liéu sau tong
hop dugc dic trung theo phuong phap XRD,
gian dd nhidu xa tia X ciia cac miu vat liéu
BiOClI; BiOBr va BiOClosBro;5 dugc trinh bay
¢ Hinh 1.

Gian d6 XRD & Hinh 1 cho thiy, tat ca cac
dinh nhiu xa trong mau BiOCl va BiOBr
tuong (mg vai cu tric tr giac thuan tay (nhom
khong gian P4/nmm). Cac hang s6 mang phu



hop véi BiOCl (theo thé chudn JCPDS No. 06-
0249) va BiOBr (theo thé chudn JCPDS No.
01-078-0348). Hon nira, tit ca cac dinh nhidu
xa dic trung cta cac mau BiOCI va BiOBr ¢6
cuong d6 cao, phu hop véi céc thé chuin XRD
va khong c6 cac dinh tap chat khac. Diéu nay
cho thiy mau tong hop dugc ¢6 do tinh khiét
cao. Trong khi d6, gian d6 XRD cia maiu
BiOClosBros déu xuét hién cac dinh nhifu xa
tuong tmg cho BiOCI va BiOBr don chat. Mau
BiOClo;sBro;s c6 ciing ciu tric tinh thé c6 cting
cAu trac tinh thé tir gidc. Quan sat ¢ hinh 3 cho
thdy, mau BiOClosBros co cic dinh pic véi
cuong do thap hon va d rong chan pic 16n hon
s0 v&i cac mau don chit. Diéu nay cho thiy co
su dan xen cua cac 16p [Bi202]*" véi céc 16p
nguyén tir halogen kép lam cho dién tich bé
mit riéng cia mau BiOClosBros 16n hon va
kich thugc tinh thé nhé hon so véi cac mau
don chat [9].
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Hinh 1. Gian d6 XRD cuia cdc mau vt liéu
Diéu nay dugc giai thich do sy bién dang cau
trac tinh thé khi c6 sy tham gia cta chloride
vao mang tinh thé. Cu thé, ban kinh cua
chloride (1,81 A) bé hon so vé&i bromide (1,96
A) nén 1am cho khoang cach giita cac lop
[Bi202]%2X bi thu hep [10]. Su bién dang nay
c6 thé thay ddi ciu trac dai nang luong, tao
didu kién hinh thanh cac by dién tich
giam toc d6 tai két hop 18 tréng va electron

lam

quang sinh, két qua 14 1am ting hoat tinh quang
xuc tac so voi cac BiOX riéng 1€ [11]. Hon
nira, trén gian dd6 XRD cua miu BiOClosBros
thi cuong do dinh nhiéu xa ting manh & vi tri
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20 khoang 33°. Diéu nay cho thiy, chloride co
dinh huéng wu tién trong cdu tric mang tinh
thé ing v6i mat (110) [12].

Phé raman dugc Ung dung dé minh chimg
thém vé& cAu tric tinh thé cua cac mau vat liéu,
két qua duogc trinh bay ¢ Hinh 2.
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Hinh 2. Phé raman ciia céc mau vét liéu
Két qua tir Hinh 2 cho thay, mau BiOCl va
BiOBr ¢6 kiéu dao dong dic trung (Aig va Eg)
tmg v&i nhom khéng gian P4/nmm trong cu
trac tinh thé tir giac [13], [14], [15]. Trong khi
d6, mau BiOClosBros xudt hién cac tin hiéu
raman & vung 100 — 200; 388 cm™! va déu bi
1éch so v6i miu BiOX tinh khiét. Cu thé, cac
tin hiéu raman & vang 100-200 cm™ dugc cho
la dao dong kéo gidn cua lién két Bi-X (Aig
E;), tin hi¢u nay bi léch 1a do su thay thé cua
chloride cho bromide nhu da giai thich ¢ gian
dd XRD (Hinh 1); Ngoai ra, tin hiéu yéu ¢ 388
em’ duge cho 1a dao dong kiéu Al cua
oxygen ung voi lién két Bi-O trong cdu trac
16p [Bi202]** va ciing xuat phat tir sy thay thé
cua chloride cho bromide din dén su léch vé
tin hiéu raman so véi BiOX [13], [15]. Nhu
vay, Két qua tu phé raman cung véi cac dac
trung vat liéu néu trén da minh chung rd rang
rang, cac mau vat liéu da dugc diéu ché thanh
cong theo phuong phap pha rin trong moi
truong am.

Cac licu BiOCl; BiOBr va
BiOClo,sBro;5 da téng hop dugc quan séat hinh

mau vat

thai cau tric bé mit theo phuong phép hién vi
dién tir quét, két qua anh SEM duoc trinh bay
& Hinh 3.

Két qua tir Hinh 3 cho thy, hinh thai ciu trac
bé mit cia tit ca cac mau vat liéu déu c6 dang
tam 2D (2D nanosheet) tip hop thanh dang
khdi. P6i véi mau BiOCl, cac tdm 2D chu yéu



duoc sép xép chdng 1én nhau, trong khi cac
mau BiOBr va BiOClosBros ¢ xu huéng phan
b theo cac hudng khac nhau. Va day la dang
hinh thai dic trung ddi voi cac BiOX (X = CI,
Br) va dang t6 hop BiOClosBros [16].

Hinh 3. Anh SEM ciia cac mau vét liéu
Tinh chit hip thu quang ciia cdc méu vat ligu
duoc khao sat bang phuong phap phd phan xa
khuéch tan tir ngoai-kha kién. Phdé UV-Vis-
DRS va két qua xac dinh ning luong ving cim
(Ebg) theo ham Kubelka-Munk dugc trinh bay
o Hinh 4.

Két qua tr Hinh 4a cho thdy, mau vat liéu
BiOCI hiu nhu chi hdp thu quang trong ving
tor ngoai tuwong ung vdi budc soéng dudi 400
nm; trong khi d6, mau vat licu BiOBr va
BiOClosBros ¢6 bo hdp thu anh sang dich
chuyén sang ving kha kién (400-550 nm).
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cde mau vt liéu
Két qua xac dinh ning luong ving cdm (Hinh
4b) cho thdy, gia tri Eve ciia cac mau vat liéu
BiOCI va BiOBr lan luot 1a 3,37 va 2,86 eV.
Trong khi d6, d6i véi mau BiOClosBros thi sy
thay thé chloride boi bromide trong cu tric
tinh thé da lam giam gia tri Ebe (2,93 eV) so
v6i BiOCl tinh khiét. Diéu nay co6 thé dan dén
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su thay doi cdu trac dai ning luong va c6 kha
nang 1am wc ché sy tai to hop cua cip electron
- 15 tréng quang sinh va do d6 lam ting hiéu
sudt quang xuc tac [14].

Tir két qua khao sat vé tinh chét hap thu quang
néu trén, phan ung quang phan huy Phenol
dugce st dung dé danh gia hoat tinh xtic tac
quang cua vat li¢u trong vung anh sang kha
kién v6i ngudn burc xa tir dén LED 220V-30W
(41200 Lux).

Két qua tir Hinh 5a cho thay, tt ca cac mau vat
liéu déu dat can bang hip phu sau 60 phut
khudy trén trong bong t6i voi lugng Phenol bi
hap phu vao khoang 5%. Va trong khoang thoi
gian chiéu xa anh sang kéo dai 90 phut thi hiéu
sut chuyén hoa Phenol (Hinh 5b) d6i véi mau
BiOClosBro;s dat 99,11%, cao hon nhiéu so véi
BiOClI (11,39%) va BiOBr (24,02%). Su gia
ting hoat tinh xic tic quang cua mau
BiOClosBros ¢6 thé duge 1y giai theo cac két
qua ddc trung vat liéu da trinh bay. Cu thé,
xuit phat tir sy thay thé cua chloride cho
bromide trong mang tinh thé nén khoang cach
clia cdu triic 16p 16p [Bi202]*2X" sé& thay doi,
tir 46 (i) lam xuét hién cac bay dién tir va (ii)
han ché duoc su tai hop cua cap electron-15
tréng quang sinh [9], [10], [14].
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Hinh 5. (a) suw thay doi ti 1¢ C/C, theo thoi gian
chiéu xa va (b) hiéu sudt chuyén héa Phenol
ciia cae méu vt liéu
4. KET LUAN
Vit liéu dang t6 hop BiO(CI/Br) vé6i thanh
phin theo ti 16 mol ban dau 1a 1 : 0,5 : 0,5
(BiOClosBros) da dugc tong hop thanh cong



theo phuong phap phan ting pha ran trong moi
truong am. Vat liéu BiOClosBros ¢ cau tric
t giac, hinh thdi dang tdm 2D, ning luong
ving cam 1a 2,93 eV. C6 kha ning hép thu
quang trong ving anh sang kha kién ¢ dai budc
song 400-550 nm va c6 hoat tinh quang xuc tac
tt, c6 kha niang phan hiy hoan toan Phenol
sau 90 phut chiéu xa anh sang tir dén LED
220V-30W.

Loi cam on: Nghién cuu nay dwoc B Gido
duc va Pao tao Viét Nam tai tro theo dé tai
khoa hoc céng nghé véi ma sé B2022-DON-06.
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