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Environment with Addition of H,O»

Dang Minh Duc, Cat Minh Hang, Dinh Tuong Van, Nguyen Viet Khoa,
Tran Thuy Linh, Nguyen Thi Hanh, Pham Thanh Dong”

VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Received 29 March 2024
Revised 08 April 2024; Accepted 09 April 2024

Abstract: In the study, NiFe,Os was successfully synthesized by hydrothermal method for
treatment of residual tetracycline (TC) in aqueous environment. The study also investigated effect
of H;O, as an electron acceptor to enhance TC photocatalytic degradation of the synthesized
NiFe;Os. The properties of synthesized materials were determined by scanning electron
microscopy (SEM), X-ray diffraction (XRD), UV-Vis absoprtion spectroscopy (UV-VIS) and vibrating
sample magnetometer (VSM) systems. The obtained results indicated that the synthesized NiFe;Os
were nano-particles with average size of approximately 50 nm. The synthesized NiFe;O4 also exhibited
high visible light absorption and magnetic ability. The TC removal results indicated that the NiFe2O4
adsorbed certain amount of tetracycline under dark condition. Under visible light, the NiFe;Os
further degraded significant tetracycline amount. After 180 mins, TC removal by the NiFeO4 were
80.12% (without H2O2) and 90.09% (with addition of H,O,). This indicated that H,O, effectively
acted as electron acceptor for hydroxyl radical production to degrade tetracycline.
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kha nang xur 1y Tetracycline trong moi trudong khi c6 mat H,O»
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Tém tit: Trong nghién ctru nay, vét liéu NiFe,O4 da duoc téng hop thanh cong bang phuong phap
thity nhiét dé xur 1y du luong tetracycline (TC) trong méi trudng nude. Céu triic va cac dic trung
tinh chit cua vt liéu tong hop duoc xac dinh bang phuong phap kinh hién vi dién tr quét (SEM),
phuong phap nhiéu xa tia X (XRD), phuong phap pho hép thu tir ngoai kha kién (UV- VIS) va phép
do tir ké mau rung (VSM). Két qua phén tich chi ra ring vét liéu tong hop c6 do tinh khiét cao, 1a
céc hat nano c6 kich thudc khoang 50 nm va c6 kha ning hap thu anh sang trong ving kha kién.
Ngoai ra, két qua phan tich tir tinh chi ra rang vat liéu c6 tinh chit siéu thuan tir, c6 thé duoc thu
hdi bang tir trudng ngoai sau qua trinh st dung. Hiéu sudt phan huy TC trén vt liéu NiFe,O4 khi
khong c6 mit HoO2 va c6 mat HoO, sau 180 phut 1an luot dat 80,12 va 90,09%. Két qua nay chi ra
H202 ¢6 thé dong vai trd nhu chét nhan dién tir dé thic ddy qua trinh quang xuc tic phan huy TC

cua vét liéu NiFe;O4.

Tir khoa: NiFe Oy, tetracycline; photocatalyst; manegtic property.

1. Mé diu

Trong thé ki 21, tetracycline ndi riéng ciing
nhu cac loai khang sinh khac noéi chung dang
dugc st dung phd bién do tinh tién loi va kha
nang khang khuan t6t [1]. Tuy nhién, viéc lam
dung tetracycline da dan dén tinh trang ton du
khang sinh trong moéi truong [2]. Su toén du
khang sinh 13 nguyén nhan dan dén tinh trang
khang khang sinh ¢ vi khuan, tir 6 1am tang ti
1¢ tir vong khi nhiém phai vi khuan khang
khang sinh va gdy anh huéng dén moéi truong
[3]. Do do, viéc xir Iy lugng tetracycline ton du
trong moéi trudng noi riéng va cac khang sinh
khac néi chung dang 13 yéu cau cdp bach can
dugc quan tam, giai quyét.

Mot sb cong nghé di va dang duogc sir dung
dé loai bo du luong tetracycline tén du trong
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moi truong nhu cdng nghé phan huy sinh hoc,
cong nghé hip phu va cong nghé quang xuc

...[4-6]. Trong sb cac cong nghé ké trén,
cong nghé quang xtic tac dang dugc Gng dung
rong rii nhu mot giai phap kinh té, hiéu qua va
than thién voi moi truong. Cong nghé quang
xuc tac la cdng nghé sir dung vat liéu ban dan
hoat dong dudi sy kich thich cua anh sang co
murc ning luong phu hop dé tao ra cac gbc tu
do nham phan huy cac chit 6 nhiém [7]. Trong
sb cac vat liéu ban dan dugc sir dung cho qua
trinh quang xdc tac thi NiFe,O, d3 va dang ndi
1én 1a vat liéu c6 trién vong do cac ddc tinh ndi
trdi nhu ning luong ving cdm tuong dbi thap,
gia thanh ré, d bén cao, c6 tir tinh, tir d6 c6 thé
thu hdi vat liéu mot cach d& dang sau khi st
dung [8, 9]. Khi duoc s dung lam vat li¢u
guang xuc tac thi NiFe;Os co thé hoat dong
dudi su kich thich ctia anh sang kha kién dé tao
thanh cac cdp dién t va 15 tréng quang sinh.
Ving dan cta NiFe;O4 ¢ thé khir vao khoang -
0,6 eV, am hon thé khir ciia 0,/O;" (-0,13 2V)
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nén khtr duge O, thanh Oy, tir d6 sinh ra cac
gbc hydroxyl (HO®), la tac nhan chinh gidp
phan huy cic chat 6 nhiém hiru co trong moi
truong [10]. Tuy nhién qua trinh quang xtc tac
thuong bi can tro do sy tai to hop nhanh cia cac
cap dién t - 16 tréng quang sinh. Chinh vi vay,
cic tdc nhan nhin dién to nhu H,O, va O3
thuong duoc thém vao hé xir Iy dé giam toc do
tai két hop cua 16 trong véi dién tu, tir d6 tao ra
thém cac gdc hydroxyl, giiip néng cao hiéu qua
qua trinh quang xuc tic dé xur 1y cac chit hitu
co kho phan huy nhu tetracycline va cac loai
khang sinh khac mét cach hiéu qua [11]. Do do,
chung t6i nghién ctru tong hop NiFe;0; sir dung
lam vat lidu xtc tac quang dé xur 1y tetracycline
trong moi truong nude, dong thoi khao sat vai
trd cua nhan dién tir ctia H,O, trong qua trinh
Xt ly tetracycline cua vat li€u.

2. Thue nghiém va phuwong phap nghién ciru
2.1. Tong hop vt liéu NiFe;O,

Vit liéu NiFe;0s dugc téng hop bang
phuong phap thity nhiét. Cu thé, 2,376 g NiCl,
(Sigma-Aldrich, 99%) va 5,406 g FeCls
(Sigma-Aldrich, 99%) duoc 1an lugt hoa tan
trong hai cdc thuy tinh, mdi coc chira 20 mL
nude dé ion. Pong thoi, 6,304 g acid citric ciing
dugc hoa tan vao trong coc chira 30 mL nudc
dé ion. Ca ba dung dich dugc khudy trong 30
phiit & nhiét do phong trude khi chia déu dung
dich acid citric dé 1an luot cho vao dung dich
NiCl, va FeCls. Hai hdn hop thu dugc duoc tiép
tuc khudy riéng biét thém 30 phut, sau d6, duoc
tron 1an va tiép tuc khudy trong 3 h. Trong quéa
trinh khudy, dung dich NaOH 10 M duoc thém
tir tir vao hdn hop dé dat duoc pH 12. San phém
sau d6 duoc chuyén vao binh Teflon 100 mL va
tién hanh thay nhiét & 180 °C trong 9 h. Sau khi
Kkét thic qua trinh thay nhiét, san phém s€ duoc
thu hdi bang nam chdm va rira bang quay ly tim
trong nuéc dé ion dén pH trung hoa trude khi
siy & 80 °C trong 20 h va cudi cing nung
400 °C trong 2 h.

2.2. Pac trung vat liéu

Cﬁg tric cua vat li¢u t(i)ng hop dugc xac
dinh bang phuong phap nhicu xa tia X (XRD)

. (20...) 17 3

trén may AXS D8 Advance, Bruker. Hinh théi
bé mat cua vat liéu duoc xac dinh b::ing phuong
phap hién vi dién tir quét (SEM) trén may
S-4800, Hitachi. Kha nang hip thy anh sang
trong ving tr ngoai, kha kién (UV-Vis DRS)
cta vat liéu duoc dic trung bang phuong phap
phd hap thy UV-Vis trén may UV-3101PC,
Shimadzu. Tt tinh cua vat liéu dugc xac dinh
bang phép do tir ké mau rung (VSM).

2.3. Khao sat kha nang phan huy tetracycline

Cho 0,05 g vat liéu da duoc nghién min vao
cbc thiy tinh chia 200 mL dung dich
tetracycline 10 mg/L (pH 4). Hoén hop duge
khuay trong bong t6i trong 2 h, sau d6 dugc
chiéu sang bang den compact (Rang Dong,
40 W) va tiép tuc khuay trong 3 gid tiép theo.
Sau moi 30 phut tir khi bét dau qua trinh khuay,
lay 15 mL hon hop dem loc qua gidy loc roi sau
do ly tam ¢ toc do 3000 vong/phit trong 10
phut. Dung dich thu dugc dugc phan tich dinh
lwong bang may quang phd hip thu UV-Vis &
buéc song 358 nm dé xic dinh Iluong
tetracycline con lai trong dung dich. Dbi véi
qué trinh khao sat vai tro cua H.O, 0,5 mL
H,O, 30% dugc thém vao dung dich
tetracycline trudc khi khudy va tién hanh céac
budc thi nghiém tuong tu nhu qua trinh khao
sat khéng c6 H,0..

3. Két qua va thio luin
3.1. Ddc trung vat liéu

Két qua phan tich XRD cua vat liéu
NiFe;Os duoc trinh bay & Hinh 1. Tir két qua
phan tich trén gian d6 nhidu xa tia X cho thay,
vat li€u NiFe;O4 tong hop bang phuong phap
thity nhiét co do két tinh t6t voi cac dinh nhiéu
xa ddc trung & vi tri goc 20 lan luot 12 18,36°
30,28 %; 35,69 ©; 37.27 °; 43,36 °; 53,82 ¢; 57.52 °
va 62,98 ° tuwong rng v&i cac didc trung cho cac
mat phan xa (111), (220), (311), (222), (400),
(422), (511) va (440) cia vat liéu. Cac chi s6
trén cho két qua pht hop cao véi thé chuan
PDF s6 1006116 ctia vat liéu NiFe,O4 chuan.
Ngoai ra, két qua XRD khong phat hién cac
dinh nhiéu xa la, tir 46 cho thiy khong c6 céac
tap chat nhu NiO hay a-Fe;Os 14n trong vat liéu
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téng hop. Nhu vy, két qua phan tich XRD chi
ra rang da tong hop thanh cong vat liéu NiFe,04
vo1 d0 tinh khiét cao.
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Hinh 1. Két qua phén tich XRD
cua vét liéu NiFe,Oy4.

Két qua phan tich anh hién vi dién tir quét
cua vt liéu NiFe;O, dugc trinh bay ¢ Hinh 2.
T anh SEM ta nhan thdy, vét lidu tong hop
NiFe-Os 1a cac hat nano c6 kich thudc tuwong
d6i ddng déu. Bén canh d6, anh SEM ciing chi
ra rang, kich thudc trung binh ctia cac hat nano
nay vao khoang 50 nm.

Hinh 2. Anh SEM kich thudc 300 nm
cta vat liéu NiFe,Os.

Két qua phén tich tir ké mau rung cua vat
liéu duogc trinh bay ¢ Hinh 3. Hinh 3 cho théy
dudng cong tir tré cuia vat lidu NiFe,O4 c6 dang
chit S, Iuc khang tir ctia vat li€u gﬁn nhu béng 0
cho thay tinh chit siéu thun tir. Do tir bdo hoa
cua vat li¢u 1a khoang 40 emu/g. Gia tri do tu

b&o hoa cao chi ra vét lidu c6 thé tach ra khoi
dung dich khi c6 tac dung cua tu truong ngoai.

Magnetization (et 'y)
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Hinh 3. Buong cong tir tré ctia vat liéu NiFe2Os.

Kha niang hip thu quang va ning luong
ving cim cua vt liéu NiFe,O4 dugc danh gia
bang phuong phép phd hip thu tir ngoai-kha
kién. Két qua thu dugc trinh bay trén Hinh 4A
cho thiy c6 mot dai hip thu buc xa bt dau tur
vang tr ngoai trai dai sang ving kha kién, bo
hap thu phan 16n nam trong ving birc xa mau
xanh cua quang phé mat troi, vat liéu co kha
ning hip thu quang trong ving kha kién. Dya
trén sy két hop phuong trinh Kubelka-Munk
v6i dd thi Tauc, nang lugng ving cAm cua vat
liéu NiFe;04 1a 1,87 eV (Hinh 4B).
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Hinh 4. Phd UV-Vis (A) va db thi Tauc (B)
ctia vat lidu NiFe;0s.

3.2. Danh gia hoat tinh quang xUc tac

Két qua khao sat kha nang xu ly tetracycline
trong bong t6i 2 gio (hap phu) va khi dugc chiéu
sang 3 gio (quang xUc tac phan huy) duoc trinh
bay trong trong Hinh 5.
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Hinh 5. Két qua xur 1y tetracycline cua vit liéu
NiFe,04 trong bong t6i va khi dugc chiéu sang.

Tir Hinh 5 ta thdy, khi & trong bong t6i, vat
liéu NiFe,0,4 c6 kha nang hip phu mot lugng
tetracycline nhit dinh. Viéc hdp phu
tetracycline trén bé mit vat liéu noi chung va
NlFe204 noi riéng la mét qua trinh phue tap,
bao gébm nhiéu tuong tac khac nhau, trong do,
lue Van der Waals 1a mét trong nhiing nhén t6
dong vai tro quan trong nhat [12]. Cac electron
chuyén dong bén trong cau tric ciia NiFe,04 va
TC tao ra ludng cuc tam thoi, tir d6 gidp cho
NiFe;04 co thé bét giir tetracycline bang luc hat
Van der Waals. Ngoai ra, cac nhém hydroxyl
trén bé mat NiFe,O4 ciing co thé tao lién két
hydro véi cac nhém carbonyl (C=0) va amin
(NH,) trong cdu tric tetracycline dé thuc day
qua trinh hdp phu [13]. Kha ning hip phu
TC cua vat liéu dat dén can béng sau 30 phut
(Hinh 5). Hiéu suat hap phu tetracycline ctia vat
liéu dat khoang tir 46 %. Mat khac, sau khi
dugc chiéu sang bang anh sang kha kién, vat
lidu NiFe,04 d3 thé hién hoat tinh quang xtic tac
dé phan huy thém mot luong TC nhit dinh. Khi
duogc kich thich bang nguén anh sang cd nang
lwong 16n hon hodc bang nang lugng vung cdm
thi vat liéu NiFe;O4 co thé sinh ra cac cap
electron (¢) va 10 trong (h*) quang sinh lan lugt
cu tra trén ving dan va ving héa tri cia vat liéu
[14]. Sau do, electron tham gia vao qua trinh
khir O tao cac gbc tu do trung gian O, trudc
khi hinh thanh gbc HO' [15]. Géc HO hinh
thanh c¢6 kha ning phan huy hiéu qua cac chat
hitu co doc hai trong moi trudng nodi chung va
tetracycline néi riéng [16]. Co ché cua qué trinh
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quang xuc tac phan huy tetracycline cta vat liéu
NiFe>Os dugc trinh bay theo cac phan tmg sau:

NiFe;0s+ hv— ecg + hw'

ecs” + 02 — °*O2

‘O, + H"— HO»*

e +HO.' + H" — H:0;

e+ H,O, — *OH + OH

TC + *OH — San pham phén huy

Sau khi dugc kich thich bang 4nh sang kha
kién trong 90 phut thi hiéu suat xir Iy TC dat
mirc 75,04% va tiép tuc tang lén lan luot
la 80% va 80,12% sau 150 phat va 180 phat
chiéu sang.

Két qua xtr 1y tetracycline cua vét liéu
NiFe,0;4 & trong diéu kién co va khong c6 H,0,
dugc trinh bay ¢ Hinh 6.

Trong 1

Hix suat (%)

Cloda ded vy Wi Lida

0 & A

hadn gian (phir)

Hinh 6. Két qua xur 1y tetracycline ctia vat liéu
NiFe204 khi ¢6 va khong cé H20..

Ta thiy, trong bong tbi, su c6 mat ciia H,0,
khong 1am thay doi hiéu suat xir Iy TC cia vat
lidu mdt cach dang ké. Tir d6 cho thiy, H.0;
khong hd trg qué trinh hap phy TC cia vat liéu
NiFe,04. Tuy nhién khi dugc chiéu sing bang
anh sang kha kién thi hiéu suit xtr Iy TC cua vat
liéu tang 1én mot cach nhanh chong. Mot trong
nhitng nhuoc diém cua vt liéu quang XUc tac
noi chung va NiFe;O4 noi riéng 14 su tai két hop
nhanh chdng cua cip electron va 13 trong quang
sinh sau khi dugc sinh ra [15]. Khi H.O;
dugc sir dung, né c6 thé tham gia phan tng
v6i electron (nhan electron) dé tao thanh gdc tu
do "OH:

H,0, + & — *OH + "OH
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Qua trinh nay khong nhiing giup tao ra
thém goc tu do "'OH ma con giup lam giam sy
tai to hop cia electron va 1 tréng quang sinh
[16], tir 6 gitip phan huy tetracycline mot cach
hiéu qua hon.

Tir két qua & Hinh 6 c6 thé thiy, hiéu suat
phan huy tetracycline cua vat liéu NiFe,O4 khi ¢
mat H2O,, va sau 30 phat chiéu sang 1a 73,52%,
cao hon rat nhiéu so véi khi khong c6 mat Ho0,
(50,40%). Khi tiép tuc duoc chiéu sang bang anh
sang kha kién, thi hiéu suat xir Iy TC cua vat liéu
tang. Két qua nay cho thiy H.O; c6 thé hoat dong
hiéu qua nhu chat nhén electron dé gia ting hiéu
qua xir Iy TC ctia vat liéu NiFe;Os. Cu thé, hiéu
suat phan hay TC trén vat liéu NiFe,04 khi khong
c6 mat H,O, va c6 mat H>O; sau 180 phut 14n luot
dat 80,12 va 90,09%.

4. Két luan

Trong nghién ctru nay, nhom tac gia di tong
hop thanh cong vét liéu NiFe,O4 bing phuong
phap thity nhiét. Vat liéu tong hop NiFe,04 ¢6
do tinh khiét cao, 13 cac hat tinh thé nano c6
kich c& khoang 50 nm, c6 kha ning hip thu anh
sang kha kién. Ngoai ra, vat liéu NiFe;Os cling
thé hién tir tinh cao voi do tir bdo hoa khoang
40 emu/g, tir d6 cho thiy c6 thé thu hdi vat liu
sau qué trinh stir dung bang tir truong ngoai. Két
quéa khao sat kha nang xir Iy TC cho thay, vat
liéu NiFe,O,4 dong thoi thé hién kha ning hap
phu va hoat tinh quang xuc tac (dudi tac dung
ctia anh sang kha kién) dé xir Iy TC véi hiéu
sudt dat 80,12%. Két qua nghién ctru ciing cho
thiy H,0, dong vai trd quan trong dé thuc day
qué trinh quang x0c tac phan huy TC, qua do,
nang cao hiéu sudt phan hiy TC cia vat
liéu. Cu thé, H,0, phan mg voéi cac electron
quang sinh gitp sinh ra nhiéu gbc "OH hon va
cung lam giam kha nang tai t6 hop cua electron
v6i 16 tréng quang sinh. Hiéu suat xir Iy TC cua
vat liéu NiFe;O4 khi ¢6 mat H,O, dat trén
90,09% sau 180 phiit chiéu sang.

Lo1i cam on

Nghién ciu nay dugc tai trg boi Quy
Phat trién khoa hoc va cbéng nghé Qudc
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