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Abstract: In our research, we employed the co-precipitation technique to fabricate NiFe,O4
material, revealing innovative photocatalytic properties in breaking down the antibiotic
tetracycline (TC) while showcasing magnetic recoverability. The study further examined the
effectiveness of H,O; in acting as an electron (e-) acceptor to boost the TC degradation via
photocatalysis process using NiFe;O,. The material’s structure and characteristics were analyzed
through techniques such as SEM, XRD, UV-Vis DRS, and VSM. The findings indicated that the
prepared material has high purity and consists of nanoparticles approximately 40 nm in size. The
synthesized NiFe,O, material exhibited magnetic properties, allowing it to be recovered using an
external magnetic field. After 240 minutes, under visible light, 75.75% of TC was removed, with
significant degradation through photocatalysis. With the addition of H,O,, this efficiency reached
86.03%. Notably, the photocatalytic activity and magnetic properties of NiFe,O,4 exhibited stability
for at least five cycles. These findings underscore the significant potential of NiFe,O4 for practical
applications in TC removal in general and organic substances in particular.

Keywords: NiFe,O4; Photocatalysis; Tetracycline degradation; Co-precipitation method; Magnetic
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banh gia hoat tinh quang xuc tac va vai tro cua H20;
trong xur Iy Tetracycline bang vat li¢u NiFe>O4 tong hop
theo phuong phap dong két tua
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Vii Duy Ha, Nguyén Thi Phuong Ha, Nguyén Thi Diéu Huyén,
Pham Thi Thiy Duong, Pham Thanh Pong

Truong Pai hoc Ighoa hoc Tw nhién, Dai hoc Quéc gia Ha Noi,
334 Nguyén Trai, Thanh Xudn, Ha Noi, Viét Nam

Nhén ngay 29 thang 10 nam 2025
Chinh stra ngay 30 thdng 7 ndm 2026; Chap nhéan dang ngay 05 thang 8 ndm 2026

T6m tit: Trong bai bao nay, phuong phap dong két taa dugc st dung dé tdng hop thanh cong vat
lieu NiFe204 tng dung trong xir 1y tetracycline (TC) dong thoi thé hién kha nang thu hdi nho tir
tinh. Nghién ctu tiép tuc kiém tra vai trd cia H.O2, mot chat nhan electron gitp tang cuong su
phan huy TC théng qua qué trinh quang Xuc tac st dung vat liéu NiFe;O,. Dic trung tinh chat cua
vat liéu téng hop duogc xac dinh bing phuong phap nhiu xa tia X (XRD), hién vi dién tir quét
(SEM), phd hap thu phan tir UV-Vis DRS, tir ké mau rung (VSM). Két qua phan tich cho thay vat
lidu tdng hop c6 do két tinh cao bao gdm cac hat nano ¢ kich thuéc khoang 40 nm dong thoi cai
thién kha nang hap thu 4nh sang. Ngoai ra, vat liéu NiFe;O4 cho thay tinh chat siéu thuan tur, vat
lidu co thé dugce thu hoi bang tir truong ngoai sau qué trinh sir dung. Sau 240 phut, qué trinh quang
xuc tac da xir ly dang ké lwong TC, dat hiéu sut loai bo 75,75%. Khi bo sung H,O,, qua trinh loai
bo TC cho thay hiéu suit dat 86,03%. Pang chu ¥, hoat tinh quang xuc tac va tinh chét tir cua
NiFe,0;4 thé hién su dn dinh trong it nhat nam chu ky tai sinh. Nhitng phat hién nay 1am néi bat
tiém ning dang ké cua NiFe,O4 cho cc tng dung thuc té trong viéc loai bo TC néi chung va cac

chat hiru co ndi riéng.

Tir khéa: NiFe;Oa, phwong phap dong két ta, quang xuc tac, tir tinh, phan huy Tetracycline.

1. Mé dau

Trong nhitng nim gan day, 0 nhiém khang
sinh dang tro thanh mét van dé moi truong
dang lo ngai trén toan cau, dic biét hé sinh thai
moi truong nudce [1, 2]. Tetracycline (TC), mot
loai khing sinh phd rong duoc sir dung phd
bién trong chin nudi giup diéu tri, kiém soat
dich bénh va lam phu gia thitc an cho gia suc,
gia cam [3-5]. Do kha ning phan hiiy sinh hoc
thap, phan 16n TC sau khi st dung khong bi
phan hiy hoan toan ma theo phan va nudc tiéu
xam nhap vao méi truong nude [6-8]. Du luong
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khang sinh ton du trong nudc khong chi giy
anh hudéng dén vi sinh vat ty nhién ma con 1am
gia tang tinh trang khang khang sinh, mdt nguy
co nghiém trong d6i v&i stc khoe con ngudi
[9, 10]. Do d6, viéc phat trién cic phuong phap
dé loai bo du luong khang sinh khoi méi truong
nude 1a yéu cau cap bach can duogc giai quyet
Mot sé cong nghé da va dang dugc ap dung dé
loai bo khang sinh ton du trong mdi truong
nudc nhu sinh hoc, quang xuc tac, dién hoa,
loc, hép phy [11-14]. Trong s6 cong nghé AOPs
- qua trinh quang xtc tac st dung vat liéu ban
dan c6 thé pha hiy hoan toan cac hop chat hiru
co do cac gbc hydroxyl tao ra tir qua trinh xtc
tac quang dudi su kich thich ctia anh sang thich
hop, da va dang dugc coi la mdt phuong phap
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xtr ly day hira hen [15, 16]. NiFe,O, vat liéu
ban dan ing dung cong nghé quang xuc tac, co
nhiéu vu diém nhu it doc hai, gia thanh ré, do
bén cao, ning lugng ving cAm hep cé kha
ning thuc day qua trinh phan hity cac hop chét
hitu co ton du trong méi truong di dwoc kich
thich bang anh sang kha kién. Pic biét, tir tinh
manh cua NiFe,O4 cho phép thu hdi vat liéu dé
dang sau khi st dung [17]. Trong cOng trinh
cong bé trude day, NiFe,04 duge tong hop bing
nhiéu phuong phap khac nhau nhu thiy nhiét,
sol gel,... [18, 19]. Tuy nhién, cac phuong phap
nay thuong doi hoi nhiét do cao, thoi gian phan
tng dai hodc thiét 1ap phirc tap, han ché kha
ning tng dung ciia chung trong thuc té. Nguoc
lai, phuong phap ddng két tua duoc chon trong
nghién ctru nay vi tinh don gian, gia ca hop ly,
yéu cau ning luong thip va kha ning tao ra vat
liéu co do tinh khiét cao trong diéu kién phan
tmg khong quéa khic nghiét, khién né tré thanh
mdt Iya chon hip din dé téng hop cac vat liéu
xuc tac quang no6i chung va vat liéu NiFe204 noi
riéng. Mic du c¢6 nhidu vu diém, quang xtic tac
dua trén NiFe,Os thuong bi can trd boi sy tai
hop nhanh chong cua cac electron duge kich
thich anh sang, lam giam hi¢u sudt xir ly. Dé
giai quyét van d& nay, cac chdt nhan (e) nhu
H,02 c6 thé dugc dua vao qua trinh xir 1y dé thu
gili cac electron dugc tao ra, ngan chan su tai
hop cac electron va 16 tréng, dong thoi tao ra
cac goc hydroxyl dé ting cuong hiéu qua phan
huy [20]. Do d9, trong nghién ctru nay, NiFe;O4
dugc tong hop bang phuong phap dong két tia
don gian, tiét kiém ning luong nhim mo rong
quy md mg dung trong nudc thai thuc té, dong
thoi danh gia tinh 6n dinh va kha ning tai sir
dung cua vat liéu.

2. Thuc nghiém va phwong phap nghién ctru
2.1. chng hop vat liéu

Vit liéu NiFe,O, tong hop theo phuong
dong két tia bang cach hoa tan 2,376 g NiCl,
(Sigma-Aldrich, 99%) trong 20 mL deion, va
hoa tan 5,406 g FeCls; (Sigma-Aldrich, 99%)
trong 20 mL deion, khudy trong 30 phut. Sau
do, 6,304 g axit citric dugc hoa tan véi 30 mL
deion rdi chia déu vao 2 hdn hop trén. Tiép tuc

tron hdn hop thu dwoc véi nhau va khudy déu
trong 3 gio. P pH duge duy tri & pH 12 bing
cach st dung dung dich NaOH. Sau d6, hon
hop duoc dé gia hoa trong 24 gio. Sau khi hoan
tat qua trinh gia hoa hdn hop, san phim s& duoc
thu hoi bang nam chim va rira sach dé trung
hoa pH trude khi say kho trong 20 gio & 80 °C
va sau d6 nung trong 2 gio ¢ 400 °C

2.2. Pdc trung tinh chat vat liéu

CAu tric cua vat lidu téng hop duoc xac
dinh bang phuong phip nhifu xa tia X
(D8 Advance, Bruker). Hinh thai bé mit cta vat
lidu duoc xac dinh bang phuong phap hién vi
dién tor quét SEM (S-4800, Hitachi). Kha nang
hdp thu anh sang cua xtc tic dwoc dic trung
bang phd phan xa khuéch tan tir ngoai kha kién
UV-Vis-DRS (Lambda 750, Perkinelmer). Tur
tinh cua vat liéu duoc xac dinh b@'mg phuong
phip tir ké miu rung VSM (PNA 8326,
Agilent).

2.2. Khao sat kha nang phan huy Tetracycline

Cho 50 mg xuc tdc va 200 mL dung dich
Tetracycline 20 ppm (pH = 6) vao cbc 250 mL,
khudy déu cdc trén may khudy tir. Qua trinh
loai bod TC duoc tién hanh trong 240 phut dudi
cac diéu kién khac nhau trong bong téi hodc
tiép xtc voi anh sang tir dén compact Rang
Dong 35W, c6 hodc khong c6 sy hién dién cua
H202. Sau cac khoang thoi gian 30 phut, lay
2 mL hdn hop phan tng dem di ly tim ¢ tc do
12000 vong/phit trong 6 phut va loc qua dau
loc PTFE. Dung dich TC thu dugc dugc phan
tich théng qua hé théng HPLC bing may sic ky
Shimadzu LC-20A trang bi dau do UV/Vis
SPD-20A dat ¢ budc song 358 nm.

3. Két qua va thao luin
3.1. Dac trung vat liéu

Hinh 1 trinh bay gian dd nhiéu xa tia X cua
vat litu NiFe,O4 tong hop bing phuong phap
df)ng két tua. Két qua cho théy vat liéu NiFexO4
tong hop bang phuong phap dong két tua co do
két tinh cao. Gian d6 nhiéu xa cua vat liéu xuat
hién day du cac dinh dic trung cia spinel khdi
lap phuong, cac dinh nhiéu xa & vi tri goc 2
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theta lan luot la 30.2°, 35.6°, 37.2°, 43.3°,
53.8°, 57.2° va 62.8° tuong tng voi cac mit
phan xa (220), (311), (222), (400), (422), (511),
Vva (440) [21]. Hon nira, két qua XRD cho thiy
khong c6 cac dinh nhidu xa ngoai lai, khong
thdy dinh la cua NiO/Fez0s, xdc nhén sy vang
mat cla cac tap chit nhu hematit hodc oxit sét.
Tt dit lieu XRD, kich thuéc tinh thé cua
NiFe;04 duoc tinh toan theo cong thirc Scherrer
c6 kich thuée 1a 20.9 nm. Két qua phan tich nay
cho thay vat liéu NiFe,O4 dugc tong hop thanh
cong bang phuong phap dong két tua véi do két
tinh cao.

Intensity (a.u.)
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Hinh 1. Gian d6 XRD ctia vat li¢u NiFe,04
tong hgp bang phuong phap dong ket tua.

Anh SEM cho thay vat liéu NiFe,Oq4 tong
hop c6 hinh dang cau, véi cac hat nano phan bb
tuong d6i dong déu trén bé mat (Hinh 2). Kich
thudc hat trung binh khoang 40 nm. Két qua
kich thudc hat nay cé su khac biét (I6n hon) so
v6i kich thudc tinh thé duge tinh toan theo cong
thirc Scherrer (20.9 nm) tir két qua XRD, diéu
nay cé thé duoc giai thich do cac hat tinh thé
NiFe;04 da bi két tu & mot mirc do nao do, dicu
nay thuong thay ¢ cac hat nano tir tinh do tuong
tac ludng cuc — ludng cuc. Su Kkét tu nay co thé
gop phén viao d6 6n dinh cua vat liéu va tao
diéu kién thu hoi thong qua qué trinh tir trudng
ngoai. Su phan bd kich thudc dong déu va hinh
dang cau rd rang ciia cac hat nano NiFe,O4 cho
thiy phuong phap dong két tia da kiém soat
hi€u qua sy phat trién cua hat, tao ra mot vat
liu c6 cac dic tinh mong mudn cho cac tng
dung quang xuc tac.

Hinh 2. Hinh anh kinh hién vi dién tir quét cia mau
vat liéu NiFe;O4.

Kha ning hip thu quang va ning luong
ving cdm (Eg) cua vat lidu NiFe;O4 duogc trinh
bay trong Hinh 3. Phd hip thy UV-Vis trong
Hinh 3A chi ra rﬁng vat liéu co dai h?ip thu
quang rong, trai dai tir ving tir ngoai dén ving
kha kién. Pang cha ¥, ria hap thu cha yéu nim
trong dai budc song xanh lam cua quang phd
mit troi, cho thiy tiém ning sir dung 4nh sing
kha kién cua vat liéu. Dic tinh ndy dic biét co
loi cho cac ung dung trong thuc t& vi nd cho
phép vat lidu sit dung mot phan 16n hon anh
sang mdt troi ty nhién. Trong Hinh 3B, ndng
luong ving cAm (Eg) cua vat lidu NiFe,04 dugc
xac dinh bang phuong trinh Kubelka-Munk két
hop voi dd thi Tauc. Gia tri Eg dugc x4c dinh 1a
1,48 eV, phu hop védi cac nghién ctu trude day
(1,4-2,2eV).

A 8]
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Hinh 3. Pho UV-VIS va d thj Tauc
cua vat liéu NiFe;04 dugc tong hop
bang phuong phap dong két tua.

Két qua nay x4c nhan rang NiFe,04 ¢ viing
cAm hep, cing voi kha ning hip thu 4nh sang
kha kién tét, cho thay vat liéu co tiém nang day
htra hen cho hoat dong quang xuc tac hi¢u suét
cao ¢ ving anh sang kha kién, khién no tro



N. D. Tu et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 42, No. 3 (2026) 63-70 67

thanh ng ctr vién phu hop cho cac ung dung
nhu phan hily tetracycline va cac chat 6 nhiém
hitu co kho phan huy khac.

Két qua phan tich tir ké mau rung VSM cua
vat liéu duoc trinh bay ¢ Hinh 4. Két qua phan
tich chi ra rang dudng cong tir tré ciia vat liéu
thé hién mot vong lap hinh chir S, voi gia tri lyc
khang tir gan bang khong, cho thdy vat liéu co
tinh chit siéu thuan tir. Ban chét siéu thun tur
cho phép NiFe,0s dé diang thu hoi bang tir
trudng ngoai sau qua trinh st dung. Do tir bao
hoa cua vat liéu dugc xac dinh 1a 30 emu/g, phu
hop véi vat liéu ferit spinel dién hinh trong cac
cong bd trude day [22]. Do d6, NiFe;O4 c6 thé
hoat dong nhu mot vat lidu sit tir mém, nén c6
thé tach khoi dung dich sau qué trinh st dung
dé xtr Iy sau khi phan huy cac chit 6 nhiém hitu
co bang cach sir dung tir truong ngoai. Do do,
tang kha nang tai si dung cta vat liéu va hiéu
qué vé chi phi trong cac tmg dung thuc té.

40
20 |
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-10 7

Magnetization (emu/g)

=20

-30 7

40 T T T
-10000 -5000 0 5000 10000

Magnetic field (Oe)
Hinh 4. Pudng cong tir tré ctia vat liéu NiFe,Oy
3.2. Kha nang xu ly Tetracycline vat liéu

Két qua khao sat kha ning loai bo TC trong
diéu kién bong t6i (120 phut) va dudi sy chiéu
sang (180 phut) cua vat licu duoc trinh bay
trong Hinh 5 nhim dénh gid hiéu qua xir ly
khang sinh TC ctia vat liu. Hinh 5 cho thay
hiéu sudt xir Iy TC ting dan theo thoi gian dbi
véi cac hé co xuc tac. Trong giai doan tdi, hiéu
suét loai bo TC tang nhe do qua trinh hip phu
ctia TC 1én bé mat vat liu. Két qua ciing chi ra
qué trinh hip phu ban du cia vat liéu dat trang
thai bdo hoa sau khoang 60 phut ddu trong bong

t6i. Viéc hap phu TC trén bé mat vat liéu noi
chung va NiFe;O4 néi riéng 1a mot qua trinh
phirc tap, bao gdbm nhiéu tuong tac khac nhau,
trong do, cac ion Ni?* va Fe3* gop phin vao
tuong tac tinh dién voi TC. Luc Van der Waals,
duoc tao ra boi sy di chuyén electron trong cAu
truc vat liéu da tang cuong hon nira qua trinh
hip phu. Ngoai ra, cac nhom hydroxyl (OH)
trén bé mat vat liéu hinh thanh lién két hydro
véi cac nhom carbonyl (C=0) va amin (NH>)
trong TC, 1am ting hiéu qua hip phu [23].

Pang chi ¥, cing ¢ diéu kién bong tdi
nhung hiéu sut loai bo TC cua hé NiFe,04 +
H20, cao hon so v&i hé chi st dung NiFeOs.,
diéu nay c6 thé do ngoai qua trinh hip phu,
H,02 con duoc hoat hbéa mdt phan boi cac tAm
Fe trén bé mit xtc tic, tao ra mot lugng nho
gbc *OH va goép phan oxy héa TC ngay trong
diéu kién khéng chiéu sang. DAy chinh 1a qua
trinh Fenton di thé. Nhu vay, trong giai doan
tbi, su loai bd TC trong hé NiFe;04 + H,0; 14
két qua cua su két hop gitra hip phu va phan
ung Fenton di thé, trong khi hé chi c6 NiFe;04
chi yéu dién ra hip phu vat Iy/héa hoc trén bé
mat vat liéu.

100
| —e—NiFe,0, + H,0,

90 - —p— NiFe,0,

80 ; —#— Khong xuc tic
70 i
60 ]

50+

Hiéu sufit (%)

40
30+
20

10+

0 T T T T T f f T T
-120 %0 60 -30 0 30 60 9 120 150 180

Thai gian (phat)

Hinh 5. Hiéu suat xir Iy TC theo thoi gian
cua vat liéu.

Khi bt dau chiéu sang, hiéu sudt xi 1y TC
tang nhanh hon so voi giai doan tdi & ca hai hé
xuc tac, cho thiy vai tro clia anh sang trong viéc
thic ddy qué trinh oxy héa. Pic biét, hé
NiFe;O4 + H20; ludn dat hiéu qua cao hon so
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v6i hé chi c¢6 NiFe;Ou, ching to su két hop giira
xuc tac va H.O, gilp tang cuong qua trinh phan
hiy TC. Dud6i tac dung anh sang dén compact,
luong TC dang ké da bi loai bo thong qua hoat
ddng quang xuc tac cia cac vat liéu. Cu thé, khi
chiéu sang c6 vat liéu va khong c6 H20, thi hiéu
sudt xir Iy van ting dang ké tir khoang 31% lén
75% sau 180 phut phan ng, day chinh la higu
qua do qua trinh quang xuUc tac cia vat liu.
Hiéu suit xtr Iy TC dat khoang 86% ddi v6i hé
NiFe,04 + H202, trong khi hé NiFe;O4 chi dat
khoang 75%, két qua nay cho thiy dbi véi hé co
vt liéu, c6 chiéu sang va c¢6 mat cua Hz0; cod
su tic dong hiép dong cua cac qua trinh bao
gdm hip phu, quang xuc tic va Fenton dj thé.
Nguoc lai, trong hé khong xuc tac, hi€u suét
loai bé TC gin nhu khong dang ké trong toan
bd thoi gian khao sat, cho thiy vai trd quan
trong cua xUc tac va tac nhan oxy hoa trong qua
trinh xtr ly. Vat liéu c6 kha nang hép thu anh
sang c6 nang lugng 16n hon hoac bang ning
lwong ving ciAm cia chung dé tao ra cac cip
electron (¢°) va 15 tréng (h*) quang sinh, trong
do, electron dugce kich thich 1én ving dan, con
16 tréng duoc duy tri tai vung hoa tri [24]. Cac
electron va 16 trong duoc tao ra phan ung voi
O, hodc Hz0, din dén sy hinh thanh cac goc
hydroxyl. Cac gbc hydroxyl tao diéu kién cho
qua trinh phan huy TC thanh CO va H;0O. Co
ché xtic tac quang ddi v6i sy phan hiy TC bai
cac chat xuc NiFe;0s c6 thé duoc giai thich
thdng qua cac phan ung sau:

NiFe;O4 + anh sang — ecg” + hy"

ece’+ 02— "O2

'Oy + HO0 — "OH

TC + "OH — San pham phén huy

Mt han ché 16n cua cac vat liéu quang xuc
tac, 1a sy tai t6 hop nhanh chéng cua cac cip
electron — 15 trong quang sinh sau khi duogc tao
ra. Do d6, cac chat nhan electron dién hinh nhw
H,0, thuong duoc bd sung vao hé phan tng
nham han ché qua trinh tai hop giira electron va
16 tréng, qua d6 thiic ddy sy hinh thanh nhiéu
gbc hydroxyl hon. Két qua Hinh 5 con cho
thiy, khi c6 mit ciia H,O, hiéu suat xir Iy TC
cua vét liéu NiFe O, dat 86,03%. Nguyén nhan
do su hinh thanh goc ty do "OH tir tuong tac
gitra NiFe;04 va H,0O; da tao ra hiéu tmg hiép

ddng, gop phan khic phuc han ché tai t6 hop
nhanh cta NiFe;Os. Khi c6 mit H,0, chit nay
c¢6 kha niang nhan electron dé sinh ra gbc "OH,
vira lam ting luong gde tu do hinh thanh vira trc
ché qua trinh tai t6 hop electron — 1§ trong
quang sinh, qua d6 nang cao hi€u qua phan huy
TC [20].

3.3. Kha nang tai sir dung vat liéu

NiFe,O4 thé hién tir tinh manh, nén c6 thé
dé dang tach khoi dung dich bang nam chim
trong vong 2 phit. Thi nghiém tai sinh vat li¢u
duoc tién hanh bﬁng cach gilr lai cac hat
NiFe,O,4 trong cbc thuy tinh bang nam chdm
bén ngoai. Sau khi cb dinh vat liéu, thém luong
TC va H,0; vao cbc thiy tinh, dam bao thé tich
va ndng d6 phu hop véi cac thi nghiém trudce
d6. Hinh 6 thé hién kha ning tai sit dung vat
li€u NiFe2O4 phan hily TC qua ndm chu ky thi
nghiém lién tiép. Vi hiéu sudt tai sinh cao dat
trén 74,36% sau mdi chu ky. Diéu nay cho thiy
vat liéu NiFe,Oq duy tri hoat tinh xuc tac va do
6n dinh céu tric ngay ca sau nhleu 1an str dung,
v6i mirc suy giam hiéu sudt téi thidu. Tinh chat
tir tinh manh cua NiFe;O4 gitp dé dang thu hdi
bang nam chim bén ngoai, giam that thoat vat
lidu va don gian héa qua trinh tai ché.

Dé danh gia do 6n dinh cia vat liéu va kha
nang rura tréi kim loai trong qua trinh phan tng,
ham lugng ion Fe trong dung dich sau phan trng
da duoc phan tich bang phuong phap quang pho
hap thu nguyén tir (AAS). Két qua cho thiy
khong phat hién ion Fe trong dung dich trong
giéi han phat hién ctia phuwong phép, chiing to
qué trinh rira tréi kim loai 1a khong dang ké
trong diéu kién thi nghiém. Diéu nay ching to
sw rura troi kim loai la khong dang ké va phan
tmg chi yéu dién ra trén bé mat xuc tac
NiFe;O4, dac trung cho co ché xtc tac di thé.

Két qua nay ciing phii hop véi thi nghiém
tai st dung xuc tac, trong d6 hiéu suat phan huy
TC chi gidm nhe sau cac chu ky phan tng, cho
théy vat li€u duy tri dugc hoat tinh xuc tac va
d6 6n dinh tot trong qué trinh str dung lip lai.
Diéu nay khién NiFe,O, tr¢ thanh Gmg ctr vién
sang gia cho viéc xur Iy méi truong thuc té, dic
biét 1a trong cic hé thong xtr 1y nudc thai va
mdi trudng bi 6 nhiém khang sinh hodc cic chat
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6 nhidm hiru co khé phan hay khac. Su két hop
giita kha ning tai sir dung cao, d& phuc hdi va
hiéu suat phan hiy manh mé& nhin manh tiém
nang cua NiFe:O; nhu mot giai phap tiét
kiém chi phi va bén ving dé giai quyét 6
nhiém nudc.
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20

0-

1 2 3 4 5
S 1an tai sinh
Hinh 6. Banh gia kha nang tai st dung
cua vat liéu NiFe;O,.
4. Két luan

Nghién ciru nay da tong hop thanh cong vat
liéu NiFe,O4 bang phuong phép két tua, tao ra
vat liéu co do két tinh cao, kha ning hap thu
anh sang va dé dang thu hoi bang tir truong
ngoai. Vat liéu NiFe,O, thé hién hoat tinh
quang xuc tac tot dé phan hiy khang sinh
tetracycline trong nudc. Viéc bd sung H:0,
dong vai tro quan trong trong vigc thuc day qua
trinh phan huy TC bang cach tao ra nhiéu gdc
"OH hon va ngan chin sy tai to hop electron va
16 trong. Sau 240 phit, NiFe,0; da loai bo
75,75% TC, trong khi hiéu qua loai bo TC khi
str dung NiFe;O4 vai H2O2 dat 86,03% dudi tac
dong cuia anh sang. Hon nira, NiFe;O4 duy tri
hiéu suét loai bé TC tét qua nam chu ky tai sir
dung, chirng minh tinh 6n dinh va kha ning tai
sir dung cua vat lidu. Nhitng két qua nay cho
thdy NiFe,O, 1a vat lidu ¢6 hiéu suét cao, bén va
c6 thé tai str dung, véi tiém niang phan hay TC
va cac chat 6 nhidm hitu co khac trong hé thong
xtr Iy nudc thai dang ké.
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