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In this study, hybrid materials of nickel ferrite and multi-walled carbon
nanotubes (NiFe,0,/MWCNTSs) were successfully synthesized using a
hydrothermal method. The results showed that the addition of multi-
walled carbon nanotubes prevented the aggregation and contraction in
the NiFe,O, nanoparticles, reduced the electron-hole recombination,
and contributed to improving the efficiency of methylene blue
treatment in an aqueous environment. The highest methylene blue
degradation rate was 98.42% at optimal conditions for 180 min under
visible light in the presence of NiFe,O4/MWCNTSs and H,0,. Through
the scavenger studies, the main role of *OH in methylene blue
degradation was demonstrated. Therefore, composite material of nickel
ferrite and multi-walled carbon nanotubes can be a potential
photocatalyst for the degradation of pollutants dyes in wastewater.
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Phan hiy pham nhudm hiru co

Qua trinh oxi hod nang cao

Trong nghién ctru ndy, vat liéu composite cua nickel ferrite va ng nano
carbon da 16p (NiFe,0/MWCNTS) da duoc tong hop thanh cong bang
phuong phap thuy nhiét va ung dung dé phan hiy methylene blue. Két
quéa nghién ctu cho thiy, viéc bd sung dng nano carbon da 16p da ngin
chan su két ty, co lai cua cac hat nano NiFe,O,, lam giam sy tai té hop
cua electron-15 tréng va gdp phan nang cao hiéu suit xur 1y methylene
xanh trong mdi trudng nudc. Hiéu suat phan huy methylene xanh cao
nhat 1a 98,42% & diéu kién t6i wu trong 180 phut dudi anh sang kha
kién khi co mat vat liéu composite NiFe,0,/MWCNTs va H,0,. Vai tro
chinh ciia goc *OH trong qua trinh phan huy methylene xanh da duoc
chimg minh qua nghién ctu anh huong cua chat wc ché. Vat liéu
composite chira nickel ferrite va 6ng nano carbon da 16p 1a chat xuc tac
quang tiém ning dé phan hay pham nhuém giy 6 nhiém trong moi
trudmng nudc.
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1. Gioi thigu

Hién nay cac vat liéu chira ferrite thu hut dugc Sy quan tAm nghién ctru cua nhiéu nha khoa
hoc do co do bén hoa hoc cao, dién tich bé mat Ion, nang lugng viing cdm nhé (= 2 eV) va dé tach
ra khoi hé sau phan ng bang tir truong ngoai [1], [2]. Két qua cua nhiéu nghién ctiu cho thay,
cac ferrite 1a chat xtc tac ¢6 hiéu qua trong qua trinh phan huy nhiéu hop chét hitu co 6 nhiém
nhu methyl orange [3], methylene blue, reactive red [4], rhodamine B [5]. Tuy nhién, do c6 kich
thudc nano mét va cd tuong tac tir nén co su két tu cua céc hat ferrite, lam giam vi tri hoat dong
clia cac chit xuc tac trong qué trinh phan ung [6]. Nghién ciu cia mot sb tac gia [7], [8] cho
thiy mot sb chat nén nhu graphene oxide, dng nano carbon da 16p gitp cac hat nano ferrite phan
tan t6t, giam su két tu, ting hiéu suit xtc tic. Liwei Chen va cong su [8] da ché tao vat liéu
composite cua CoFe,O, va graphene oxide (GO) va nghién cttu kha nang phan hay norfloxacin
trén hé xuc tac nay. Két qua cho thiy, téc d6 phan huy norfloxacin dwoc cai thién dang ké khi cac
hat nano CoFe,0, dugc phan bd trén GO. Nhom tac gia [9] cho rang, dng nano carbon da 16p
(Multi-Walled Carbon Nanotube, MWCNTS) véi nhiéu tinh chat doc dao nhu d6 bén co hoc va
hoa hoc cao, d6 din dién tét, dién tich b& mit riéng 16n, phu hop lam vat liéu hd trg cho cac
ferrite. Vat liéu composite cua ferrite véi MWCNTSs di duoc tng dung lam chat xuc tac phan hiy
mot s6 thudc khang sinh nhu sulfadiazine [6], tetracycline [10], ciprofloxacin [11]. Tuy nhién,
viéc tng dung cua vat lidu nay trong phan hay phim nhudém con it dugc nghién ciru. Trong bai
b4o nay, chiing t6i cong bd két qua nghién ctru anh huéng cua éng nano carbon da 16p dén cu
trac, hinh thai hoc, tinh chit quang, tinh chét tir va hoat tinh quang xtic tac phan huy methylene
blue cua NiFe,0,.

2. Phwong phap nghién ciru
2.1. Hod chit

Céc héa chat sir dung trong nghién ctru bao gom:
e Tién chat kim loai: Ni(NO3),.6H,0 (Merck), Fe(NO3)s.9H,0 (Merck);
e Vit liéu nén: dng nano carbon da 16p da hoat héa (MWCNTs-COOHs, ham lwong -COOH 1a
30% V& khédi lwong, Trung Quéc);
e Chit tao phuc: glycine (NH,CH,COOH, Merck);
e Phdm nhuém: methylene blue CysH15CIN5S (Merck);
e Chét oxi hoa: H,0, 30% (Trung Qubc);
e Chit trc ché: KI (Merck); ascorbic acid (Merck), isopropyl alcohol (Trung Qudc).
Tat ca cac hoa chat déu ¢ do tinh khiét phan tich.

2.2. Tong hep vt lieu composite NiFe,0,/MWCNTS bang phwong phdp thiiy nhigt

Vit lieu NiFe,O/MWCNTs dugc téng hop bang phuong phap thuy nhiét, cu thé nhu sau: cho
0,10 gam éng nano carbon da 16p di hoat héa (MC) vao nudc cét, rung siéu 4m 30 phat. Thém
vao d6 dung dich ddng nhat ciia 3,332 gam NH,CH,COOH; 2,906 gam Ni(NOs),.6H,0 va 8,08
gam Fe(NO3)3.9H,0 réi rung siéu am tiép trong 60 phut. Tlép tuc khudy trén may khuay tir 60
phiit & 70°C rdi cho toan bd hdn hop vao binh Teflon; dat binh ¢ 180°C trong thoi gian 10 gio.
Binh phan tmg dugc dé nguoi roi ly tam, 1y phan ran rira sach bang nudc cat va ethanol; say kho
& 100°C trong 8 gio. Phan chét rin thu dugc nung & 500 °C trong 3 gio thu dwoc vat ligu
composite cua NiFe,0, va 6ng nano carbon da 16p, dugc ki hiéu 1a NFMC.

Vit lidu NiFe,0, tinh khiét dugc téng hop trong diéu kién twong tu nhu cua vat liéu NFMC
nhung khong c¢6 6ng nano carbon da 16p va duogc ki hiéu 1a NFO.

2.3. Cdc phwong phdp nghién ciru vt ligu

bé xac dinh thanh phén pha, su ¢ mat clia cac nguyén t, hinh th{ii hoc, tinh chét tir cia cac
mau ching t6i st dung phuong phap nhicu xa Ronghen (XRD), pho tan xa nang lugng tia X
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(EDX), phuong phap hién vi dién tir quét (SEM) va truyén qua (TEM), h¢ tir ké miu rung
(VSM). Phuong phap phé hong ngoai (IR), pho phan xa khuéch tan UV-Vis (DRS) va pho huynh
quang (PL) cho biét tinh chat cua lién ket cau trac, nang luong vang cAm va toc do tai to hop cua
cac cap electron va 16 trong clia cac mau. Dién tich bé mat riéng cua cac mau vat liéu tinh dugc
tir s6 liéu cuia phuong phép Brunauer- Emmett-Teller (BET) va Barrett-Joyner-Halenda (BJH).

2.4. Nghién ciru hogt tinh quang xuc tac phdn hity methylene blue cia vit ligu

Céc thi nghiém danh gia hiéu suit quang xtic tac phan hiy methylene blue (MB) ciia cc hé
vat liéu NFMC va NFO dugce tién hanh & nhiét do phong, trong thoi gian 180 phut vai cac diéu
kién cu thé nhu sau: khdi lwong chat xtc tac 1a 0,02 gam, thé tich dung dich MB 20,0 mg.L™
(pH=7) 1a 100 mL. Luong dung dich H,O, 30% la 1,0 mL dugc thém vao sau khi can bang hap
phu duoc thiét 1ap va chiéu sang hé bang dén Led (P = 30W, A > 420 nm, dit cach bé mat mau 15
cm). Hiéu suét phan huy MB trén cac hé vét li€éu dugc tinh theo cong thirc sau: H = (Cgp-
Cy)*100/Cyy.

Trong do: Cgp, la néng dd ctia MB tai thoi diém dat can bﬁng héip phu. C; la néng do cua MB
tai thoi gian t.

Céac thi nghiém nghién ctru dnh huong ctia khi lugng vat lieu NFMC (0 02 + 0,0,06 gam),
luong H,0, 30% (1,0 +3,0 mL) va ndéng dd6 MB (20 +50 mg/L) dén hiéu suat phan hiy MB dugc
tién hanh trong diéu kién tuong ty mo ta ¢ trén.

Anh huéng cta cac goc tu do dén qua trinh phan hiuy MB trén hé vat liéu NFMC ciing dugc
tién hanh tuong tw nhu mé ta & trén nhung c6 b sung vao hé mot lwong cac chét sau co nong do
1 mM la isopropylic alcohol (IPA), ascorbic acid (AA) va potassium iodide (KI) [6].

Vit lidu sau khi st dung duoc thu hdi bang nam cham, roi rira sach bing nudc ct, ethanol va dugc
sdy ¢ nhiét 4o 70°C. Kha nang tai sir dung cua vat lidu duoc tién hanh trong diéu kién nhu trén.

3. Két qua va ban luin
3.1. Cac dac trung cua vt ligu

Hinh la trinh bay gian d XRD cua mau MC, NFO va NFMC. Trén gian d6 XRD cua mau
MC xuat hién peak nhiéu xa & goc 26 1a 26,05 °; 43,53° ang voi mat phang mang (002) va (100),
déc trung cho cau tric graphite cua carbon (So thé 00-026-1080) [12]. Cac peak nhiéu xa dic
trung cho ciu triic cubic ctua NiFe,0, (s6 the 00-044-1485) dugc quan sat & cac goc 20 1a 30,28°
(220); 35,6° (311); 43,35° (400); 53,81° (422), 57,29° (511) va 62,96° (440) [13]. Trong mﬁu
composite NFMC ciing quan sat dugc cac peak ddc trung ctia NiFe,O4 va carbon nhung ¢6 cuong
d6 thip hon so voi mau thanh phan ban dau. Piéu nay di ching té co su tuong tac gitta NiFe,0,
va 6ng carbon trong composite [10].
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Hinh 1. () Gian @6 XRD, (b) phé IR va (c) phé PL ciia MC (1), NFO (2) va NEFMC (3)

Phé IR ciia cia MC, NFO va NFMC duoc dua ra & Hinh 1b. Trén phd IR cia MC c6 dai hap thy
& 3436 cm™ dugc quy gan cho dao dong hoa tri cua lién két O-H va ¢ 1091 cm™ va 1607 cm™ dac
trung cho dao déng cua lién két C-O, C=0 trong ong carbon da duwoc hoat hoa [6]. Cac dai hap thu
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§516 cm™ va 452 cm™ dic trung cho dao dong hoa tri cua cac lién két kim loai-oxygen M-O (M =
Fe, Ni) trong cac héc tir dién va hoc bat dién cua NiFe,04 [14]. Trong miu vat liéu CompOSite
NFMC xuat hién cac dao dong dic trung cua lién két M-O (6512 va 430 cm’ ) O-H (3374 cm™),
C-O (1052 cm 1), C=0 (1648 cm™) nhung c6 sy thay do6i vé gia tri s6 song. Két qua nay ching to
rang co sy twong tac cta NiFe,O, va 6ng carbon nano khi hinh thanh composite [10].

bé nghién ciiu téc do tai to hop cua cac cip electron va 15 tréng trong cac chét xuc tac quang,
chung t6i tién hanh do phd phéat quang (PL) cua cic mau vat liéu (Hinh 1c). Cac nghién ctu da
chi ra rang, mau c6 cuong d6 phat xa thap hon sé& c6 téc do tai to hop cua cac cip electron va 16
trbng cham hon [15]. Tir Hinh 1c cho théy, viéc két hop NiFe,O, va 6ng nano carbon dé tao
thanh vat liéu nanocompOSIte dan dén glam dang ké cuong do phat xa trén phd PL so véi cua
mau NiFe,O, tinh khiét, do d6 téc do tai t6 hop cua electron va 16 tréng trong mau composite
NFMC giam dang ké. Diéu nay hira hen tiém ning cua vat lidu trong phan ing quang xtc tac.
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Hinh 2. (a) Phé UV-Vis, (b) durong cong tir tré va (c) dwong dang nhiét hdp phuy - gidi hap phu khi N,

ciia NFO (1) va NFMC (2)

Hinh 2a trinh bay phd phan xa khuéch tan UV-Vis (DRS) cua cac vat lidu. Két qua cho théy,
cac vat liéu NFO va NFMC déu hap thy manh ‘trong vung anh sang kha kién. Tur dit liéu do phd
DRS, chung tdi x&c dinh ndng lugng vung cam ciia cac mau theo phuong phap cua Tauc [6].
Két qua tinh toan thu duoc ning luong ving cam Eycua NFO1a 1,69 eV, cia NFMC 1a 1,60 eV.
Theo tac gia [9], khi két hop vei dng nano carbon, sy truyén dién tich ting cudng va lam cho qua
trinh tai hop electron-15 tréng giam, nho d6 da lam gidm nang lugng ving cam cua mau
composite so voi ferrite tinh khiét. Ngoai ra, thong qua sy tuong tac cua ferrite véi 6ng nano
carbon c6 thé tao ra cac khuyét tat trong mang tinh thé hodc cac 16 tréng tai ving bién hat. Diéu
nay ciing gop phan anh huéng den ning luong ving cAm ciia mau composite.

Puong cong tir tré cua céc mau vat liéu NFO va NFMC duoc trinh bay & Hinh 2b. Két qua cho
thiy, d6 bdo hoa tir cia mau composite NFMC (31,26 emu/g) nho hon so voi mau NFO (38,65
emu/g). Piéu nay duogc giai thich 1a do trong mau composite co lwong carbon khong tir tinh nén
lam giam d6 bio hoa tir [4]. Nho c6 tir tinh, vat liéu composite co kha ning thu hoi bang tir
truong, ting kha nang tai str dung, tranh 6 nhiém thir cap gay ra boi vat liu xic tac.

[l Va0 5um Spectum

Hinh 3. Anh TEM cua (a)MC, (b) NF0 va (c) phé EDX ciia NFO
Du’émgNdéng nhiét hap phu - giai hip phu khi N2 677 °K va sy phan bd dudng kinh mao quan
cua cac mau dugc trinh bay ¢ Hinh 2c. Buong hap phu - giai hap phu N, cua mau NFO va NFMC
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déu thudc loai IV theo phan loai cua IUPAC, dic trung cho vt liéu cdu trac mesoporous [10],
[12]. Vit liéu composite NFMC thu duoc c6 dién tich bé mit riéng (58,31 m?/g) cao hon so voi
cua NFO (30,57 m?/g). Piéu nay tao diéu kién thuan lgi cho qua trinh hap phuy cac chit hiru co
trén bé mat cling nhu nang cao hiéu suat quang xic tac ciia vat liéu composite. Nhan dinh nay
cling dugc nhom tac gia Kumar [10] dua ra khi nghién ctru hé vat liéu NiFe,O4/CNTSs.

Cac sgi carbon vai duong kinh khoang 10 nm dugc quan sat trén anh TEM cta MC (Hinh 3a).
Cac hat NiFe,0, c6 dang hinh da giac vai kich thudc khoang 30 nm da dugc quan sat trén Hinh
3b. Sy co6 mit cua cac nguyén t6 Ni, Fe va O trong miu NFO0 ciing di duoc xac dinh trén phd
EDX (Hinh 3c). Trén anh SEM (Hinh 4a) va TEM (Hinh 4b) cia mau NFMC di quan sat duoc
céc hat NiFe,0, c6 kich thude trung binh khoang 20-30 nm phan bd déu trén cac 16p cia dng
nano carbon. Piéu nay s& gop phan lam giam sy két tu cia cac hat ferrite, cai thién hoat tinh
quang xtc tac cua vat lisu composite téng hop dwoc [6]. Trong mau NFMC chi c6 mit cac
nguyén t6 C, Fe, O, Ni (Hinh 4c), chting to mau thu dugc 1a tinh khiét.

c c [l Vp Sum Spectm

Hinh 4. Anh (a) SEM, (b)TEM va (c) phé EDX ciia mau NFMC
3.2. Hoat tinh quang xiic tac phdn hity methylene blue ciia cdc vit liéu
3.2.1. Anh huong ciia diéu kién phan g

Hiéu suat phan huy MB theo thoi gian chiéu sang & cac diéu kién khac nhau duoc dua ra ¢
Hinh 5a. Sau khi chiéu sang 180 phat luong MB bi phan huay chi dat 11-18,27% khi chi c6 mat
H,0,, hoic mau NFO, NFMC. Tuy nhién, khi c6 mit ddng thoi H,0, va vat liéu NFO (hoic
NFMC), hiéu suat phan hity MB ting 1én manh, dat 67,90 % va 89,41 %. C6 thé thdy rang, chat
xuc tac (vat liéu chia ferrite), anh sang (dén LED), chét oxi héa (H,0,) dong vai trd quan trong
trong qua trinh phan hiy MB. Hiéu suat phan hiy MB cua vat liéu composite NFMC dugc nang
cao hon so véi cua vat liéu NFO 1a do sy c6 mit ciia dng nano carbon da lam giam dang ké su két
tu cua cac hat ferrite va 1am tang dién tich bé mit riéng cua vat liéu. Diéu nay da dugc ching
minh qua két qua do dién tich bé mit riéng va anh SEM, TEM cua vat liéu. Mit khac, qua phép
do phd huynh quang dd cho thay qué trinh tai to hop giira electron va 15 tréng trong vat liéu
NFMC giam dang ké so vai cua NiFe,O, tinh khiét. Nhan dinh nay ciing dugc cic nhom nghién
ctru [6], [10] dua ra ddi voi hé vat lisu CoFe,0,/MWCNTs va NiFe,O,/MWCNTS .
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Hinh 5. Sy phy thugc cua hiéu sudt phdan hity MB vao thoi gian chiéu sdng:
(@) khi c6 mat Hy0, (1), NFO (2), NFMC (3), NFO + H,0; (4), NFMC + H,0; (5);
(b) su phu thugc cua In(C,/Cy) vao thoi gian chiéu sang khi cé mat H,O, va vdt liéu NFO (1); NFMC(2)
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Két qua tinh dai lugng In(C,/Cy) theo thoi gian chiéu sang duoc trinh bay trong Hinh 5b. Két
qua cho thiy, dai luong In(C,/Cy) phu thudc tuyén tinh vao thoi gian chiéu sang vai hé sb hdi qui
kha cao, chting to phan rng phan huy MB cua cac vat liéu NFO, NFMC tuan theo phuong trinh
dong hoc bac 1. Gia tri hang s6 téc d6 cua phan tmg phan hity MB cua vat lisu NFMC 14 1,17.10
2 phiit™, cao hon 1,8 lan so vai ciia vat liéu NFO (0,64.10° phat™).

3.2.2. Anh huong cua khoi lwong vat liéu

Hiéu suat phan hay MB ¢, 180 phut chiéu sang khi c6 mat cua H,0, va vat lisu NFMC véi
khéi lugng khac nhau dugc thé hién ¢ Hinh 6a. Két qua cho thiy, lwong MB bi phan huy la
89,41% tng véi khdi lwong vat lisu NFMC 1a 0,02 gam. Khi ting khéi lwong vat liéu 1én 0,04
gam, hiéu suat phan hay MB ting 6 rét, dat 94,72 %. Nguyén nhan c6 thé 1a do trong ciing don
vi thé tich, khi tang luong vat liéu NFMC s& lam ting s6 tdm xtic tac hoat dong kém theo luong
electron va 15 trng ting. Do d6, toc do sinh ra cac goc tu do ‘OH ting, din dén luong MB bj
phan hay ting. Tuy nhién, khi ting luong NFMC 1én 0,06 gam thi hiéu suat phan hay MB giam
xudng con 84,37%. Hién tugng nay 1a do khi ting khéi lugng chat xic tac qua mic s& lam giam
su hép thu anh sang cua hon hop va tiang cudng hi¢u tmg tan xa cac bic Xa anh sang, do do hi¢u
suit phan @ng phan huy giam [10], [16]. Tu két qua thuc nghiém, chung t6i lya chon khéi luong
t6i wu cua vat lieu NFMC 14 0,04 gam dé tién hanh cac thi nghiém tiép theo.
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e
= 60 T %
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40
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0- 70
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Hinh 6. Anh hurong cua (a) khoi leong vt lieu NFMC, (b) lirong H,0,, (c) nong dg MB
va (d) cde chat irc ché dén hiéu sudt phdan hity MB sau 180 phiit chiéu sing

3.2.3. Anh hudng ciia hrong H,O,

Su anh huong cia lwgng H,0, dén hiéu suat phan hily MB cuia vat ligu NFMC dugc trinh bay &
Hinh 6b. Sau 180 phit chiéu sang, hi¢u suat phan hiy MB ting tir 94,72% dén 98,42% khi thé tich
H,0, tang tir 1,0 mL + 2,0 mL, sau d6 giam xudng con 96,95 % khi lvong H,0, ting 1én 3,0 mL.
Co thé giai thich dir kién thuc nghiém trén nhu sau: Khi lugng H,0, trong dung dich tang 1én 2,0
mL, s6 lwong géc "OH duoc tao ra tang dan dén hi¢u suat quang xuc tac tang [16]. Tuy nhién, khi
tang luong H,0, dén 3,0 mL thi cac phan tr H,O, du thura ¢6 thé phan ng véi cac gbc "OH dé tao
gbc *O0H va H,0, do d6 1am giam hiéu suit phan huy MB cua vat liéu. Tir két qua khao sat trén
cho thay, luong H,0, 30 % tbi uru cho qua trinh phan hity MB cua hé vat lisu NFMC 13 2,0 mL.
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3.2.4. Anh huong ciia nong dé MB

Hinh 6¢ biéu dién két qua nghién ctru sy anh huéng cua ndng d6 MB dén hiéu suét phan huy
phém nhudm nay cua hé vat liéu NFMC khi c6 mat H,O, va chiéu sang trong thoi gian 180 phit.
Két qua thuc nghiém chi ra rang, khi nong d6 MB ting tir 20 mg/L dén 50 mg/L thi hiéu suat
phan huy MB giam tir 98,42% dén 52,76% sau 180 phut chiéu sang. Piéu nay duoc giai thich
nhu sau: trong cung diéu thi nghiém (lwong vat liéu NFMC va H,0,), sb luwgng cac tdm hoat dong
12 nhu nhau nén khi néng d6 MB ting dan dén hiéu suit phan hiy pham nhudm giam [16].

3.2.5. Anh huong ciia cdc chat irc ché

Két qua thi nghiém danh gia anh huéng caa cac chit e ché duge dua ra & Hinh 6¢. Cac chat
AA, TPA, KI duoc sir dung ¢ cung ndng do 0,1M nham bt cac goc ‘O, , "OH va 16 tréng h*. Két
qua cho thiy c6 su giam rd rét hiéu Suit phan huy MB khi c6 mit cac chét (¢ ché nhu sau: 98,42

% (khong c6 mat chat uc ché) > 68,81% (c6 AA) > 54,85 % (c6 KI) > 29,76% (c6 IPA). Nhur
vay, c6 thé thy rang, gdc ‘OH déng vai tro quan trong nhat trong qué trinh phan hay MB.

3.3. Tai sw dung cia vit ligu
s7es a
-\35.43 f
85 93.34 A |

-\'\9.1 89 M\VWWNU"MB’*W

90

100

H%

L2 L3 L4 A ‘ : .
Solanswdung 20 30 40 50 60 70 80

(1)

Transmittance (%)

4000 35‘00 30b0 25‘00 20‘00 15‘00 10‘00 560 INSENIE= 50KV
Wavenumber (cm™)
Hinh 7. () Hiéu sudt phdn hiy MB, (b) gian do XRD, (C) pho IR va (d) dnh SEM
cua vat licu NFMC ban dau (1) va sau 04 lan sv dung (2)

Vit liéu NFMC sau 4 lan sir dung, hiéu suit phan hiay MB chi giam gan 6% (Hinh 7a). Thanh
phan pha, tinh chit lién két, bé mit cua vat liéu NFMC (Hinh 7b,c,d) hau nhu khong thay ddi sau
4 1an st dung.

Theo cong bd ciia nhom tac gia [6], trén hé xuc tic CoFe,0/MWCNTs va chit oxi hoa la
peroxymonosulfate, hiéu suit phan huy sulfadiazine dat 57% sau 5 lan st dung. Vat liéu
composite ZnFe;04/C3N»/GO ciing 6 kha nang tai s dung cao, hiéu suat phan huy MB giam
khong dang ké sau 7 lan sir dung [17]. Nhu vay, vat liéu composite NFMC ¢6 do bén cao, hoat
tinh quang xuc tac t6t va c6 nhiéu tiém ning dé xu 1i cac chit hitu co 6 nhidm trong nuéc thai.

3.4. So sdnh hoat tinh quang xiic tdc cia vit ligu NFMC véi mét sé vt ligu composite khdc

Két qua so sanh hoat tinh quang xtc tac phan hay MB cua mot s vat liéu composite chira ferrite
duoc dua ra 6 Bang 1. Két qua so sanh cho thay rang, vat liéu NFMC da tong hop duogc co kha nang
phéan hiy MB cao, cé thé dung trong thuc tién dé xir 1y nude bi 6 nhiém khi dugc nghién ctru sau hon.
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Bang 1. Hiéu sudt phdn hiiy methylene blue ciia mét sé vit liéu composite chita ferrite

Vit liéu Nong dd MB ban Thoi gian Hiéu suit Tai liéu tham
quang xuc tac diu (mg/L) (phit) (%) khio
ZnFe,0,/Zn0 20 320 80,0 [18]
ZnFe,0,/GO 20 70 97,46 [19]
MgFe,0,/GO 20 60 99,3 [20]

NiFe,0,//MWCNTSs 20 180 98,42 Nghién clru nay

4. Két luan

Vit liéu composite cua nickel ferrite va 6ng nano carbon da 16p da dugc tong hop thanh cong
va ung dung dé phan hiy pham nhudém methylene blue. Két qua nghién ctru cho thay, sy c6 mit
cua ong nano carbon da 16p da lam glam su két tu cua cac hat nano NiFe,O,. Dién tich bé mat
riéng cua vat liéu NFMC la 58,31 m /g, cao hon dang ké so v6i cua vat lieu NiFe,0, tinh khiét.
Luong methylene blue bi phan hily dat hon 98% sau 180 phut chiéu sang v&i sy c6 mat cua Hy0,
va NFMC. Nghién citu anh hudng cua cac chat ¢ ché cho thiy, gdc <OH déng vai trd chinh
trong qua trinh phan huy hop chat hiru co. Vat liéu NiFe,0,/MWCNTs 1a chit xiic tac quang tiém
ning dé phan huy pham nhuém gay 6 nhidm trong méi truong nudc & cac lang nghé dét nhuém
khi dugc nghién ctru sau hon.

Loi cam on
Nghién ctru nay duoc tai tro boi B Gido duc va Pao tao trong dé tai ma s6 B2024-TNA-11.
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