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ABSTRACT

In this work, the NiFe;O4/N-doped GO composites were successfully
synthesized by the hydrothermal method. The structure, chemical
compositions, the presence of functional groups, surface morphology,
and magnetic properties of the obtained composites were investigated
by X-ray Diffraction (XRD), Energy Dispersive X-ray Spectroscopy
(EDX), Fourier Transform Infrared Spectroscopy (FT-IR), Scanning
Electron Microscopy (SEM), Transmission Electron Microscopy (TEM)
and Vibrating Sample Magnetometer (VSM). The experimental results
show that nickel ferrite (NiFe>O4) nanoparticles with the size of about
9-20 nm are dispersed evenly on the GO surface denatured by
nitrogen. The saturation magnetization of composite NiFe,04/GO-N is
39,32 emu/g. Photocatalytic activities of the NiFe,O4/N-doped GO
composites have been evaluated through the photodegradation of the
methyl blue (MB) under the irradiation of a tungsten filament lamp 75
W - 220V, using a UV filter. MB photodegradation efficiency reaches
98% after 240 minutes of illumination. The NiFe;O4/N-doped GO
photocatalysts are recovered under the utilization of an external
magnetic field and can be reused. After 3 times of reuse, MB
photodegradation efficiency reaches over 87%.

Gidi thiéu chung

va xt ly méi trusng dugc cong dong cac nha khoa hoc
quan tadm. P& cd nhiéu nghién cltu ché tao cac hé vat

SU ra dai va phét trién khdng ngling clia khoa hoc vét
liéu nano d& mang lai nhiéu thanh tyu to In trong céc
finh vuc cta khoa hoc céng nghé, nd lubn md ra
nhiing hudng di mdi va cac cach tiép can khac nhau
dé gidi quyét cac van dé cép thiét hién nay. Mét trong
cac van dé mang tinh toan cau dang phai déi mat do
la su thiéu hut nang lugng, 6 nhiém moi trudng va su
bién d&i khi hau. Viéc tim ra cac gidi phap dé kiém soét

litu mdi Ung dung dé xit ly cac chat 6 nhiém moi
trudng dugc cong bd. Trong s6 cac phuong phap
dugc ap dung nhu hép phuy, mang loc, x( ly sinh hoc
va mét s6 phuong phép phé bién khac, phuong phap
quang xUc tac nhan dugc su quan tam dac biét do
hiéu qua xt ly cao, nhét la trong viéc xU ly cac chat 6
nhiém hitu ¢, cac haop chat mau khé phan hay trong
ma&i trudng nudc [1-4].
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Hudng nghién cltu dung chét xdc tac quang dé xu ly
cac hgp chét hitu co trong méi trudng phat trién manh
mé, cac nha khoa hoc khéng chi tap trung nghién clu
cai thién hoat tinh cac hé quang xuc tac cé thé hoat
doéng tét trong vung anh sang nhin thdy ma con quan
tdm dén kha nang thu hdi, téi sif dung cla cac hé vat
liéu nay.

TU lau vat liéu ferrite spinel MFe,O4 nhan dugc su quan
tam clia cac nha khoa hoc do c6 nhiéu dac tinh néi bat
nhu cé kich thudc nanomet, dién tich bé mat I6n, siéu
thudn ti, c6 dd bao hoa ti cao va dé thu hoi bang
cach su dung tu trudng cho dung dich sau phan Ung...,
mang lai hiéu qua kinh té va kha ndng Ung dung thuc
t€ cao. Tuy nhién, dé nang cao hon nita hiéu qua Ung
dung clia hé vat liéu nay nham x ly cac hop chét hitu
ca kho phén huay trong méi trudng nude, vat liéu té
hop MFeOy4 trén vat liéu nén co dién tich bé mat I6n
dugc quan tam. Viéc két hgp gitia MFe,O4 va graphen
cling nhu vat liéu trén cg s3 graphen bién tinh tao ra
vat liéu mdi vai nhiéu tinh nang da va dang dugc
nghién cliu sdu réng. Ba cé nhiéu cong bé ng dung
cac vét liu nay trong x ly moi trudng, xUr ly cac chat 6
nhiém hitu cd madi trudng nudc [5-14], xI ly cac kim
loai ndng doc hai [16,17] hiéu qua va dé dang thu hoi,
téi st dung. AiL, va cong su [18] da chi ra rdng, céc
hop chat hitu co cé thé dugc hdp phu trén cac hat
nano hay vat liéu cdu tric nano théng qua nhing
tuong tac xép chdng m-m gilia cac géc tham cla chét
hitu ca va cac vung lién hap  md réng trong cau tric
graphene; Tudng tac cation — 1, tuong tac nay bi chi
phéi bdi sy phan cuc cation, luc tinh dién gitta céc
cation va cdu trdc dién td aromatic giau electron .
Nhiéu nhém nghién cliu da két hgp mét sé phuong
phép oxi hda nang cao (AOPs) dé xUr ly cac chét 6
nhiém hiiu cg cho két qua rat kha quan. Fu et al. [19]
da nghién clu phan Ung xUc tac quang hoda trén vat
liéu nanocomposite CoFe,O./rGO (v&i 40 % of GO)
nham x{ ly thu6c nhuém hoat tinh. Co ché cla qua
trinh oxi hda nang cao (AOPs) la tao ra cac goc tu do
c6 hoat tinh cao, cac géc tu do *OH phan Ung nhanh
va khéng chon loc vdi hdu hét cac hgp chat hiu co
giau gdc dién tich. Cac ky thuat nay co thé két hap vdi
tia UV va cac chét xtc tac khac nhau dé tao ra cac géc
ty do *OH. PhS bién nhét 1a s&t dung cac chat khir
Fenton.

Trong bai bao nay ching téi nghién cliu t6ng hop chat
xUc tac NiFe;Os/ graphen oxit bién tinh bdi N va
nghién ctru cdu trdc cla vat liéu téng hop dugc. Budc
ddu nghién cdu hoat tinh xUc tac quang cla
NiFe,04/GO-N trong phén Ung phan hiy metylen
xanh (MB) trong nudc.

Thyc nghiém va phuang phap nghién clu
Héa chdt

Graphit (Merck); NaNOs (Merck); HCI (Merck); KMnOa4
(99 %, Sigma-Aldrich); H.SO4 (98%, Merck); H.O, (30%,
Aldrich); NaOH (China); Axit ascorbic (Merck); Ure
(Merck); Fe(NO3)3.9H.O (Merk); Ni(NO3)..6H.O (Merck);
Dung dich NH4OH (Merck); Co:HsOH (Merck).

T6ng hop vat liéu
T6ng hop graphen oxit, graphen oxit bién tinh bdi N

Graphen oxit dugc téng hogp theo phuong phap
Hummers bién tinh [20], theo quy trinh sau:

Cho 1 gam graphit cacbon, 0,59 NaNOs va 23mL
H.SO4 dam dac vao cde thay tinh chiu nhiét, lam lanh
hon hop & (0-5°C) va khudy déu trén may khudy tu.
Nang nhiét dé lén 15°C va cho tU tU tung luong nho
két hgp vdi khudy déu lién tuc 3g KMnQOy, sau dd nang
ti€p nhiét d6 dén 40°C. Tiép tuc thém 100mL nudc cét
va nang nhiét do 1én dén 98°C, khudy lién tuc trong 1
gid sau dod cho thém 10mL H.O2 30% vao hdn hop
khudy trong 1 gid. DE ngudi tu nhién, loc rira sdn pham
nhiéu 1an bang axit HCI 5%, sau do ria bang nudc cét.

Dé thu dugc graphen oxit, san pham graphit oxit thu
duoc & trén dugc tach 16p bang k§ thuat siéu am vdi
dung moéi nudc trong 1 giG trén thiét bj siéu am
Elmasonic S 100 H ¢é tan s& siéu am 37 kHz. San phém
dugc sdy & nhiét d6 60°C trong 12 gig, thu dudc
graphen oxit (GO) dang bdt khd mau nau den.
Graphen oxit bién tinh bdi N dugc téng hap theo quy
trinh nhu sau:

Tuong tu nhu téng hop GO, sau khi cho graphit
cacbon, NaNOs va HSO4 ddm dac vao cée thiy tinh
chiu nhiét, 1am lanh hén hop & (0-5°C) va khudy déu
trén may khudy tU, nang nhiét dé hon hgp 1én 15°C va
cho tUr tr ting lugng nhd két hop vdi khudy déu lién
tuc KMnOa. Tiép dén cho moét lugng xac dinh urea
(0,59) vao hdén hgp, nang nhiét dé 1én dén 40°C. Tiép
tuc thém 100mL nudc cét va nang nhiét do 1én dén
98°C, khudy lién tuc trong 1 gid sau dé cho thém 10mL
H.O. 30% vao hon hgp khudy tiép trong 1 gio. DE
ngudi ty nhién, loc rifa san phdm nhiéu lan bang axit
HCl 5%, sau do rita bang nudc cat. San phdm thu
duoc, dugc tach 16p bang ky thuat siéu am vdéi dung
moi nudc trong 1 gid trén thiét bi siéu am Elmasonic S
100 H c6 tan s6 siéu am 37 kHz. Loc, 18y san pham rén
sdy & nhiét do 60°C trong 12 gig, thu dugc graphen
oxit bién tinh, mau dugc ki hiéu 1a GO-N.

Téng hop NiFe;Oq4
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Vat liéu NiFe,O4 téng hop bdng phuong phép thly
nhiét theo quy trinh sau: Cho 3,232g Fe(NOs)3 9H,0 va
1,164g Ni(NOs)..6H.O vao hén hop chifa 50mL nudc
cat va 30mL etanol khudy déu trong 60 phut. Thém
15mL NH4OH vao hén hap trén, khudy tiép 120 phut.
Sau do6 chuyén toan bd dung dich vao binh Teflon, tién
hanh thay nhiét 180°C trong 12 gid. Loc rira két tda
nhiéu lan bang nudc cat va etanol cho dén pH=7. Chét
ran thu dugc, dugc sdy & 60°C trong 24 gid, sau do
mau dugc nung 3 450°C trong 4 gid trong dong khi
nita, thu dugc NiFexO4.

Téng hop composite NiFe:04/ GO va GO bién tinh bdi
N (Nife204/ GO-N)

Composite NiFe,O/ GO va NiFe;0/ GO-N téng hgp
theo phuaong phap thay nhiét [15], quy trinh dugc thuc
hién nhu sau: Cho 0,3g GO/ GO-N vao hdn hgp chia
50mL nudc cét va 30mL etanol khudy trén may khudy
tUr trong 10 phut. Rung siéu &m trong 1 gid, dugc hdn
hop 1. Cho ti€p hdn hop gdm 3,232g Fe(NOs)s. 9H.0
va 1,164g Ni(NO3),.6H,O da dugc hoa tan trong etanol
vao hén hop 1, 3¢ trén may l&c trong 60 phut. Tiép
theo thém 15mL NH4OH vao hdn hgp trén, khudy tiép
120 phut. Sau do chuyén toan bd dung dich vao binh
Teflon, tién hanh thay nhiét 180°C trong 12 gid. Loc ria
két tha nhiéu l&n bang nudc cat va etanol cho dén
pH=7. S8y chét ran & 60°C trong 24 gid, tiép dén nung
& 450°C trong 4 gid trong dong khi nitg, thu dugc
NiFe.O4/ GO va GO bién tinh bdi N (NiFe,Q4/ GO-N).

Phuang phdp ddc trung

Phé nhiéu xa tia X cla cac mau dugc do trén
nhidu xa k& Brucker D8 Advance vd&i 6ng phét tia X
cla Cu c6 budc song 8 (CuKa) = 1,5406 D. Cac hinh
anh kinh hién vi dién tu truyén qua (TEM) dugc ghi
trén JEOL JEM-2100F. Phé tia X phéan tan nang lugng,
EDX dugc thuc hién trén thiét bi EDAX 9900 gén vdi
thiét bi SEM. Phé FTIR do trén may JASCO (USA),
FT/IR-4100. Tinh chat tir cla vat liéu dugc do trén may
Micro Sense easy VSM 20130321-02, (AIST).

Khdo sat hoat tinh xtc tdc quang caa vt liéu

Trong nghién clu nay, ching toi danh gia hoat tinh
xUc tac quang cla cac vat liéu qua kha nang phan huy
MB dudi tac dung clia dén sgi toc 75 W — 220 V, co
kinh loc tia UV.

biéu kién thi nghiém: Nong dé ban dau clia MB: 20
mg/L, thé tich dung dich: 100 mL, khéi lugng xuc tac la
100mg. Hén hop dugc khudy lién tuc 30 phat trong
bong téi dé€ dat can bang hdp phu trudce khi thuc hién
phén Ung.

Dua theo phuong phap duong chudn xac dinh
néng dé clia MB con lai sau phan Ung. Hiéu suét phan
hdy MB dudc xac dinh bdi céng thuc:

H%:C"_Ct.lOO

0

Trong do6, Co: ndng dd ban dau cla dung dich MB
(mg/L); Ce ndng dé cda dung dich MB sau cac khoang
thai giant (mg/L).

Két qua va thao luan
bdc trung vt liéu
C4u tric cla vét liéu téng hop dugc xac dinh theo

phuang phap nhiéu xa tia X (XRD), két qua dugc trinh
bay & Hinh 1, 2.

Cuong do (cps)

10 20 30 40 50
2theta (do)

Hinh 1: Gian do nhiéu xa tia X cla graphit

Cuding do twong déi {Cps)

2theta (d0)

Hinh 2: Gidn dd nhiéu xa tia X ctia GO (a), GO-N (b),
NiFe,0x (c) va NiFe;04/GO-N (d)

TU gian d6 nhiéu xa tia X ctia graphit (Hinh 1); GO, GO-
N, NiFe;Oq; NiFe,04/GO-N (Hinh 2, tuong Ung vdi cac
ki hiéu a-b-c-d) nhan thay rang c6 su thay déi rd rét vé
c8u trdc gilta vat liéu ban dau, graphit va vat liéu thu
dugc graphen oxit sau khi oxi hda graphit v&i cac tac
nhan oxi héa manh. Pic nhiéu xa (002) dac trung cua
graphit xuét hién & goc 26 = 26,3° (Hinh 1), sau khi oxy
hda vdi cac tac nhan oxi hda manh, pic déc trung cua
graphit & 20 tai 26,3° da théap di va thay vao do la su
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xudt hién cla pic & 26 bang 11° (Hinh 2a) dac trung
cho vat lieu GO. Su dich chuyén nay 1a do cé su chén
cac nhém chic chira oxi hoat dong —OH, -COOCH, -
C=0... vao khodng khéng gian gilta céc I6p cua
graphit, dan dén céu tric clia cla vat liéu graphit ban
dau bi bién déi [21, 22]. BSi véi GO-N (Hinh 2b) van
gitr dugc céu tric cla vat liéu GO.

Vat liéu ferrite, NiFe,O4 (Hinh 2¢) xuat hién cac pic dac
trung vd&i cac nhiéu xa (220); (311); (400); (511) va (440)
tucong ung vdi cac goc 26 = 30,6; 35,58; 43,51, 57,5 va
63,13 (theo thé chudn JCPDS 86-2267) [7, 23]. DG vdi
composite NiFe;O4/GO-N, pic dac trung clia GO cling
van xudt hién nhung bi chuyén dich vé phia goc Ién
haon, goc 26 ®13° véi cudng dé cao sac nhon déng
thdi cling xudt hién cac pic Ung véi cac mat nhiéu xa
(220); (311); (400); (511) va (440) dac trung cua vat liéu
ferrite NiFe;O4. Bén canh nhing ndi dung thdo luan
trén, quan sat hinh 2b va 2d c6 thé théy, d6 réng chan
pic & goc nhidu xa 20 13° cla NiFe,04/GO-N hep
hon GO-N, diéu nay cho thdy, vat liéu composite
NiFe,O4/GO-N van gitt dugc cdu tric cia GO-N
nhung khoang cach gitta cac I8p dugc cho la sé giam
do mét phan NiFe,O4 phan tan trén bé mat GO-N
[24].

DE c6 théng tin vé sy cd méat clia cac nhém chic trong

cac mau vat liéu téng hap, phd FT-IR dugc st dung,
hinh 3.

c-0 (d)
Fe(Ni)-Ox \fc
c=C
O-H
53
m (b)
3
o
= 0-H
2
et (a)
@ c-O C-0
c=0
O-H

4000 3500 3000 2500 2000 1500 1000 500

58 séng (cm-1)

Hinh 3: Ph8 FT-IR clia GO (a), GO-N (b), NiFe204 (¢)
va NiFe204/GO-N (d)

Quan sat phd FT-IR cla céc mau vat liéu cho thdy co
s xudt hién cac pic dac trung cac nhém chic chia oxi
trong GO nhu nhém hydroxyl (-OH) trong khodng
3300-3400 cm™, nhém C=0 (-COOH) & 1607 cm™,
nhom C-O ¢ 2 pic & 1636 cm™ va 1700 cm™, nhém
chic epoxyl (C-O-C) & 1104 cm™ xudt hién trén phé do
[7, 25]. D& v&i NiFe:Os (c) va NiFe;04/GO-N (d) ¢co su
xudt hién pic & vung budc song 500-1000 cm™ dac

trung cho sy ton tai cla cac lién két Ni-O [26]. Lién két
Fe(Ni)-O dugc hinh thanh do luc hdt tinh dién gitta cac
nhém chiic (COOH, COH, C-O-C) trén bé mat GO-N
vdiion Ni* va ion Fe?* [ 27].

Su cé mat clia cac nguyén té va thanh phéan clia ching
o trong cac mau nghién cltu xac dinh dua vao két qua
do phé tia X tan xa nang lugng (EDX), dugc trinh bay &
hinh 4 va bang 1.

. Map Sum Spectrum

@

5 10 keV

B Map Sum Spectrum

(b)

5 10

KEV

w0

B Map Sum Spectrum

©

(=]

Fe
Nif i

’ i
N

n P S
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5 10 kel

Hinh 4: Ph& EDX cua cac vat liéu NiFe>Oa (a),
NiFe>04/GO (b) va NiFe04/GO-N (c)

Bang 1: Thanh phan nguyén t6 clia cac vat liéu
NiFeZO4, NiFe204/GO va NiFegO4/GO—N

Nguyén t6 | Nife,0s | NiFe:0,/GO | NiFe,0./GO-N
% nguyén tu
C 0,00 59,47 61,02
0 54,45 31,54 32,21
Fe 30,57 5,9 3,98
Ni 14,98 3,03 2,05
N 0,00 0,00 0,74
Téng 100,00 100,00 100,00

Nhin chung trong cac méau nghién ctu, thanh phan
nguyén tr clia cac nguyén t& c¢d khac nhau, khi phan
tan NiFe;O4 trén GO hay GO-N phan trédm nguyén t
clia Fe va Ni trong hai mau nay déu gidm nhung ti lé
mol ctia Fe**: Ni** van luén dung ti 1é hgp thie, xép xi
la 271, Phan tram nguyén t¢ C va O trong mau
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NiFe,04/GO-N cao hon so véi mau NiFe,0./GO va cb
xudt hién N vai 0,74% nguyén t. Tat ca cac mau déu
khong cé mat tap chat.

Hinh thai hoc bé mat va cdu tric cla vat liéu
NiFe;04/GO-N dugc xac dinh dya vao anh chup hién
vi dién t&r quét (SEM) va anh hién vi dién tir truyén qua
(TEM) dugc dua ra & hinh 5.

Hinh 5: Anh SEM (a) va TEM (b va ¢) clia vat liéu
NiFe,0./GO-N

Quan sat anh hién vi dién t quét (SEM, hinh 5a) va
anh hién vi dién ti truyén qua (TEM, hinh 5b va 5¢) cla
NiFe,04/GO-N nhéan théy cac hat nano NiFe;O. dang
cubic phan tén kha ddng déu trén bé mat GO-N vdi
kich thudc dao dong trong khodng 9-20nm.

Nhu da trinh bay, mét trong céc tinh chét quan trong
clia vat liéu NiFe;04/GO-N dé la tr tinh clia ching. B
khdng dinh rang vat liéu t8ng hop dugc co tu tinh,
ching t6i tién hanh do mau véat liéu trén tU k& mau
rung (VSM), két qua thé hién trén hinh 6.

60 - @
20, ®)

20+

0

M(emu/g)

.20

-40 1

-60

-10000 -5000 0 5000 10000
H(Oe)

Hinh 6: Buding cong tir tré cla NiFe;Ox (a),

NiFe204/GO-N (b)

Két qua khado sat cho thdy, dudng cong tU tré cla
NiFe>O4 va composite NiFe;04/GO-N c6 dang chi S,
vat liéu co tinh chat siéu thuan tU vai luc khang ti nho
(bang 0). B tUr bdo hoa cua vat liéu NiFe,Oq la 54,38
emu/g, v&i composite NiFe04/GO-N db tu hda bdo
hoa la 39,32 emu/g. Két qua nay phl hgp vdi céc tai
liéu da cong bé [28, 29]. Gia tri do tir hda bao hoa cao,
do vay cac vt lieu nay cé thé dé dang tach ra khdi
dung dich nudc dudi tac dung cua tU trudng ngoai
(30].

Bdnh gid hogt tinh xdc tdc quang cua vat liéu trong
phdn tng phan hay MB

Két qua khao sat hoat tinh xUc tac quang clia cac mau

nghién clu trong phan Ung phan hiy MB dugc thé
hién & hinh 7.

10 Khdng xuc tac

—_— —_— . — . GO-N
0,8 —_—

A
0,6 . v\\. .
~—._ NiFeO
0,44 —, =
\\
.NiFe,0 4/GO

C/Co

0,2 ~
A
\\N@w’\l
0,0 v
0 60 120 180 240

Thoi gian phan ung (phut)

Hinh 7: Su gidm ndng dé MB theo thdi gian
clia phan Ung
Cé thé nhan thay, khi khéng co xuc tac su gidm noéng
dé dung dich MB theo thgi gian phan Ung la khong
dang ké, san phdm cla qué trinh phan hiay MB dugc
thé hién & hinh 8a. Con ddi véi cac composite, su gidm
nong dé dung dich MB theo thai gian phan Uing kha r6
ma dac biét la NiFe,04/GO-N. So vdi tung vat liéu
thanh phéan, GO-N cling nhu NiFe;O4 su giam ndng dé
MB déi vdi xtc tac NiFe2O4/GO-N kha manh. Hiéu suat
phan hiy MB cla xuc tac NiFe,04/GO-N sau 240 phut
dat trén 98%, trong khi do vdi GO-N chi dat khodng
20% va NiFe;O4 dat 63% (tinh t&r hinh 7). K&t quéa nay
cho thay 16 sy tang cuang kha nang hiép trg gilta vat
liéu NiFe;O4 va GO-N mang lai hiéu qua xr ly MB cao
hon so vdi tung vat liéu riéng ré. Clng tU hinh 7 cho
thdy, déi v&i composite NiFe,04/GO kha nang phan
hdy MB cling kha cao, dat 84% sau 240 phut chiéu
sang. Nhu vay cé thé thédy rang, vat liéu NiFe,Oy khi
phan tan lén bé mat GO cling nhu GO bién tinh bdi N
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(GO-N) déu c6 hoat tinh xic tac quang cao, tuy nhién
hiéu suét phan hdy MB trén xtc tac NiFe;04/GO-N cao
hon so vdi xtc tac NiFe,04/GO. Két qua nay co thé
dugc cho la do viéc bién tinh GO bdi mét s& phi kim
trong vat liéu ban dan, & day 1a N co thé xem la chat
dinh hudng céu trdc, tdng cudng cac nhom chdc phan
cuc trong cdu trdc do dé cé thé anh hudng dang ké
nang lugng ving cadm, tac déng dén hoat tinh xuc tac
quang cla vat liéu trong qua trinh x ly cac hgp chéat
mau htu cg [37, 32]. MB bi phan hdy gan nhu hoan
toan, pic mang mau cla MB hau nhu khéng quan sat
théy trén phd do, hinh 8b.
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Hinh 8: Phé UV-Vis clia san phdm qua trinh phan hiy
MB khi khdng co xdc tac (a) va khi co xdc tac
NiFe204/GO-N (b) & cac thsi diém khac nhau

MGt trong nhing vén dé quan tdm cla vat liéu xUc tac
dé la kha nang thu hoi va téi st dung vat liéu. That vay,
xUc tac NiFe;04/GO-N sau khi thuc hién qué trinh
phan hiy MB dudi anh sang kha kién dugc thu hoi
dudi tac dung cla tU trudng ngoai. Sau do tach, ly tam
va git lai phan rén. Rua chét ran tach dugc nhiéu lan
bang etanol, sau do rda lai bang nudc cat. Mau dugc
sdy khd & 80°C trong 12 gig, sau do lai tiép tuc s

dung. Lap lai quy trinh trén 3 lan, diéu kién tién hanh
phan Ung nhu [an dau. K&t qua sau 3 [an tai st dung,
hoat tinh xtc tac quang clia composite NiFe,04/GO-N
van kha cao, hiéu suat chuyén héa MB déu trén 87%,
thé hién r& khi quan sét hinh 9a. Sau 3 lan tai st dung
c&u trdc va thanh phan pha clia xtc tac van dugc duy
trl, két qua nay dugc chi ra trén gian do nhiéu xa tia X,
hinh 9b.
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Hinh 9: Hiéu sudt phan hidy MB cla xdc tac
NiFe>04/GO-N (a); Gian d6 XRD cla xUc tac
NiFe,04/GO-N sau 3 lan téi s&t dung (b) sau 240 phdt
chiéu séng

K&t ludn

Nghién cttu nay d& t6ng hop dugc xUc tac nano-
composite NiFe,O,/GO-N bang phuong phap thuy
nhiét. Cac két qua dac trung vét liéu cho thdy cac hat
nano ferrite NiFe,O4 phén tan kha déu trén bé mat
GO-N vé&i kich thudc trong khodng tur 9-20nm.
Composite NiFe;O4/GO-N cé dd tur bdo hoa la 39,32
emu/g.

Hoat tinh xtc tac quang clia composite NiFe,04/GO-N
da dugc nghién cliu qua phan Ung phan hay MB trong
nudc. Hiéu sudt phan hdy MB dat 98% sau 240 phut
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phan Ung. Xuc tac khdng nhiing cé hoat tinh cao ma
con bén trong diéu kién nghién clu. Dudi tac dung
clia tU truGng ngoai xUc tac co kha ndng thu hoi va tai
st dung. Sau 3 lan tai st dung, hiéu sudt phan hiy MB
dat trén 87%, cau tric va thanh phan pha cla xtc tac
van dudgc duy tri nhu ban dau. Vat liéu nghién ctu dap
Ung t6t yéu cau cta chét xdc tac quang tu tinh, mét
phan tU tinh v&i chdc nang tach, thu hdi nh s dung
mét tUf trudng ngoai va phan th( hai la chat hoat ddng
vdi chific ndng xdc tac quang.
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