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ABSTRACT

Magnetic Fe304-ZnO  composite was synthesized by combining green
chemistry method and hydrothermally technique, in which ZnO was
hydrothermally grown in the presence of Fe3;O,4formerly prepared using green
tea extract as a reducing agent and Fe(NO3)s. For comparison, Fe304 and ZnO
were prepared. The as-prepared samples were characterized by X-ray
diffraction, infrared spectroscopy, scanning electron microscopy, energy-
dispersive X-ray spectroscopy, UV-visible diffuse reflectance spectroscopy. The
results show that the Fe304-ZnO composite contains two components ZnO
and Fe3Oy4, and can absorb more visible light than ZnO. The photocatalytic
activity of Fe304-ZnO composite was assessed by degradation of Rhodamine
B (RhB) under visible light, shows that the composite exhibits the higher
activity compared to the single component, ZnO and Fe3O.. This result can be
believed enhancement of electron transfer on the surface of photocatalyst via
Fe(ll)-Fe(lll) pair of Fe3O4. A mechanism for photocatalytic degradation of RhB
on the composite was proposed. Using the magnetic property of composite
for recovery of photocatalyst in reaction mixtures was demonstrated.

M& dau

quan tadm nhiéu nhéat [2]. Riéng ZnO dudgc biét dén nhu
mét Ung vién tiém ndng cho phan Ung quang xdc tac

Cung vdi su phét trién cong nghiép va gia tang dan s6,
6 nhiém méi trudng ngay cang trd nén tram trong. Vi
thé, x( If 6 nhiém mai trudng mét cach hiéu qua la maét
van dé théach thdc & mdc dé toan cau. Cac phuong
phap xi ly méi truong dugc nghién clu réng réi va dat
dugc nhiéu két qud tét, trong dé co cac phuang phép
phd bién nhu sinh hoc, vét Ii va hda hoc. Gan day, mét
phuong phép hép dan cac nha khoa hoc trong xu ly
cac chét hitu co khd phéan hiay bang cach st dung vét
liéu xUc tac quang ban dan. Trong s§ cac chat ban dan
dugc cong bé dén nay, oxit kim loai dugc nghién cliu
nhiéu nhat do tinh bén hda hoc, quang hoa, it déc hai
va gia thanh ré [1]. Trong s& cac oxit, TiO, va ZnO dugc
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do nd hoat dbng quang xUc tac cao, tinh nang tuang
thich maéi trudng, chi phi tuong déi thép va do dé dugc
st dung nhiéu trong x ly nuéc thai [3, 4].

XUc tac di th€ co uu diém 1a kha nang thu hoi va téi su
dung chét xic tac. Phuong phép thu hdi ludn dugc
quan tdm, do lién quan dén tinh kinh té€ va tién ich
trong thi nghiém cting nhu trién khai thuc tién. V&i cac
chéat xic tac dang bét phan tan trong chét Iéng co uu
diém 1a hoat tinh cao nhung khé tach chét xic téc.
Phuong phép tach truyén théng cé gid thanh cao, bat
tién va co thé dan dén & nhiém thit cdp do méat chét
xUc tac [5]. Gan day, cac nghién clu chi ra rang, vét liéu
xUc tac quang tu tinh cung cdp mét phudng phép mdi
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dé tach va téi ché cac chét xic tac nhg st dung tu
truong bén ngoai [6]. Cho dén nay, hau hét cac chat
quang xUc tac tU tinh c6 hai phan: mét phan tu tinh (y-
Fe,O3 hodc Fe;04) vdi chiic nang tach théng qua tu
trudng ngoai; phan th hai la chét hoat déng vdi chiic
nang xdc tac quang phan hay céc chét hitu cc gay 6
nhiém, chdng han nhu SnO> [7], ZnO [8] hodc TiO, hat
nano [9]. Nhiing chét xic tac di thé nay da dugc ching
minh la cé khd nang thu hdi va tai ché rat don gian,
hiéu qua [9]. Vi du, cac hat céu tric 16i Fe304/Ag/SNO;
c6 thé dugc thu hoi bang cach st dung mét tU trudng
ngoai va hiéu qué quang xdc tac cla ching van cé thé
duy tri & muc 95,74%, tham chi sau tdm chu ky s dung
[7]. Do do, phéat trién cac xUc tac quang tu tinh vdi kha
néng thu hoéi va tai st dung hiéu qua la van dé dang
dugc dat ra trong Iinh vuc quang xdc tac [10].

Trong bai bédo nay, mét vat liéu composite tu tinh ZnO-
Fe;0, dugc téng hop, trong dé FesO4 dugc téng hop
bang phuong phap héa hoc xanh va sau d6 ZnO dugc
téng hogp thldy nhiét trong sy c¢& mat cla Fe3Oy.
Composite dudc danh gid hoat tinh xdc tac quang va
khd nang thu hodi chét xic tac bang tU trudng ngoai
cling dugc nghién clu.

Thuc nghiém
2.1. Héa chét

Cac hoda chét chinh si dung trong nghién clu nay la
NaOH 99,0% (Merck, Germany); Fe(NO3);.9H,O 98,5%
(Xilong Chemical Co. Ltd, Trung Qudéc);
Zn(CH3CO0),.2H,0 99,0% Xilong Chemical Co,,Ltd,
Trung Qudéc); ethanol 99,5% (Cong ty C6 phan hoa
chat Viét Nam); rhodamin B > 95,0% (Merck, Germany).

2.2. Phucng phép t8ng hgp mau
2.2.1. T6ng hop vat liéu Fe304

Chon 18 gam 14 ché xanh, non, rlfa sach, cat nho va cho
vao 150 mL nudc, dun & nhiét d& 90 °C khodng 20
phdt, sau do loc, thu dugc dung dich A. Cho 25 mL
dung dich A vao 50 mL dung dich Fe(NOs); 0,03M
dugc dung dich B. Gia nhiét dung dich B & 60 °C trong
20 phut. BE ngudi, diéu chinh pH cua dung dich B
bang dung dich NaOH 1M dén 6. Ly tdm va rifa mau
thu dudc bang ethanol, c& can mau & 80 °C trén bép
dién gia nhiét trong 1 gid. Mau thu dugc ky hiéu la
Fe304.

2.2.1. Téng hop vt liéu Fe304~Zn0O va ZnO

Can 0,5 gam ké&m axetat cho vao céc 100 mL, thém 25
mL ethanol, siéu am hdn hop khoang 5 phut. Thém
0,05g Fe3Oy4 vao hén hop trén, tiép tuc siéu am khoang
10 phdt. S dung dung dich NaOH 0,25 M trong
ethanol dé diéu chinh hdn hgp trén dén pH = 8.
Chuyén hdn hgp vira diéu chinh pH vao binh teflon tién
hanh thdy nhiét & 90 °C trong 12 gi&. Sau do, li tam dé
tach phan rdn, rra vét liéu thu dugc bang ethanol 3 Ian,
sdy & 80 °C dén kho. Mau téng hap dudc ky hiéu la
Fe304—ZnO.

Mot mau ZnO cling dudc téng hop dé so sanh vdi
phuong phap téng hop hoan toan tucong tu vat liéu
composite nhung khéng cd mat Fe3O..

2.3. Phuong phap dac trung

Nhiéu xa tia X (XRD) cla cac mau dudc do trén may
Brucker D8 Advance, &ng phét tia X bang Cu c6 budc
séng A = 1,540 A, dién ap 30kV, cudng dé dong éng
phat 0,01A. Ph& hong ngoai dugc ghi trén phd ké
IRAffinity-1S (Shimadzu) trong khodng 400 dén 4000
cm. Phé tan xa nang lugng tia X (EDS) va anh hién vi
dién t quét (SEM) dugc do trén méy Nova Nano SEM
450. Ph& phan xa khuéch tan t& ngoai kha kién (UV-
Vis-DRS) trang théi rdn cla mau dudc do trén may
GBC Instrument—2885. Nong dé rhodamin B (RhB) cla
cac mau dung dich sau phan Ung dudc xac dinh béng
phuong phép do quang trén may UV-Vis Jenway 6800
clia Anh.

2.4. banh gia hoat tinh xdc tac quang
2.4.1. Hdp phu

Can 0,01 gam vat liéu cho vao 80 mL dd RhB (10 mg/L),
khudy trong bong t6i, sau mdi 30 phut 14y ra 8 mL
dung dich mau li tdm. Tién hanh trong 4 gid, do quang
xac dinh thai gian dat can bang hép phu. Thai diém dat
can bang hdp phu — giai hdp phu (1 git déi véi FesO,
va ZnQO; 2 gi¢ ddi vdi composite Fe304~Zn0).

2.4.2. Xuc tdc

Cho 0,01 gam vat liéu vao 80 mL dung dich RhB (10
mg/L), tién hanh khudy trong bong t6i dén thai diém
dat can bang hdp phu — giai hdp phu (1 gis véi FesO,
va ZnO, 2 gid vdéi cac composite), sau do 1y 8 mL mau
dem i tdm, do quang xac dinh ndng do (ki hiéu la Co).
Chiéu sang dung dich phan dng véi den day téc 60W —
220V, sau mdi gid. Ldy 8 mL hdn hgp phan dng, i tam,
ki hiéu G vdi i =1dén 7 Do quang dé xac dinh ndng
dé Ci. Néng dé RhB trong cac mau dung dich sau phan
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Ung & cac thai diém khac nhau dugc xéc dinh bang
phucng phéap do quang trén may UV-Vis Jenway 6800.
DE xac dinh ndng do RhB, dudng chudn dugc thiét lap
badi md&i quan hé dd hdp thu theo néng dé trén may
UV-vis Jenway 6800 tai budc song khodng 553 nm.
Hiéu sudt xdc tac cua vat liéu dugc xac dinh theo coéng
thuc:

H = o~ Cix000
C

0

trong dé, C, 1a ndng dé dau tai thai diém dat can bang
hap phu va G la ndng do tai thai diém khao sat.

K&t qua va thao luan
3.1. Bac trung vat liéu
3.1.1. XRD

Gian dd XRD cla cac mau vét liéu dugc trinh bay &
Hinh 1. C6 thé nhan thay, nhiéu xa clia FesOy4 cd cac pic
tai céc gia tri 26 = 30,11; 35,57, 43,22; 53,68; 57,47 va
62,90° 13an luct tuong Ung vai cac mat nhiéu xa (220),
(311), (400), (422), (511) va (440) [11, 12]. Tuy nhién,
cudng dd nhiéu xa clia cac pic la khdng manh. Pay cé
thé 1a dac diém thudng thay doi véi cac vat liéu co kich
thudc Fe;O4 nano. Dua vao céng thdc Scherrer:
D = 0,89.1
B.cos0

trong d6, D la kich thudc trung binh cla tinh thé Fe;0y,,
A = 1,540 A; B 12 d6 réng ban phd (FWHM), 6 (tinh theo
dé) 1a géc nhiéu xa Ung véi mat (311), ¢ thé tinh dugc
kich thudc tinh thé trung binh cta FesO4 khoang 50 nm.
&I v&i mau ZnO, xudt hién cac pic rat dac trung tai cac
gia tri 20 = 31,67° 34,31% 36,17% 47,57% 56,54° 62,81°;
67,94° va 69,11° Ung v&i mét nhiéu xa (100), (002), (101),
(102), (110), (103), (112) va (207). K&t qua nay phi hop véi
cac cong trinh da dugc cong béd [13, 14]. Biéu dang luu
y, hinh nay con cho thdy gidn do clia mau composite
Fes0,~Zn0O c6 day di hé thdng cla cac pic nhiéu xa
tuong Ung vdéi ZnO. Riéng déi vdi su dong gdp cau ti
Fes0., gidn dd XRD trong khodng 2 theta tir 30 dén 40°
cling dugc trinh bay trong hinh 1 (phan dudi). Pic tuang
Ung véi mat (311) cla Fe304 cé thé bi che phu bdi pic
tuong Ung vdéi mat (101) cda ZnO va co thé lam cho
chéan cla pic nay bi gian ra tai vi trf dugc danh déau (*)
trong hinh dudi cla Hinh 1. Hién tugng nay c6 thé do
FesO, co cudng do XRD bé. Mac du vay, két qua nay
chiing td composite Fe30,~ZnO bao gdém hai cdu tu
FesO4 va ZnO.
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Hinh 7: Gidn d& XRD cuia c&c mau vat liéu: hinh trén (tU
20-70°), dudi (ttr 30-40°)

3.1.3. Phé IR

Lién két hda hoc trong cac mau vét liéu ZnO, FesOy4 va
composite Fes0,~ZnO dugc dic trung bdi phS IR, két
quad dudc trinh bay & Hinh 2. Trong mau composite
Fe3s04—Zn0O déu xuat hién dao déng cua cac chat thanh
phan, cu thé pic & s6 séng 436 cm' 13 dao dong clia
lien két Zn-0O [15], & s& séng 572 cm” dao dong cla
lien k&t Fe—O [16]. Ngoai ra, con cé mét sé dao déong
cla cac nhém chic cé trong thanh phén cla la che
xanh Ung vdi pic & s& song 1057 cm™' 13 dao déng cla
lien k&t C-H trong nhom -CHa- [17], pic & s6 song &
1410 cm™' 13 dao déng cla lién két C-N [17, 18], pic & s6
séng 1651 cm’' 13 dao dong clia lién két C=0 [17].
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Hinh 2: PhS IR clia cac mau vat liéu
3.1.2. Anh SEM va EDS

Ph& EDS clia cac mau dugc trinh bay & Hinh 3.
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EN]
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] Fe Zn
o T f T
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Energy (el

Hinh 3: Ph& EDS cla cac mau

Trén Hinh 3, mau ZnO c¢6 sy hién dién day du cac
nguyén té thanh phan Zn va O, trong dé, nguyén t6 Zn
Ung v&i muc nang ludng khodng 1,1; 8,7 va 9,6 keV;
nguyén t6 O & vung nang lugng khoang 0,5 keV [19,
20]. Cling theo phuang phap nay, thanh phan nguyén
t6 cla ZnO cling dugc xac dinh, d liéu nay la khé phu
hgp vdi thanh phan nguyén t6 Ung vdi cong thic hda
hoc clia ZnO (tuang Ung vdi ti 1é nguyén t& Zn:O = 1:1).
Khac véi mau ZnO, trong composite Fe304,~Zn0O da cd

su xudt hién cla nguyén t6 Fe khé dac trung, tudng

Ung vdi cac muc nang lugng 0,7; 6,4 va 7,1 KeV [21].

Anh SEM clia cac mau vét liéu dugc trinh ndy & Hinh 4.

WD | det
44mm | TLD

Hinh 4: Anh SEM cuia cac mau FesO. (A), ZnO (B) v

Fe304—ZnO (C)

a
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Két qua cho thdy vat liéu Fe3O4 (Hinh 4A) cb dang hat
hinh ciu vdi kich thudc khodng 50 nm. Anh SEM cua
mau ZnO (Hinh 4B) 13 cac tinh thé hinh que kich thudc
nano (nanorod), cé dudng kinh khoang 20 — 25 nm,
chiéu dai khac nhau, udc tinh tir 40 — 150 nm. Hinh anh
SEM cuia composite (Hinh 4C) la su phd trén hodc xen
ké gilta cac tinh thé hinh que nano (ZnO) la cac tinh thé
hinh cau (FesO,). Nhu véy, déac trung EDS va SEM la
nhiing minh ching thém cho su téng hgp thanh cong
vat liéu composite Fe304~2Zn0.

3.1.5. UV-Vis-DRS
Su hép thu anh sang cla vét liéu dugc dic trung bang

phuong phap UV-Vis—DRS. Két qua dugc trinh bay &
Hinh 5.

uv 390 Vis
Zn0O
’;E‘ Fe,O,
= Fe,0,-ZnO
=.
S
=Y
]
=
(= 4
=
o0
S
3
o
Fe,0,-Zn0O
0 7 T T T T T — T
200 300 400 500 600 700 800
Budc song (nm)

Hinh 5: Ph& UV-Vis-DRS cla cac mau vat liéu

Hinh nay cho théy, bd hdp thu anh séng cda vét liéu
ZnO nam hoan toan trong vung t& ngoai (ving co
budc song < 390 nm), vat liéu Fe304 cd budc séng trai
dai tU vung tir ngoai kéo dai dén vung kha kién Ung vdi
budc song 600 nm. Vat liéu composite co budc nhay tu
vung tU ngoai giéng véi ZnO sang vung kha kién dén
budc song gan bang 600 nm tuong Ung v FesOy. Két
qua nay cho thdy vung hép thu anh séng cla vét liéu
composite da cé sy cai thién dang ké so vdi ZnO nano.
Tom lai, tat ca cac dac trung trén déu chiing minh vat
liéu composite Fe30,~ZnO da dugc tng hop thanh
cong.

3.2. banh gia hoat tinh xdc tac quang

Két qua danh kha nang hédp phu va hoat tinh xic téc
cla céc vat litu dugc trinh bay & Hinh 6. Két quéa cho
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thdy, vat lieu composite Fe3s04~ZnO cd khad nang xic
tac tét hon so vdi hai cdu tu riéng 1&, ZnO va Fe30y,

mac du sy khac nhau so véi ZnO khong nhiéu.
1.2

Chi€u dnh sdng dén 60W-220V

Bong t6i

2 1 0 1 2 3 4 5 6 71
Thoi gian (gio)

Hinh 6: Do thi biéu dién su phu thudec C/Cy clia RhB
(ndng d6 10 mg/L) theo thai dat can bang hép phu -
gidi hép phu, va thdi gian chay xdc tac

Trén cd s& mét s6 tai liéu da cong b [22, 23, 24], ca

ché phan ng xic tac quang ctia composite Fe304~Zn0O
dugc trinh bay & Hinh 7.

(RhB{)T\

R ) Fe2r
e e e e O,
A CB
%:\ P “Fe
G N c +
RhB s p %

Zn0O

Hinh 7: CG ché dé nghi su phan hay RhB trén
composite Fe304~Zn0O

Trong cG ché nay, FesO, déng vai tro lam téng hoat
tinh bé méat cla pha quang xic tac (ZnO) trong vat liéu
xUc tac quang tU tinh Fe304~Zn0O, do doé lam tang kha
nang tao géc anion -0, day 1 tac nhan cé tinh oxi
hdéa manh, khéng chon loc, phén hldy manh céc chét
hitu co. Vi thé, hiéu sudt phén hay RhB cla vét liéu
Fe304~Zn0 tang so vdi cac vat liéu thanh phan.



Vietnam Journal of Catalysis and Adsorption, 7 —issue 2 (2018) 43-48

Nhu d3 trinh bay trong phan M& dau, uu diém cla vat
liéu co tinh chét tir lam xdc tac quang la kha néng tach
bang tU trudng ngoai. DE minh ching cho nhan dinh
nay, viéc tach Fes0,~Zn0 ra khdi dung dich RhB sau khi
chay xUc tac bang tU trudng ngoai dugc trinh bay &
Hinh 8. K&t qua cho thdy, xdc tac tU tinh Fe304~Zn0O bi
hdt hoan toan vé phia nam chadm vinh cu. Day la su
khac biét gitta vét liéu xic tac quang tu tinh (FesO4—
ZnO) vd&i cac loai vat liéu xdc tac quang thong thudng
khac. Nha tinh chéat tUr nay ma viéc thu hoi xic tac trd
nén dé dang va don gian hon.

®
=

Tw trwong
ngoai

Xuc tac thu hoi

Hinh 8: Dung dich RhB trudc (A) va sau (B) thu hoi xdc
tac Fes04—~Zn0O bang tir trudng

Két luan

1. P& t6ng hgp dudc vét liéu tir tinh composite Fe;O4—
7n0, trong do, FesO4 dugc téng hop bang phuong
phap hda hoc xanh vdi chat khir la thanh phéan dugc
chiét xudt tu 14 che xanh. Cac dac trung XRD, IR, SEM,
EDS da minh ching cho su tao thanh composit Fe3O4—
Zn0.

2. Vat liéu tu tinh gdm 2 phan, moét phéan c¢é tinh tur la
FesO,4, phén thd hai cd vai tro quang xdc tac la ZnO.
Vd&i tinh nang tu tinh, vat liéu composite Fe;04~Zn0O co
thé dé dang dugc thu hoi tr hén hgp phan Ung bang
tUr truong ngoai. Vé tinh ndng quang xdc téc, vat liéu
composite ¢d hoat tinh xtc tac cao hon hai chat hap
phéan FesOy4 va ZnO tuy khéng nhiéu.

3. Co ché xic tac quang phan hly rhodamin B dudi
diéu kién anh séng kha kién cling dugc dé nghi. Theo
do, FesO4 déng vai tro nhu mot chét tang hoat tinh bé
mat gitp qua trinh chuyén electron hiéu qua hon.

L&i cam on. Cac tac gid chan thanh cdm on t8 chic
The World Academy of Sciences d3 tai trg kinh phi dé
thuc hién coéng trinh nay qua du &n (Grant 16-496
RG/CHE/AS_G — FR3240293298).
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