Téng hop va tinh chat xuc taAc quang ctia composite tir tinh Fes04~ZnO
Synthesis and photocatalytic activity of magnetic Fe30,—ZnO composite

Abstract

Magnetic Fes04-ZnO composite was synthesized by combining green chemistry method and hydrothermally
technique, in which ZnO was hydrothermally grown in the presence of FesO4 formerly prepared using green tea extract
as a reducing agent and Fe(NOgz)s. For comparison, FesOs 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 FesOs-ZnO composite contains
two components ZnO and Fe3O4, 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 Fe3Oa4. This result can be believed enhancement of
electron transfer on the surface of photocatalyst via Fe(ll)-Fe(lll) pair of Fes0s. A mechanism for photocatalytic
degradation of RhB on the composite was proposed. Using the magnetic property of composite for Femeval of

photocatalyst in reaction mixtures was demonstrated.
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1. MO PAU

Cung V0'1 su phat trién cong nghi¢p va gia tang
dan so, 6 moi truorng ngay cang tré nén tram
trong. Vi hé, xir li 6 nhiém moi truong mot cach
hiéu qua 1a mot vin d& thach thic & mirc do toan
cau. Cac phuong phap xir Iy méi trudng dugc
nghién ctru rong rii va dat duoc nhiéu két qua tét,
trong d6 cd cac phuong phap phé bién nhu sinh hoc,
vat 1i va hoa hoc. Gan day, mot phuong phap hap
dan cac nha khoa hoc trong xur ly cac chat hiru co
bén 13 *ue%aeq-u&n-gmchat*ue%&el-ae&echa-tb&n
dam Trong sd cac chat ban dan dugc cong bd dén
nay, oxit kim loai dugc nghién cuu nhiéu nhéit do
tinh bén hoa hoc, quang hoa, it doc hai va gia thanh
ré [1]. Trong sb cac oxit, TiO2 va ZnO duoc quan
tam nhiéu nhét [2]. Riéng ZnO dugc biét dén nhu
mot ing vién tiém ning cho phan tng quang xuc tac
do n6 hoat dong quang xuc tac cao, tinh ning tuwong
thich méi trudng, chi phi tuong ddi thip va do do
dugc sir dung nhiéu trong xtr Iy nudc thai [3, 4].

Xuc tac di thé ¢6 uu diém 1a kha nang thu hoi
va tai sir dung chét xuc tac. Phuong phap thu hdi
lubn dugc quan tam, do lién quan dén tinh kinh té va
tién ich trong thi nghiém ciing nhu trién khai thuc
tidn. Vi cac chit xtic tic dang bot phan tan trong
chit 16ng c6 wu diém 1a hoat tinh cao nhung kho
tach chat xuc tic. Phuong phap tach truyén thong c6
gia thanh cao, bét tién va co thé dan dén 6 nhiém thir

cép do mat chat x(c tac [5]. Gan day, cac nghién clru
chi ra ring, vat liéu xtic tac quang tir tinh cung cap
mot phuong phap mdi dé tach va tai ché cac chat
XUc tac nho st dung tir truong bén ngoai [6]. Cho
dén nay, hau hét cac chat quang xuc tac tir tinh c6
hai phan: mot phén tir tinh (y-Fe;03 hodc FesOs) voi
chire ning tach thong qua tir trudng ngodi; phan thir
hai la chat hoat dong v&i chirc ning xiic tic quang
phan huy cac chat hitu co gy 6 nhiém, ching han
nhu SnO; [7], ZnO [8] hodc TiO, hat nano [9].
Nhirng chét xtc tac di thé nay da dugc chimg minh
la c6 kha nang thu hdi va tai ché rat don gian, hiéu
qua [9]. Vi du, cac hat ciu tric 16i Fes0s/Ag/SnO;
¢6 thé dugc thu hdi bang cach st dung mot tir
truong ngoai va hiéu qua quang xtc tac cia ching
van c6 thé duy tri & muc 95,74%, tham chi sau tam
chu ky st dung [7]. Do d6, phat trién cac xuc tac
quang tir tinh voi kha nang thu hoi va tai st dung
hi€u qua la van dé dang dugc dat ra trong linh vuc
quang xuc téac [10].

Trong bai bdo nay, mot vat liéu composite tir
tinh ZnO-Fe30, duoc tong hop, trong d6 FezO4 duoc
tong hop bang phuong phap hoa hoc xanh va sau d6
ZnO duoc téng hop thiy nhiét trong sy c6 mat cua
Fes04. Composite dugc danh gia hoat tinh xtc tac
quang va kha ning thu hdi chat xuc tac bang tir
truong ngoai ciing dugc nghién cuu.

2. THUC NGHIEM
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2.1. Héa chit

Céc héa chat chinh st dung trong nghién ctru
nay la NaOH 99,0% (Merck, Germany);
Fe(NOs):.9H,O 98,5% (Xilong Chemical Co.,Ltd,
Trung Quéc); Zn(CHsCO0),.2H,0 99,0% Xilong
Chemical Co.,Ltd, Trung Qudc); 99,5%
(Cong ty C6 phan hoa chéat Viét Nam); rhodamin B
> 95,0% (Merck, Germany).

2.2. Phuong phép tong hop miu
2.2.1. Tong hop vt li¢u Fe;0,

Chon 18g 14 ché xanh, non, rtra sach, cit nho
va cho vao 150 mL nudc, dun & nhiét do 90 °C
khoang 20 phut, sau d6 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. Bé nguéi, diéu chinh
pH cua dung dich B bang dung dich NaOH 1M dén
6. Ly tAm va rira mau thu duoc bang ethanol, ¢6 can
mau & 80 °C trén bép dién gia nhiét trong 1 gid. Mau
thu dugc ky hiéu la FesOa.

2.2.1. Tong hop vit liéu Fe;04,~Zn0O va ZnO

Can 0,59 kém axetat cho vao cc 100 mL, thém
25 mL etanol, siéu 4m hon hop khoang 5 pht.
Thém 0,059 FesOs vao hdn hop trén, tiép tuc siéu
am khoang 10 phuat. St dung dung dich NaOH 0,25
M trong etanol dé diéu chinh hdn hop trén dén pH =
8. Chuyén hdn hop vira didu chinh pH vao binh
teflon tién hanh thuy nhiét & 90 °C trong 12 gid. Sau
do, 1i tam dé tach phan ran, rira vat liéu thu duoc
bang etanol 3 1an, sy & 80 °C dén kho. Mau tong
hop duogc ky hiéu la Fes04~2ZnO.

Mot mau ZnO ciing duge tong hop dé so sanh
v6i phuong phap téng hop hoan toan twong ty vat
liéu compositee nhung khong ¢6 mat FesO..

2.3. Phuong phap dac trung

Nhiéu xa tia X (XRD) ctia cac mau duoc do
trén may Brucker D8 Advance, dng phét tia X bang
Cu c6 budc song A = 1,540 A, dién ap 30kV, cuong
d6 dong ong phat 0,01A. Phd hong ngoai dugc ghi
trén pho ké IRAffinity-1S (Shimadzu) trong khoang
400 dén 4000 cm™. Phd tin xa niang luong tia X
(EDS) va anh hién vi dién tir quét (SEM) dugc do
trén may Nova Nano SEM 450. Ph6 phan xa khuéch
tan tir ngoai kha kién (UV-Vis-DRS) trang thai rin
cia mau duoc do trén may GBC Instrument—
2885. Nong do rhodamin B (RhB) cuia cac mau dung
dich sau phan tmg duoc xac dinh bang phuong

phap do quang trén may UV-Vis Jenway 6800 cua
Anh.

2.4. Danh gia hoat tinh xuc tac quang
2.4.1. Hap phu

Cén 0,01g vat liéu cho vao 80 mL dd RhB (10
mg/L), khudy trong bong tbi, sau mdi 30 phut lay ra
8 mL dung dich mau li tim. Tién hanh trong 4 gio,
do quang xac dinh thoi gian dat can bémg hap phu.
Thoi diém dat can bang hap phu — giai hap phu (1
gior d6i voi Fes04 va Zn0; 2 gio d6i véi compositeg
Fes04,~Zn0).

2.4.2. Xlc tac

Cho 0,01g vat liéu vao 80 mL dung dich RhB
(10 mg/L), tién hanh khudy trong bong ti dén thoi
diém dat can bang hap phu — giai hap phu (1 gio voi
FesO4 va ZnO, 2 gidr voi cac composit), sau do 1dy 8
mL mau dem li tdm, do quang x4c dinh ndng do (ki
hiéu 13 Cyo). Chiéu sang dung dich phan ung voi dén
day toc 60W — 220V, sau mdi gio. Liy 8 mL hon
hop phan g, li tim, ki hiéu C; véii =1 d&én 7. Po
quang dé xac dinh nong do Ci. Nong do RhB trong
cac mau dung dich sau phan Gmg & cac thoi diém
khac nhau duoc xac dinh bing phwong phap do
guang trén may UV- VIS Jenway 6800.

Pé xéac dinh nong d6 RhB, duong chuan duoc
thiét 1ap boi mbi quan hé do hap thu theo nong do
trén may UV-vis Jenway 6800 tai budc song khoang
553 nm. Hiéu suét xtc tac cta vat liéu duoc xac dinh
theo cong thurc:

H = CO—C'AG_me%

0

trong do, C, la néng dd dau tai thoi diém dat can
bang hap phu va C la nong d9 tai thoi diém khao sat.

3. KET QUA VA THAO LUAN
3.1. Pic trung vét liéu
3.1.1. XRD

Gian d6 XRD cua cac mau vat liéu duge trinh
bay & Hinh 1. C6 thé nhan thiy, nhidu xa ciia FesO4
cb cac pic tai cac gia tri 26 = 30,11; 35,57; 43,22;
53,68; 57,47 va 62,90° lan lugt twong tmg voi cac
mit nhiéu xa (220), (311), (400), (422), (511) va
(440) [11, 12]. Tuy nhién, cuong d6 nhiéu xa cta
cac pic 1a khéng manh. Pay co thé l1a dic diém
thuong thiy d6i véi cac vat lidu co kich thude FesOq
nano. Dya vao cong thiic Scherrer:
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0,89.A

B.cos0
clia tinh thé FesOq, A = 1,540 A; B 1a do rong ban
ph6 (FWHM), 0 (tinh theo d6) 1a goc nhidu xa tmg
v6i mat (311), ¢6 thé tinh dugc kich thude tinh thé
trung binh cta FesO4 khoang 50 nm.
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Hinh 1. Gian dd XRD cua cac mau vat liéu: hinh
trén (tir 20-70°), dudi (tir 30-40°)
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DPbi v6i miu ZnO, xuit hién cac pic rat dic
trung tai cac gia tri 20 = 31,67° 34,31°% 36,17¢
47,57°; 56,54°; 62,81°; 67,94° va 69,11° irng v&i mat
nhiéu xa (100), (002), (101), (102), (110), (103),
(112) va (201). Két qua nay phu hop vdi cac cong
trinh da dwoc cong bd [13, 14] Dleu dang luu y,
hinh nay con cho thay gian d6 cta miu composite
Fes04~Zn0 c6 ddy du hé thdng cua cac pic nhidu xa
tuwong tng véi Zw s 66 mit eta Fe 04 66
fhééeﬂggept-&e anh mét vai nhé eta pie & 35;57°
trong Ung w& mdt 0D eha Zr0 trong eermpesite;
Dé thiy rd hon nhan xét nay, gian dd XRD trong
khoang 2 theta tir 30 dén 40° ciing dugc trinh bay

trong hinh hinh 1 (phin duéi). Vai duoc danh déu
(*) trong hinh dudi cua hinh 1. Hién tugng nay co
thé do FesO4 c6 cudng do XRD bé. Mic du vay, két
qua nay chung to6 composite Fe30,~ZnO bao gdm
hai cau tir FesO4 va ZnO.

3.1.3. Phé IR

Lién két hoa hoc trong cac mau vat liéu ZnO,
Fes04 va composite Fes0,~Zn0O dugce dic trung boi
phé IR, két qua dugc trinh bay ¢ Hinh 2. Trong miu
composite Fe30,~ZnO déu xuat hién dao dong cua
cac chét thanh phan, cu thé pic ¢ s6 song 436 cm™ 14
dao dong cua lién két Zn—O [15], ¢ s6 séng 572 cm™
dao dong cua lién két Fe—O [16]. Ngoai ra, con co
mot sé dao dong cua cac nhém chire c¢6 trong thanh
phan cua 14 ché xanh tmg vai pic ¢ s6 song 1051 cm
! 1a dao dong cua lién két C—H trong nhém -CH,-
[17], pic ¢ s6 song & 1410 cm'® 1a dao dong cua lién
két C-N [17, 18], pic ¢ sb song 1651 cm® la dao
dong cua lién két C=0 [17].
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Hinh 2. Phd IR cua cac mau vat liéu
3.1.2. Anh SEM va EDS

Ph6 EDS cua cac mau duoc trinh bay ¢ Hinh
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Trén Hinh 3, méu ZnO c6 sy hién dién day di
cac nguyén t thanh phan Zn va O, trong d6, nguyén
t6 Zn ung v6i muc ning lugng khoang 1,1; 8,7 va
9,6 keV; nguyén t6 O & ving ning luong khoang 0,5
keV [19, 20]. Cung theo phwong phép nay, thanh
phan nguyén t6 ciia ZnO ciing duge xac dinh, di
liéu nay 1a kha phi hop véi thanh phan nguyén tb
ung voi cong thirc hda hoc cua ZnO (twong Gng voi
ti 1& nguyén tir Zn:O = 1:1). Khac véi mau ZnO,
trong composite Fes0s,~2Zn0O da co su xuét hién cua
nguyen to Fe kha dic trung, twong tmg voi cac mirc
nang luwong 0,7; 6,4 va 7,1 KeV [21].

Anh SEM cua cac mau vat liéu duge trinh nay
0 Hinh 4.

WD det
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Hlnh 4. Anh SEM cuia cac mau FesOq (A), ZnO (B)
va Fes04~2Zn0 ©

Két qua cho thay vat liéu Fes04 (Hinh 4A) c6
dang hat hinh cau véi kich thuéc khoang 50 nm.
Anh SEM ctia miu ZnO (Hinh 4B) 1a cic tinh thé
hinh que kich thudc nano (nanorod), c6 duong kinh
khoang 20 — 25 nm, chiéu dai khac nhau, udc tinh tir
40 — 150 nm. Hinh anh SEM ctia composite (Hinh
4C) 1a su phu trén hodc xen ké giita cac tinh thé hinh
que nano (ZnO) 1a c4c tinh thé hinh ciu (Fes0).

Nhu vay, dic trung EDS va SEM la nhiing
minh chimg thém cho sy tong hop thanh coéng vat
liéu composite Fes04,~Zn0.

3.1.5. UV-Vis-DRS
Su hr?ip thu anh sang cia vat liéu dugc dac

trung bang phuong phap UV-Vis-DRS. Két qua
duogc trinh bay ¢ Hinh 5.
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Hinh 5. Phd UV-Vis-DRS cua cac mau vt liéu

Hinh nay cho thay, b hdp thu anh sing cta
vat lidu ZnO nam hoan toan trong ving tr ngoai
(ving ¢c6 budc song < 390 nm), vat liéu FesOs cO
budc séng trai dai tir viing tir ngoai kéo dai dén ving
kha kién (mg voi budc song 600 nm. Vit ligu
composite c6 budc nhay tur ving tr ngoai glong voi
ZnO sang ving kha kién dén budc séng gan bang
600 nm twong tng voi FesOs. Két qua nay cho thiy
vung hip thu 4nh sang cua vat liéu composite da c6
su cai thién dang ké so v&i ZnO nano.

Tém lai, tat ca cac dic trung trén déu chung
minh vat liéu composite Fes04~Zn0O di duogc tong
hop thanh coéng.

3.2. Panh gia hoat tinh xtc tic quang

Két qua danh kha ning hép phu va hoat tinh
xUc tac cua cac vat liéu dugc trinh bay ¢ Hinh 6. Két
qua cho thay, vat liéu composite Fe30,~Zn0 c6 kha
ning xic tac t6t hon so v6i hai cau tir riéng 1¢, ZnO
va Fes0s, mac du sy khac nhau so véi ZnO khong
nhiéu.

Chi€u dnh sdng dén 60W-220V
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Hinh 6. D4 thi biéu dién sy phu thuéc C/Co ciia RhB
(ndéng d6 10 mg/L) theo thoi dat can béang hip phu -
giai hip phu, va thoi gian chay xuc tac

Trén co s mot so tai liéu da cong bd [22, 23,
24], co ché phan mg xuc tic quang ctia composite
Fe304—Zn0O dugc trinh bay ¢ Hinh 7.
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Hinh 7. Co ché dé nghi su phan huy RhB trén
composite Fe;04~Zn0

Trong co ché nay, Fes0, dong vai tro lam ting
hoat tinh bé mit cua pha quang xdc tac (ZnO) trong
vat liéu x1c tac quang tir tinh FesO,~2Zn0, do d6 lam
tang kha nang tao gdc anion -0, day la tac nhan c6
tinh oxi hoa manh, khong chon loc, phan huy manh
cac chét hitu co. Vi thé, hiéu suat phan huy RhB cta
vat ligu Fe30s,~Zn0O tang so voi cac vt liu thanh
phan.

Nhu d3 trinh bay trong phin M& diu, uu diém
cua vt li€u tir lam xtc tac quang la kha nang tach
bang tir trudng ngoai. Dé minh chimg cho nhan dinh
nay, viéc tach Fe30s~ZnO ra khoi dung dich RhB
sau khi chay xuc tac bang tir truong ngoai dugc trinh
bay ¢ Hinh 8. Két qua cho thiy, x(c tac tir tinh
Fes0,~ZnO bi hiit hoan toan vé phia nam cham vinh



ctru. Pay 1a sy khac biét gitra vat li€u xtc tac quang
tor tinh (Fe30s~Zn0O) véi cac loai vat ligu xlc tac
quang thong thudng khac. Nho tinh chét tir ndy ma
viéc thu hoi xac tac trd nén dé dang va don gian
hon.

®¥ ¥

Tw trwdng
ngoai

Xuc tac thu hoi

Hinh 8. Dung dich RhB trugc (A) va sau (B) thu hoi
xuc tac Fe;04~Zn0 bang tir trudng /P-gea-l

4. KET LUAN

1. Pi tong hop duoc vat liéu tir tinh composit
Fes04~Zn0, trong d6, FesOs duoc téng hop bang
phuong phap hoéa hoc xanh véi chat khir 1a thanh
phan dugc chiét xuét tir 14 ché xanh. Cac dic trung
XRD, IR, SEM, EDS d3 minh ching cho su tao
thanh composit Fe;04,~ZnO.

2. Vit liéu tir tinh gdm 2 phan, mdt phan c6 tinh
tir 14 FesOu, phan thir hai ¢6 vai trd quang xuc tac 1a
ZnO. Vi tinh nang tir tinh, vat liéu composite
Fes04~ZnO c6 thé dé dang duogc thu hdi tir hdn hop
phan mg bang tir trudng ngoai. V& tinh ning quang
XUc tac, vat liéu composite ¢6 hoat tinh xic tac cao
hon hai chat hop phan Fes0s va ZnO tuy khong
nhiéu.

3. Co ché xuc tic quang phan hiy rhodamin B
dudi diéu kién anh sang kha kién ciing duoc dé nghi.
Theo d6, FesO4 dong vai trd nhu mot chat ting hoat
tinh bé mit gitip qua trinh chuyén electron hiéu qua
hon.
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