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ABSTRACT

In this work, we report synthesis of bentonite (BT) supported
softmagnetic ZnFe;Os nanoparticles to obtain  ZnFe,O4/BT. The
composition, surface morphology and optical properties of the sample
were characterized by XRD, EDX, FTIR, SEM and DRS analysis. The
results of SEM show that the ZnFe,O4 nanoparticles spread on the thin
layer of bentonite due to intercalation with bentonite. The band gaps of
Bentonite, ZnFe;O4 and ZnFe,O4/BT are 2.18; 195 and 182 eV
respectively. The photocatalytic activity of the samples is evaluated by
the degradation of methylene blue (MB) in the presence of H,O, under
visible light radiation. The results indicated that the ZnFe,O4/BT samples
exhibited higher removal efficiencies than the pure ZnFe;O, ferrites. The
enhanced photocatalytic activity of the ZnFe,O4/BT is explained due to
visible light adsorption ability, and larger interfacial area, as well as the
efficient separation mechanism of photoinduced electron and holes.

Gidi thiéu chung

dén lam gidm qué trinh quang hgp cla cac loai thly
sinh [6]. Do dé viéc xU Ii nudc thai chita cac phdm

Hién nay phdm nhuém hitu cg dong vai trd quan
trong trong nhiéu nganh cong nghiép nhu dét may,
sdn xuéat gidy, vai va da. Tuy nhién, viéc xa nudc thai co
chfa cac phdm nhuém da dan dén nhiing tac dong
x4u dén suc khde con ngudi va maéi trudng [1,2,3]. Két
qua cla nhiéu nghién ctu chi ra rang, phdm nhuém
hitu cc c6 dd hoa tan cao va bén trong nudc, ching
o thé tich tu lai trong nudc thai céng nghiép [4,5]. Su
cd mat cta ching lam gidm lugng oxygen hoa tan
trong nudc, can trd sy truyén qua cla anh sang, dan

nhudm hitu ca la rat can thiét. Mot s6 phuang phép xt
li loai nudc thai nay da dugc ap dung nhu phuong
phap mang loc, sinh hoc, keo tu.. Tuy nhién, cac
phuong phap nay thuong cé nhugc diém nhu chi phi
I&n, hiéu sudt chua cao hodc kho trién khai trong thuc
tién vai qui mo 16n [7,8 1. Nhiéu nghién citu cho théy,
phuong phap quang xUc tac trén cg s& cla cac chat
ban dan cho hiéu quéa cao trong x{ Ii chat hitu co va
khong yéu cau cao vé ki thuét [3,9]. Trong sé cac chat
ban dan, cac spinel ferrite (MFe.Os v8i M 1a Mn, Fe,
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Co, Ni, Cu..) da dugc nghién clu téng hop va Ung
dung nhiéu trong xtr Ii méi trudng [10,11,23]. Uu diém
cla hé xdc tac la céc spinel ferrite, v&i sy c& mat cla
H.O, va anh sédng nhin thay la xdy ra déng thai qué
trinh Photon va Fenton di thé, gitip cho qua trinh phan
hly hgp chéat hitu ca dat hiéu qua cao [11,13]. Ngoai ra,
do ¢ tl tinh, céc hat ferrite sau phan Ung c6 thé dugc
thu hdi sau phan Ung kha dé dang bang cach st dung
tU trudng ngoai. Biéu nay da lam gidm hiéu qua chi
phi va cho kha ndng Ung dung thuc té cao. Tuy nhién,
nhugc diém cla vét liéu nano ferrite 1a do cé tuong tac
tUr nén ching cé sy két ty, lam cho viéc thu hdi sau
qua trinh xt If & qui mo 16n gap khd khan. Mét trong
nhing cach khac phuc nhugc diém nay la phan tan cac
ferrite trén chat nén thich hgp. Bentonit dugc biét la
mét trong nhiing chét nén kha t6t do co tinh bén cao,
chiu dugc su oxi héa. Ngoai ra, bentonit cé gia thanh
ré, trlr lugng Ién va than thién véi méi truong.

VGi cau tric I8p, dién tich bé mat riéng 16n, bentonite
vUa ¢ kha nang hdp phu tét, déng thai cd kha nang
trao déiion cao [14]. Nhiéu nghién clu da chi ra rang,
bentonite la chat nén t6t d€ ché tao vét liéu composite
c6 hoat tinh quang xUc té&c cao nhu
MnFe,O4/bentonite  [15], NiFe:Ou/bentonite  [16],
ZnFe,Q4/bentonite [17], ... Trong s& cac ferrite, ZnFe,O4
thudc loai spinel thuan véi cac ion Zn?* dugc phan bé
3 cac héce tU dién, conion Fe** & héc bat dién [18]. Vat
liéu chira ZnFeO4 nhan dugc sy quan tam nghién clu
nhiéu do né khéng doc, cé dé En dinh vé mat hda hoc
va c6 khad nang chéng an mon quang hoc tét [19].
Ngoai ra, ZnFe,O la vat liéu ban dan co nang luong
vung cdm khoang ti 1,7 = 2,0 eV nén co kha néng hép
thu manh anh sang kha kién [17,18,19].

Céng trinh nay trinh bay két qua t8ng hap, nghién clu
dac trung cau tric va hoat tinh quang xuc tac phan
hiy methylene blue cla vat liéu nano composite
ZnFe>O4/Bentonite.

Thyc nghiém va phuang phap nghién clu
Héa chdt

Céc hda chat dugc st dung trong nghién clu déu
thudc loai tinh khiét hda hoc. Fe(NO3);.9H.O (Merck),
(NH.)2CO (Merck); Methylene Blue CigHigCINS (Merck);
H.O, 30% (Trung Quéc); bentonite (A/n Do), EDTA
(Merck); ascorbic acid Merck), isopropy! alcohol (Trung
Qudo).

T6ng hop vat liéu ZnFe-O4 va ZnFe-04/Bentonite

Vat lieu ZnFe,Os tinh khiét dugc téng hop bdng
phuong phap dét chay dung dich [20]. Hoa tan hdn
hop goém 6,64 gam urea, 4,33 gam Zn(NOs)..4H,0 va
13,41 gam Fe(NOs3);.9H.O trong 150 mL nudc cat. Hon
hop dugc khudy trén may khudy tur & 70°C trong 4 gid.
S&y kh6é mau trén & 70 °C roi dem nung & nhiét dé
500°C trong 3 gid thu dugc vat liéu ZnFe,O.. Gia thiét
phuaong trinh phan Uing téng hap ZnFe,O4 nhu sau:

3ZD(N03)2 + 6Fe(N03)3 + 20(NH2)2CO—>3ZDF6204 +
32N, + 20CO; + 40H,0.

Trong qua trinh t6ng hop vét liéu ZnFe,O./Bentonite,
sau khi tao dugc hdn hop déng nhat clia urea va cac
mudi nitrate, thém vao dé 0,2 gam bentonite. Sau dé
tién hanh thuc hién & diéu kién tuong tu nhu téng hap
/nFe;Os  tinh  khiét  thu  dugc  vat  liéu
ZnFe,O4/Bentonite (ZnFe,O4/BT).

Cdc phugng phdp nghién ctu

Thanh phan pha cla mau dugc do trén may D8
ADVANNCE Brucker clia Bc tai khoa Hoa hoc, trudng
Pai hoc KHTN-DHQG Ha Noi. Kich thudc tinh thé trung
binh (r, nm) clia cac mau dugc tinh theo phuong trinh
Scherrer:

(e 0,89\
[3cosoO

trong dé: A=0,15406 nm; B la dé réng Ung vdi nla
chiéu cao cla pic cuc dai (FWHM) tinh theo radian, 6
la goc nhiéu xa Bragg Ung vdi pic cuc dai (d6).

Anh hién vi dién i quét (SEM) clia cac mau dudc do
trén méay JEOL 6490 JED 2300 (Nhat Ban). Phé tan xa
nang lugng tia X dugc do trén may EMAX (Anh). Phé
phan xa khuéch tan UV-Vis clia cac mau dudc do trén
may quang phd Cary 5000 UV-Vis-NIR (DRS) (Agilent,
Nhat Ban). Budng cong tif tré ctia mau dugc do trén
hé tUr k& mau rung (VSM). Cac phép do trén déu dugc
thuc hién tai Vién Khoa hoc Vat liéu, Vién Han lam
Khoa hoc va Céng nghé Viét Nam. Phé hdéng ngoai
clia cac mau dugc do bang cach ép vién vai KBr trén
may FTIR Affinity - 1S (Nhat Ban), tai khoa Hoda hoc,
trudng Pai hoc KHTN — PHQG Ha Noi. Dién tich bé
mat riéng va sy phan bé dudng kinh mao quan dugc
xac dinh bang phuong phap Brunauer- Emmett-Teller
(BET) va Barrett-Joyner-Halenda (BJH) trén may
Micromeritics TriStar 3000 tai Khoa Hoa hoc, Trudng
Bai hoc Su pham Ha Noi.

Nghién ciu hoat tinh quang xdc tdc phdn hay
Methylene Blue ctia cdc mau
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Céc thi nghiém nghién cltu vé kha nang héap phu va
quang xUc tac phan huy methylene (MB) clia cac mau
ZnFe;04 va ZnFe;04/BT dugc tién hanh trong diéu
kién khong chiéu sang va co chiéu bang den Led (P
=30WW, A > 420 nm, dit cach bé mat mau 15 cm).
Khéi lugng clia mau ZnFe;O4 va ZnFe,04/BT trong cac
thi nghiém la 0,1 gam, thé tich dung dich MB 10,0 mg/L
(pH=7) 13 100 mL. Lugng H.O, 30% thém vao mau Ia
1,0 mL. Cac mau dugc khudy & nhiét d6 phong trong
thai gian 180 phut. C& sau 30 phut, trich 5SmL mau, i
tam loc bd chét réan, do dé hép thu quang & budc
séng 663nm, dya vao dudng chudn dé tinh nong dé
MB tai cac thai gian khac nhau. Hiéu suét x( Ii ciia MB
dugc xac dinh bang cong thic:
H =S =Ct 1000 )
(::C

Trong dé: G, la ndng dé ban dau ctia MB (mg/L). C:la
noéng dé clia MB sau cac khoang thdi gian t (mg/L).
Anh hudng cla lugng vat liéu ZnFe,O4/BT dén dén
hiéu sudt quang xUc tac phan hdy MB dugc tién hanh
nhu sau: Chudn bj 03 binh tam gidc, mdi binh chia
100mL dung dich MB 10,0 mg/L. Thém vao mdi binh
trén lugng vét liéu ZnFe,04/BT lan lugt 1a 0,5; 1,0 va 1,5
g/L. Khudy méu & nhiét dé phong trong bong téi 60
phit dé dat can bang hdp phu. Thém vao hén hop
phan tng 1,0 mL H.0, 30%, chiéu sang bang dén Led

Két qua va thao luan
Mot s6 ddc trung cla cdc mdu vat liéu

Gidan dd nhiéu xa Ronghen (XRD) clia bentonite,
ZnFe;04 va ZnFexO4/BT dugc chi ra & Hinh 1. T hinh
Ta(1) cho thdy, da xudt hién peak Ung vdi goc 20 =
26,37° (003) dac trung cho bentonite (thé chudn s& 03-
0019) [16]. P& quan sat dugc cac peak & goc 26 lan luct
la 30,08° (220), 35,48° (311), 43,16° (400), 57,0° (511) va

Intensity (a.u)

40 50 60

20 (°)

20 30 70

va khudy tiép trong thdi gian 180 phdt. C& sau 30
phut, trich 5mL méau, li tdm loc bo chét rén, do do
hdp thu quang & budc song 663nm. TU phuacng
trinh dudng chuén tinh dudc ndng dé MB tai cac
khodng thai gian t. Hiéu sudt phan hiy clia MB dugc
xac dinh bang cong thic sau:

= ﬁ x100%
C

0

H (2)

Trong dé: Co 1a ndng doé clia MB sau khi dat can bang
héap phu (mg/L). Cila ndng dé clia MB sau cac khodng
thai gian t (mg/L).

Anh huéng ctia ndng do H.0, (0,05 +0,15M) dén hiéu
suét quang xuc tac phan hiy MB cling dudc tién hanh
tuong tu nhu trén.

Nham dénh gia vai tro cla cac géc tv do la "0y, "OH:
trong phan Ung quang xuc tac phan hdy MB cla hé
ZDF€204/H202/L€d va hé ZnFezO4/BT/H202/Led, Chﬂﬂg
toi da tién hanh thi nghiém trong diéu kién tucng tu
nhung c6 bé sung thém vao hé phan (ng ascorbic
acid T mM (lam tac nhan Uc ché g&c "O.), EDTA
(ethylenediaminetetraacetic acid) 1 mM (Uc ché 16
tréng h*) va IPA (isopropylic alcohol) 10 mM (lic ché
g6c "OH) [15,211].

62,6° (440) (Hinh 1a(@2) dac trung cho cdu tric lap
phuong clia ZnFexO4 (thé chuén s8 022-1012) [19].

Trén phé XRD clia mau ZnFe,O./BT (Hinh 1a(3) d3 quan
sat dugc cac peak dic trung cla ZnFe;O4 nhung Vi
cudng dé giam hon so véi mau ZnFe;Os tinh khiét. Su
gidm cudng doé cac peak da ching té cod su tuong tac
gilta ZnFe;O4 va bentonite [17]. K& qud tinh toan tu
phuong trinh Debye — Scherrer thdy kich thudc tinh thé
clia ZnFe;04/BT la 22 nm, nhd han so vdi ZnFe;O4 tinh
khiét (79 nm).

*

1633
3379 1037 4

()

3379 1614 78

(1)

1633 94
3693 3394

Transmittance(%)

910
991
T T

4000 36b0 32I00 28l00 24b0 20|00 16b0 1200 800 460
Wavenumber (cm™)

Hinh 1: Gidn do XRD (a) va phd IR (b) ctia Bentonite (1), ZnFe;Os (2) va
ZnFe,04/BT (3)
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Trén phd hdng ngoai clia bentonite xudt hién dai hap
thu & 3693-3620 va 690 cm™ dic trung cho dao déng
clia cac lién két Al-(OH) va Si-O [15,16]. Dai hép thu &
3394 va 1633 cm™" dac trung cho dao déng cla lién két
O-H trong phan tir nudc co trén bé mat bentonite. Céc
dai hap thu tai 910 va 794 cm™ d3 xac nhan su c6 mat
clia nhém diocta va SiO; trong bentonite. Dai hap thu
tai 991 cm™ dugc qui gan cho dao déng cda lién két Si-
O [15]. T’ Hinh 1b (2) cho thay, c6 dai hdp thu manh
tai 522 cm™ dac trung cho dao dong cua lién két Zn-O
trong héc tdién va & 447 cm™ dic trung cho lién
két Fe-O trong cac héc bat dién cla ZnFe,O4 [23].

Element Weight% Atomic%
OK 28.88 59.93
Fe K 45.72 27.18

ZnL 25.39 12.89

, T R AN "o 15 6 w18
Full Scale 155 cts Qursor 13408 keV (D cte) [l

p 1
}lS{&“&Idz Cursor 17542 4eV (4 cty) )

Trén phd hdng ngoai clia ZnFe,04/BT ¢é su thay déi &
dao déng cua lién két kim loai-oxi (M-O) & ca hdc tu
dién va hoc bat dién. Biéu nay ching to cac I6p MMT
trong bentonit da anh hudng dén dao déng cla cac
lién két M-O [17]. Ngoai ra, c6 thém cac dai hdp thu &
773 cm™ va 1037 cm™ dac trung cho dao déng cla
nhém SiO; va cla lién két Si-O-Si. Su thay déi dai hap
thu clia hai nhém nay d& chiing té c6 su hinh thanh
composite ZnFe;0./BT [16]. Su c& mat cla dai hdp thu
& 3379 cm™ d3c trung cho dao déng cla lién két O-H
trong phan t& nudc co trén bé mat mau ZnFe,O./BT
cling da dugc quan sat.

Element Weight Atomic%

%
OK 4713  75.72
AlK 0.86 0.82
SiK 1.19 1.09
Fe K 35.61 16.39
Zn K 15.22  5.98

203 & S 8 7 8 § f0 M 12 13 16 16 % 11 8 19 B

Hinh 2: Ph& EDX clia ZnFe>O4 (a) va ZnFe>O4/BT (b)

Két qua ghi phé tan xa nang lugng tia X (EDX) cia mau
ZnFe;O4 va ZnFe,O./BT dugc chi ra & Hinh 2 cho thay,
trong c& hai mau déu xudt hién peak dic trung cla
nguyén t6 Zn, Fe va O. B&i v mau ZnFe,04/BT con
thdy xuét hién cac peak dac trung cho sy co6 mét cla
Si, Al trong bentonite. Anh hién vi dién tur quét (SEM)
clia mau ZnFe,O4 va ZnFe;O4/BT (Hinh 3) cho thay,

cac hat thu dugc déu co dang hinh da giac, phan bé
khé dong déu. Ba co su gidm ro rang vé su két tu
trong mau ZnFe,O./BT. Kich thudc hat cia mau
7nFe;O4/BT (khodng 30 nm) nhd hon so vd&i mau
ZnFe;04 (khodng 45-50 nm). Két qué nay clng phu
hop vdi két qua tinh toan tir gian do XRD.

Hinh 3: Anh SEM clia ZnFe,O, (a) va ZnFe>04/BT (b)

Su phu thudc clia gia tri (ohv)? vao nang lugng photon
anh sang hap thu hv ctia cac mau dugc dua ra & Hinh
4. Két qud tinh toan cho thdy, nang lugng vung cam
clia mau ZnFe;O./BT 1a 1,82 eV, nhd hon so v&i cla
bentonite (2,18 eV) va ZnFe,O4 (1,95 eV).

Pudng dang nhiét hdp phu-gidi hdp phu khi N> & 77 K
va su phan bd dudng kinh mao quan cla cac mau
dudc chira & Hinh 5 cho théy, ca hai mau ZnFe,O4 va
ZnFe;04/BT 6 dudng dang nhiét thude loai IV theo
phan loai cla IUPAC, dac trung cho mao quan trung
https://doi.org/10.62239/jca.2023.078
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binh. Dién tich bé mat riéng clia mau ZnFe,O/BT
(23,79 m?/g) 16n hon so v&i ZnFe,Os (16,11 m?/g). Téng
thé tich mao quan va dudng kinh mao quan trung binh
cla mau ZnFe,O4/BT tuong Ung la 0,1450 cm’/g;
27,45 nm, nhd hon so véi cia mau ZnFe,O4 tinh khiét

(0,1457 cm?/g; 38,70 nm). Vdi su tang dién tich bé mat
riéng, giam thé tich va dudng kinh mao quan hia hen
mau ZnFe,04/BT cé kha nang hdp phu t&t hon mau
ZnFe;O4 tinh khiét.

1'@ 1(:.) 1:3.(.9
2 0.6- > 9- s 124
3 J = 4
~0.4- ENY g 9
] ] 6]
0.2- 218 eV 3- 1.95 eV 3] 1.82 eV
00— 0l— — ol — — 4
1 2 3 1 2 3 4 5 1 2 3
Energy hv (eV) Energy hv (eV) Energy hv (eV)

Hinh 4: Sy phu thudc cla gia tri (ahv)? vao nang lugng photon anh sang hap thu hv
clia bentonite (a), ZnFe>O4 (b) va ZnFe>O4/BT (¢)
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Hinh 5: Budng dang nhiét hap phu - khir hap phu N va sy phan bé dudng kinh mao quan cla
mau ZnFe>Oq (a,c) va ZnFex04/BT (b,d)

Pudng cong tir tré ctia mau ZnFe;Os va ZnFe,O./BT
dugc chira & Hinh 6. Két qua cho théy, gia tri d6 béo
hoa tir (Ms) cla mau ZnFe;O4/BT 1a 13,42 emu/g, cao
hon cliia mau ZnFe,O. (5,61 emu/g). Tinh chat tU cla
cac ferrite phu thudc vao thanh phan hda hoc, kich
thudc hat, su phan bé cla cac cation trong héc t&
dién, bat dién va moment t spin cla mau [17]. Khi

dudc pha tap bentonite, c6 sy gidm kich thudc hat va
co su sap x€p lai moment tli spin trong ZnFe,O4 [17].
Do do lam téng dbé bdo hoa tU cla vat liéu
7/nFe;04/BT. Diéu nay da lam cho vat liéu
7nFe;04/BT dé dang tach ra khdi dung dich sau phan
ung.
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15

10| —ZnFe,0,1)
| —znFe,0,/BT(2)
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5
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15 . | -
-10000 -5000 0
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Hinh 6: Budng cong ti tré (a) clia mau ZnFe,04 (1), ZnFe:04/BT(2) va hdn hop chita ZnFe,O./BT Itc ban dau
(b) va sau khi dat nam cham 15 phut (c)

Nghién ciu hogt tinh quang xdc tdc phdn hay
methylene blue ctia cdc méu

Anh huéng cta diéu kién phdn (ng

Kha nang hdp phu va phan hly methylene blue cua
cac mau dugc nghién clu trong diéu kién khéng chidu
sang va co chiéu sang bang dén Led trong thai gian
180 phut. Su phu thudc cla hiéu suét xir i MB vao thdi
gian dugc dua ra & Hinh 7. Hiéu suét phan huy MB cla
H.O, chi dat 8,86% trong bdng téi (Hinh 7a(1)) va tang
lén khong dang ké khi dugcchiéu sang (9,38%) (Hinh
7b(1) sau 180 phut phdn Ung. Khi hé chi c6 mat
ZnFe;04, trong bong t6i, hiéu suét hdp phu MB dat la
11,14% (Hinh 7a(2)) va tang nhe lén 16,01% khi dugc
chiéu séng (Hinh 7b(2)). B4i véi hé chiia ZnFe;O.4 va
H.05, khi trong bdng t&i thi chi x If dugc 28,54% s6
phan t& MB (Hinh 7a(3)) nhung khi dugc chiéu sang
thi hiéu suét xu i MB tang manh, dat 83,27% (Hinh
7b(3)). Khi chi c& mat chat xic tac ZnFe,O4/BT trong
180 phdt, hiéu sudt hap phu MB cla vat liéu dat 31,20%
(khong chiéu sédng, Hinh 7a(4)) va 37,11% (c6 chiéu
sang, Hinh 7b(4)). Khi hé nay dugc thém chat oxi hda
la H.05, néu khong dugc chiéu sang thi hiéu suat xu li
chi dat 38,00% (Hinh 7a(5)). V&i su cd mat cla anh
sang den Led, hiéu suat xif If MB cla hé nay tang l1én
dén 93,97% (Hinh 7b(5)). Nhu véy c6 thé thdy rang,
chat xuc tac (ZnFexO.), &nh séng den Led, chat oxi hoa

(H202) déng vai trd quan trong trong qué trinh phan
hiy MB. Nghién clu clia nhiéu tac gia da chi ra rang,
khi trong hé cé mat dong thai ferrite, H,O, va dugc
chiéu sang, ngoai phdn Ung quang xuc tac thong
thudng con co phan Ung Fenton di thé [24,25,26,27].
Cu thé nhu sau:
ZnFe;O4 + hv = ZnFexO4 (e + h*) (1)
h* +HO = "OH + H" (2)
h*+OH —-"OH @)
O, +e —-'0y (4
Cac ion sat trén bé mat ferrite phan Ung véi H.O; tao
ra cac goc tu do theo céc phuong trinh sau:
=Fe’" + e - =Fe’* (5)
=Fe’* + H,0, - =Fe’* + "OOH + H* (6)
=Fe’* + H,0, —» =Fe’* + "OH + OH  (7)
MB + ('OH, "O;", "OOH) = CO,H:0 (8)

Trong qua trinh nay, cac goc tu do dugc tao ra lién
tuc, do dé hiéu suét phan hdy hap chét hitu co ctia hé
ferrite/H.0,/LED dugc céi thién. Khi ZnFe,O4 dugc dua
lén chat nén la bentonite, hiéu sudt phan hidy MB cla
vat liéu nay ducc tang cudng dang ké. Nguyén nhan la
do nhd cé bentonite, su hdp phu chét hitu co trén bé
mat vat liéu tadng [15,16]. Mat khac, trong vat liéu
ZnFe,0./BT da co sy giam rd rang vé su két ty, tang
sU phén tdn cla cac hat ZnFe,O. trén bé mat
bentonite (Hinh 3b), lam gidm kich thudc hat cla vat
liéu. Do do dién tich tiép xUc cla vét liéu ZnFe,O4/BT
tang so vai ZnFe;O4 tinh khiét.
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Hinh 7: Su phu thudc cda hiéu suét (%H) xUr Ii MB theo thai gian clia hé khéng chiéu sang (a) va chiéu
Séﬂg (b) khi co mat H.O» (1), ZnFe;Oy4 (2), ZnFex04+H0: (3), ZnFe,O4/BT (4) va ZnFe;O4/BT+ H,O» (5)

0.0 0.5 1.0 1.5
KLVL (g/L)

000 005 010 0.5
[H,0,] (M)

Hinh 8: Hiéu suét phan hay MB khi ¢ mat vt liéu ZnFe,O./BT, H,0, véi lugng vat liéu thay déi tir
0,0 1,5 g/L (a) va lugng H.0, tir 0,0 +0,15M (b) sau 180 phut chiéu sang

Anh hudng cta khéi luong vat liéu

Két qud nghién clu anh hudng cla lugng vat liéu
ZnFe;04/BT dén hiéu sudt phan hily MB dugc duara &
Hinh 8a. Khi hé chi c6 H,O, khong c6 mat
ZnFe;04/BT, hiéu sudt phan huy MB chi dat 9,38%.
Thém chat xic tac ZnFe,O4/BT vao hé véi lugng tang
tur 0,5 g/L dén 1,0 g/L thi hiéu sudt phan huy MB tang
tU 76,87% dén 92,09% sau 180 phut chiéu sang.
Nguyén nhan la do khi lugng vat liéu téng, s6 tam xic
tac hoat déng tang, do do s electron va 16 tréng
tang. Chinh diéu nay da lam tang téc dé phan Ung
sinh ra cac géc ty do OH: nén hiéu suat phan huy MB
tang. Khi tang lugng vat liéu 1én 1,5 g/L thi hiéu suét
phan Ung phan hdy gidm xuéng con 88,92%. Nguyén

nhan la khi lugng vat liéu tdng qua nhiéu, su téi t& hop
gilta electron va 16 tréng tang. Ngoai ra, su tang khéi
lugng chat xUc tac qua muc sé lam gidm su hép thu
anh sang clia hdn hop va tdng cudng hiéu Ung tan xa
cac buc xa anh sang, do do hiéu suat phan Ung phan
hay gidm [16Error! Reference source not found.].

Anh huéng cta luong H-0

Lugng H.O; cling anh hudng dén hiéu sudt phan huy
MB khi c& mat vat liéu ZnFe,O4/BT (Hinh 8b). Néu chi
c6 mat chét xUc tac la ZnFe;O4/BT ma khong cd mat
H.O>, hiéu suat phan hdy MB chi dat 36,36% sau 180
phut chiéu sang. Khi thém vao hé lugng [H.0;] tang
tUr 0,05M dén 0,1M thi hiéu suét phan hily MB tang tu
https://doi.org/10.62239/jca.2023.078
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86,7% dén 92,09% sau 180 phut phan dng. Tuy nhién,
khi [H.O:] tang lén dén 0,15M thi hiéu suét gidm con
84,27%. Biéu nay dugc giai thich nhu sau: khi lugng
H.O, trong dung dich téng, lugng géc ‘OH tao ra
tang, do do hiéu sudt quang xdc tac tang. Tuy nhién,
khi lugng H.O, vugt qua mét gidi han nhat dinh, cac
géc "OH du sé phan Ung véi H.0, dé tao HO," hodc
phan Ung vdi nhau tao nén H,O, (phan Ung 9,10,11).
Do do lam gidm s6 lugng géc "OH nén hiéu sudt phan
huy gidam [24,Error! Reference source not found.].

‘OH + H,O, = HO,™ +H20 (9)

‘OH +'OH - H>0:> (10)

‘OH + HOz» -H,O + Oy (T])

Anh huéng cta chdt tc ché géc tu do

K&t qua nghién cliu dnh hudng cla cac géc tu do "0y,
‘OH va h" trong hé ZnFeOu,/H.Ox/LED va

ZnFe>0.4/BT/H.O,/LED dugc dua ra 3 Hinh 9. Hinh 9a

(1) (a]

100

No scavenger Ascorbicacid  EDTA IPA

cho thdy, hiéu sudt phan hidy MB cla hé
ZﬂFezo4/Hzoz/|_ED giém tu 83,27% dén 64,93%
(ascorbic acid), 52,21% (EDTA) va 43,75% (IPA). Hiéu
suét phan hay MB clia hé ZnFe,O4/BT/H,O,/LED (Hinh
9b) cling gidm manh theo trat tu sau: Khong cd chét
Uc ché (92,09%)> co EDTA (68,45%)> ¢ ascorbic acid
(67,82%)> c6 IPA (58,35% ). Diéu nay cho thay, céc
géc tu do "0, "OH va h* déu déng vai tro quan trong
trong qua trinh quang xUc tac cla cac hé
ZnFe204/H202/LED Vé ZnFe204/BT/HZOZ/LED. Aﬂh
hudng cla cac gbc tu do dén hiéu suét phan hay hap
chat hitu ca da dugc dua ra trong nghién cliu clia mot
s6 tac gia ddi véi hé vat liéu MnFe,Os/Bentonite [15 ]
va NiFe>O4/Bentonite [16], ZnFe,O4/Bentonite [ 28].

Dua trén cac két qua nghién cliu trén, ching toi dua ra
sd do co ché quang xuc tac phan hiy MB cla hé
ZnFe;04/BT/H.0,/LED & Hinh 10.

(1) e

No scavenger Ascorbic acid  EDTA IPA

Hinh 9: Hiéu sudt phan hiy MB cuia hé ZnFe,O4(a) va ZnFe,O4/BT (b) khi khdng cé chét tc ché (1), co
Ascorbic acid (2), EDTA (3) va IPA (4).

biéu kién phan Ung: [MB] = 10,0 mg/L, [ZnFe;O4] = 1,0 g/L, [ZnFe>04/BT] = 1,0 g/L, [H.02]= 0,M, pH =7,

t=25 +1°C, thdi gian chiéu sang la 180 phut.

LED light system

*

JRA ZnFe,0,

ZnFe,0,/Bentonite

Photoexcitation

Q ZnFe,0,
@ Bentonite

. + MB dye
O% CO, + H,0

Recombination

Hinh 10: Sc do ca ché phan Ung quang xc tac phan hiy MB ctia hé
ZnFex04/BT/H.O,/LED
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Hiéu suét quang xUc tac phan hiy hgp chét hiu co
clia mot s6 vat liéu composit dudc dua ra & Bang 2.
Két qua so sanh cho thdy, vat liéu ZnFe,O./BT la chat

xUc téc co hiéu qua trong phan hly hap chét hitu cc 6
nhiém nhu MB dudi anh sang viing nhin théy.

Bang 2: So sénh vé hiéu suét phan hily hgp chét hitu ca clia mét s6 vat liéu composite chia ferrite

STT | Vatliéu Chéat 6 nhiém Thaigian | H (%) Tai liéu
chiéu sang tham khéo
(phdt)
1 ZnFe;O4/Na- Rhodamine B 120 94,2 [17]
bentonite
2 | MnFexQ4/ bentonite | ampicillin 60 83,0 [16]
3 | MnFe;O4/ bentonite | oxytetracycline 120 90,0 [16]
4 | NiFe;O4/ bentonite oxytetracycline 120 69,0 [15]
5 | Pd/ZnFex04/ g-C3N4 | Rhodamine B 60 93,0 [29]
6 ZnFe;04/ ZnO/Ag Methyl orange 420 84,0 [30]
7 | ZnFexO4/AgBr/Ag methyl orange 30 92,0 [31]
8 | ZnFe04/BT Methylene blue 180 92,09 Nghién ciu
nay

Két ludn

D3 t6ng hop thanh cong va nghién cltu dac trung vé
c4u truc, hinh théi hoc, tinh chét quang, tU tinh cla hai
mau vat liéu 1& ZnFe,O4 va ZnFe,O4/BT bang mot s
phuong phap vat i va héa ly. Két qua nghién clu cho
thay, véi su cd6 mat cla bentonite da lam gidm kich
thudc hat va nang lugng ving cdm cla ZnFe;O4. Sau
180 phut chiéu sang, co mat H,Oy, hiéu suét phan hiy
MB clia vét liéu ZnFe,O4/BT cao han so vdi clia vat liéu
ZnFe;Oq tinh khiét do su két tu cla hat ferrite giam,
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