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TOM TAT

Trong bai bao nay, ching tdi trinh bay qua trinh tong hop vat liéu cé cdu tric spinen
nickel ferrite dwgc tdng hop bang phuong phap thay nhiét, st dung cac mudi
FeS04.7H20, Ni(NOs)2.6H20 va glucose nhu la céc tién chédt ban dau. Cac ti 16 mol
Fe:Ni anh huong dén cau trug, hinh thai va tinh chat cta vat liéu da duoc khao sat.
K&t qua phan tich nhiéu xa tia X (XRD) cho thay mau c6 ti 1é Ni:Fe=1:2 dwoc nung &
500 °C trong 5 h ¢6 dang don pha céu truc spinen. Vat liéu c6 do x6p cao, loai tir
meém, siéu thudn tir va ¢6 kha nang phan hay xtc tdc quang methylene blue trong
vung anh sang kha kién, duwoc danh gia qua kha nang phan htly dung dich mau xanh
methylene khi chiéu dén UV-Vis, hiéu suat phan hay hau nhu hoan toan trong 25

phat chiéu xa.

Tt khoa: Nickel ferrite; glucose; phuong phap thay nhiét; xtc tac quang phan hay

methylene blue

1. GIOI THIEU

Spinen nickel ferrite la mot oxit phirc hop c6 cong thitc hda hoc NiFe:0s. Vé mat
cdu trug, tinh thé nicken ferrite c6 cau tric lap phuong tam mat [1]. Chung la spinen dao,
vi cdu hinh electron hda tri ctia ion Ni?* la 3d® nén sd phdi tri thuan 1oi 1a 6. Cac ion Ni?*
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nam trong cac hoc bat dién (vi tri B) con ion Fe** phan bg vao ca hdc bat dién va hoc ti
dién. Ton Ni? c6 ban kinh 0,78 A con ion Fe** ban kinh 0,67A. Hang s& mang tinh thé
dang khéi ctia tinh thé NiFe:Ou bing 8,34 A [2]. Trong cau trtic hinh thanh cac tuong tac
siéu trao doi gitta cac ion Fe* ) - Fe¥@®), tuwong tac nay khac véi tuong tac Ni* @) - Fe¥ ).
Sw phan bd cac ion Ni* va ion Fe¥* vao cac vi tri A va B da quyét dinh tinh chat tir caa
ferit, mac du chung cé thanh phan hoéa hoc khéng doi [3]. Vi tinh chat tir ddc biét
nay, vat liéu spinen nickel ferrite da duoc st dung trong nhiéu ting dung nhu thiét bi
dién tt, lvu tr thong tin, y hoc,....[4]

Trong nhitng thap ki gan day, vat liéu nickel ferrite nhan dwgc sy quan tam cua
cac nha khoa hoc trong linh vire xtic tdc quang hda boi nhiéu wu diém noéi bat nhw cd
tinh bén nhiét, dn dinh hoéa hoc va c¢é ndng lwgng vung cdm hep nén cd kha nang hép
thu anh sang trong vung kha kién va thich hop lam vat liéu xtc tac phan huy quang hoa
trong vung anh sang kha kién [5]. Khi vat liéu hap thu nang luong sé tao ra nhitng tac
nhan ¢6 hoat tinh oxi hdéa rat manh nhw cac géc tu do *OH, *O: ... ¢6 kha ndng phan huy
manh cac hop chédt hitu co nhw phdm nhudm, cac hop chét phenol, va ca cac t€ bao vi
khuan c6 hai [6]. Do d6, cac hgp chat ferrite duoc st dung rdng rai trong hoat dong
khang khuan, trong phan huay cac chdt mau nhuw methylene blue (MB) [7], methyl orange
(MO) [8], rhodamine B (RhB)...[9].

Trong nghién cttu nay, vat liéu cé cau truc spinen nickel ferrite duoc tong hop
theo phuong phap thuy nhiét st dung cac mudi sat, niken va glucose [10]. Trong sudt
qua trinh thay nhiét, glucose sé polymer hoa tao thanh cac polysaccharide va cac cation
kim loai sé bi hap phu boi polysaccharide tao thanh cac phttc trung gian kim loai
polysaccharide. Cac phtic trung gian nay s€ phat trién thanh hat cau déng vai tro nhu
khuon cacbon véi kich thudc microspheres trong dé cac cation duoc phan b rat dong
déu trén bé mdt va bén trong cac hat cau cacbon. Vi vay, khi nung ¢ nhiét d6 500°C trong
5h thu dwgc vat liéu do x0p cao va thanh phan cac oxit kim loai phan bd kha dong déu
[11, 12].

Vit liéu spinen nickel ferrite sau khi nung duoc ddc trung boi cac phuwong phap
nhiéu xa tia X (XRD), tan xa nang lwong tia X (EDX). Tinh ttt ctia cac vat liéu dwoc do
bang thiét bi tir k& mau rung (VSM) trong mdi treong khi quyén. Vat liéu ciing duoc str
dung dé khao sat kha nang xuc tac quang hda phan huy methylene blue trong diéu kién
chiéu xa Vis.

2. THUC NGHIEM
2.1. Hba chat

Téat ca cac hoa chat dugc stt dung trong qua trinh tong hop vat liéu spinen nickel
ferrite va khao sat qua trinh xtc tadc phan htiy xanh methylene dwoc mua ttt Guangzhou,
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Trung Qudc 1a Glucose (99 %), mudi nickecal (IT) nitrate (99 %), mudi sat (IT) sunfat (99
%), methylene blue (98 %), ethanol (99%).

2.2. Phuong phap dac trung vat liéu

Thanh phan pha va thanh phan nguyén to ctia vat liéu spinen nickel ferrite duwoc xac
dinh bang cac phuirong phép nhiéu xa tia X (XRD) trén thiét bi Bruker D8 Advance (Dtic)
va tan xa nang lwong tia X (EDX) trén thiét bi Hitachi S4800 (Nhat Ban). Tinh tir ctia cac
vat liéu duwoc do bang thiét bi tir k&€ mau rung (VSM) trong mdi trudng khi quyén trén
thiét bi (VSM, Micro Sence Easy VSM 20130321-02).

2.3. Tong hop vit liéu

Vat liéu nano spinen nickel ferrite dwoc tong hop bang phuong phap thty nhiét. Dau
tién, 4 g glucose va 0,03 mol hon hop mudi FeSO+.7H20 va Ni(NOs)2.6H:0 (ti 1& s8 mol
Fe:Ni = 2:2, 2:1, 1:1) dwoc hoa tan trong 40 mL nudc cét tao thanh dung dich dong nhét.
Tiép theo, hon hop dung dich dugc dua vao binh teflon, day kin thuty nhiét 6 185°C trong
8h. MAau thu duoc dung dich c6 mau vang nau. Chat bt mau den thu duoc béng cach
ly tam qua 3 Tan nude cat va 2 Tan bang ancol etylic nguyén chit d& loai bo tap chat. Say
khd mau ¢ 80 °C trong 5 gid, sau d6 dem nung san pham & 500°C trong 5 gid thu duoc
nickel ferrite hinh cau.

2.4. Khao sat sy phan hiy xanh methylene ctia vat liéu

Kha néng ting dung lam xtc téc quang ctia mau vat liéu spinen nickel ferrite nung &
500 °C trong 5 h dwgc dénh gid bang su phan hiiy dung dich mau methylene blue (MB).
Deén dwoc st dung la den hoi thuy ngan (Philips, ML 100 W) c6 budc song khoang 578
nm. Vat liéu duwoc phan tan trong dung dich MB (trong nudc cat nong do 20 ppm) véi
ham luong xuc tac la 0,5 g/L, sau d6 khao sat kha nang phan huy mau theo 3 ché€ d6 nhu
sau: (1) chiéu xa Vis vdi sy hién dién cua xtc tac NiFe20s, (2) Khong chiéu xa Vis va ¢
dung xuc tac, (3) chiéu xa Vis ma khong c6 su hién dién cua chat xtc tac. Nong d6 MB
duoc xac dinh bang phuong phap quang phd hap thu tit ngoai va kha kién (UV-Vis) trén
thiét bi UV-Vis (Spectro 2000 Spectrophotometer) bang cach do dd hap thu ctiia MB &
bwdc séng 665 nm.

3. KET QUA VA THAO LUAN
3.1. Dac trung cta vat liéu spinen nickel ferrite

Hinh 1 trinh bay gian d6 nhiéu xa XRD ctia cdc mau nickel ferrite trudc va sau khi
nung & nhiét d6 500 °C trong 5 h. Két qua ctia cac mau spinen nickel ferrite treéc khi
nung & hinh 1 A cho thdy qua trinh thily nhiét cdc mau ¢ 185 °C trong 8 gid da hinh
thanh pha tinh thé ferrite spinen NiFe2O: c&u trtic 1ap phuwong tam mat, cic peak nhiéu
xa ddc trung : (220) tai 30°; (311) tai 36°; (440) tai 64° da kha rd, ceong do trung binh, cac
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peak (400) tai 44°; (511) tai 57° trong 2 mau t 1& 1:1 va 1:2 chua rd nét va cuong do con
thap, cac peak xuat hién nay trung voi vi tri cac peak chudn ctia NiFe20s theo JCPDS s6
10-0325 [13], diéu d6 cho thay pha tinh thé da hinh thanh trong khi thuy nhiét nhung
chuwra hoan chinh. Tuy nhién, sau khi nung ¢ nhiét d6 500 °C trong 5 gid, cdc peak nhiéu
xa ddc trung ctia spinen nickel ferrite xuat hién sdc nét va co cueong do cao (hinh 1B).

Thanh phan nguyén t8 c6 trong vat liéu NiFe20s duwgc phan tich bang phuwong phép
phd tan xa tia X. Két qua phan tich EDX ctia cdc mau NiFe20: véi cac ti ti 16 mol Ni/Fe
ban dau bang 1:2 khi da nung 500 °C trong 5 gid' duoc trinh bay & hinh 2. Két qua cho
thdy c6 ton tai cac nguyén t& niken va st trong mau tdng hop duwgc. Bén canh d6, peak
cua C xuat hién c6 thé do trong qua trinh nung chuwa hoan toan; peak ctia O va S xuat
hién c6 thé 1a tir cdc mudi ban dau dua vao dé tong hop mau.

Hinh thai cua vat liéu dugc trinh bay ¢ hinh 3. Két qua cho thay: nickel ferrite c6
dang hinh cau x6p, kich thwdc nano cip hat rat nho va sy phan b6 hat dong déu. Vat
liéu co 2 16p, 16p v la cac hat nickel ferrite bao pht 16p 16i cacbon sau khi nung 500 °C
/5 gio 16p 16i chdy d€ lai cac hat nickel ferrite hinh cadu va mot phan cacbon chwa chay

hét trong vat liéu trong hop.
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Hinh 1. Gian d6 XRD ctia cac mau spinen NiFe204 & cac ti 16 khac nhau trude (A) va sau
nung 500 °C trong 5 h (B)
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.

IMS-NKL 5.0kV 4.4mm x8.00k SE(M) 5.00um

Hinh 3. Anh SEM ctia mau NiFe:O: dugc tdng hop tit ti 1€ mol Ni/Fe ban dau bang 1:2.

Tinh chat tir ctia vat liéu duoc xac dinh bang phép do VSM ¢ nhiét d6 phong.
Céc dac trung tir tinh cta mau vat liéu nickel ferrite nhuw d6 tir bao hoa (Ms), do tir dw
(Mr) va lyc khang tir (Hc) déu tang dan khi ti 1& Fe/Ni ting trong mau (hinh 4). Gid tri
ttr d6 bao hoa déu (Ms) ¢ trong khoang 10,38-33,86 emu/g; do tir du (Mr) 1,57-8,05 emu/g;
trong khi lyc khang ttr (Hc) tir (-184,83) — (-116,83) Oe. Két qua nay cho thay, chung cé
ddc trung cta tir mém va siéu thuan tir voi e khang tir rat nho [14].
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Hinh 4. Duong cong tit hda ctia cdc mau nickel ferrite c6 ti 1& Fe/Ni khac nhau
3.2. Nghién ctru qua trinh phan hiy xtic tic quang chat mau methylene blue (MB)

Hinh 5 trinh bay dong hoc phan huy xtc tidc quang MB ctia mau vat liéu spinen
NiFe20s (ti 1€ mol Fe:Ni=2:1) trong 3 ché& d¢: (1) chiéu xa Vis vdi sy hién dién cta xtc tac
NiFe20s, (2) Khong chiéu xa Vis va c6 dung xuc tac, (3) chiéu xa Vis ma khong cé sy hién
dién cua chat xuc tac. Két qua cho thdy, mau MB da bi loai bo hoan toan sau 45 phut
trong khi khoang 42 % qua trinh kht mau MB xay ra do sy hap phu trén bé mat ctua
NiFe:0:4 trong diéu kién khudy tir (diéu kién t61). Ngoai ra, sw phan hiy MB khong duoc
quan sat thay néu chi chiéu Vis ma khong cé nikel ferrite. Két qua chi ra rang NiFe:Ox
hoat dong nhu mot chat xdc tac quang trong chiéu xa Vis.
11+
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Hinh 5. Qua trinh phan huy quang xuc tac cho thuéc nhuém MB st dung NiFe20s lam xtc tac.
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Nhitng két qua nay chi ra rang NiFe20s c6 kha ndng quang xtic tic lam phan hay
thudc nhuém. Co ché€ phan huly quang héa ctia thuéc nhuém MB trén spinel nickel ferrite
c6 thé dugc giai thich bang ly thuyét ban dan. Ferrite nicken dwoc chiéu xa béi s kich
thich &nh dan dén sy chuyén d3i electron trong quy dao 3d#, sau d6 1a sw hinh thanh cap
electron (e~ ) va cap 16 (h*) trén bé mat chat xtic tac (phan tng 1). Kha nang oxy héa cao
ctia 16 tréng (h™) trong chat xtic tac cho phép oxy hda truc tiép thudc nhuém (phan tng
2) hodc phan ting vdi cac phan tie nuedc hodc ion hydroxyl (OH™) d€ tao ra gdc hydroxyl
(*OH) (phan tGng 3); cac goc hydroxyl nay lam cac phan t hitu co bi oxy hoa bé mat
(phan tng 4). Mt khac, cac electron dwgc quang hda (e) lam giam thudc nhuém hoac
phan ting v6i Oz bi hap phu trén bé mat coban ferrite hoac hoa tan trong nuwdc tao thanh
anion goc (O%) (phan tng 5), day cling la mot ion lam cho MB bi oxy hdéa manh (phan

ung 6).
(NiFe201) + hy —> (NiFe20s) (e~ + h*) (1)
h*+MB — MB— san phdm phan hay (2)
H*+H0 — H* + 2:*OH

{H+ +20H —2-0H 3)
*OH +MB — san phdm phan huay (4)
2¢-+ 0, > 0% )
*O? + RDM —> san pham phan huy (6)

4. KET LUAN

Trong nghién cttu nay, ching t6i da tdng hgp thanh cong vat liéu cd cau tric
spinen nickel ferrite bang phuong phap thity nhiét. Sau khi nung & 500 °C trong 5 h, vat
liéu c6 cau tric x8p, hinh cau va cac nguyén t& niken va sat trong mau tdng hop duoc
phan b8 kha dong déu bang cach stt dung khuon cting cacbon. Cac gi tri dic trung tir
tinh Ms, Mr, Hc ctia mau Niken ferrit tang dan khi tang ty 1é Fe/Ni, vat liéu thudc loai
tr mém, siéu thuan tir va c6 thé st dung lam chat xuc tac phan huy quang hda ¢ budc
song 578 nm, cé kha nang phan hay hoan toan xanh Methylen (MB).
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ABSTRACT

In the present paper, the synthesis of nickel ferrite with spinel structure from
precursors as FeSO4.7H20, Ni(NOs)2.6H20 and glucose by hydrothermal process is
demonstrated. The different Fe/Ni molar ratios and calcination temperature affected
on the structure and morphology, magnetic properties are studied. It is found that
the sample with initial molar Ni/Fe of 1/2 calcined at 500 °C for 5 hours provides the
single phase of nickel ferrite. The obtained nickel ferrite exhibits the soft magnetic
property and high porosity. It can be used as a photo-catalyst for methylene blue

degradation.

Keywords: Nickel ferrite; glucose, hydrothermal method, photo-catalyst for

methylene blue degradation.
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