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ABSTRACT

Nano ferrite has been published by many previous studies because of its
important properties such as magnetic materials and catalysts. In this
study, nickel ferrite (NiFes;.O4) was prepared by sol-gel method with
ethylenediaminetetraacetic acid (EDTA) as complex agent. The effect of
parametters on material structure and properties were investigated such
as EDTA (in acid and salt of sodium compounds), calcination
temperature, calcination time, the molar ratio of nickel/iron. The XRD
results showed that with calcination temperature higher 600 °C the
product was formed with spinel structure and single phase. The product
had narrow band gap value, about 1.52 eV. Its photocatalytic in wave
lenght of visible light range was investigated with methylene blue
solution at wave length of 578 nm and the decompositional yield about
83.4%.

TOM TAT

Nano ferrite dd dwoc nhiéu nghién ciru cong bé do ¢é nhiéu iing dung
quan trong nhuw lam vdt liéu tie tinh va vat liéu xuc tac. Trong nghién cuu
nay, nickel ferrite (NisFes..O,) dwege tong hop bang phwong phdp sol —
gel voi tac nhan tgo phirc ethylenediaminetetraacetic acid (EDTA). Cac
yéu 16 anh huong dén s hinh thanh cdu tric va tinh chdt cia vt liéu
nhw EDTA (dang axit va dang mudi cia natri), nhiét dg nung, thoi gian
nung, ti 1é mol nickel/sat da dwoc khao sat. Két qud phdn tich nhiéu xa
tia X (XRD) cho thcfy cde mau duoc nung o nhiét do tir 600 °C tro lén
trong thoi gian 2 h déu ¢ dang don pha cdu triic spinel. Vit liéu cé ning
lwong ving cam (band gap) hep, khodng 1,52 eV, thé hién hoat tinh
quang xiic tdc trong ving dnh sang kha kién, dwoe danh gid théng qua
phan vmg phdn hity dung dich mau methylene blue khi chiéu dén véi
bude song 578 nm, hiéu sudt phan huy khoang 83,4%.

Trich dan: Nguyén Truong Xuan Minh, Huynh Ky Phuong Ha va Poan Van Hong Thién, 2018. Tong hop
vat liéu cau trac spinel nickel ferrite NI\FE3«O4 bang phuong phap sol-gel va khao sat hoat tinh
quang xuc tac. Tap chi Khoa hoc Trudng Pai hoc Can Tho. 54(7A): 20-26.

1 GIOI THIEU

V6i cong thirc tong quat 1a MFe,O4 (M 1a cac
kim loai nhu Mn, Co, Mg, Ni, Zn ...

dugc biét dén 1a loai vat liéu tir c6 rat nhidu ung
dung trong thiét bi dién tir, luu trl thong tin, y hoc,
chat mau... Gan day loai vat li¢éu nay dugc quan

), spinel ferrite tam rit nhiéu trong linh vuc quang xic tic
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(Gaudon et al., 2009; Casbeer et al, 2012,
Kharisov et al., 2014; Harraz et al., 2014; Kefeni et
al.,2017).

Vit liéu ferrite ¢6 nhiéu vu diém ndi bat nhu co
tinh bén nhiét, c6 sy dn dinh héa hoc cao va dic
biét 1 c¢6 nang luong ving cdm (band gap) hep (<2
eV) nén hiéu qua hap thu anh sang trong ving kha
kién cao, thich hop lam vat lidu xuc tic quang
trong vung anh sang nay. Trong khi do, nhiing vat
lidu xuc tic quang pho bién khéc lai c6 ning lugng
ving cim rong nhu TiO, (3,2 eV), ZnS (3,6 eV),
AgVOs; (2,2 eV), CdS (2,4 eV)... nén chi hoat
dong t6t trong vung anh sang tir ngoai, vbn chi
chiém mot phan rat nho trong anh sang mit troi va
vi thé khong tan dung dugc t6i da ngudn ning
luong c6 san vo tan nay. Khi vat liéu hap thu 4nh
sang mat troi s€ tao ra nhitng tac nhan cé hoat tinh
oxi héa rit manh nhu cac géc tr do -OH, ‘O, ... ¢6
kha ning phan hity manh cac hop chit hitu co nhu
pham nhudm, cac hop chat phenol, va ca cac té bao
vi khuan c6 hai. Do d6, cac hop chit ferrite trong
hoat dong khang khuén, trong phan hily cc chat
mau nhu methylene blue (MB), methyl orange
(MO), thodamine B (RhB)...Két qua tir cac cong
trinh nghién ciru ndy mé ra mot trién vong moi
trong hoat dong xir Iy nudc thai va mdi truong, déc
biét 1 nudce thai dét nhudm va du lwong thude trir
sau trong nudc thai nong nghiép (Albuquerque et
al., 2012; Casbeer et al., 2012; Samavati et al.,
2013; Sharma et al., 2013; Kharisov et al., 2014).

Trong nghién ctru nay, vat liéu NicFe; 04 (x =
0,1; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8) da dugc téng
hop bang phuong phap sol —gel dua trén qua trinh
tao phuc chat hiru co — kim loai trung gian véi tac
nhéan tao phic 1a EDTA. Phuong phap nay hién
nay duoc mot s6 nghién ctru méi chimg minh kha
nang tao hat nano rat dong déu, ton it ning luong,
d& diéu khién cac thong sé anh huong boi vi EDTA
14 mot tac nhan c6 kha ning tao phirc bén véi cac
ion kim loai. Cac phirc chit trung gian nay c6 thé
lién két v6i nhau tao thanh mot mang khong gian
ma trong d6 c4c ion kim loai nhu: Fe**, Ni?*, Co?",
Mg2*... dugc ¢ dinh bang nhitng khung hitu co va
dugc phan bd déu trong toan bd mang khong gian
nay. Nho vay, chi cin nung ¢ nhigt d¢ thap
(khoang 500 °C) thi cac khung hitu co nay sé bi
chay va hinh thanh dugc vat liéu mong mudn véi
d6 phan b6 thanh phan va kich thudc hat kha dong
déu (Chunxiang Zhang et al., 2010; Hussein et al.,
2014).

Vit liéu sau khi tong hop duoc khao sat cac
tinh chat nhu kich thudc hat, két qua phan tich
nhiét TGA-DTA, SEM, XRD, BET, ciing nhu sé&
khao sat hoat tinh quang xtic tac vdi viéc tng dung
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vao phan tmg phan huy dung dich mau Methylene
Blue trong mdi truong anh sang kha kien.

2 PHUONG PHAP NGHIEN CUU
2.1 Héa chat

Céc hoa chit chinh str dung dé tong hop ferrite
¢6 xuat xr Trung Qudc 1a Ni(NOs).6H,0 (99%),
Fe(NO3)3.9H,0 (99%), EDTA (dang mubi natri va
dang axit) (99%), chat phan tan ethylene glycol
(99%), dung dich NH,OH (25 — 28%) dé diéu
chinh pH, methylene blue (98%) ting dung dé khao
st hoat tinh quang xuc tac ciia san pham.

2.2 Quy trinh tong hop vit li¢u

Vit liéu dwoc téng hop bang phuwong phap sol-
gel théng qua giai doan tao phirc chit trung gian
véi tac nhan tao phitc 1a EDTA theo quy trinh nhu
sau: Can chinh xdc mudi natri cua EDTA
(C10H1408N>Nay) hoac EDTA dang axit cho vao
nude cit, khuay tir gia nhiét (khoang 80 °C) va diéu
chinh pH bang dung dich NH4OH (pH khoang 4.5)
cho dén khi dung dich trong sudt voi nong d6 1M.
Sau d6 cho dung dich Fe’* 1 M, dung dich Ni** 1
M ( véi céc ti 1é mol Fe3*/Ni** khao sat khac nhau)
va ethylene glycol (EG) vao vdi ti 1€ mol EDTA :
EG 1a 1:2; ti 1¢ mol tong kim loai (Fe’* va Ni2"):
EDTA la 1:2. Hdn hop dugc khudy tir lién tuc & 80
°C trong 4 h cho dén khi thu duoc mot hé gel dong
nhit. Gel thu duoc s& duge siy & 150 — 180 °C
trong 2 h. Mau sau khi sdy dem nung & cac nhiét
d6 va thoi gian nung khao sat khac nhau. Cudi
cing miu dwoc nghién bi (nghién kho bing bi
Zirconia 5 mm trong 8h) dé thu duoc vat lidu cb
kich thuéc nhé hon 100 nm.

2.3 Khao sat sy phan hity chit mau
methylene blue (MB) ciia vat liéu

Kha ning tmg dung lam xtic tdc quang ctia mau
vat liu NiFes;.«O4 (NFO) nung & 600 °C trong 2 h
(NF600) dugc danh gid bang sy phan hiy dung
dich mau methylene blue (MB). Pén dugce s dung
la dén hoi thuy ngan (Philips, 100 W) c6 budc song
khoang 578 nm. Vat li¢u dugc phan tan trong dung
dich MB (trong nuéc cit nong do 20 ppm) véi ham
luwong xuc tac la 1 g/L, sau do khao sat kha nang
phan hay mau theo 3 ché do khac nhau: ( 1) Hap
phu hoan toan trong t6i trong 50 phat, (2) hip phu
trong bong tdi 30 phut trude khi chiéu dén trong
180 phat, va (3) chiéu dén trong 180 phut khong
qua budc hp phu tbi.

Pé danh gia hiéu suat xtr Iy MB cua vat liéu,
sau mdi 10 phut ndng d6 MB dugc xac dinh lai
bang phuong phap quang phd hap thu tir ngoai va
kha kién (UV-Vis) trén thiét bi UV-Vis (Spectro
2000 Spectrophotometer) bang cach do do hap thu
cua MB & budc song 665 nm.
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3 KET QUA VA THAO LUAN
3.1 Khaio sat anh hwéng cia chét tao phire
EDTA dang axit va EDTA dang mudi

Trong nghién clru nay tac nhan tao phirc dugc
sir dung 14 EDTA dang axit va dang mudi cia natri.
Két qua phan tich nhiét TGA — DTA trong Hinh 1
va Hinh 2 thé hién c6 su khac biét gilta hai dang
axit va dang mudi cia EDTA. Trong khi sir dung
dang axit thi sau nhiét 46 khoang 438 °C sy giam
khéi lwong hau nhu khong dang ké, thi véi dang
mudi diém nhiét do nay cao hon, khoang 507 °C.
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Diéu nay cho thdy khi dung EDTA dang axit lam
tac nhan tao phirc thi nhiét d6 nung bit dau hinh
thanh vat liéu s& thdp hon so véi ding EDTA dang
mubi ciia natri. Hon nira két qua trén Hinh 3 cua
mau sir dung EDTA dang mudi khi nung & 700 °C
trong 2 h cho thay ngoai sy hién dién day du cac
peak dic trung ctia phd chuan NFO tai goc 20 la
30.3° 35.7°;, 43.4°, 57.4° va 62.9° con co su xuét
hién nhiéu dinh khong mong muén khac va day co
thé 1a cua NayCOs (so sanh v&i phd chudn cua
Na,CO3). Do d6, trong cac khao sat tiép theo
EDTA dang axit dugc str dung.
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Hinh 1: Két qué phén tich nhiét TGA ciia vat liéu tdng hep bing EDTA dang mudi
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Hinh 2: Két qua phan tich nhiét TGA ciia vat liéu tong hop bing EDTA dang axit
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Hinh 3: Gian d6 nhiéu xa tia X miu sir dung EDTA dang mudi

3.2 Khao sat anh hwéng cia nhiét d§ nung Bang 1: Kich thuéc tinh thé theo nhi¢t dd nung
Dua trén két qua TGA ¢ Hinh 2 dé khéo sat anh Nhiét d9 nung (|C)  Kich thuéc tinh the
huodng cua nhiét d6 nung, cdc mau dugc nung & cac (nm)
nhiét do khac nhau dugc ‘chQnNtfx 450 °C — 800 °C 450 9,08
trong 2 h. Kt qua gian do nhiéu xa XRD ¢ Hinh 4 500 15,30
cho thay ¢ 450°C da xuat hi¢n cac dinh déac trung 600 19.49
theo phd chuan ciia nickel ferrite & cac vi tri 20 = 700 5 4’ 69

18° 30,3 % 35,69 % 43,4 57,4° va 62,9° chimg t6
vat liéu da bat dau hinh thanh & nhiét do nay. Khi 800 40,08

tang nhiét d6 nung cac dinh thé hién cang rd nét,
sdc nhon cho théy muc dd tinh thé hoa tang dan
dong thoi kich thude tinh thé ciing tang tir 9,08 nm
dén 40,08 nm thé hién trong Bang 1.
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Hinh 4: Gian d6 XRD theo nhiét dd nung
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3.3 Anh hudng ciia thoi gian nung

Hinh 5 trinh bay gian d6 nhiéu xa XRD cua céc
mau dugce téng hop ¢ céc thoi gian nung khac nhau
1h, 2h, 3h va 4h. Két qua cho thay & tat ca cic mau
déu xuat hién cac peak dic trung twong tmg voi
phé chudn cta nickel ferrite & cc vi tri 20 = 30,3%
35,69°; 43,4°; 57,4° va 62,9° chung to vat li¢u da
bit ddu hinh thanh & cac khoang thoi gian nay.

500 J
’_____._____L-.--
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Thot gian nung cang tang thi mirc d tinh thé hoa
tang dan thé hién & sy sic net va cuong do cao dan
ctia cac peak. Tuy nhién, & mau nung trong 1 h cac
dinh chua cao va sic nét bang cac mau con lai, thoi
gian nung tir 2 h tr¢ 1én phd XRD cuia cac méau co
thé xem 1a khong khac biét nhidu. Do d6, dé tiét
kiém nang luong, thoi gian nung 1a 2 h duge chon
dé tong hop cac mau tiép theo.
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Hinh 5: Gian do XRD theo thoi gian nung

3.4 Khao sat anh huéng cia ti 1€ mol
Fe3*/NiZ*

Két qua gian d0 nhidu xa tia X cla cac mau
NFx (x la ti 18 cia Fe**/Ni* thé hién trong cong
thirc NiFesOy), v6i x ¢6 cac gia tri 1an lugt 13 0,1;
0,2; 0,3; 0,4; 0,5; 0,6; 0,7; va 0,8 dugc trinh bay
trong Hinh 6. Cac két qua nay cho thiy khi ting
dan ham lugng Ni thi cac dinh dic trung cia oxit

sat giam dan. Pong thoi, cac dinh dic trung cua
NFO cao va 16 dan. Piéu nay ching t6 khi ham
luong Ni con nho thi luong oxit sat con du rat
nhiéu, va bit dau tir khi x > 0,6 thi hau nhu khong
con du oxit st trong san pham. Vi vay, cdc méiu
NFO c¢6 thé duge tong hop voi cac ti 1€ tu 0,6 trd
1én dé khao sat cac tinh chat khac.
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Hinh 6: Gian d6 XRD theo ti 1¢ mol Fe3*/Ni?*
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3.5 Khaio sat cac tinh chit hoa ly cia vat
liéu

Hinh thai bé mat: Két qua khao sat hinh thai bé
mit cta san pham tong hop & nhiét d6 nung 600 °C
trong 2 h cho thdy cac hat tao thanh c6 dang gan
nhu hinh ciu, kich thuéc kha ddng déu. Tuy nhién,
két qua ciing chi ra mot s6 vi tri bi két khdi trong
qua trinh nung chua dat duogc kich thudce hat nho
déu do qua trinh nghién bi chua tét. Kich thudc cac
hat roi nho hon 100 nm. Véi kich thudce nay, san
pham c6 thé phu hop véi tmg dung trong linh vuc
quang xuc tac.

SE(M.LAD) 12/5/2017

54800-NIHE 10.0kV 8 2mm x150K

Hinh 7: Anh SEM ciia miu NFO 600 °C, 2 h

Ning luong ving cidm: Ning lugng ving cim
ctia vat liéu duoc xac dinh dya vao dd thi v& theo
phuong phap Tauc ( Hinh 8). Két - qua xdc dinh cho
thay nang lugng ving cim ctia mau dugc tong hop
& diéu kién 600 °C va 2 h 1a 1,52 eV, két qua nay
phu hop so voi cac cong trinh nghién ctu trude do.
Diéu d6 cho thiy vat lidu tong hop duoc c6 thé ting
dung nhu xic tac quang trong vung anh sang kha
kien.
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0.8 4
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o
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Hinh 8: Do thi xac dinh ning lrgng viing cim
cua vit liéu theo phwong phap Tauc
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Dién tich bé mit riéng (BET): Két qua do BET
ctia vat lidu NFO tng hop & nhiét d6 nung 600 °C
trong 2 h cho théy vat liéu c6 dién tich bé mit riéng
khoang 11,634 m?/g.

3.6 Két qua phan hiy chit mau Methylene
Blue (MB) ciia vit liéu

Do thi trong Hinh 9 thé hién hiéu suét phan huy
MB cua vat liéu trong 180 phtt theo 3 truong hop
1a: (1) hdp phu hoan toan trong tbi trong 50 phut,
(2) hap phu trong t6i 30 phut trudc khi chiéu dén
trong 180 phut, va (3) chiéu dén trong 180 phut
khong qua budc hap phu t6i. Trong d6, thuc t& quéa
trinh (1) cho thdy hiéu sudt phan huy mau la khong
d6i sau khi tién hanh hép phu trong t5i 30, 40 va 50
phat, nhu vay sau 30 phat qué trinh hép phu MB
1én bé mat vat liéu da dat can béng. bé théng nhét
cho viéc so sanh hiéu suét ca 3 qué trinh trong ciing
thoi gian 14 180 phit, gia tri hiéu suat nay da duoc
st dung dé thé hién & cac thoi diém sau do trén d6
thi.

Db thi cho thay sau 180 phut tién hanh xur Iy
MB, hiéu suét ting dan theo thir tr (1) < (2) < (3)
tuong g 1a 30,9%; 63,1% va 83,4%. Co thé giai
thich rang kha ning xtr 1y dung dich mau cia vat
liéu dua trén su hép phu cac phan tt MB [én bé
mit vat liéu két hop véi hoat tinh xlic tac quang
ctia vat liéu khi dwoc cung cip photon 4nh sang da
tao ra cac géc tu do hoat dong manh nén phan huy
phén t¢ MB, do d6 da lam giam ham luong MB
trong dung dich.

Trong truong hop (1) khi qua trinh dugc thuc
hién hoan toan trong bong tbi thi chi xay ra hién
tuong hap phu. Trong khi dé, ¢ truong hop (3) co
thé vira xay ra hién tugng hap phu vua 1a hién
tuong quang xuc tac khi hé dugc chiéu deén. Su két
hop 2 qué trinh nay da dua dén hiéu sudt phan huy
mau cao nhat. O trudng hop (2) co thé giai thich
rang do qué trinh hip phu trong béng tdi 30 phut
da 1am cho qua trinh xtic tic quang dién ra sau do6
kém lai boi vi cac bé mit xic tac da bi hip phu boi
cic phan tr MB. Két qua nay ciing cho thay
Ni,Fe;, O, dd dong vai tro lam chét xtc tic quang
cho phan tng phan hily MB khi chiéu dén c6 budc
song anh sang 1a 578 nm da chimg to xuc tac co thé
hoat dong trong ving anh sang kha kién (budc
song 380 — 700 nm). Trong khi cac vat li¢u khac
nhu TiO; chi hap thu dugc anh sang tir ngoai (Von
chiém luong rit it trong anh sang mit troi). Diédu
nay ciling phu hgp voi nang lugng vung cam hep
cua vat liéu 1a 1,52 eV trong khi TiO, c¢6 band gap
rong, khoang 3,2 eV.
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Hinh 9: Hi¢u suit xir Iy mau ciaa vét liéu NFO 600 °C, 2 h & cac diéu kién hdp phu khac nhau

4 KET LUAN

Trong nghién ctru nay, vat li¢u NFO da duoc
tong hop thanh cong bang phuong phap sol-gel
thong qua budc tao phirc chat trung gian hitu co —
kim loai v6i EDTA ¢ nhiét d§ nung va thoi gian
nung tuong tng la 600 °C va 2 h. Vat li¢u c6 kich
thudc hat nho hon 100 nm, ning lugng ving cim
hep, khoang 1,52eV, c6 hoat tinh xtic tdc quang
trong ving anh sang kha kién théng qua phan tmg
phéan hiy MB (trong moi truong anh sang tao ra
boi dén hoi thuy ngan véi budc song khoang 578
nm) véi higu suat phan hay khoang 83,4%.

LOI CAM TA

Nghién ctru nay dugc tai tro boi Truong Dai
hoc Béach Khoa — Dai hoc Quoc gia Thanh pho HO
Chi Minh thong qua dé tai T911-KTHH-2017-04.
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