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TOM TAT

Bai bao nay trinh bay mot phuong phap don gian, nhanh chong va than thién méi truong trong ché
tao cac hat nano oxit sit tir (FesO4). Cac hat nano FezO4 duoc téng hop bing phwong phap tuong
tac plasma-dung dich & 4p suat khi quyén st dung dung dich mudi sat (IIT) clorua va sit (II)
clorua. Cac dic trung cua cac hat nano Fe3Os duge khao sat bang cac phuong phap nhidu xa tia X
(XRD), hién vi dién tir truyén qua (TEM) va k¥ thuét tir ké mau rung (VSM). Cac hat nano tir
Fes0s thu dugc c6 dang hinh tua cau véi kich thuée trung binh ¢& 11,5 nm va gia tri tr 46 bao hoa
(Ms) ciia mau Fe3O4 & nhiét 6 phong 1a 52,04 emu/g. Do d6, cac hat nano FesOy thich hop dé loai
b6 chat mau Reactive Red 21 (RR21) trong nudc boi qué trinh tach ra khoi moi truong nhd tir tinh.
Hiéu suit hdp phu RR21 cua cac hat nano FesOy4 dat dugc 18n t6i 75,28 %.

T khoa: Hat nano oxit st tir; FesOs; twong tac plasma-dung dich; tong hop cdc hat nano;
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ABSTRACT

This paper presents a simple, fast and environmentally friendly method for preparing FesO4
nanoparticles. FesO4 nanoparticles are synthesized by plasma-solution interaction at atmospheric
pressure using ferrous and ferric solution. The characteristics of FesO, nanoparticles were
investigated by X-ray diffraction methods (XRD), transmission electron microscopy (TEM) and
vibration sample magnetometer (VSM). Magnetite nanoparticles obtained were spherical in shape
with an average size of 11.5 nm and saturation magnetic (Ms) of FesO. sample at room
temperature was 52.04 emu/g. Therefore, FesO4 nanoparticles are suitable to remove Reactive Red
21 (RR21) pigment in water by a simple magnetic separation process. The RR21 adsorption
efficiency of Fe;O4 nanoparticles was achieved up to 75.28%.
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1. Mé dau

Cac hat nano tir tinh da thu hat duoc nhiéu
quan tam nghién ctru boi cac ng dung tiém
ning ciia chung trong nhiéu linh vyc nhu y -
sinh, cam bién va xtr 1y méi truong [1]-[6].
Pac biét, cac hat nano tir tinh FesOs4 nhén
dugce su quan tim dang k& boi vi chang c6
cac tinh chat hap dan nhu kich thudc rat nho,
tinh chat tir doc ddo, dién tich bé mit 16n, dé
dang bién tinh bé mit va kha ning tuong
thich sinh hoc cao. Do d6, viéc ting dung cac
hat nano nay s& giup giai quyét dugc cac van
dé vé& méi truong va y sinh hoc.

C6 nhiéu cach dé téng hop cac hat nano tir
FesOs nhu phuong phap sol-gel, nhiét phan
phun, phan hiy nhiét, két tia hoa hoc, dong
két tua, thiry nhiét,.. 7] [12]. Tuy nhién, tat
ca cac phuong phap tong hop nay déu su
dung cac hoa chit, kha phuc tap va dat tién,
chang han nhu can duy tri & nhiét d6 va ap
sudt cao, hé chan khong va thoi gian dai dé
thuc hién, bén canh d6 cac hat nano duoc tao
ra thuong bi 1n cac tap chit boi cic san pham
cua phan Gng héa hoc. Phuong phap tuong
tac plasma-dung dich c6 thé duoc coi la
phuong phap don gidn, nhanh choéng, it doc
hai, ré tién va than thién moi trudng trong
viéc ché tao cac vt liéu nano [13]-[17].

Trong nghién ctu nay, chung t6i tip trung
vao viéc tong hop cac hat nano tir tinh FesO,
bang phuong phép tuong tac plasma - dung
dlCh & ap sudt khi quyén nho st dung mot
ngudn cao ap mot chiéu. Cac dic trung cu
tric, hinh thai va tinh chét tr duoc khao sat
bang thyc nghiém. Ngoai ra, ching tdi ciing
st dung chat mau hoat tinh Reactive Red 21
(RR21) [18] dé thir kha nang hip phu cta vat
liéu ché tao duoc.

2. Thuc nghiém

2.1. Vit liéu

Tét ca cac hoa chit bao gdm FeCly.4H,0,
FeCls.6H;0, NaOH duogc cung cAp boi tir
Merck, Buac. RR21 (c6 cong thitc phan ti
C26H1sN4Naz015S4) dwoc cung cap bai Sisco,
An bo.

2.2. Phwong phap

H¢ thi nghiém tong hop céc hat nano tir tinh
FesO4 bang phuong phap tuong tac plasma-
dung dich dugc trinh bay nhu trong hinh 1.
Binh phan tng 1a mét cdc thay tinh c6 dung
tich 30 ml chra hai dién cuc bao gém dién
cuc duong dugc lam tr thanh platin voi
duong kinh 1 mm dai 80 mm, trong khi dién
cuc 4m 1a mot ong thép khong ri v6i duong
kinh trong la 1 mm dai 60 mm. Pién cuc am
dugc ndi vao ngudn cao ap mot chidu thong
qua mot dién trod R = 100 kQ. Bién cuc duong
dugc nhing ngap trong dung dich, con dién
cuc am (dién cuc plasma) dugc dat cach mat
chat long khoang 2 mm va dugc ndi véi binh
khi Ar (v6i d6 sach 99,999%) qua mdt dng
dan khi c6 dong ho do téc 6 dong khi. Hai
dién cuc cua binh phan tng dugc ndi v6i mot
ngudn dién cao 4p mot chiéu DC (3,9 kV).
Dung dich dién phan 20 ml 1a hén hop cua
cac mubdi FeClz.4Hz0 va FeCls.6H-0.

At —Plasma

Binh khi
Ar

- +
Ngudn DC

X__FeCl; + FeCl; !
Platin S
Hinh‘l. Gian do hé ché tao cdc hat nano tir tinh FesO4
bang phuong phadp twong tdc plasma-dung dich
2.3. Ché tgo Fe304 bang ky thudt plasma

Téng hop cac hat nano tir tinh FesOs duoc
thuc hién bang phuong phap tuong tac
plasma-dung dich s dung hdn hop mubi
FeCl2.4H,0 va FeClz.6H20 nho dong khi Ar
& 4ap sudt khi quyén. Hon hop gdbm 5 mM
FeCl,.4H,O va 10 mM FeClz.6H,O duogc
phan tan trong 20 ml cia nudc cit hai lan.
Sau khi khudy tir trong 30 phut, dung dich
dugc didu chinh d¢ pH t6i gia tri 5,5 nho cho
thém dung dich NaOH 2M. Plasma duogc
phong ra va duy tri ¢ dién thé quanh 3,9 kV
va dong dién 19 mA. Dung dich mau den thu
dugc dudi tac dung cua plasma sau thoi gian
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phan tng 13 10 phat duoc rira va sy kho &
60°C trong 12h.

2.4. Ddc trung cua vit liéu

biac trung cAu tric tinh thé cua cac hat nano
FesOs duoc khao sat boi may nhiéu xa tia X
D8 Advanced, Bruker AXS véi ngudn birc xa
Cu-K, (L = 1,5405 A). Hinh thai hoc va phan
bd kich thude cia vat liéu nano FesOs dugc
khao sat bang kinh hién vi dién tir truyén qua
(TEM) JEOL 2100. Bic trung tir tré cua vat
lidu nano Fes0, duoc xac dinh bang may tir ké
mau rung (VMS) Lake-Shore 7400 & nhiét do
phong. Nong d6 chit mau RR21 sau qué trinh
hép phu boi cac hat nano FesO4 dugc do boi
may quang phd hip thu UV-Vis Jasco-V770.

3. Két qua va thio luin

Hinh 2 trinh bay gian d0 nhiéu xa tia (XRD)
ctia cac hat nano FesOs duogc ché tao bé“mg
phuong phap tuong tac plasma-dung dich

35,62; 43,22; 53,67; 57,21 va 62,95, tuong ing
phu hop vai gia tri dwa ciia FesOs tai (220),
(311), (222), (400), (422), (511) va (440).

(311)

Cudng dé (dvty)

20 30 40 50 60 70
26(°)

Hinh 2. Gidn dé XRD ciia cdc hat nano FesO4
Hinh 3 trinh bay anh TEM va phan bd kich
thuéc hat cia vat liéu nano FesO4 duge ché
tao bang phuong phap plasma-dung dich. Két
qua cho théiy, cac hat nano Fe3O4 ¢6 hinh tua

ciu, phan bd kha ddéng déu (Hinh 3a) va cb
kich thuéc hat trung binh nim trong khoang
10 - 12 nm (Hinh 3b).

trong nuéc. Két qua cho thiy, gian dd nhidu xa
ctia FesO4 déu chira cac dinh nhiéu xa dic trung
cho vat liéu c6 cau tric ferrit spinel: 30,25;

Tan suat

4 6 8 10 12 14 16 18
Puong kinh (nm)

Hinh 3. Anh TEM (a) va phdn bé kich thicée hat (b) ciia FesO4 ché tao bang phiong phdp plasma-dung dich
Két qua khao sat nhiu xa tia X va chup anh hién vi dién tir truyén qua chtng t6 rang ching toi
dé ché tao thanh cong cac hat nano Fe304. Su hinh thanh cac hat nano FesO4 nho sy tuong tac cua
plasma voi dung dich tién chét c6 thé dugc giai thich nhu sau: Khi chiéu chum plasma Ar vao
chat 16ng chtra hdn hop tién chit Fe?* va Fe®*, dudi tac dong truc tiép boi cac dién tir ning luong
cao tr plasma, gbc hydroxyl (OH”) dwoc hinh thanh do sy phan ly cia H,O. Mit khac, cic
nguyén tir khi Ar ciing tuong tac v6i cac dién tir nang lugng cao nay dé tao thanh cac nguyén tir &
trang thai kich thich Ar”, sau d6 chinh nhimg nguyén tir Ar” twong tac v6i phan tir HoO dé tao ra
cac gbc OH”. Phan tmg giita cac gdc OH" s& tao ra hydroxyl peroxit (H,0;), nho d6 Fe?* thanh
Fe** va OH" nho phéan g Fenton trong dung dich. Hon nita, c4c ion Fe®* dudi tac dung cua cac
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dién tur nang lugng cao cling tao thanh cac ion
Fe?*. Tur d6, khi cac ion Fe?* va Fe®* tuong tac
vO1 cac ion OH" s€ tao ra cac hat nano Fe3Oa.
Céc phan ung trong su tuong tac ctua plasma
v6i dung dich tién chat chira mubi Fe?* va
Fe¥*co thé duoc trinh bay nhu cic phuong
trinh & dudi [19]:

e +H,0—->OH +H (1)
Ar+e — Ar’ (2)
Ar'+H,O — Ar+H+ OH" (3)
OH* + OH* — H,0, (4)
Fe?* + H,0, — Fe3* + OH" + OH- (5)
Fe’* +e — Fe** (6)

2Fe3* + Fe?* + 80H" — Fes04 + 4H,0 (7
Hinh 4 biéu dién két qua khao sat dudng cong
tlr tré cia mau ché tao. P9 bdo hoa tir Ms cia
cac hat nano Fe3O4 dat dugc 52,04 emu/g &
nhiét do phong. T tinh can thiét dé thu hoi
vat liéu hap phu trong cac Gmg dung xur Iy moi
truong hodc dan thude trong y - sinh hoc. Do
tinh chat siéu tir ciia ching va dién tich bé
mat riéng 16n, cac hat nano Fesz0s cod thé ung
dung cho su hép phu cua thudc nhudém, nhu
chét mau RR21.
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Hinh 4. Puong cong tir hda cua vit liéu Fes04 ¢
nhiét dé phong

Pé danh gia tiém nang ung dung cac hat nano
Fes04 trong xur Iy moi trudng, chung toi da su
dung cac hat nano FesOs (v6i nong do 5
mg/ml) trong thir nghiém hap phu chit mau
RR21 & ndng d6 ban dau 50 mg/L. Hinh 5a
trinh bay phd hap thu UV-Vis cta chit mau
RR21 trong sy c6 mat cua cac hat nano FezO,
theo thoi gian xir 1y. Két qua cho thy, khi
tang thoi gian xtr 1y tir 0 &én 100 phut thi d6
hép thu ciing giam dan. Hinh 5b chi ra toc do
hap phu chit mau RR21 boi cac hat nano
Fes04 theo thoi gian. Két qua cho thiy cac hat
nano FesOs c6 kha niang hip phu chit mau
RR21 v6i hi¢u suit lon nhat dat duge c&
75,28% sau thoi gian xtr 1y tir 80 — 100 phat.
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Hinh 5. Két qua hap phu RR21 boi cac hat nano FesOs a) pho hdp thu UV-Vis ciia RR21 theo thoi gian xit Iy tir
0 den 100 phut; b) Toc dé hap phu ciia RR21 trong sy ¢é mat cuia cdc hat nano FesO4 (Nong do 5 mg/ml)

4. Két luan

Chung t6i da ché tao thanh cong cac hat nano Fe304 bang phuong phéap tuong tac plasma-dung
dich & ap suit khi quyén - mot phuong phap don gian, nhanh chong va than thién véi méi truong.
Céc hat nano FesO, thu dugc véi kich thudce trung binh ¢ 11,5 nm, ¢6 hinh twa ciu, phan tan kha
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ddng déu trong nudc va tir do bio hoa 52,04
emu/g. Cac hat nano Fe3O4 cho kha ning hap
phu chit mau RR21 véi hiéu sudt 1én téi
75,28% trong dung dich. Piéu nay cho thiy
tiém niang ung dung 16n cia cac hat nano
Fes04 trong xt 1y mdi truong.

L1 cam on

Céc tac gia xin cam on su hd tro tai chinh tir
dé tai KHCN cép Bo, ma sb B2019-TNA-15.
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