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Tém tit:

Bai bao trinh bay két qua nghién ctu diéu ché va sir dung vat li¢u nano Fe,O, pha tap Mn (Fe,O -X%Mn) dé xir ly
nwéc 6 nhiém As(III) Cac hat nano dugc tong hop bang phu’o’ng phap hoa hoc va kiém tra kich thuéc bang cac ky
thuéat phan tich nhiéu xa tia X (XRD), chup anh qua kinh hién vi dién tir truyen qua (TEM). Két qua thwe nghiém
cho thay, vat liéu co cAu tric tinh thé dang 1ap phwong tAm mat véi kich thwdc hat trong khodng 8+12 nm. Vit li¢u
¢6 tinh thun tir véi gia tri nhiém tir (Ms) dao dong tir 53 dén 65,8 emu/g & nhiét do phong. Kha ning hip phu As tét
nhét ciia vét liéu thé hién trong méi trwdng nwéc ¢6 pH trung tinh.

Tir khoa: chup anh TEM, hfip phu asen, ky thuat XRD, vat li¢u nano Fe,O,pha tap Mn.

Chi sé phén loai: 2.7

Mé dau

Vat lidu nano tir tinh Fe,O, pha tap kim loai chuyén tiép
duogc nghién ctru, ché tao do chung dugc Gng dung trong
nhiéu linh vuc nhu luu trit thong tin, nganh in, nam cham tu
[1-5].
Cac hat nano thé hién nhitng tinh chét dic biét vi ty sb gilia

mém, dicu tri ung thu, siéu am tur, Xt Iy moi truong. ..

dién tich bé mat va khéi lugng cua chung tang 1én [1-3].
Khi ty sb giita dién tich bé mat va khdi lwong hat tang 1én,
cac tinh chat dién, tir thay ddi dang ké do hiéu g luong tir
kich thudc hat. Dong thoi, cac hat ¢6 xu huéng chuyén dén
cac muc nang lugng tu do cuc tiéu qua mot s6 hinh thai nhu
chuyén pha, moc mam, thay ddi cAu tric bé mat [3, 4]. Bac
tinh quan trong cua vat li¢u nano oxit sat tir Fe O, la khong
doc hai d6i voi moi truong va dé tach cac chat bi hap phu ra
khoi vat liéu. Do vay cac nha khoa hoc da quan tdm nghién
ctru nhim nang cao kha ning hap phu As cua vat liéu nano
oxit sét tir Fe O, trong mdi trudng nude [5-6]. Tuy nhién,
cac cong bo chua dé cap day du vé anh hudng cua pha tap
kim loai chuyén tiép Mn dén cu trac vi mo va tir tinh cia
vat lidu nano 6xit sit tir Fe,O, cling nhu kha nang tmg dung
cua vat li¢u dé xu ly As trong moi trudng nudc.

Bai bao nay trinh bay két qua nghién ciru ciu tric vi mo,
tinh cht tr cia vat liéu nano oxit sit tir Fe O, pha tap Mn
va khao sat kha niang hip phu As trong méi truong nude cd
d6 pH khac nhau.
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Phuong phap thuc nghiém
Héa chit

Cac hoa chit su dung la FeCl,.6H,0, d6 sach 99%;
Na SO, do sach 99%; (CH,COO),Mn.4H,O do sach 99%
(Merck), axeton do sach 99% (Merck). Dung dich NH,
25%, dung dich As gbc pha tir As,O, ndng do 1 g/l (1g/1=10°
ppb, gip 10°1an ham luong As cho phép) trong nudc sinh
hoat [7]. Dung dich NaOH (50%, d¢ sach 99%, Merck) va
HCI (32%, do sach 99%, Merck) dugc pha trong nude khu
ion dé diéu chinh d6 pH trong nghién ctru kha nang hp phu
As cua vat liéu.

Dung cu

May do pH (TOA - Nhat Ban) duoc sit dung dé do pH
cua dung dich nudc chira As. Péc tinh tinh thé va kich thudc
hat cua vat liéu duoc nghién ctiu béng cac ky thuat nhidu
xa tia X (XRD) va chup anh duéi hién vi dién tir truyén
qua (TEM) sir dung thiét bi twong tmg 1a D5005 (Bruker,
Prc) va thiét bi JEOL TEM 5410NV (Bruker, Pirc). Phan
tich XRD va TEM duoc tién hanh tai Phong thi nghiém hoa
phan tich, Vién Hoéa hoc, Vién Han 1am Khoa hoc va Cong
ngh¢ Viét nam.

Tt tinh cua vat liéu duoc xac dinh béng tr ké mau
rung (VSMVibrating Sample Magnetometer) trén may
MICROSENE EV11 (Nhat Ban).
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Abstract:

This article reports results of a reasearch on manufacture
and application of nano Fe O, materials doped with Mn
(Fe,0,-x%Mn) for the treatment of water contaminated
with As(III). The nanoparticles were synthesised by
chemical method and were studied their size by the XRD
and TEM techniques. The experimental results showed
that the materials were in crystallised form of cubic face
centered structure with particles sizes ranging from 8 to
12 nm. The materials have paramagnetic properties with
values of magnetisation (Ms) of 53+65.8 emu/g at room
temperature. The best arsenic adsorption property of
the materials was observed in water culture with neutral
PH levels.

Keywords: arsenic adsorption, nano Fe, O, materials
doped with Mn, TEM technique, XRD technique.

Classification number: 2.7

Nong d6 As trong dung dich duoc dinh luong bing
phuong phap hép thu nguyén tir sit dung thiét bi AAS
Shimadzu 630 ctua Vién Khoa hoc va Ky thudt Hat nhan,
Vién Nang luogng Nguyén tr Viét Nam.

Thuc nghiém

Tron dung dich Fe** vao dung dich Mn?*" sao cho cé ty
1€ pha tap 1a 0, 5, 10, 15, 20 va 30%. D6 hdn hop cac dung
dich Fe** va Mn*" véi cac ty 1€ pha tap khac nhau vao 200
ml dung dich Na,SO, r0i khudy déu cho dén khi dung dich
chuyén sang mau vang. Sau d6, nho tir tir dung dich NH,
cho dén khi pH=10, khudy déu dung dich trong 30 phit,
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thu duoc dung dich mau den. Ding nam cham d¢ ling cac
hat vat li€u tr. Sau d6, gan bo phﬁn dung dich. Pem u vét
lidu & 50°C trong diéu kién ap sudt thap (dudi 0,1 atm)
trong 2 ngay thi thu dugc vét li¢u nano tir Fe,O -Mn v6i céac
ham luong pha tap Mn khéc nhau, ky hi¢u 1a Fe,O,, Fe,O,-
5%Mn, Fe O,-10%Mn, Fe,O,-15%Mn, Fe,0,-20%Mn va
Fe,0,-30%Mn. Cho mdt luong vat ligu nhét dinh voi cac
ham lugng pha tap Mn néu trén vao dung dich nudc chua
As(III) ¢6 ndng d6 cao gap 10 1an so voi mirc cho phép ddi
v6i nude sinh hoat roi khudy déu dung dich trong 20 phut
& nhiét 6 phong. Cac thi nghiém trudc do cho thay véi 20
phit khudy thi hdp phu As 1én vat liéu s& dat can bang. Ding
nam cham dé tach vat liéu khoi dung dich. Pinh lugng néng
d6 As trong dung dich sau hap phu dé xac dinh kha nang hip
phu As cuia vat liéu.

Két qua va thao luan
Cdu tric vi mé cua nano Fe O, pha tap Mn

Hinh 1 trinh bay phé nhidu xa tia X ctia mau Fe,O, va
Fe,0,-5%Mn. Tt hinh 1 nhan théy, cac dinh nhiéu xa cta
vat lidu tring voi phd chuin ctua mang tinh thé NaCl thé
hién cac mau cta vat liéu 1a don pha va cé cAu trac lap
phuong tim mat. Hang s6 mang d ctia mau nano Fe 0, dugc
tinh theo cong thuc Bragg:

2dsinf = n\ (1)

v6i 0 1a goc nhicu xa (hay con duge goi la goc Bragg), n la
s0 nguyén va A la bude song cuia chum tia X chiéu vao mau.
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Hinh 1. Phé nhiéu xa tia X ctia cac mau Fe,0, va Fe,0,-5%Mn so
v&i phé nhiéu xa chuan cta mang tinh thé NaCl c6 cau trac lap
phwong tam mat.

Gia trj hang s6 mang d xac dinh dugc 13 0,8389 nm, kha
trong dong v6i hiang sb mang chuin cia tinh thé NaCl 1a
0,8396 nm.
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Kich thudc cac hat tinh thé vat liéu dugc tinh b?mg cong
thitc Debuy - Scherrer:
_ 094 @
pcosl

Trong d6 B 1a d6 rong ¢ dd cao mdt nura ciia dinh cuong
d6 (FWHM) chum tia nhiéu xa trong phép phan tich XRD,
tinh bang radian. Cac ky hi¢u A va 0 1a twong ty nhu trong
biéu thirc (1).

Két qua thuc nghiém cho thay, cac hat tinh thé Fe.O, c6
kich thudc D=8,8 nm.

Hinh 2 1a 4nh TEM cua mau Fe 0, thé hién co su tu
dam cua cac hat. Tuy nhién, c6 thé thay nhicu hat c6 kich
thude trong khoang tir 8,4 dén 12,7 nm. Twong ty nhu mau
Fe.O,, két qua phan tich XRD (hinh 1) cho phép tinh dugc
hang s6 mang (d) cua mau Fe,0,-5%Mn la 0,8377 nm. So
v6i hang s6 mang cua tinh thé Fe,O, thi gia tri d cua mang
tinh thé Fe,0,-5%Mn 1a hep hon, nhung sy khéc nhau 1a
rat nho. Piéu nay duogc giai thich 1a do ban kinh ion Mn2*
nhé hon ban kinh ion Fe?* nén khi ion Mn?* thé chd ion Fe**
trong mang da lam cho khoang cach giita cdc mit tinh thé
thu hep lai.
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Hinh 2. Anh TEM ctia mau tinh thé nano Fe,0,.

Tinh chat tir cua cac mau

Hinh 3 trinh bay momen tu tinh (Ms) cta vat liéu nano
oxit st tir c6 ham lugng pha tap Mn khac nhau. Tt hinh 3
nhan théy, ¢ nhi¢t do phong vt ligu Fe,O,, Fe,0,-5%Mn,
Fe,0,-10%Mn, Fe,0,-15%Mn, Fe O,-20%Mn va Fe O,-
30%Mn thé hién tinh si€u thuan tir véi momen tir bao hoa
dat khoang 65,8 emu/g. P4y 1a bang chung cho thdy Mn da
thay thé Fe trong mang tinh thé vat liéu vi Mn ¢6 dic tinh
thuan tu.
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Hinh 3. Momen tir (Ms) clia cac mau nano oxit sat tlr c6 ham
lwong pha tap Mn khac nhau.

Gia tri momen tr bdo hoa cua Fe,O, va Fe,O, pha Mn
v6i cdc ham luong khac nhau duge trinh bay trong bang 1.
Két qua 1 cho thdy, momen tir bio hoa cua vat liéu giam khi
ndng d6 tap Mn ting, nhung su thang giang momen tir trong
khoang ham luong pha tap Mn 20-30% la khong dang ké.
Su suy gidm momen tir bao hoa khi ham lugng Mn trong vat
lidu tang duoc giai thich 1a do Mn ¢6 tir tinh yéu hon Fe nén
khi Mn?* thé chd Fe?* trong mang tinh thé s& 1am cho tir tinh
cua vat li¢u giam.

Bang 1. Momen tir bdo hoa (Ms) ctia cac mau Fe,0, va Fe,0, pha
tap Mn.

Miu Ms, emu/g
Fe,0, 65,8
Fe,0,-5%Mn 65,3
Fe,0,-10%Mn 62,9
Fe,0,-15%Mn 61,9
Fe,0,-20%Mn 59,3

59,5

Fe,0,-30%Mn

Khi ning hip phu As ciia vit ligu nano Fe 0 -x%Mn
(x=0, 5, 10, 15)

Béng 2 trinh bay kha ning hap phu As trong nudc ciia
vat li¢u nano Fe,O, va Fe,O, pha tap Mn v6i ham luong
khéac nhau. Trong bang 2 cac cdt tir s6 2 deén s6 5 1a nong
d6 As con lai trong dung dich sau thoi gian khudy 20 phut
v6i nhitng luong (cot 1) va loai vat ligu ha"ip phu khac nhau.



Bang 2. Két qua thtr nghiém kha nang hap phu As trong nwéc
cda vét liéu nano Fe,0,-x%Mn sau th&i gian hap phu 20 phat &
nhiét doé phong.

A Nong df As Nong d As Nong db As

Nong dj As - o Lo

Lugng o con lai trong con lai trong con lai trong
£ con lai trong . . X

chat hap dung dich (ppb) dung dich (ppb).  dung dich (ppb).  dung dich (ppb).
phucgh B PPOR g Vit ligu: Vit ligu:

Vit lidu: Fe,0,

Fe304-5%Mn Fe,0,-10%Mn Fe,0,-15%Mn

0 113 113 113 113
0,6 30,3460 31,6188 27,0847 37,0277
0,8 19,0508 27,2011 21,3576 29,5506
1,0 17,1020 24,2212 22,1530 26,1700
1,2 12,0111 21,9144 16,7012 25,653
14 8,5510 16,9429 14,1588 13,4827
1,6 8,1135 17,1020 9,1078 17,7648
18 60,2417 9,5453 12,5680 15,6702
2,0 8,5510 5,1204 9,2271 12,8464
22 60,5823 9,5453 7,5965 16,1872

Cac két qua thir nghiém cho thiy vat liéu c6 kha nang
hap phu tot As trong mdi trudng nudc co dd pH tir trung tinh
dén kiém yéu (pH=5-8). Trong méi truong kiém, pH>10,
vat liéu thé hién tinh hap phu kém dbi v6i As.

Két qua bang 2 cho thdy, trong truong hop vt liéu nano
oxit sat tir c6 10% Mn thay thé sat trong mang tinh thé va
luong vat lidu (chat hip phu) 1a 1,6 g/1, sau 20 phut hap phu
ndng do As trong nudc di giam tir mic 113 ppb, tirc 1a cao
gap 10 lan theo tiéu chuan cho phép [7], xuéng dudi muc
tiéu chuan 1a 10 ppb (bang 2). Cac mau vat liéu pha tap
Mn ¢6 ham lugng tap cang ting, kha ning hdp phu As cang
giam. Loai vat li¢u Fe O,-5%Mn va Fe O,-10%Mn thé hién
tinh hip phu tét nhét: v6i lugng 2 g/l loai vat lidu nay da
c6 thé 1am giam ndng do As trong nudc tir 113 ppb xudng
dudi 10 ppb, tirc 1 1am giam hang chuc 1an so v6i nong do
ban dau.
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Keét luan

Vit li¢u nano Fe,0,-x%Mn (x=0; 5; 10; 15; 20 va 30) dﬁ
dugc tong hop bang phuorng phap héa hoc va nghién ctru cau
tric, tinh chat tir bang cac k¥ thuat phan tich XRD, TEM.
Vat liéu nghién cuu ¢6 kich thudc hat dao dong tur 8,42 dén
12,7 nm, thé hién tinh siéu thuan tir & nhiét do phong va cé
momen tir bdo hoa trong khoang 53+65,8 emu/g. Vit licu
v6i ham luo‘ng <10% Mn thay thé Fe trong mang tinh thé c¢6
kha niang hap phu lam giam nong do As(III) trong nude tr
murc cao hang trim ppb xubng murc thdp hon 10 ppb, néu do
pH cua moi truong 1a trung tinh.

Han ché cua nghién ctu nay la chua xac dinh dugc co
ché hép phu cling nhu cac thong s6 nhiét dong hoc la dung
lwong hap phu cuc dai, hiang sé can bang hap phu, ning
luong tu do Gibb (AG®), enthalpy (AH), entropy (AS) cta
qué trinh hép phu As trong nudc cua vat liéu. Nhiing nghién
clru nay s& duoc trién khai trong thoi gian t6i.
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