TRUGNG DAI HOC PONG THAP

Tap chi Khoa hoc s6 20 (6-2016)

NGHIEN CUU TONG HQP VAT LIEU NANO SPINEL MnFe,0,
BANG PHUONG PHAP PONG KET TUA
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Tém tit

Vat liéu nano spinel MnFe,O, duoc tong hop bang p%nm’ng phap dong ké:t tua thong qua giai dogn
thuy phan cac cation Mn(1l) va Fe(Ill) trong nuoc soi. Két qua nghién cieu bang cdc phwong phap TG/
DSC, XRD, TEM va VSM cho théy vdt liéu MnFe,0O, duoc hinh thanh sau khi nung két tua tir 600°C véi
kich thudce hat < 50 nm, Hc=59,62 Oe, Mr=0,98 emu/g, Ms=1,15 emu/g.

T khoa: vat lieu nano, MnFe O
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1. Mé dau

Trong s6 vat liéu tur, vat liéu ferit co ciu trac
spinel dang AB,O, (trong truong hop riéng, A‘la
Mn, Fe, Co, Ni, Zn; B la Fe) dugc nghién ctru nhiéu
do ¢ do tir tham cao, d6 bio hoa tir va dién tre
tuong d01 16m thich hop cho cac thiét bi tinh toan
& tan s cao, giam dugc sy mat mat ning lugng
bai dong Fuco, ting tudi tho thiét bi [2], [3], [8].

Céc dic trung vé tinh chét tir cia spinel ferit
phu thudc vao thanh phan hoa hoc, sy phan )
céc cation, kich thudc hat va ca phuong phap diéu
ché. Tuy thude vao muc dich st dung khac nhau sé
¢6 nhitng yéu cau khac nhau vé thudc tinh tir ciia
ferit, ma diéu nay chi co thé thuc hién hodc bang
cach diéu chinh kich thudc hat hoic bién doi nong
d6 cuia cac pha tir cing va tir mém trong vt lidu
thong qua dop thém céc nguyén té khac hodc phi
trén nén Si0, [1], [6]

Ngay nay, dé tong hop vat liéu spinel AB 0,
kich thudc nanomet, ngu’ol ta thuong su dung
phuong phap sol-gel, dét chay gel hodc sol-gel
dong tao phuc [2], [3], [7]. Tuy nhién, tong hop
vat li¢u nano AB,O, theo cac phuong phap nay
do1 hoi phai khao sat nhiéu yéu t6 anh huong dén
qua trinh hinh thanh don pha tinh thé nhu nhiét do,
thoi gian nung, gia tri pH cua moi truong, ti 1¢ mol
chét tao gel/ion kim loai, nhiét do tao gel... Cac
cong viéc nay rat phic tap, doi hoi tén nhiéu thoi
glan va cong stc. Vat ligu nano AB,O, cling dugc
diéu ché bang phuwong phap dong ket tua ¢ nhiét do
phong v&i1 moét gia tri pH thich hop [1], [10]. Tuy
nhién, diéu ché vat liéu nano AB,O, (trong truong
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tinh chdt tir, phwong phdp dong két tua.

hop riéng, MnFe,O,) bang phuong phap dong két
tua thong qua giai doan thiy phan tir cac cation kim
loai trong nudc soi trude, sau d6 dé ngudi roi moi
thém vao tac nhan két tia thich hop, theo tai li¢u
trich dan chwa dugc cong bd. Bing phuwong phap
don gian nay, nhom tac gia da tong hop thanh cong
mot s6 hé vat liéu nano perovskite LnFeO, (Ln=La,
Y) [4], [5] va spinel CoFe O, [8]. ,

Do d6 trong cong trinh nay gidi thiéu két qua
nghién ciru tong hop, khao sat cac dic trung ciu
trac va tur tinh‘ cua Yat liéu nano MnFe O, bang
phuong phap dong ket tia thong qua giai doan thuy
phan cac cation Mn (II) va Fe (III) trong nudce soi.

2. Thuc nghiém va phuwong phap nghién ctiru

2.1. Héa chit, dung cu

Céc hoa chét duoc sir dung 1a Fe(NO,),.9H,0,
MnSO,.H,0, dung dlCh NH, 25% (d=0 91g/rnl)
nudc cat ha1 lan, gidy loc bang xanh.

Cdc thay tinh chiu nhiét 100 ml, 200 ml, 500
ml, pipet, buret, may khuay tur gia nhiét, con ca tur,
bép dién, 16 nung, chén nung, ti siy.

2.2. Thuc nghiém

Nho tir ttir 50 ml dung dich nude chl'ra hon hop
mudi MnSO, va Fe(NO ), voi ti 1¢ s6 mol Mn?*:
Fe’*=1:2 vao cbc dung 600 ml nude nong (nhiét
d6 cta nudce > 90°C) va duoc khudy déu trén may
khudy tir. Lic ndy hé c6 mau nau do va khong dbi
mau khi dé ngudi dén nhiét d6 phong. Sau d6 nho
tur tir 50 ml dung dich amoniac 5% vao h¢ thu dugc
& trén, khudy déu két tua thu duoc trong khoang
30 phut. Loc két tua trén may hut chan khéng, rira
bang nudc ct nhiéu lan rdi dem phoi kho ty nhién
o nhiét do phong (khoang 3 ngay). Két tiia phoi kho
duoc ngh1en min roi dem nung trong moi truong
ap suat khong khi tir nhiét d6 phong dén cac nhiét
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d6 khac nhau dé kiém tra sy hoan thién viéc két
tinh va tao pha ddng nhét, toc d6 nung 10°C/phut.

2.3. Phwong phap nghién ctru

Gian d6 phan tich nhiét ciia mau duoc ghi trén
may TG-DSC 1600°C trong moi truong khong khi
kho vé6i tdc do nang nhiét 10°C/phit, nhiét do i
da 1000°C.

Gian d6 nhiéu xa tia X dwoc ghi trén may D8-
ADVANCE (birc) v6i bire xa CuK (A=1,5406A),
26=10-80°.

Anh vi ciu tric va hinh thai hoc duoc chup
bang kinh hién vi dién tir truyén qua (TEM) trén
may JEOL-1400 (Nhat Ban).

Céc dic trung tir tinh (dudng cong tir tré, lu’c
khang tir H , 6 tr du M va d¢ tir hoa M) cua mau
vat lleu du’oc nghién ctru & nhiét d6 phong bang tir
ké mau rung (VSM) trén may MICROSENE EV 11
(Nhat Ban).

3. Két qua va thio luin

3.1. Két qua phan tich nhigt

Tir gian d6 phan tich nhiét (Hinh 1) cho thiy
sy mat khdi lugng trong toan bd qua trinh nung
mau tir nhiét 46 phong dén 1000°C 1a 23,98%. Két
qué nay phu hop véi tinh toan 1y thuyét tir phuong
trinh ti lugng 14 23,76%, sur sai 1éch hau nhu khong
dang ké. Sy mat khéi lugng xay ra cha yéu tir nhiét
d6 phong dén khoang 300°C twong tng véi cac pic
thu nhi¢t manh xdy ra ¢ 109,92°C dugc cho la xay
ra qua trinh nhiét phén cac hidroxit Mn(OH), va
Fe(OH) Tur 300°C dén khoang 800°C khdi luong
mAau giam rat cham (~ 4 ,53%) va hau nhu khong
dbi tir sau 800°C (duong TG nam ngang).

o
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Hinh 1. Gian d6 TG-DSC ciia miu két tia
trwée khi nung
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Két hop két qua phan tich nhiét v6i két qua
nghién ctru tong hop vt liéu nano spinel CoFe O,
[8], chon nhiét d§ nung mau & cac nhiét 4o 600°C,
800°C va 1000°C dé khao sat qua trinh hinh thanh
pha tinh thé MnFe,O, bang phuong phap nhiéu xa
tia X. Két qua du’oc the hién qua Hinh 2.
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Hinh 2. Gidn d XRD cdc miu MnFe,0,
sau khi nung 600°C va 800°C

Ttr gian ¢6 XRD (Hinh 2) cho thay, két qua
sau khi nung 600°C chi thu dugc don pha spinel
MnFe O,. Tiép tuc nang nhiét do nung mau l1én
800°C hay 1000°C khong xuét hién bat ky pha
tinh thé nao khac. Tuy nhién, khi nhiét d0 nung
mau cang cao dinh pic nhiéu xa cang cao, diéu
nay ching to murc d6 tinh thé hoa cang cao, kich
thudc tinh thé trung binh tinh theo cong thirc
Debye-Scherrer ting dan theo nhiét ¢ nung miu
(Bang 1).

Hinh 3. Do thi chi sy phan bé kich thwée hat
(bén trai) va anh TEM (bén phai) ciia miu MnFe,O,
dwgec nung ¢ 800°C

Quan sat mau vat liéu sau khi nung ¢ 800°C
bang kinh hién vi dién tir truyén qua TEM (Hinh
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3) cho thay cac hat nano MnFe,O, tao thanh c6
dang hinh cau dong nhét véi klch thuoc hat phan
bb dong déu tir 10 — 70 nm, diém dic biét trong
anh TEM la cac hat nano MnFe O, tao thanh phan
b kha roi rac (khong xay ra sy ket tu khi phan tan
trong dung moi thich hop).

Nghién ctru cac dac trung tr tinh & nhiét do
phong cua mau vat liéu nano MnFe,O, sau khi
nung ¢ cac nhi¢t do khac nhau (Hinh 4 va Bang 1)
cho thay, trong khi gia tri tir hda bao hoa (M) tang
theo chiéu tang ctia nhiét do nung mau thi nguoc
lai gié tri luc khang tor (H ) va do tir du (M) giam
nhe tir 600°C dén 800°C, sau d¢ lai ting dot ngodt
tir 800°C dén 1000°C.

Su tang gia tri tur d6 bao hoa khi nhiét 46 nung
mau ting la do ting kich thudc hat va duoc giai
thich bang cong thirc (1) [9]:

MD)=M(V)[1-/D] (1)
trong d6: M (D): tir 46 bdo hoa cua mau véi kich
thudce trung binh l1a D; M (V): ttr d6 béo hoa trong
vat lidu khéi; p: hang sé didc trung cho su thay d01
tr do trén mot don vi chiéu dai va cho biét néu
kich thudc hat tang thi tir o bao hoa tuong Gng
tang theo.

Con sy giam gia tri H va M khi nhi¢t do
nung mau ting tir 600°C dén 800°C co thé giai
thich 1a do khi tang nhiét 4§ nung, kich thudc cac
hat tinh thé MnF ¢,0, tang theo (Bang 1), két qua
M vaH_cua chung c6 thé giam, vi du, tuong ing
v6i cong thice sau dbi véi lue khang tir [9]:

H (Oe)=A/d+D (2)
trong do: A, D 1a c4c hang s6 phu thudc vao ndng
do tap chat; d 1a duong kinh hat véi diéu kién céc

hat xem nhu hinh cau.
Bang 1. Céc diic trung ciia miu vt li¢u nano
MnFe,O, sau khi nung & cac nhi¢t dp khiac nhau

cng an Luc bo tir bo twr
ﬂ‘;egt’ d(‘; I?n’l khang tir| héa (M), | dw (M),
(H), Oe emu/g emu/g
600°C | 31,0 | 59,62 1,15 0,98
800°C 334 38,27 1,61 0,86
1000°C 41,7 215,15 4,227 1,39

Su tang dét ngot gia tri luc khang tir va do
tir du d6i voi mau MnFe O, nung ¢ 1000°C la do
tang trudng bat dang huorng kh1 kich thudc tinh thé
tang nhanh, do d6 lam tang nang lugng cua cac birc
tuong domen [7].
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Hinh 4. Do thi dwong cong tir tré ciia nano MnFe,O,
nung & cac nhiét do khac nhau

Tir Bang 1 ta thay vat lidéu nano MnFe O, sau
khi nung & 600°C va 800°C c6 gia tri lyc khang tir
va do tr du bé, chung thudc loai vat li¢u tir mém,
c6 thé duge str dung dé lam giam ton hao dong
xody trong céc thiét bi dién tir. Trong khi mau nano
MnFe, O, nung & 1000°C ¢6 luc khang tir 16m, chl'mg
thude loa1 tir cimg, thich hop cho viée sir dung dé
ché tao chit long tir dung trong y sinh hoc, moi
truong va nhiéu linh vuc khac [7].

4. Két luin

Pi tong hgp vat }iéu nano spinel MnFe O, bang
phuong phap dong ket tia thong qua giai doan thuy
phan tir tir cac cation Mn** va Fe** trong nude s6i voi
tac nhan két tua Ia dung dich NH, 5%. Vat liéu nano
MnFe,O, hinh thanh sau khi nung két tha tir 600°C
dén 1000°C véi kich thude hat trung binh < 50 nm.
Vit liéu nano MnFe O, nung & nhiét do < 800°C c6
duong cong tir tré hep, luc khang tir va do tir du bé,
c6 thé xép chung vao loai vat liéu tir mém./.
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SYNTHESIS OF NANOSIZED SPINEL MnFe,O,
MATERIAL BY COPRECIPITATION METHOD

Summary

Nanosized MnFe,O, material is synthesized by the coprecipitation method via hydrolysis of Mn (II) and
Fe (III) cations in boiling water. The TG/DSC, XRD, TEM and VSM results show that MnFe,O, material
was formed after calcinating the coprecipitation at 600°C with particle sizes < 50nm, H =59.62 Oe, M =0.98
emu/g, and M =1.15 emu/g.

Keywords: nanomaterial, MnFe O,, magnetic properties, coprecipitation method.
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