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Abstract

CoFe,0, spinel nanomaterial has been synthesized by coprecipitation method through the hydrolysis of Co(ll) and
Fe(l1) cations in boiling water. The results of DTA/TGA/DrTGA, XRD, TEM methods showed that CoFe,O, crystals
formed after a calcinations at 700 °C exhibited structure of cubic with the particles size of 30-50 nm, H, = 1526.89 Oe,

M; = 41.703 emu/g, M, = 19.545 emu/g.
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1. MO PAU

Téng hop va nghién clru cac tinh chat cua vat
liéu nano ngay nay dang thu hut su chii y cua nhiéu
nha nghién ciru trong va ngoai nudc [1, 2]. Piéu nay
xay ra l1a do cac hat co kich thudc nanomet hoi tu
nhiéu tinh chat méi ndi trdi hon so véi vat ligu khdi
thong thuong cting thanh phan héa hoc.

Mot trong nhitng vat li€u nano dugc st dung
rong rai trong thuc té 1a vat liéu tir. VAt liéu tir duoc
mg dung trong céac thiét bi nhu may bién thé, may
phat dién, dong co dién, dau do k¥ thuat sd v.v.
Trong s6 vat liéu tir, vat liéu ferit c6 cAu tric spinel
duoc nghién ctru nhiéu do ¢6 dd tir thdm cao, dd bdo
hoa tir va dién trd twong ddi 16n thich hop cho cac
thiét bi tinh toan & tin sb cao, do giam duoc sy mét
mat ning luong boi dong Fuco, ting tudi tho thiét bi
[3, 4].

C6 rat nhiéu phuong phap tong hop vat liéu tir
kich thudc nanomet nhu phuong phap dong két tua,
phuong phap sol-gel, phuong phap dong tao
phirc...Cac phuong phap nay c6 wu diém la qua
trinh két tinh vat liéu xdy ra & nhiét do thip hon
nhidu so v&i phuong phap tong hop gom truyén
thong, vat lidu thu dugce c6 do dong nhét va do tinh
khiét cao [5-7].

Trong cong trinh nay, phuong phap dong két tia
dugc su dung thong qua giai doan thiy phén cac
cation Co(ll) va Fe(Ill) trong nude dun soi trude [7],
sau d6 mai cho tac nhan két tua 1a dung dich KOH
dé tong hop va nghién ciru cdu tric, cac dic trung tir
tinh cua vét liéu nano CoFe,0,. Viéc thiy phan tur tir
cac cation Co(Il) va Fe(lll) trong nudc néng trude

roi dé ngudi sé tao thanh két tia bén va han ché sy
16n 1én veé kich thudc hat so voi khi két tua & nhiét
do6 phong [7-9].

2. THUC NGHIEM VA PHUONG PHAP NGHIEN
cUuuU

2.1. Hoéa chit va dung cu

Céac hoéa chat dugc sir dung la Fe(NO3)3 9H,0,
CO(N03)2 6H,0, KOH déu c6 d¢ tinh khiét phan tich
va gidy loc bang xanh. Cac mudi Fe(NO3)3.9H,0 va
Co(NO3),.6H,0 duoc tron theo ti 16 mol Co**:Fe** =
1:2 va hoa tan vao nudce trude khi tién hanh két tua.

Cbc thury tinh chiu nhiét dung tich 100 ml, 250
ml, 500 ml, pipet, buret, may khudy tir gia nhiét, con
ca tir, bép dién, 10 nung gia nhiét, chén nung, tu say.

2.2. Phwong phap thwe nghiém

Nho tir tir dung dich nude chira hdn hop mudi
Co(NOs), va Fe(NO3)3 v6i s6 mol thich hop vao mot
cde nudc dang sb6i va duoc khudy deu trén may
khudy tir. Sau khi cho hét hdn hop mudi thi tiép tuc
dun so6i thém 5-7 phut. Lic nay hé thu dugc c6 mau
nau d6 va khong doi mau khi dé ngudi dén nhiét do
phong. Sau d6 nho tir tir dung dich KOH 5 % vao hé
thu duoc & trén, khuéy déu két tua thu duoc trong
khoang 30 phat. Loc két tia trén may hat chan
khong, rira bang nudc cit nhiéu lan rdéi dem phoi
kho tu nhién & nhiét do phong. Két tua phoi kho
dugc nghién min rdi dem nung trong méi truong ap
suat khong khi ¢ cac nhiét do khac nhau dé kiém tra
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su hoan thién viéc két tinh va tao pha déng nhét, tée
d6 nung 10%phut.
2.3. Phuwong phap nghién ciru

bé xac dinh nhiét do nung thich hop cho su tao
don pha CoFe,0,, mau duogc tién hanh phan tich
nhi¢t trén may DGT-60H (Hang Shimadzu Nhat
Bén) trong moi truong khong khi kho voi téc do
nang nhiét 10%/phut, nhiét do t6i da 1000 °C.

Gian d6 nhiéu xa tia X duoc ghi trén may D8-
ADVANCE (buc) véi buc xa CuK, (A = 0,154056
nm), 26 = 10-70°, bude do 0,03°, thoi gian ding mdi
budc 1s. Kich thude hat trung binh (nm) cia pha
tinh thé duoc tinh theo cong thirc Scherrer:

~0,89.4

£ cosé
ntra chiéu cao cia cuc dai nhiéu xa (FWHM) tinh
theo radian, 0 la goc nhiéu xa Bragg ting véi pic cuc
dai do6 (d9).
Anh vi ciu tric va hinh thai hoc duge chup béng
kinh hién vi dién tir quét (SEM) trén may FESEM

. Trong d6 B 1a do rong cda pic ung voi

Tong hop, cau tric va tie tinh cua...

S4800 HITACHI (Nhat Ban) va kinh hién vi dién tir
truyén (TEM) trén may JEOL-1400 (Nhat Béan).

Céc dic trung tir tinh ctia mau duoc nghién ciru &
nhiét d6 phong bang tr ké miu rung (VSM-
Vibrating Sample Magnetometer) trén may
MICROSENE EV11 (Nhat Ban).

3. KET QUA VA THAO LUAN

Tir gian d0 phan tich nhiét (hinh 1) cho thay su
mat khdi lugng trong toan bo qua trinh nung mau tir
nhiét do phong dén 1000 °C 1a 24,156 %. Két qua
nay kha phu hop vdi tinh toan ly thuyet tur phuong
trinh ti lugng 1a 23,45 %. Su mat khéi luong chi yéu
xay ra tir nhiét do phong dén khoang 300 °C tuong
ung voi cac pic thu nhiét xay ra & 61,47 °C va
161,86 °C (duong DTA), dugc gan cho cac qua trinh
mat nude bé mat va nhiét phan cac hidroxit Co(OH),
va Fe,03.nH,0. Tir 300 dén 650 °C khdi luong mau
giam rat cham va hau nhu khong ddi tir sau 650 °C
(dudng TGA nam ngang).
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Hinh I: Gian dd DTA-TGA-DrTGA ciia mau bot

Tir két qua phan tich nhiét, ta chon nhiét d6 nung
mau bt diu & 700 °C dé khao sat qua trinh hinh
thanh pha tinh thé CoFe,0O, bang phuong phap nhiéu
xa tia X. Két qua duoc trinh bay ¢ hinh 2.

Tir hinh 2 ta thdy, két toa sau khi nung 700 °C
trong 1h30 chi thu don pha spinel CoFe,O, c6 cau
trac 1ap phuong. Tiép tuc nang nhiét d6 nung mau
1én 800 °C (hinh 3) chi quan sat dugc mét pha tinh
thé spinel CoFe,0, duy nhat, khong xuét hién bét ky
pha tinh thé nao khac.

Tuy nhién khi nung mau & 800 °C cho dinh pic
nhiéu xa cao hon, do rong pic hep hon va kich thudc
hat tinh thé tinh theo cong thirc Scherrer ciing 16n

hon (d = 32,26 nm), v6i mau nung 700 °C c¢6 d =
27,05 nm. Do d6 ta chon mau nung 700 °C dé quan
sat anh TEM va nghién ctru cac dac trung tur tinh cia
chung.

Anh hién vi dién ttr truyén qua cia mau (hinh 4)
cho thay hat thu dugc c6 kich thudc dao dong trong
khoang 30-50 nm, cac hat con lién két v6i nhau tao
thanh cac chum tinh thé kéo dai. Po tir tinh clia mau
trén hé do tir ké mau rung VSM thuc hién & nhiét d6
phong (hinh 5) cho thdy, do tr du M, = 19,545
emu/g, luc khang tir H, = 1526,89 Oe (rat 16n), trong
khi d6 bao hoa tir M = 41,703 emu/g, nho hon nhiéu
so vdi cac gia tri tuong ting trong cong trinh [10]
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(H. = 850 Oe; M = 55,8 emu/g) didu ché bang
phuong phap dong két tia & nhiét do phong. Su khac
biét nay dugc gidi thich la do kich thudc hat nano
CoFe,Q, tao thanh thong qua giai doan thuy phan
céc ion kim loai dau trong nudc dun sbi (d = 27,05
nm) mic dau bé hon so véi khi két tua ¢ nhiét do
phong (d = 49,5 nm theo XRD) [10]; nhung qua anh
TEM (hinh 4) cho thdy kich thudc hat tao thanh

Nguyén Anh Tién va céng su

trong truong hop nay khong dong déu, ngoai ra cac
hat con lién két v6i nhau tao thanh cac chum hat kéo
dai dan dén lam tang tinh di hudng tir tinh thé va do
dé H, tang, nhung M, giam. Nhu vay CoFe,0, diéu
ché duoc trong trudng hop nay thude loai tir cing,
thich hop cho viéc st dung dé ché tao chat long tr
dung trong y sinh hoc, moi trudng va nhiéu linh vuc
khac [11].
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Hinh 4: Anh TEM cuia mau CoFe,0, nung & 700 °C (t = 1h30) vai do phong dai khac nhau
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Hinh 5: Puong cong tir tré cia mau CoFe,0,

4. KET LUAN

Pi xac dinh diéu kién hinh thanh don pha tinh
thé nano CoFe,O, diéu ché bang phuong phap
ddng két taa 1a nung két tia trong moi trudng ap
sudt khong khi ¢ 700 °C (t = 1h30), cac hat
CoFe,0, co cau trac 1ap phuong, kich thude 30-
50 nm, H, = 1526,89 Oe, M, = 41,703 emu/g, M,
= 19,545 emu/g.
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