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ABSTRACT

Magnetite powders have been prepared by hydrothermal reaction of Fe**/Fe’* in the alkaline
solution at 150°C. X-ray powder diffraction pattern indicates that the product is single-phase
magnetite in an inverse spinel structure. Its composition and crystal structure is determined by
Rietveld refinement method combined with Differential Thermal Analysis and Thermal
Gravimetry Analysis (DTA-TG). Crytal data: Fe;0,, cubic, Fd-3m, a = 8.379(7) A, V = 58843

A

- DAT VAN DE

CAu trdc ctia magnetit Fe;0, c¢6 dang AB,X,
la spinel nghich: tai vi tri A (h6c td dién) bi
chiém bdi cdc cation Fe™, vi tri B (hoc bat dién)
chiém béi cac ion Fe** va Fe* v6i luong nhu
nhau: {(Fe**)[Fe*,Fe’*]0,}; bao gém 56 ion
tuong duong véi 8 phan ti Fe;0,. Hay c6 cdu
tric lap phuong mat tam (fcc - face centered
cubic) thuoc nhém doi xing Fd-3m, hing s6
mang a = 8,397 A [1]. Fe;0, 12 vat liéu c6 do tir
bao hoa cao, tir 1au n6 1a ddi tugng nghién ciu
ch€ tao cdc vat liéu tir st dung trong cic dau
ghi. V6i su phat trién ctia khoa hoc cong ngheé,
viéc tao ra cac hat & kich ¢ nho (tir micro téi
nano) da dua ra mot loat cdc ng dung tiém
nang cho loai vat liéu nay: trong viéc ch€ tao
vat liéu hap phu asen cho qua trinh xtr Iy nudc,
trong sinh-dugc hoc: tich chiét 1am giau ADN,
tdic nhan tao do tuong phan cho thiét bi cong
huéng tr MRI  (Magnetic  Resonance
Imagering), ch€ tao cam bién sinh hoc (bio-
sensor), vat liéu dan truyén thuéc,[) [2 - 7].
Nhiéu phuong phép khac nhau da duoc st dung
dé ché tao Fe;0,: phuong phdp sol-gel, phuong
phdp déng két tha hén hop muéi Fe*/Fe™,
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phuong phép téng hop vi nhil tuong, phuong
phép thuy nhiét, thuy nhiét vi séng,[ [3, 8].

Trong pham vi khuon khé bai bdo nay, vat
lieu Fe;0, da dugc ching t6i nghién cdu tdng
hop bang phuong phdp thly nhiét tir cc tién
chat muoi Fe*/Fe** va st dung phuong phdp
phan tich Rietveld trén co s& phan mém tinh
todn cau tric FullProf [9] dé phan tich cau tric
cta vat liéu.

I - THUC NGHIEM

Hoa chét st dung dé téng hop Fe,O, bing
phuong phap thuy nhiét 1a cac héa chit tinh
khiét: FeCl;,6H,O (>99%), FeSO,.7H,O
(>99%), KOH (> 82%) va con tuyét doi (99,5%
min). Cdc hén hop phan ting dugc chuén bi theo
ty 1& mol Fe**/Fe** = 0,5/1 dén 2/1 trong moi
truong kiém cao dugc cho vao thiét bi phan tng
thay nhiét & nhiét do 15001C, 7 gid. San phdm
sau phan tng duoc trung hda vé pH = 7, loc rlta
sach hét ion tap va hoat hda trong con tuyét doi
dé bido vé bé mat clia hat khoi su oxi héa cla
khong khi trong qua trinh siy kho.

Hinh 1 giGi thiéu cdc mau oxit Fe;O, diéu
ché tai phong thi nghiém va dugc thit nhanh tinh



chat tir bdi mot mau nam cham thuodng.

Hinh 1: Oxit sét tir Fe;O, diéu ché€ bang phuong

phép thiy nhiét (A, D); san pham oxit Fe,O, sau

phén tng thuy nhiét duoc hoat héa trong con (B)
va nam cham (C)

Cac phuong phap nghién ciru

Xéc dinh pha bang nhiéu xa tia X trén thiét
bi nhiéu xa Siemens D5005 (CuK, = 1,5406, 2q
steps = 0,03/step, 2001 <2¢ < 700]). Phan tich
cdu tric mang thuc nghiém ctia san phiam tir
gidn d6 nhiéu xa tia X bang phan mém FullProf
2004, phuong phap phan tich Rietveld. Phan tich
nhiét vi sai trén thi€t bi SETARAM TG-DTA 92
(toc do gia nhiét 571C/phit, chén dung mau Pt,
khi quyén khong khi). Hinh thdi hoc cla hat
Fe,0, dugc quan sit trén kinh hién vi dién tir
quét phan giai cao HITACHI S-4800.

11 - KET QUA VA THAO LUAN

Vat liéu oxit Fe;0, dugc téng hop thong qua

phuong phédp thuy nhiét thu dugc cau tric tinh
thé thuoc ciu tric pha lap phuong, nhém déi
xting Fd-3m (hing s6 mang a ~ 8.400 A). Trong
cdu tric cua Fe,0, dang {(Fe*")[Fe* ,Fe’*0,},
nhiéu nghién ctu khic nhau da cong bd cho
thdy cdc ion Fe’* trong hoc tit dién thuoc vi tri
8a (0, 0, 0), cac O thuoc vi tri 32e (x, x, x), cic
ion Fe** va Fe** trong hdc bat dién c6 thé chiém
tai vi tri 16d (5/8, 5/8, 5/8) hay 16¢ (1/8, 1/8,
1/8) v6i lugng nhu nhau (hay s6 oxi héa trung
binh +2.5) trong 6 mang co s& [10, 11]. Tuy
nhién, mot s6 nghién cttu khac chi ra rang trong
nhém d6i xing Fd-3m cdc nguyén t6 bi léch
khoi vi tri goc theo hé toa do (1/8, 1/8, 1/8) va
ion sat trong hoc bat dién c6 s6 oxi hoa trung
binh dao dong tir +2,5 dén +2,65 [1, 12, 13].
Trong nghién citu cta H. Fjellvag va cong su thi
cho ring cdc nguyén t6 Fe trong hdc t¢ dién va
bat dién c6 cling s6 oxi hda 1a +2.667 [14].

Cédc gian do thuc nghiém trén cdc mau bot
dugc phan tich bang phan mém FullProf st
dung phuong phap Rietveld véi toan ti pseudo-
Voigt. Két qua thu duoc tém tit trong bang 1 va
hinh 2, 3.

Nhu vay, vi tri cadc nguyén t6 trong 6 mang
co s& cha san pham Fe,O, thu duoc bang
phuong phép thily nhiét cling giong nhu cdc két
qua nghién ctu cta S. Sasaki [1] va cho do min
ctia phép phan tich GofF = 1,50. Phan tich
khoang cdch giita cdc nguyén t6 trong 6 mang
co s& theo thit tu lan luot FeT-O = 1.883 A,
FeO-O = 2,06 A, 0-O = 2,85 A. D¢ dai lien ket
gifta ion Fe* trong hoc tit dién v6i cdc ion O
(FeT-O) nho6 hon so véi téng ban kinh cua ion

Bdng 1: Két qua phan tich cu tric Fe;O, tir cic gian d6 nhiéu xa tia X thuc nghiém xdc dinh
biang phuong phap Rietveld

Nhém doi xting Fd-3m

GofF =R, /R, = 1,50

a=82379(7) A v’ =223

V =58843 A° Rpyoee = 5,11

Z=38 Ham luong: 100%
Nguyén t6 S6 oxi héa | Vi tri X y z B(A?) | occ.
Fe (FeT) +3 8a 1/8 1/8 1/8 1.000 0.375
Fe (FeO) +2 16d 1/2 1/2 1/2 1.000 0.375
Fe (FeO) +3 16d 1/2 1/2 1/2 1.000 | 0.375
0] -2 32e 0,2540(6) | 02540(6) | 0.2540(6) | 5.456 1.500

FeT (Fe & vi tri hoc tit dién), FeO (Fe & vi tri hoc bat dién), occ. hé s6 chiém gitt mang luGi khong gian.
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Fe™ (0,64 A) va O* (1,32 A) do d6 lén két FeT-
O chiu mot stic nén. Nguoc lai, do dai céac lién
két FeO-O va O-O 16n hon so véi téng béan kinh
FeO = 0,69 A (trung binh cdng ban kinh cua ion

Fe** (0,64 A) va Fe** (0,74 )) v6i O* (1,32 A)
hay giita hai ion O*; gép phan giai thich su dao
dong ctia ion O xung quanh vi trf can bang clia
n6 16n B = 5.456 (A?).
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Hinh 2: Phan tich c4u tric clia Fe;O, tlr gian d6 nhiéu xa tia X thuc nghiém; cau tric tinh thé Fe,0,
(110) dugc dung lai bang phan mém CaRlIne v.3.1 (hinh nho)

Ky hiéu: (O) gian d6 thuc nghiém (Yobs), dudng lién vach 1a gian d6 1y thuyét (Ycalc), dudng chénh léch giira

ly thuyét va thuc nghiém niam sét truc hoanh (Yobs-Ycalc) va nét gach thang (Bragg position) chi vi tri pic

tuong tdng cua pha Fe,0,

Hinh 3 gi6i thiéu cdu tric 6 mang co s& cla
Fe,;0, nhin theo mat phang (100) va cic gian do
Fourier biéu dién mat do dién tir xung quanh cic
nguyén tir Fe’* thuoc hoc ti dién (FeT) va cac
nguyén tir Fe*, Fe* thuoc hoc bat dién (FeO)
dugc dung lai bang chuong trinh GFourier trong
FullProf suite 2004 [9]. Chénh léch gifta chiéu
cao nho nhit va 16n nhat trén gian d6 Fourier
tuong tng 1a -1,5 va 6,5¢/A, khodng cich giita
cdc dudong déng mic 1a 0,4e/A. Su bién dang
duong vé mat do dién tlr cia FeT va FeO cho
bi€t moi tuong tac qua lai trong lién két FeT-O
va FeO-0.

Trong qud trinh phan tich cau trdc tir gian d6
nhiéu xa tia X, cdc hé s6 chi€ém giit khong gian
(occ.) clia cac nguyén t6 Fe’*, [Fe®*, Fe**] va O*
; dugc ¢d dinh 1a 0,375, [0,375, 0,375] va 1,5,
theo thi tu dé dam bao tinh 6n dinh vé céu tric
ty luong cta oxit. Mat khac, khi thém mot bién
s6 thay doi vao hé so chiém déng khong gian
(occ.) cha oxi trong qua trinh phan tich thiy gia
tri clia né giam xudng tr 1,5 con 0,98 kéo theo
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cong thic ty lugng cta oxit s€ 1a Fe;0,4 Bén
canh dé, su dao dong ctia ion O* xung quanh vi
tri cia né 16n, B = 5.456 (A?) cho thdy viéc xdc
dinh chinh xdc cong thidc hgp phan cua oxit
Fe,0, theo dinh lugng oxi tir ciac gian d6 nhiéu
xa tia X thuc nghiém 1a khong chinh xdc. Dé
tinh mot cach gin ding ham lugng oxi trong
cong thic thanh phan oxit, ching toéi da tién
hanh phép phéan tich nhiét vi sai do trén mau
trong khi quyén khong khi. Két qua thu duogc
trén hinh 4, dudong TG cho thdy c6 su tang khai
lugng tuong Gng cta mau 1a Dm = 1,70%. Gia
tri nay hoan toan phu hop véi gia tri dugc tinh
toan ly thuyét khi gia thiét cé su oxi héa hoan
toan Fe;0, thanh Fe,0; theo phan ting: 2Fe,O, +
1/20, = 3Fe,0, (Dm = 1,72%).

Trén duong DTA, xuat hién 3 pic téa nhiét
tuong ung véi 3 giai doan tai cac gia tri nhiét do
15971C (pic 1 - giai doan 1), 32471C (pic 2 - giai
doan 2) va 5710C (pic 3 - giai doan 3). Giai
doan 1 Gng vGi qué trinh nhan thém oxi vao ciu
tric Fe;O, kém theo su tang khoi lugng. Trong
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Hinh 3: Cau trdc mang tinh thé Fe;O, trong mat phing (100) va cdc gidn do Fourier biéu thi mat do
dién tlr chia oxit Fe,0, trong mat phang (100)

TG (%)

2,0

1,5

1,04

0,54

Am=1.70%

200 400 600 800
Nhiét d6 (°C)

[

IMS x120k SE{M) 4/16/2008

Hinh 4: Gian d6 phan tich nhiét vi sai mau oxit Fe;O, (trai),
anh mau bot Fe;O, quan sat trén kinh hién vi dién tir quét v6i do phan gidi cao (phai)
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giai doan 2 va 3 c6 xudt hién 2 pic tda nhiét,
nhung khong thdy c6 su thay doi vé khoi luong
maiu trén duong TG, do d6 két thic giai doan 1,
Fe;O, da bi oxi héa hoan toan thanh Fe,O; va 2
giai doan ti€p twong ting véi su chuyén dang thu
hinh ctia Fe,O; [15]. Quan sat hinh dang hat trén
kinh hién vi dién tir quét do phan giai cao cho
thdy san phdm thu dugc c6 hinh dang tuong doi
déng nhat véi kich thude trung binh khoang 50
nm (hinh 4).

IV - KET LUAN

Oxit sat tir Fe;O, di duoc téng hop thong
qua phuong phdp thay nhiét & nhiét do 15001C/7
gio tir hdn hop Fe**/Fe’* trong moi trudng kiém.
Kich thudc va hinh dang hat tuong doi déng déu
vGi ¢& hat trung binh 50 nm. C4u trdc vat liéu
dugc phan tich bang phuong phdp phéan tich
Rietveld cho thdy Fe;O, thudc dang céu trdc 1ap
phuong, nhém doéi xung Fd-3m, cic nguyén to
trong 6 mang co s& léch khoi vi tri goc theo hé
truc toa do (1/8, 1/8, 1/8), hing s6 mang a =
8.379(7) A.

Cong trinh nay dugc hoan thanh vdi su ho
tro kinh phi cua dé tai nghién citu khoa hoc cdp
Pai hoc Quoc gia Ha Noi, ma so QT-08-19
ONghién ciiu ché tao mot s6 dang vdt liéu
composit tu tinh! .
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