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Anh hudng cua ham luong pha tap kém va
nhi¢t d0 nung 1én cau tric va cac tinh chat tur
cua vat lieu nano spinel Co1-xZnxFe204 téng

hop bang phuong phap dong két tua

Nguyén Anh Tién", Nguyén Thi Hoi

Tom tdt—Vit ligu nano CoFe2Os4 pha tap kém
dwoc tdng hep biang phwong phap déng két taa
véi tac nhian 1a dung dich KOH 10* M. Pa
nghién citu dnh hwéng ciia ham lwgng pha tap
kém va nhiét do nung Ién ciu tric va tinh chit
tir ciia vat liéu nano CoixZn.Fe2Os Hing sb
mang 1ap phuong (a ~ 8,4 A) va kich thuéc pha
tinh thé (d = 20 — 30 nm) ting theo chiéu ting
nhiét do nung va ting theo ham luwgng pha tap
kém. CAac gia tri dic trung tir tinh My, Ms, Hc va
(BH)max giam theo chidu ting ham lwgng pha
tap kém. Vit liéu nano spinel CoFe2O4 pha tap
kém c6 Hc = 8,67 — 179,63 Oe va Mr = 1,33 -
16,90 emu/g, bé hon rét nhiéu so véi spinel don
gian CoFe;Os4 (Hc = 497,89 Oe, Mr = 36,29
emu/g); Ms = 56,00 — 99,97 emu/g xip xi véi
spinel CoFe204 (Ms = 88,67 emu/g) nhung lon
hon nhiéu so véi ZnFe204 (Ms ~ 1,2 emu/q).

Tir khda—vit li€u nano, ferit, spinel, phuong
phap dong két tia, tinh chét tir

1. MO PAU

ac ddc trung vé tinh chat tir va dién cua spinel

ferite phu thudc nhidu vao thanh phan hoa
hoc, su phan bé cac cation, kich thuéc hat va ca
phuong phép diéu ché [1-3]. Mot trong cac ferit
dac trung la CoFe204, mét loai vat li€u tir cung co
lyc khang tir 16n, do bao hoa tur trung binh (H¢ >
1500 Oe; Ms ~ 16,4 emu/g) [3]. ZnFe204 1a mot
loai vt liéu tir mém c6 lyc khang tir bé, tir du va
tir 40 bdo hoa déu nho (H < 70 Oe; M, < 2,5
emu/g; Ms ~ 1,2 emu/g) [8, 17]. Tuy thudéc vao
muc dich sir dung khac nhau, s& ¢6 nhiing yéu cau
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khac nhau vé thudc tinh tir caa ferite, ma diéu nay
chi c6 thé thyc hién hodc bang cach diéu chinh
kich thuéc hat hoic thay d6i ndng do cua cac pha
tir cirng va tir mém trong vat li¢u thong qua pha tap
thém cac nguyén té khac [2, 4-6] hoic phu trén
nén Sio; [3].

Vit liéu nano spinel ferite MeFe2041 (Me = Co,
Ni, Zn, Fe, Mn) chu yéu duoc diéu ché bﬁng
phuong phép sol-gel, d6t chay gel hay sol-gel tao
phirc v6i vu diém 1a cac tién chat phan bd dong
déu, nhiét d6 nung thiéu két thdp, din dén kich
thudce hat giam. Tuy nhién, k¥ thuat sol-gel doi hoi
phai khao sat nhidu yéu t6 anh huong dén qué trinh
hinh thanh don pha tinh thé spinel va thoi gian luu
nhiét kéo dai [1, 3, 4, 7, 8]. Ngoai ra, viéc thém
chat hitu co tao gel sau d6 ddt chay dé thu san
phdm & nhiét 4o khong cao co6 thé s& khong loai bo
hét vun carbon, gay anh huong dén cac tinh chit
dién va tir cua vat liéu ferite tong hop duoc.

Trong nghién ciru nay, ching t6i khao sat anh
hudéng cia ham luwong kém va nhiét d§ nung lén
cAu trac cling nhu tinh chét tir ciia vat liéu nano
spinel Co1.xZn«Fe;04 tong hop bang phuong phéap
dong két tia don gian théng qua giai doan thuy
phén tir tir cac cation kim loai trong nuéc noéng
truge (t° > 90 °C), sau d6 dé ngudi roi thém tac
nhan két tia 1a dung dich KOH 10* M va diéu
chinh lugng KOH thém vao sao cho dung dich
nuéc loc sau khi thém KOH dat gia tri pH = 7,5
nham han ché sy hoa tan Zn(OH),| [9]. Viéc thiy
phan tur tir cac cation kim loai trong nuwéc nong
trugc rdi dé nguoi s& tao thanh cac mam két tua
bén va han ché su I6n I1&n vé kich thuéc hat so véi
khi két taa & nhiét do phong [10-13].

2. VAT LIEU VA PHUONG PHAP

Héa chit va dung cu
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Céc hoa chat dugc st dung la Co(NO3),.6H-0,
Zn(NO3)2.6H;0, Fe(NOs)3.9H:0, KOH (Merck),
gidy loc bang xanh, nuéc cit. Cac mudi
CO(NOs)z.GHzO, Zn(NO3)z.6HzO va
Fe(NO3)3.9H,0 dugc can theo ti I& mol Co?* Zn?* :
Fe** = (1-x) : x: 2 (x=0; 0,2; 0,4; 0,6) va hoa tan
vao nudce trude khi tién hanh thuy phan trong nudc
nong.

Cébc thay tinh chiu nhiét dung tich 100 mL,
1000 mL, pipet, buret, may khudy tir gia nhiét, con
ca tir, bép dién, 1o nung gia nhiét, chén nung, ta
say.

Phuong phap thuc nghiém

Nho tir tir dung dich nuéc chira hdn hop mudi
Co(NO3),, Zn(NO3); va Fe(NOs)s véi sé mol thich
hop vao mét coc nudc néng trén may khudy tir (t°
> 90°C). Sau khi cho hét hdn hop mudi thi tiép tuc
dun thém 5 phat. Lac nay hé thu dugc c6 mau nau
do va khong d6i mau khi dé nguoi dén nhiét do
phong. Sau dé cho tir tir dung dich KOH 10 M
vao hé thu duoc. Lugng KOH duoc didu chinh sao
cho dung dich nud6c loc sau khi thém KOH dat gia
tri pH = 7,5 nham han ché su hoa tan Zn(OH),|
[9]. Khudy déu két tua thu dugc trong khoang 30
phat. Loc két tua trén may hut chan khong, rira
bang nudce cat nhiéu lan roi dé kho ty nhién ¢ nhiét
d6 phong. Két tua kho dugc nghién min rdi nung
trong moi truong ap suat khong khi & cac nhiét do
khac nhau dé kiém tra sy hinh thanh don pha
spinel Co1.xZnxFe;0q, toc do gia nhiét 10%/phut.

Ngoai ra, chung toi ciing tién hanh thi nghiém
trong ty dé tdng hop cac oxide riéng biét cua
cobalt, sit (111) va kém dé so sanh két qua XRD
V& cac mau pha tap Co1xZnkFe;0a.

Phwong phap nghién ciru

Gian d6 TG-DSC ctia mau két taa tong hop vat
liéu nano pha tap CoogZng2Fe;0s dugc ghi trén
may Labsys Evo (TG-DSC 1600 °C, Phap) trong
mdi truong khong khi khd véi tée do nang nhigt
10°/pht, nhiét do ti da 1000 °C, chén dbt la oxide
nhoém, két tia duoc siy khd & 105 °C trudce khi do
TG-DSC.

Céc gian dd XRD duoc ghi trén may SIEMENS
D-5000 (Brucker, Bic) véi bic xa CuK, (A =
0,154056 nm), 20 = 20-80 °, budc do 0,02 °/s. Két
qua do duoc xuat ra dudi dang hinh anh cé ghép
v6i phd chuin trong ngan hang gian dd va file
Raw. Tur két qua file Raw, sir dung phin mém
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X’pert High Score dé xuat dir liéu dudi dang file
Word rdi 4p dung cong thirc Debye-Scherrer dé
tinh kich thudc trung binh cua pha tinh thé va hang
s mang tinh thé lap phuong a theo cong thirc sau:

d_0,89%

pcoso 1)
a=——h*+k?+1?

2sin@ )

Trong d6, B la @6 réng cta pic tng voi nuaa
chiéu cao cua cuc dai nhidu xa (FWHM) tinh theo
radian, 0 la géc nhiéu xa Bragg wng véi pic cuc dai
d6 (radian). Céc gia tri (h, k, 1) ldy tai dinh nhiu
Xa c6 cuong do cao nhat.

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

Thanh phan cac nguyén té trong mau duoc do
bang phd tan sic nang lugng tia X (EDX) trén hé
PE-SEM S-4800) & 5 diém khac nhau.

Tinh chét tir cia vat lidu nhu luc khang tir (He),
d6 tir hoa bdo hoa (M), do tir du (M), tich ning
lugng tr cuc dai ((BH)max) va duong cong tir tré
dugc do bang tir ké mau rung (VSM) & nhiét do
phong trén may MICROSENE EV11 (Nhat Ban).

3. KET QUA VA THAO LUAN
Ifét qua phan tich nhiét (Hinh 1) cho thiy do hut
khoi khi nung mau dén 1000°C la khoang 22,3%,
phu hop voi tin’h toan tur phuor}g trinh ti lwong (3)
1a 23,36%, Vi két taa da dugc say khé ¢ 105°C.
0,8Co(OH), + 2Fe(OH); + 0,2Zn(OH), —
Coo.sZno2Fe204 + 4H20 €)]

4x18
0,8x93+107x2+99x0,2

%m(loss) = x100% = 23,36%

Su mat khéi lugng xay ra nhanh chu yéu trong
khoang tir 100°C dén ~ 200°C (thé hién do déoc rd
nét qua duong TG), ddng thoi xut hién lién tiép
hai pic thu nhiét ¢ 117,7 °C va 187,9°C dugc cho
14 xay ra qua trinh nhiét phan cac hidroxide Co(II),
Zn(Il) va Fe(lll) [14]. Tu khoang 200°C tré 1én
khéi lugng mau tiép tuc giam, nhung cham dan va
hau nhu két thic ¢ khoang 700°C (duong TG nam
ngang). O khoang nhiét o nay xuét hién lién tiép
hai pic téa nhiét & 231,5°C va 338,1°C la do ZnO
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tao thanh dung dich rin thay thé véi CoO va mot
phan Co,0; tao dung dich rin thay thé véi Fe,Os.
Hiéu g tao dung dich rin thay thé ciing quan sat
thay trong cac cong trinh [5, 6, 15]. O 613,2 °C
Xuat hién mot pic toa nhiét manh, rat cé thé day 1a
pic toa nhigt chuyén thanh pha spinel
Co00.8Zng 2Fe,04 tr cac oxide twong (ng.

Két hop két qua phan tich gian ¢6 TG-DSC véi
cong trinh [10], chon 600°C dé nung so bo két tua,
sau d6 nang 1én 800, 900 va 1000°C trong 2 h dé
nghién ciru ciu tric bang nhidu xa tia X. Két qua
duoc thé hién trén Hinh 2, 3 va 4.

Hinh 2, 3 va 4 cho thay tat ca cdc mau déu don
pha, thé hién rd & céc pic nhidu xa dic trung cho

cau trac spinel tai cac mat phan xa (h, k, 1) nhu
trén gian d6. D6i véi mau CoFe,04 (X = 0), vj tri
cac pic hoan toan triing véi vi tri cac pic cua phd
chuin CoFe,0, trong ngan hang gian db (S6 phd
00-022-1086- cobalt iron oxide-cubic) (Hinh 2, 3).
V6i cac mau pha tap k&m, c6 su dich chuyén pic
vé phia goc 26 nho (dich vé phia trai) so voi cac
pic dic trung ctia phd chuan CoFe,O, va dich sang
bén phai (dich vé goc 26 16n) so Véi cac pic dic
trung cua phdé chuin ZnFe;O, (S6 phd 00-022-
1012 — zinc iron oxide-cubic) trong ngan hang gian
dd (Hinh 4).
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Hinh 1. Gian d TG-DSC cua miu két tua téng hop vit liéu nano CoggZngFe;04
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Hinh 2. Gian db XRD cua cac miu CoyZn,Fe,0, sau khi nung 800°C (t = 2h)
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Hinh 3. Gian d5 XRD cua cac miu Coy,ZnsFe;O, sau khi duge nung & 1000°C (t = 2h)
Bang 1. Cac thong b cAu trac ctia cac mau CoyZnyFe,0, khi dugc nung & cac nhiét do khac nhau (t = 2h)
X CoFe204 | CoosZnozFe:0s | CoosZnosFe:0s |  CooaZnosFezOs
bac trung 800°C
20max, ° 35,4568 35,4011 35,2905 35,2873
FWHM, ° 0,4320 0,3840 0,3120 0,3120
d, nm 19,0920 21,4750 26,4223 26,4224
a, A 8,3899 8,4028 8,4283 8,4290
- 900°C
20max, ° 35,4663 35,3770 35,3512 35,3087
FWHM, ° 0,4221 0,2880 0,3120 0,2880
d, nm 20,0723 28,6310 26,4271 28,6260
a, A 8,3878 8,4083 8,4142 8,4241
- 1000°C
20max, ° 35,4499 35,3422 35,2830 35,2068
FWHM, ° 0,3820 0,3840 0,3120 0,3120
d, nm 21,259 21,4715 26,4221 26,4165
a, A 8,3916 8,4163 8,4299 8,4477
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Hinh 4. Gian d6 XRD cta miu CopsZng,Fe,0, sau khi nung 900 °C (t = 2h) ghép v&i phd chudn CoFe,0, va ZnFe,0,
trong ngan hang gian dd
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Hinh 5. Gian db chdng phd XRD ctia mau CogsZng2Fe,04 v6i cic oxit diéu ché bang phuong phap dong két tua
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Hinh 6. Phd EDX cua mau Cog6Zno4Fe;04 nung & 1000°C (t =2 h)

Bang 2. Cac dac trung tir tinh ctia cac mau vat liéu nano spinel Co1xZnyFe;04 nung & cac nhiét d6 khac nhau

Mau vit liéu t°, °C (BH)max, €Mu/g He, (Oe) M, (emu/g) Ms, (emu/g)
Cog,6ZNg4Fe,04 800 °C 82,19 101,11 13,58 82,19
C0o,6ZNg 4Fe204 900 °C 90,63 66,46 12,14 90,63
C0o,6ZNg 4Fe204 1000 °C 90,76 36,00 5,15 90,76
Co0g4ZngFe,04 56,01 8,67 1,33 56,01
Co0g,6ZNg4Fe,04 1000 °C 90,76 36,00 5,15 90,76
C00,8ZNg 2Fe204 99,97 179,63 16,90 99,97

CoFe;0, 88,56 497,89 36,26 88,67

%H,‘ ] A 200.0

Hinh 7. Anh TEM ctia mau vat li¢u sau khi nung & 800°C (2 h)
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Hinh 8. Pudng cong tir tré clia cdc mau vat ligu nano spinel Coy.xZnsFe;0, sau khi nung & cac nhiét d6 khac nhau

Dong thoi khéng quan sét thiy cac pic ung véi
thanh phan cac pha tap chat nhu CoO, Co3Oa,
Fe,O3 hay ZnO. Chang to cac mau vat liéu thu
dugc déu don pha tinh khiét. Két luan nay mot lan
nita duoc khing dinh théng qua sy léch vi tri pic
ciia mau CoFe,O4 pha tap k&m so véi cac oxide
thanh phan (Hinh 5).

Céac thdng sb ciu tric cua cac mau vat liu
Co1xZnyFe;04 xtr ly tir file Raw bang phan mém
X’pert High Score (Bang 1) cho thdy, c6 su dich
chuyén pic vé phia goc 26 nho khi ting ham lugng
pha tap kém, két qua nay phu hop véi gian dd
XRD trén Hinh 4. Hang sé mang lap phuong a tinh
theo cong thic (2) tang déu khi ting ham lugng
pha tap kém, diéu nay c6 thé giai thich 1a do ban
kinh ion Zn?* 16n hon ban kinh ion Co?* va Fe®*
(Co** = 0,78 A, Zn?* = 0,83 A, Fe®* = 0,64 A) [14].
Két qua thu dugc 1a twong ty nhu cac cong bd [5,
6, 13].

Kich thuéc d tinh theo cong thirc (1) ddi vai vat
liéu nano spinel Co;xZnyFe;04 nhin chung la tang
theo chiéu ting nhiét d6 nung mau (dic biét co tinh
quy luat d6i véi mau CoFe;0q) va ting theo chidu
tang ham luong kém pha tap (bién d6i déu ddi véi
mau nung & 800°C).

Nham xac dinh thanh phan va do tinh khiét cua
mau pha tap, mau vat liéu CogsZno4Fe.04 NUNg &
1000°C dugc chon dé do phd EDX. Két qua do
phd EDX ¢ 5 vi tri khac nhau cho thay mau hoan
toan tinh khiét (Hinh 6), ngoai Co, Zn, Fe va O
khoéng c6 nguyén t6 tap chat khac trong mau.
Thanh phan cac nguyén té thu duoc gan nhu tring
v6i thanh phan trong cong thic du kién ban dau
(két qua tinh trung binh tai 5 diém thu duoc cong
thac thuc nghiém 1a Cog 579ZN0.392F€204.312).

Két qua do TEM (Hinh 7) cua mau CoFe,04 va
CoosZno.4Fe;04 nung 800°C cho thy su pha tap
kém khong anh huong dén hinh théai hoc cua cac
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hat vat liéu, kich thuéc cdc hat tao thanh sau khi
nung 800°C dao dong trong khoang 50 nm.

Tur d6 thi dudng cong tir tré (Hinh 8) va cac dac
trung tir tinh ctia cac mau vat lieu nano spinel
Co1xZnxFe;04 (Bang 2) cho thay, néu xét clng
mot ham lugng pha tap kém (x = 0,4) khi nhiét do
nung mau tang thi He va M, giam, trong khi Ms va
(BH)max lai tang. Diéu nay dugc giai thich 1a do
nhiét d6 nung mau cang cao, tinh thé cang hoan
thién dan dén ting tinh ddi xang tinh thé, giam
nang luong ty do, giam khuyét tat mang ludi [16].

Khi tang ham lugng pha tap k€m thi ngugc lai
ca bén gié tri ddc trung tir tinh He, My, (BH)max VA
Ms déu giam la do momen tir caa Zn?* (us = 0),
trong khi momen tir cua Co% 16n hon (pg =
35,9102 J.T-%) [14].

Néu so sanh véi vat liéu nano spinel don gian
CoFe;04 va ZnFe,04 [17] tong hop cung diéu kién
turong tu (phuong phap ddng két tua) thi vat liu
nano spinel CoFe;04 pha tap kém c6 do tir du (M;
= 1,33-16,90 emu/g) va luc khang tir (H. = 8,67-
179,63 Oe) déu nho hon rit nhidu so véi spinel
don gian CoFe,04 (M, = 36,26 emu/g; Hc = 497,89
Oe), con do tir hda bdo hoa (Ms = 56,01-99,97
emu/g) xap xi véi CoFe;Os, nhung 16n hon rat
nhidu so vai nano spinel ZnFe,04 (Ms = 1,20
emu/g) [17].

4. KET LUAN

Béng phuong phap ddng két tua don gian véi
tac nhan két tua la dung dich KOH 10 M d3 tong
hop vat liéu nano spinel 1ap phuong Co1-xZnxFe204
(x=0;0,2; 0,4; 0,6). Vat liéu don pha spinel Cos-
«ZNnxFe,04 thu dugc sau khi nung két taa & 800,
900 va 1000°C trong 2 h c¢6 kich thudc pha tinh
thé 20-30 nm (theo XRD), kich thudc hat ~ 50 nm
(theo TEM). Hang s6 mang lap phuong (a ~ 8,4 A)
va kich thudc pha tinh thé ting theo chiéu ting
ham luogng pha tap kém va tang theo nhiét do
nung. Cac gia tri dac trung tir tinh M,, M, H¢ va
(BH)max giam theo chiéu ting ham luong pha tap
k&m. Khi nhiét do6 nung mau ting thi He va M,
giam, Ms va (BH)max tdng. Vat liéu nano spinel
CoFe;0; pha tap kém c6 Hc va M, bé hon rat nhiéu
S0 V6i spinel don gian CoFe;Os, Ms Xap Xi Vi
spinel CoFe;O, nhung lon hon nhidu so Vvéi
ZnFe204.
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Abstract—Nanomaterials  of  cobalt ferrite
(CoFe204) doped with zinc have been synthesized by
co-precipitation using KOH solution of 10* M as a
precipitant. The effect of zinc contents and
calcination temperature on the structure and
magnetic properties of Coi-xZnxFe204 were studied.
The parameters of the crystalline cubic lattice (a ~
8.4 A) and the crystalline size (d = 20-30 nm)
increased  with  increasing  the  calcination
temperature and zinc content in the samples.
However, the remanent magnetization, saturation
magnetization, coercive force and M at the maximum
field decreased with increasing the zinc content. The

nanomaterials of cobalt ferrite doped with zinc have
Hc values in the range of 8.67-179.63 Oe, My values
in the range of 1.33-16.90 emu/g, which are quite
smaller than those of original CoFe.Os material
(Hc=497.89 Oe, M=36.29 emu/g); moreover, the
nanomaterials prepared have Ms values in the range
of 56.00 — 99.97 emu/g, which are similar to those of
original CoFe204 material (Ms= 88.67 emu/g) and are
quite higher than those of original ZnFe,O4 material
(Ms ~ 1.2 emu/g).

Index Terms—nanomaterial, ferrites, spinel, co-
precipitation, magnetic properties



