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TOM TAT

Bai bao nay, nghién citu dnh hweng cia dieu kién két tia dén sie hinh thanh pha nano
perovskite ferrite YFeOs. Vat liéu nano YFeOs thu duwoc bang phirong phdp dong két tia théng qua
giai doan thity phdn cdc cation Y(III) va Fe(Ill) trong nwéc ndng Véi tac nhan két tia 1a dung dich
KOH 5%. Sir tang ham lwong cobalt pha tap tir 0 d@én 50% trong mang tinh thé YFeO; lam giam
cac hang sé mang tinh thé: a=5,5908 — 5,5217 A; b=5,2823 — 5,2177 A; ¢=7,6116 — 7,5009 A;
V=224,79 - 216,11 A°.

Tir khoa: vat liéu nano, YFe,,C0,05 (0 < x < 0.5), diéu kién két taa, cu tric tinh thé.
ABSTRACT

Effect of precipitation conditions and cobalt content
on the structure of yttrium ferrite perovskite nanomaterials

Effect of precipitation conditions on the formation of ferrite perovskite YFeO; phase has
been studied. YFeO; nanomaterial was synthesized by coprecipitation method via hydrolysis of
Y(I11) and Fe(l1l) cations in hot water using KOH 5% solution as precipitant. The lattice constant
of YFeO; ferrites was found to decrease in range of a=5.5908 — 5.5217 A; b=5.2823 — 5.2177 A;
c=7.6116 — 7.5009 A; V=224.79 — 216.11 A® with increasing of cobalt content from 0 to 50%.

Keywords: nanomaterial, YFe;Co0; (0 < x < 0.5), precipitation conditions, crystal
structure.

1.  Mé dau

Trong thoi gian gan day, viéc diéu ché va nghién ciru cac ddc trung cua vat liu
nano ferrite perovskite d4t hiém LnFeO; (Ln = La, Y, Nd, Ho...) duoc nhiéu nha khoa
hoc quan tdm [1], do cAc hat nano perovskite dat hiém c6 nhiéu tinh chat méi khac biét
so véi vat ligu khoi truyén théng cuing thanh phan hda hoc [1-2]. Pac biét, khi pha tap
cac nguyén t6 khac nhau trong ferrite perovskite LnFeO; thuan, su pha tap s& tao ra
trang thai hdn hop héa tri, khac nhau vé ban kinh ion nén va ion pha tap dan dén su sai
léch vé ciu trdc, 1am cho vat liéu nén trg thanh nhém vat liéu c6 nhiéu hiéu ¢ng i thq,
nhu hiéu ¢ng nhiét dién, hiéu ang tir nhiét, tir tré siéu khong 16 [2-4].
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Trong céc cong trinh [5-9], nhdm nghién ctru da tong hop thanh cong mot sé hé
vat liéu nano perovskite thuan LnFeOs (Ln = La, Nd), pha tap Y;.Ca,FeO; hay spinel
CoFe,0, bang phuong phap dong két tua thong qua giai doan thiy phan tir tir dung
dich chira hdn hop mudi cua cac cation tién chit trong nude néng trude (t° > 90°C),
sau d6 dé nguoi roi thém tac nhan két tua thich hop. Phuong phéap ndy cé nhiéu wu
diém nhu: don gian, ré tién, than thién véi moi truong, khong doi hoi cac thiét bi-
dung cu dat tién.

Cong trinh nay, gidi thiéu két qua nghién ctu anh hudng caa diéu kién két taa va
ham luong cobalt pha tap dén cac dic trung cau tric (thanh phan pha, kich thuéc tinh
thé, cac thong sb cau tric a, b, ¢, V) cua vat liéu nano YFeOs.

2.  Thuc nghiém va phwong phap nghién ciru
2.1. Hoa chat, dung cu

Y(NOy);.6H,0 (Merck, >99%), Fe(NO4)s.9H,0 (Merck, >99%), Co(NO,),.6H,0
(Merck, >99%), KOH (Merck, 99%), nudc cat hai lan, gidy loc bang xanh.

Céc thay tinh chiu nhiét céc loai, pipet, buret, may khuay tir gia nhiét, con cé tu,
bép dién, 10 nung, chén nung, ta say.

2.2. Thuc nghiém

Vat liéu nano pha tap YFe.,Co,05 (x = 0; 0,1; 0,15; 0,2; 0,25; 0,3; 0,5; 1) dugc
tong hop theo quy trinh thuc nghiém Hinh 1. Dung dich nudc chira hdén hop mudi
Y(NO,)s, Fe(NOs)s, Co(NO3), véi ti 1é mol thich hop dugc nho tir tir vao mot cde nude
néng trén may khudy tir gia nhiét (t° > 90°C). Sau d6, dé nguoi hé thu duoc dén nhiét
d6 phong (~ 30°C) roi thém tir tir dung dich KOH 5%, luong KOH duoc lay du dé két
tua hét cac cation Y(II), Fe(lll), Co(ll) (thir nuéc loc bang vai giot dung dich
phenolphtalein). Két taa dugc khudy déu trong 45 phut, sau d6 dé lang khoang 30 phut
roi loc bang may hat chan khong va ria bang nudc cat nhiéu lan. Két tua sau khi dé
kho tu nhién ¢ nhiét d6 phong dwoc nghién min rdi nung trong moi truong ap suat
khong khi tir nhiét d6 phong dén 800°C (t = 1h) (tbc d6 nang nhiét 10°C/phut), san
pham nung duoc nghién ciu thanh phan pha va cac dic trung cau tric caa vat liéu. Ché
d6 nung 800°C (t = 1h) duoc chon trén co so cac két qua nghién ctu thu duoc trong
cac cong trinh [8].

Nhom téc gia ciing tién hanh thuc nghiém tong hop céc oxit thanh phan (Y,0s,
Fe,0s5, C050,) theo quy trinh thyc nghiém Hinh 1 dé so sanh két qua nhiéu xa tia X véi
vat liéu nano pha tap YFe;,C0,0;. Riéng mau vat liéu véi gia tri x = 0 con duogc tong
hop bang phuong phép két tua riéng ting hidroxit theo quy trinh thyc nghiém nhu Hinh
1, sau d6 tron hdn hop két taa roi khuay déu, loc, raa, 1am khd, nghién min va nung dé
nghién ciru anh huong cua diéu kién két taa dén thanh phan pha cua vat liéu tao thanh.
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2.3. Phwong phap nghién ciru

Gian do nhidu xa tia X dugc ghi trén may D8-ADVANCE (buc) véi buc xa
CuK, (A=0,15406 nm), 26=20-80°, budc do 0,02°s. Kich thudc trung binh cua pha tinh
thé duoc tinh theo cong thuc Debye-Scherrer:

= K

XRD Bcos6
Trong d6, k 13 hé sb (k = 0.89 ddi véi cau trdc truc thoi), B 1a d6 ban rong cua pic
mg v&i nira chiéu cao cta cuc dai nhidu xa (FWHM) tinh theo radian, 6 13 goc nhiu
xa Bragg ung vi1 dinh cuc dai do (radian).
Céc thdng s6 mang a, b, ¢ va thé tich 6 mang V cua pha tinh thé dugc tinh toan tur
két qua file raw bang phan mém X pert HighScore Plus 2.2b.

Y(NO;)3.6H,0

Fe(NOs3)3.9H,0 50 ml nudc cat Co(NO3),.6H,0

600 ml nudc (t°>90°C)

Dé ngudi dén nhiét ¢ phong

KOH 5%

Két taa nau do

Loc, rua, dé€ kho va nghién min

Bot kho

Nung & 800°C (t=1 h)

San pham

Hinh 1. Quy trinh téng hop vat lidu nano YFe1.xCoxO3 (0 <x < 1)
bang phirong phdp dong két tia



TAP CHi KHOA HOC - Truong DHSP TPHCM Tap 15, S8 6 (2018): 5-12

3. K&ét qua va thao luan
3.1. Anh hwéng ciia diéu Kién két tiia dén sw hinh thanh don pha YFeO,

Két qua phd XRD (Hinh 2) cho thdy mau vat liéu diéu ché bang phwong phap
dong két taa theo quy trinh Hinh 1 sau khi nung 800°C (t = 1h) thu duoc 1a don pha
perovskite YFeOs, c4c pic tring véi cac pic chuan cua pha orthorhombic YFeOj; trong
ngan hang gian d6 (S6 pho 00-039-1489). Trong khi d6, pho XRD ciia mau vat liéu
diéu ché bang phuong phap két taa riéng timg hidroxit quan sat dugc 3 pha tinh thé 1a
Fe,03, Y,05 va YFeOs, cac pic tng véi pha perovskite YFeO; ¢o cuong d6 yéu. Nhu
vay, c0 thé thay két tua riéng tirng hidroxit roi tron 1an 1am giam muc do tiép xuc gita
cac hidroxit, can tro phan (ng tao perovskite tir cac oxit twong tmg. Do d6, quy trinh
thuc nghiém Hinh 1 dwgc chon dé téng hop vat liéu nano YFeOs pha tap cobalt. Két
qua dugc trinh bay ¢ muc 3.2 dudi day.

E g 00-033-0664: Hematite — Fe20;
g 3 [ 00-041-1105: Yttrium Oxide — Y203
k @ 00-039-1489: Iron Yttrium Oxide
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Hinh 2. Gidn do XRD ciia cac mau két tia sau khi nung 800°C (t = 1h):
(a) — diéu ché bang phirong phdp dong két tia theo quy trinh Hinh 1;
(b) — diéu ché bang phirong phdp két tia riéng ting hidroxit

3.2. Anh hwong ciia ham lweng cobalt pha tap dén cdc dic trung cédu tric cia vat
ligu nano perovskite YFeO,

Két qua chong phé XRD cua mau két tua ung vai x = 0,2 va cac oxit thanh phan
tong hop theo quy trinh Hinh 1 sau khi nung 800°C trong 1h (Hinh 3) thu duoc 13 don
pha perovskite, cac pic ciia mau YFe,Co,,05 triing vai cac pic cua pha YFeO; va

.
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trung voi cac pic chuan caa pha YFeO, trong ngan hang gian do, khdng quan sét thay
c4c pic cua pha oxit thanh phan. Pac biét trén Hinh 3 khong quan sat duoc pha CoO,
ma la Co30, la do khi nung Co(OH),| trong méi truong khéng khi ¢ nhiét d6 cao sé bi
oxi hda va phan huy tao thanh Co;0, bén hon theo phwong trinh (2).

6CO(OH), | + O, — 2C030; + 6H,0 )
Két qua nay gian tiép cho thay, Co trong mang tinh thé YFeO, c6 thé ton tai ¢ ca hai
trang théi oxi héa (1) va (111).
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Hinh 3. Gidn do XRD cua mdu vat liu YFepsC00 203, YFeO3
va cac oxit Y,03, Fe;03, Co304 nung ¢ 800°C trong 1h
Déi voi mau két tiia c6 gia tri x = 1, sau khi nung & 800°C (t = 1h) trén phd XRD
thu duoc hai pha oxit riéng biét l1a Y,0; va C0;0,, ma khong thu dugc pha cobaltite
yttrium — YCoO; nhu mong doi (Hinh 4). Ching t6 diéu kién két tua dé& xuét trong
cong trinh nay khdng hiéu qua khi &p dung diéu ché vat liéu YCoOs thuan.
Két qua chong phd XRD cuaa cac mau vat liéu pha tap YFe;,C0.O; (X = 0,1; 0,15;
0,2; 0,25; 0,3 va 0,5) (Hinh 5) cho thdy tit ca cdc mau thu duoc déu don pha
perovskite. Diéu nay chung to vi tri cia Fe(Ill) da dugc thay thé mot phan bai
Co(IT)/Co(I1T). Khi tang ham luwong cobalt, cac pic nhiéu xa chuyén dich vé gia tri goc
26 cao hon (dich vé phia phai), c6 sy mo rong dan chan pic va cudong do pic giam,
nghia 12 ¢6 sy giam kich thudc 6 co s¢ va giam kich thudc pha tinh thé khi tang ti 18
pha tap Co (Hinh 6 va Bang 1). Céc két qua tuong tu dugc céng bd trong cac cong
trinh [3, 4, 8, 10].
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Cac thoéng sb cau trdc cia cac mau vat liéu nano YFe,.Co,0; & Bang 1 cho thiy,
kich thuéc 6 mang a, b, ¢, va thé tich V giam khi ting ti 1& Co. Viéc thay thé vi tri cac
ion Fe** (r..=065A [11]) boi cac ion Co** ¢6 béan kinh nho hon (r.=055A [11]) dan
dén giam cac hiang sé mang phd hop véi dinh luat Vegard. Két qua tuong tu ciing da
dugc cong bd trong cac cong trinh [9, 10]. Kich thudc tinh thé (Dxrp) tinh theo cong
thie (1) nam trong khoang 22 — 26 nm. Viéc giam kich thudc tinh thé khi ham luong
Co ting duoc giai thich la do viéc thay thé Fe** bang Co** ¢6 ban kinh ion khac biét da
gay ra khuyét tat mang, lam ting ng suat noi va can tré sy phat trién tinh thé.

[100-043-1003: Cobalt Oxide — Co304
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Hinh 4. Gidn do XRD cua cac mau vt lidu i2ng véi x = 1 nung 800°C (t = 1h)
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Hinh 5. Gidn d6 XRD cua cac mau vt liéu YFeOs pha tap cobalt nung 800°C (t = 1h)
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4.  Kétluan

Diéu kién két ta va ham luong cobalt pha tap anh huong dén thanh phan pha va
cac dac trung cu trdc cua vat lieu nano YFeOs. Vat liéu nano don pha perovskite
YFe;Co,05 (x = 0; 0,1; 0,15; 0,2; 0,25; 0,3 va 0,5) dugc hinh thanh sau khi nung két
tua & 800°C trong 1h. Céc thdng sb cau truc tinh thé cua vat liéu nano ferrite perovskite
yttrium pha tap cobalt nhu cac hang s6 mang (a = 5,5908 + 5,5217 (A); b = 5,2823 +
5,2177 (A): ¢ = 7,6116 + 7,5009 (A)) va thé tich 6 mang (V = 224,79 + 216,11 (A%)
giam dan theo chiéu ting ham luong pha tap cobalt. Kich thuéc tinh thé tinh theo cong
thtrc (1) dao d@ong trong khoang 22 + 26 nm.
Bdng 1. Cac théng sé mang va kich thiréc tinh thé cia cac mau vt lieu nano YFe.xCoxOs

YFe,.
xC0x(133 20(121),° Dygrp, hM a, A b, A c, A Vv, A

Xx=0 33,1142 22,13 5,5908 5,2823 7,6116 224,79
x=0,1 33,1913 25,68 5,5781 5,2732 7,5902 223,26
x=0,15 33,2616 25,67 5,5694 5,2625 7,5758 222,04
x=0,2 33,2792 24,44 5,5648 5,2619 7,5708 221,68
x=0,25 33,3330 24,18 5,5575 5,2580 7,5551 220,77
x=0,3 33,3668 23,96 5,5524 5,2505 7,5482 220,05
x=0,5 33,5797 22,89 5,5217 5,2177 7,5009 216,11

1)

328

33.0

]
7

332 334
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Hinh 6. Gidn do XRD quét cham pic (121) cuia vt liéu nano YFe;xCo,O3 nung 800°C
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10.

11.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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