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NGHIEN CUU TONG HOQP VAT LIEU YFeO;
KICH THUOC NANOMET BANG PHUONG PHAP PONG KET TUA
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TOM TAT
Trong bai bdo nay, ching téi da tong hop dwoc Vit liéu nano YFeOs bang phwong
phap dong két tia trong nude s6i va trong nwde lanh. Vit liéu nano YFeOs tgo thanh sau
khi nung ¢ 750 °C trong 1h c6 kich thudc hat trung binh <100 nm. Pa xac dinh duwong
cong tir tré, tir d6 bao hoa, do tir dur va e khang tir ciia vdt liéu tao thanh. Kér qua cho
thdy phirong phép diéu ché khdng chi anh huwrong 18n kich thuée, hinh thai har ma con dnh
huwong 1€n cac dac trung tir tinh cua vdt liéu thu duoc.
Tir khéa: vt liéu nano, YFeOs, phuong phéap dong két taa, tir tinh.
ABSTRACT
Synthesizing YFeO3 nano-materials by co- precipitation technique
The YFeOs nanomaterials were synthesized by co-precipitation method in boiling
and cold water. The nanomaterials formed after calcination at 750<C for 1h have the
average particle size in the range of 20-70 nm. The magnetization hysteresis, remanent
magnetization and coercivity of the prepared materials were identified. The results showed
that the modulation method not affects only the size and particle morphology, but also the
magnetic properties of the prepared material.

Keywords: nanomaterials, YFeOgs, co-precipitation, magnetization.

1. Mé dau

Cubi thap nién 80, cdng nghé nano
bit dau phat trién va thu dugc nhiéu
thanh qua to 16n khong chi trong nghién
ciru ma con m¢ rong pham vi Gtng dung
trong nhiéu linh vuc. O cac vat liéu va
linh kién nano xuédt hién nhiéu hién
tuong, tinh chét vat Ii va hda hoc méi meé
khong co trong cac vat liéu khdi thong
thudng ciing thanh phan hoa hoc. [5, 8]

Mot trong nhitng loai vat li¢u nano
duogc sir dung rong réi trong thyc té 13 vat

" TS, Trwong Dai hoc Sw pham TPHCM
"8V, Trwong Dai hoc Sw pham TPHCM

" HVCH, Trwong Dai hoc Khoa hoc Tw nhién,
PHQG TPHCM

lidu tir. Vat liéu tu dugc ung dung trong
c4c thiét bi nhu may bién thé, may phat
dién, dong co dién, may ghi am, ghi hinh,
v.v. Trong sé cac vat liéu tir, vat liéu
ferrite ¢6 cau trac léch perovskite dang
ABO; (A la cac kim loai dat hiém nhu
La, Y, Pr, Nd, Sm,... va B la cac kim loai
chuyén tiép nhu Mn, Fe, Co, Ni, Cr ...)
dugce nghién ciru nhiéu do tinh chét uu
Viét cua chung. [1, 6]

Phuong phéap thong thuong va dé
nhat dé diéu ché perovskite 1 tong hop
gébm. Nhuoc diém chinh cua phuong
phap nay la yéu cau nhiét d6 cao (T >
1200°C) dé thu dugc don pha tinh thé
dan dén perovskite thu dugc co dién tich
bé mat thap do sy két tu. Ngay nay, dé
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diéu ché vat liéu perovskite dang ABO;
kich thuéc nanomet nguoi ta thuong su
dung mot sb phwong phap nhu phuong
phép sol-gel, phuong phap dong két tia &
nhiét do phong, phuong phap dong tao
phuc v.v. [2-4]. Cac phuong phap nay co
vu diém 12 qua trinh két tinh vat liéu xay
ra & nhi¢t d6 thip hon nhiéu so véi
phuong phép téng hop gbm truyén thong,
vat lidu thu duoc co do dong nhat va do
tinh khiét cao. Tuy nhién, dé tong hop
duoc viat liéu ABO;3 kich thudc nanomet
theo cac phuong phap nay doi hoi phai
khao sat nhiéu yéu t6 anh huong Ién qua
trinh hinh thanh don pha tinh thé nhu:
nhiét do va thoi gian nung, pH ciia moi
truong, ti 1¢ mol chét tao gel/kim loai,
nhiét do tao gel, v.v. dé tir d6 tim ra quy
trinh t6i wu tong hop vat lidu. Céc cong
viéc nay doi hoi ton nhiéu thoi gian va
cbng suc.[2-4]

Néu dong két tua cac cation kim
loai trong nudc dun sbi rdi dé ngudi hay
trong nudc lanh, sau d6 méi cho dung
dich chira tac nhan két tia vao thi gia tri
pH khong gay anh huong dic biét dén két
qua nhan dugc. Trong cac cong trinh da
cdng bd trudc day [9-11], tac gia budc
dau da ché tao thanh cong mot sd hé vat
lieu kiéu perovskite nhu LaFeOs;, YFeO;
bing phwong phap trén va méi day nhat
[7] 1a tong hop thanh cbng vat lidu
perovskite ludng nguyén t6 dat hiém La,_
Y, FeOs véi x = 0.2, nghién ctru ciu trac
va cac dac trung tu tinh cua cac h¢ vat
liéu. Tuy nhién trong cac cong trinh nay,
ching t6i chua khdo sat anh hudéng cua
nhiét do nung 1én cac dac trung tr tinh
cua vat liéu. Ngoai ra, v4i mong muén
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tiét kiém thoi gian thyc nghiém nhung
van c6 thé ché tao dugc vat lieu ABOs
kich thudc nanomet ching toi tién hanh
dong két tha cac cation kim loai trong
nudc dun soéi va cho dung dich chira tac
nhan két taa vao khi con nong.

Trong bai b&o nay, chdng toi gisi
thiéu mot s6 két qua nghién ciru tong hop
vit liéu YFeOj; kich thudc nanomet béng
phuong phap dong két tia cac cation Y**
va Fe** trong nudc s6i véi tac nhan két
tua l1a dung dich nudc amoniac cho vao
khi con néng va trong nuéc lanh, dong
thoi khao sat sy thay ddi tir tinh cua vat
liu thu dugc theo nhiét d6 nung.

2.  Phuong phap thuc nghiém

Vat liéu YFeOs; kich thudc nanomet
dugc tong hop theo 2 phurong phap:

Phuong phap 1 dugc trinh bay &
cac cong trinh [7, 9-11]. Nh¢ tir tr dung
dich nuéc chira hon hop duong luong
mubi Y(NO3); va Fe(NOs); vao mot coc
nuéc dang s6i va dugc khudy déu. Sau
khi cho hét hdn hop mudi thi dun soi
thém 3 — 5 phdt nita. Néu nhu trong cac
cong trinh [7, 9-11] sau khi dé nguéi hdn
hop vé nhiét do phong rdi mai cho téc
nhan két tia amoniac thi trong thi nghiém
nay chang téi cho ngay dung dich nudc
amoniac 5% vao.

Phuong phédp 2 duoc tién hanh
gidong nhu phuong phap 1, nhung thay
cbe nudce s6i bang cbe nude lanh (nhiét
d6 cua nuéc < 4°C). Sau khi cho hét
dung dich mudi vao thi ta cho ngay dung
dich nudc amoniac 5%.

Trong ca hai phuong phép, sau khi
cho hét dung dich amoniac, s& khudy
thém 15-20 pht nita. Loc lay két taa trén
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may hat chan khong, rira bang nudc cat
nhiéu lan roéi dem phoi khé & nhiét do
phong dén khdi lwong khong ddi. Hon
hop bot thu dugc dem nung trong moi
truong khong khi tir nhiét d6 phong dén
cac nhiét d¢ khac nhau: 650, 750 va
850°C dé kiém tra sy hoan thién viéc két
tinh va tao pha dong nhat.

Cac qua trinh hoa li xay ra khi nung
mau dugc nghién ciru bang phuong phéap
phén tich nhi¢t DTA/TGA tai Phong Thi
nghi¢m Hoa li, Khoa Hoa, Truong BDHSP
I Ha Noi.

Thanh phan pha cua bét tao thanh
dugc Kkiém tra bang phuong phép nhidu
Xa tia X trén may D8-ADVANCE
(Brucker, Ptrc) tai Vién Khoa hoc va
Cong nghé TP Ho6 Chi Minh.

Kich thudc hat va hinh dang ctua
ching dugc xac dinh bang kinh hién vi
dién tor quét (SEM) tai Vién Khoa hoc
Vit liéu TP Ho Chi Minh va kinh hién vi
dién tir truyén tai Khu Cong nghé cao TP
H& Chi Minh.

Céc dac trung tr tinh duoc do &
Phong thi nghiém vat liéu tir va siéu dan
thuoc Phan vién Vat Ii TP Ho Chi Minh,
loai may Microsene EV11.

3.  Két qua va thao luin

Trén hinh 1 1a gian d6 phan tich
nhiét cua mau vat liéu ((a)-diéu ché theo
phwong phap 1; (b)-diéu ché theo phuong
phép 2). Tur duong cong phan tich khéi
luong (duong TGA) ta thdy sy mat khdi
luong trong ca hai mau léch nhau khong
I6n (43,460% va 48,636% tuong Gng voi
s6 thir ty mau). Sy mét khéi lugng xay ra

cha yéu ¢ 2 ving nhiét d6: ving 1 xay ra
tir nhiét d6 phong dén khoang 250°C (d6
hut khdi lwong twong tmg 1a 30 — 33%),
theo ching t6i 1a su giai hap phu va mat
nude bé mit.

Giai doan 2 xay ra tir 250°C dén
khoang 650°C khéi lugng ctia mau giam
cham dan (mau 1 mat 12,7%, trong khi
d6 miu 2 ciing chi mit 14,7%). O ving
nhiét ¢6 nay ching t6i cho ring xay ra sy
nhiét phan cac hidroxit sat (III) va ytri
twong tmg. That vay, tir gian d6 phan tich
khdi luong ta théy su mat nude khi nhiét
phan céc hidroxit chiém 18,35%, trong
khi tinh toan theo phuong trinh ti luong
la 21,86%. Tat ca cac qua trinh trén déu
Xdy ra voi hiéu ung thu nhiét dic trung
cho qua trinh giai hap phy, bay hoi nuéc,
phan tng nhiét phan hidroxit. Tir 650°C
trg di ta thay duong phan tich khéi lwong
nhi¢t ddi véi ca hai miu hau nhu nim
ngang (khong thay d6i theo nhiét do).
Nhu vay su tao pha perovskite xdy ra ¢
khoang nhiét d¢ tir 650°C.

Tir két qua phan tich nhiét, ching
t6i chon nhiét do nung mau dé khao sat
cac phuong phap XRD, SEM va TEM la
650°C, 750°C va 850°C trong 1h.

Gian dd nhiéu xa tia X chi ra mu
nung diéu ché theo phuong phap 2 &
650°C cho sy hinh thanh pha hda hoc
Y3FesO, V6i 2 dang ciu triic: Cubic va
Orthorhombic (hinh 2, b), trong khi mau
nung & 650°C diéu ché theo phuwong phap
1 chi quan sat dugc mot pha duy nhat 1a
YFeOj; ¢6 céu trac Orthorhombic (hinh 2,

a).
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Hinh 1. Gidn do phan tich nhiét ciia mau bét
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Hinh 2. Phé XRD ciia madu vt liéu sau khi nung 650°C (t=1h)
a) — diéu ché theo phwong phdp 1; b) — diéu ché theo phirong phép 2

Khi ning nhiét d6 nung mau 1én
750°C chi con lai pha perovskite YFeOs
(hinh 3). Néu tiép tuc ting nhiét d6 nung
1én dén 850°C thanh phan hoa hoc cua
pha van khéng thay doi va khong xuét
hién bat ki pha nao khac.

Trén hinh 4 va 5 1a két qua thu
duoc khi nghién cru mau vat liéu diéu
ché bang 2 phuong phap ké trén bang
phuong phap SEM va TEM. Tu hinh anh
chup, ta thdy cac tinh thé YFeOj; diéu ché

theo phuong phap 1 sau khi nung & nhiét
d6 750°C (hinh 4a va 5a) va 850°C (hinh
4b), thoi gian nung 1h cd kich thudc dao
dong tr 25 nm dn dudi 50 nm, hinh
dang hat twong d6i dong nhit; cac hat
YFeO; tao thanh c6 dang hinh cau (d6i
Vo1 cac hat ma kich thudc cua ching
nho), cac hat c¢6 kich thudc 16n hon c¢o
dang hinh cau phan canh yéu, ngoai ra
maot sd hat con tao thanh thé lién tinh.
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Hinh 3. Phé XRD cua mau vdt liéu sau khi nung 750°C (t=1h)

a) — diéu ché theo phiwong phdp 1; b) — diéu ché theo phirong phdp 2

P e
T

Néu nhu cac hat ciu tric cia YFeOs diéu ché theo phuong phap 1 sau khi nung ¢
750°C c6 kich thude va hinh dang tuong dbi dong nhat thi ngugc lai mau vat liéu diéu
ché trong nude lanh sau khi nung & cling mot nhiét d6 va trong cing khoang thoi gian
nhu nhau c6 cdu tao tir nhitng hat da dang vé hinh thai va kich thudc (hinh 4c, 4d va
5b).
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Hinh 4. Anh TEM ciia mdu vt liéu YFeOy,
a) va b) — diéu ché theo phirong phdp 1 nung ¢ 750°C va 850°C
¢) vad) — diéu ché theo phwong phdp 2 nung ¢ 750°C va 850°C

Hinh 5. Anh SEM ciia mdu vét liéu YFeOs nung ¢ 750°C
a) — diéu ché theo phiong phdp 1; b) — diéu ché theo phwong phdp 2
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