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Abstract 

Tetragonal YouZrogsOj powders were prepared by gel combustion method usmg Polyvinyl Alcohol (PVA) as a 
mamx. The crystalhne phase and morphological characterizations of V„ isZrogs02 were carried out by means by X-ray 
diffraction (XRD) and Scanning Electron Microscopy (SEM), The results show thai tetragonal nanosized Vo isZrogiO: 
phase was formed at temperature as low as eSOT Further thermal treatment at 750''C for 2 hrs yields the single 
crystalline phase of YouZrogjO: with a uniform size distribution and average grain size < 100 nm. The effects of pH 
value of the precursor solution as well as ihe molar ratio of metallic cations over PVA on the formation of tetragonal 
Yo,i5Zrog50i phase were also investigated. 

Keynords: Tetragonal Yo isZrossO:. powders, polyvinyl alcohol, nanosized, combustion method. 

1. MO DAU 

Hien nay, cac vat lieu gom nen zirconi dioxit 
dang thu hut dugc su quan tam nghien cuu ciia nhieu 
nha khoa hpc tren the giai do cac tinh chat dien va 
ca CLia chung. Dae biet, gom da tinh the ZrOi vai 
cau true tir phuong co dg dan ion cao a nhiet dp cao 
va dp chong chiu dut gay tot. Cac gom noi tren dugc 
sir dung nhieu trong cac thiet bj dien hoa nhu cam 
bien nhay khi oxi, bcrm oxi va cac pin nhien li?u 
dang ran. Vat lieu ZrO^ khong pha tap co ba d^ng 
thii hinh ton tai a cac vimg nhiet dp khac nhau: mpt 
nghieng (don ta - ben cr nhiet dp thip ban 1200°C); 
tur phuang (ben trong khoang nhiet dp tir 1200 den 
2280''C) va lap phuong (ben a nhiet do cao hem 
2280''C). Tuy nhien, chi c6 hai dang thii hinh ciia 
Zr02 a nhiet dp cao la lap phuang va tir phuong ,c6 
cac dac tinh dang kS d6 c6 thS ung dyng dugc trong 
thuc tl. Dang thii hinh lap phuong co the ton tai ben 
vihig a nhiet do phong Idii pha t^p cac oxit nhu 
Y2O3, CaO, MgO va Ce02 vao mang nen Zr02. 
Ngugc lai, ngay ca khi pha tap cac exit nay dang thii 
hinh tu phuang ciing khong ton tai a nh]?t dp phong 
ma thay vao do la d ^ g thu hinh mpt nghieng. Tuy 
nhien, nguai ta da chung minh dugc rSng d ^ g thii 
hinh tu phuang cua Zr02 pha tap co the ton tgi ben 
vimg a nhiet dp phong khi kich thuac hat nam trong 
thang nano va ducri mgt gia tri toi ban nhat dinh. 

Dung dich rSn Yi-^Zr^Oj (x = 0 dSii x = 0,9) co 
cau true tir phuang dugc img dung nhieu trong ITnh 

vuc khac nhau nhu lam gom chiu nhiet dp cao, lam 
lop phii chiu nhiet, xue tac va ung dung lam dien 
cue trong cac pin nhien lieu dang ran [1-4]. Tuy 
nhien, cho tai nay, de che tao dung dich ran 
Y].^Zr,02, nhiet dp thieu ket thuong cao va kich 
thuac hat ciia vat lieu thuong a thang micro met va 
kho thu dugc dang thu hinh tu phuang. Vi \a.y, cac 
nghien ciru hien nay deu tap trung vao viec tim ra 
qui trinh de che tao dang thii hinh tu phuang ciia 
Yj-̂ Zr̂ Oi (x = 0 den x = 0,9) co kich thuac nano met 
a nhi?t dp thap. Cho d^n nay, trong s6 cac phuang 
phap da dugc cong bo de tong hgp dung djch ran 
nay, nhiet dp thap nhat dat dugc la 650°C khi sir 
dung phuang phap dot chay nitrat-xitrat de che tao 
Yi.,Zr,02 (X = 0 din X = 0,9) ni-

Trong bai bao nay chiing toi lira chgn phuang 
phap tong hgp dung djch ran Yo.]5Zro,8s02 c6 kich 
thuac nanomet a dang thii hinh tu phuang dl ung 
dung lam dien cue dien hoa bang phuang phap dot 
chay gel. Cho den nay, phuang phap nay chua dugc 
su- dyng de tong hgp dung djch ran Yo,i5Zro,8502. 

2. THU'C NGHIEM 

2.1. Ho^ch^t, dung cu 

Toan bp hoa chat d§u vao cho phan ung d6t 
chay gel bao gom dung djch Y(N03)3, axit nitnc 
HNO3, polyvinyl ancol (PVA), Zr(N0j)4.6H20 dlu 
CO dp sach phan tich. 
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2.2. Tong hp-p v^t li^u 

PVA dugc hoa tan 6 nhi?t dp thich hgp them 
mpt lugng dung djch Y(N03)3 \k ZrCNO.ik Ti IQ 
mol ciia (Y"-(-Zr'")/PVA dugc thay doi trong 
khoang tir 1/6 den 1/6. Anh hudrng cua pH t(io gel 
len san pham phan ling cung dugc khdo sdt v6i gid 
tri cac gia trj pH lan lugt l̂  1; 2; 3; 4. Dung djch 
dupe khuay cho den khi h^ gel dong nh^t dugc tfio 
thanh. Gel say a I20"C trong 4 gi6r, Sau khi xir ly 
nhi^t 6 c^c nhi^t dp khSc nhau. mlu dugc dua di 
phan tich cSu true va kich thudc h^t. 

2.3. Phuo'ng phSp nghicn ciru 

Gian do nhieu xg tia X cua cac mlu nghien cuu 
dugc ghi tren may Siemens D-5000 (CHLB Due), 
hire xgCuK^voibudc s6ngX= 1,5406 A. 

Vi^c ghi anh hinh thai hpc cua cac mau dugc 
thuc hi?n tren kinh hiln vi di?n tir quet (SEM) 
S-JED-2300 (Nh^t Ban). 

3. KET QUA vA THAO LUAN 

3A. Lira chon nhiet do nung 

Mau dugc dilu che vdi ty I? mol 
(Y''+Zr''>PVA la 1/3; nhiet dp tao gel la 80°C; pH 

Nguyin Dtk: Vdn va cgngstf 

= I; gel dugc nung c^c nhi§t dp: 650''C, 750°C, 
850''C v^ 950''C trong 2 gi£r. Gi^n d6 nhieu x? tia X 
ciia c^c mau cho thay d^ng thii hinh tir phuang cua 
Yo.isZro.ssO: bat d4u dugc phdt hi?n v6i mlu dugc 
nung b nhi^t d$ 650°C (hinh I). Khi tSng nht^t d$ 
l€n 750"C, t^t cd cdc v^ch nhilu x? ciia pha 
Yo.ijZro.gsO: cau true tir phuang deu xuat hi$n thay 
vi chi c6 mpt s6 v^ch v6i mlu dugc nung b nhi?t d$ 
650''C. Nhu v§y, c6 the ket lupn rSng khi nung mlu 
it 750"C, lugng nhi^t tod ra du cung cap cho pha 
Yo.isZrntisOi 6 dgng thii hinh tir phuang phdt trien 
dong nhat vd ddng \\\s6T\g. Khi nhi^t dp nung tilp tgc 
dugc nang len thi kich thudc h^t ciia v^t li^u tdng 
nhung dgng thii hinh tu phuang cua Yo.isZrogsO^ vin 
Id pha tinh th^ duy nhSt \bi\ tai ngay cd khi nhi^t dp 
nung dgl 950^ . Do do. de thu dugc mau co chiia 
duy nhat dgng thii hinh tir phuong ciia YojjZrogsOj 
cd kich thu6c nano m^t a dieu ki^n toi uu nhat ve 
nhi^t dg nung, chung toi chpn dieu ki^n nung a 
750''C trong 2 gid. 

3.2. Anh huwng cua pH tao gel 

Mau dugc dieu chi theo ty I? mol 
(Y'*+Zr'")/PVA la 1/3 va thay ddi pH I90 gel (pH = 
1, 2, 3, 4), nung 6 750*'C trong 2 gia. Tren gian d6 
nhilu xa tia X ta nhgn thdy chi co mau dugc dieu 
che a pH = I mai thu dugc dan pha Yo,isZro.g502. 

Hinh 1: Gian d6 nhilu xg tia X ciia mlu nung 6 nhi$t dp: eSCC, 750°C, 850°C vd 950''C 

Cf cac gid trj pH da khao sat khac la 2, 3 va 4, 
ben canh pha chii ylu la YoiiZro,8502 con co xudt 
hien mpt phdn nho pha Zr02 va Y203 (hinh 2). So di 
nhu vay la do d cac pH = 2, 3, 4 mpt phdn nho Zr''* 

va Y *̂ trong dung djch bj thiiy phan thanh d̂ ing 
hidroxit theo phuang trinh (1), (2): 

Zr**-i-40H-= Zr(0H)4 (1) 
Y^* + 30H-= Y(0H)3 (2) 
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• Pha Y2O); • Pha Zr02 
Hinh 2: Gian do nhieu xa tia X cua mlu dieu che * pH khic nhau 

Khi nung mlu a nhi?t dp cao thi lugrng hidroxit 
nay phan hOy tao thanh ZrOj va Y2O,, theo phuong 
trinh (3) va (4): 

Zr(OH)4 -.ZrO2 + 2H20 (3) 
2Y(0H)j ^ Y i O j + SHiO (4) 

Vi vay, pH = 1 du^c chpn cho cac thi nghiem 
tiep theo. 

3.3. Anh hirong ty 1| mol giira tong ion kim loai 
va PVA 

De khao sat anh huong ty 1? mol giira tdng ion 
kim lofi va PVA, ty 1? mol (Y'*+Zr**)/PVA dupe 
thay doi va lan lu0 la 1/6, 1/3, l/I, 3/1, 6/1, cac diSu 
kien khac gi6ng nhu phjn tren. Gian ih nhilu xa tia 
X ciia cac mau ch6 t^o dugrc ghi l̂ i o hinh 3. Vai 
mau dilu chg a ty le mol ciia t6ng ion kim lo^i/PVA 
la 6/1, lm;rng PVA dupe sir dyng la it so vol t6ng ion 
kim loai nen khong cap du nhiet lugng cSn thi^t 
cho su tao thanh pha Yo,i5Zro.g502. 
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Hinh 3: Gian d6 nhilu xa tia X cOa mau dilu chi cr ty le mol ciia tong ion kim lo^ii/PVA khac nhau: 

1/6, 1/3, 1/1,3/1,6/1 
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Vi vgy, trong mau ndy chi xuat hi?n hai pha 
Zr02 vd Y2O3 (c^u triic Idp phuang; a = 5,26 A) 
rieng rg. Khi ty 1$ mol ciia tong ion kim logi/PVA Id 
3/1, pha Yo,i5Zro.8i02 vIn chua xuat hi?n. Thay vdo 
do, nhi^t lugng cua phdn Li:ng d6t chdy gel chi dii 
cung cap cho qud trinh chuyen pha dpng thii hinh 
cua Y2O3 tir cau true l$p phuang vdi hdng so m^ng a 
= 5,26 A sang cau triic l§p phuang vdi hfing s6 mpng 
a = 10,60 A. Khi ty I? mol kim lo^i/PVA Id l/l, 1/3, 
1/6, tren gian do nhieu \a tia X chi cd duy nh^t dfing 
thii hinh tit phuang cua YoisZro,Ri02 xu4t hi^n vd 
ham lugng pha Yo.i5Zro,8502 d^t eye d î vdi ty I? mol 
ciia t6ng ion kim lo^i/PVA Id 1/3 vd gidm xu6ng khi 
ty l§ mol ndy dat 1/6. Dieu ndy cd thi do khi lugng 
PVA dugc sii: dyng la nhieu ddng ke hon so vdi t6ng 
ion kim loai thi khi cd tinh khu sinh ra trong qud 
trinh dot chdy lugng PVA du nhu cacbon monoxit sS 
khir mgt phdn cac ion kim Ipai ve kim lo^i [7]. Tuy 
nhien, trong nghien ciiu ndy do lugng kim lo^i sinh 
ra It nen khong phdt hien dugc tren gian do nhilu x? 

Nguyin Buc V&n va cgngstf 

3.4. Xdc djnh hinh thl&i hpc ciia Yo,]sZro.s50i 

Kit hgp nhO-ng kit qud khdo sdt ciia cdc yeu tS 
dnh hudng tren dfly, chiing toi ly^ chpn pH = I, ty l? 
mol (Y''+Zr'")/PVA = 1/3, nhi|t d$ t?o gel Id SO'C, 
nhi^t dO nung Id 750''C trong 2 gid Id dilu ki^n tli 
uu dl dieu chi mlu nghien cuu. Thdnh phan pha cua 
mlu ndy dugc xdc djnh trSn mdy Siemens D-5000 
vd kich thudc be m{lt ciia h^t dugc xdc djnh bdng 
kinh hien vi di^n tur qu^t. Ket qud dugc ghi l̂ i d 
hinh 4 vd 5 cho thdy, mlu dugc dieu chi is dilu kî n 
t6i uu cd thdnh ph4n pha duy nhat Id Yo,i32ro,g502 
(hinh 4), vdi kich thudc h^t < 100 nm vd phdn bo 
dong deu (hinh 5). So sdnh vdi kit qud thu dugc khi 
sir d îng phuong phdp dot chdy nitrat-xitrat dl che 
tao Y|.,Zr,02 (X = 0 den X = 0,9) [1], nhjn thay 
phugng phdp d6t chdy gel c6 sii dyng PVA cho hgt 
nano cd kich thudc nhd hon. 

Hinh 4: Gidn do nhilu x? tia X cua mdu dilu chi d dilu ki?n toi uu 

Hinh 5 Anh SEM cua mau dieu che a 
dieu ki^n toi uu 

4. KET LUAN 

Bfing cdch khao sdt dnh hucmg ciia pH cua dung 
djch phan img, ty l | mol giira ty 1? mol 
(Y *-t-Zr *)/PVA, nhi?t dO nung, da tim ra dilu ki?n 
toi uu dl tdng hgp dung djch rdn Yo.ijZrcssO: don 
pha cd kich thudc nano Id pH = I, f̂- I? mol 
(Y'"-HZr'*)/PVA = 1/3, nhi?t dO tao gel la SO'C, 
nhi?t dp nung Id 7S0°C trong 2 gid. Kit qud nghien 
cuu cho thay d3 thu dugc d^ng thii hinh tiir phuang 
ciia Yo.15Zro.8sO2 vdi kich thudc hat < 100 nm va 
phdn bo ddng diu. 
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