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Abstract

Tetragonal Yo ,5Zro 450, p were prepared by gel mcthod usig Polyvinyl Alcohol (PVA) as a
matnix. The crystalline phase and morphological charactenzations of Yo 13Zrq 350, were camicd out by means by X-ray
diffraction (XRD) and Scanning Electron Microscopy (SEM). The results show that tetragonal nanosized Yg 5Zry 350,
phase was formed at temperature as low as 650°C Further thermal weatment at 750°C for 2 hrs yiclds the single
crystalline phase of Yg 3Zrq3O: with a uniform size distnibution and average grain size < 100 nm. The effects of pH
value of the precursor solution as well as the molar ratio of metallic cations over PVA on the formation of tetragonal

1

Yo.15Zr0 330, phase were also investigated.

Keywords: Tetragonal Yo 15210 80; powders, polyvinyl alcohol, nanosized, combustion method.

1. MO PAU

Hién nay, cic vt héu gém nén zirconi dioxit
dang thu hit dugc sy quan tim nghién ciu cda nhiéu
nha khoa hoc trén thé gigi do cic linh chél dién va
co cla ching. Dac biét, gom da tinh thé ZrO, vén
cAu tric tir phuong ¢6 do dan ion cao ¢ nhiét do cao
va do chéng chyu dint gay 16t. Cac gom néi trén duge
sir dung nhiéu rong cac thiét bj dién hoa nhu cam
bién nhay khi oxi, bom oxi va cic pin nhién ligu
dang rén. Vit ligu ZrO, khéng pha tap c6 ba dang
thit hinh tdn tai & cac vung nhiét do khac nhau: mét
nghiéng (don (4 - bén & nhiét dé thip hon 1200° C);
tr phuong (bén trong khoang nhiét dé ur 1200 dén
2280°C) vi lap phwong (bén & nhigt do cao hom
2280°C) Tuy nhién, chi c¢6 hai dang thi hinh cia
ZrO, & nhiét d§ cao 1a 13p phuong va tir phuong cé
céc dic tinh ding ké dé c6 thé (mg dung duge trong
thyc 1. Dang thi: hinh 1ap phuong ¢ thé tén tar bén
vimg & nhiét do phong khi pha tap cdc _oxn nhu
Y05, CaO, MgO va CeO, vao mang nén ZrO,.
Nguge lai, ngay ca khi pha 1ap céc oxit nay dang thi
hinh tir phuong ciing khéng ton ta1 & nhiét d§ phong
mé thay vao dé 14 dang thu hinh mdt nghiéng. Tuy
nhién, ngudi ta dé chirng minh dwgc réng dang (hu
hinh & phuong ctia ZrO, pha tap c6 thé tén 1ai bén
vimg & nhigt dé phong khi kich thuée hat nim trong
thang nano va dl.rén mdt gia trj t&1 han nhét dinh.

Dung dich in Y,.Zr,0z (x = 0 dén x = 0,9) c6
cdu tric tir phuong duge img dung nhiéu trong linh

vire khac nhau nhur 1am gém chju nhiét d¢ cao, lam
16p phi chju nhiét, xic tac va ng dung lam di¢n
cyc trong cac pin nhién heu dang ran [14]. Tuy
nhién, cho (i nay, dé ché tao dung dich rén
Y4250, nhiét dé thiéu két thuong cao va kich
thudce hat cua vat ligu thudng & thang micro mét va
khé thu dugc dang tha hinh tir phuong. Vi vy, cac
nghién ciru hign nay déu (3p trung vao viéc tim ra
qu trinh dé ché t20 dang thit hinh tr phuong cia
Y,1.Zr,0s (x = 0 dén x = 0,9) ¢6 kich 1hucrc nano mét
& nhigt do thip. Cho den Jnay, trong 56 cac phuong
phip da dugc cong bb dé 1ong hop dung dich rin
nay, ohiét do 1hap nhat dal dugc I3 650°C khi s
dung phuong phap ddt chay nitrat-xitrat dé ché tao
Y., 2r0; (x =0dénx= 09)11].

Trong bai bao nay ching t6i lya chen phuong
phap long hop dung dich rin Yo.15Zr055s0; ¢o kich
thudc nanomel & dang thi hinh tir phuong dé img
dyng lam dién cyc dién hoa bing phuong phép dot
chay gel. Cho dén nay, phuong phip nay chua dugc
sir dung dé 1dng hgp dung dich tan Yo,52r03:01.

2. THYC NGHIEM
2.1. Hoé chét, dung cy

Todn bd hod chit diu vao cho phan img dét
chay gel bao gdm dung dich Y(NO;);, axit mtnc
HNO,, polyvinyl ancol (PVA), Zr(NO;),.64,0 déu
c6 d¢ sach phan tich.
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2.2. Tong hop vat ligu

PVA dugc hoa tan ¢ nhiét d9 thich hgp thém
mét lugng dung dich Y(NOy): va Zr(NO,).. Ti 1§
mol cia (Y'+2r''VPVA duge thay déi trong
khodng tir 1/6 dén 1/6. Anh hudng cia pH tao gel
1én san phém phan img cing dirge khao st voi gid
tri céc gia trj pH lan lugt 14 1: 2; 3; 4. Dung dich
dugc khudy cho dén khi h¢ gel dong nhét duge tpo
thanh. Gel siy & 120°C rong 4 gidr. Sau khi xur ly
nhiét & cac nhiét d¢ khac nhau, miu dugc dua di
phan tich cdu tric va kich thude hat.

2.3. Phuong phip nghién ciru

Gian dé nhiéu xg tia X cta cic mau nghién ciu
duoc ghi trén may Siemens D-5000 (CHLB Dirc),
birc xa CuK, véi bude séng A = 1,5406 A. .

Vige ghi anh hinh l!lr’li hoc cua cac mau duge
thuc hi¢n trén kinh hien vi dién wr quét (SEM)
S-JED-2300 (Nhét Ban).

3. KET QUA VA THAO LUAN

3.1. Lva chon nhiét 40 nung

Mau  duge diéu ché vai ty 1¢ mol
(Y"+Zr"WPVA 14 1/3; nhiét do tao gel la 80°C; pH

T E (AR eEul Lan

Nguyén Dirc Viin va cong sy

= 1; gel dugc nung cac nhiét dc‘;: 650°C, 750°C,
850°C va 950 C trong 2 gid. Gian 6 nhiu xa tia X
cia chc mau cho thny dang thi hinh tr phuong clia
Ya.15Zr0.350: bit dau dugc phat hién véi mau duoe
nung & nhiét d§ 650°C (hinh 1). Khi ting nhiét d§
1én 750°C, lﬁl cd cic vach nhiéu xa cla pha
Yo.152ropsO; cau tric tir phuong déu xut hign thay
vl chi ¢6 mt s8 vach véi miu duge nung & nhigt do
650°C. Nhu vy, c6 thé két lugn ring khl nung mau
& 750°C, lugng nhiét tod ra di: cung cép cho pha
Ynu/rmOz & dang thd hinh tr phuong phél trién
dong nhat va ding huémg, Khi nhiét 46 nung tiép tyuc
dugc nang Ién thi kich thuée hat coa vat ligu ting
nhung dang this hinh t phuong cita Yo, 5Zry 550, van
14 pha tinh Ihé duy nhét 18n a1 ngay ca khi nhiét d
nung aal 950°C. Do do. dé thu duge mau cé chia
duy nhit dang thi hinh tir phuong cua Y.er“,O,
¢4 kich thuée nano mét & diu kxen 10 uu nhat vé
nhi¢t do nung, ching 15i chon diéu kign nung &
750°C trong 2 gid.

3.2. Anh hwéng cia pH tao gel

Mau  duge diéu ché theo ty I¢ mol
(YV+Zr"YPVA 1a 173 va thay dbi pH tao gel (pH =
1,2, 3, 4), nung & 750°C trong 2 glo Trén gian 46
nhiéu xa tia X ta nhan lhay chi c6 mau duge didu
ché & pH = | mai thu duge don pha Yo,4Zrq 850;.
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Hinh 1: Gian db nhiéu xa tia X cia miu nung & nhigt dd: 650°C, 750°C, 850°C vi 950°C

3 céc gia trj PH da khio sit khac 1a 2,3 va 4,
bén canh pha chl yeu la Yq,5Zrp850; con c6 Xudt
hién mét phin nho pha ZrO, va Y,0, (hinh 2). S& dv
nhu véy la do & cac pH =2, 3, 4 mdt phan nho Zr*

va Y* trong dung dich bj thiy phan thanh dang
hidroxit theo phuong trinh (1), (2):

Zr** + 4OH" = Zr(OH), )

Y* +30H = Y(OH), )
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Tong hop dung dich rén Yy, 15Zr,450; ...

AL =aral 0Q-1u1-7A13 1) N7

P
H
¥

* Pha Y,0;: + Pha ZrO;
Hinh 2: Gian dd nhiéu A2 tia X cua miu diéu ché & pH khéac nhau

Khi nung miu & nhigt d§ cao thi lwgng hidroxit
nay phin hiy 130 thanh ZrO, va Y,0; theo phuong
trinh (3) va (4):

Zr(OH), — ZrO, + 2H,0 3)
2Y(OH); — Y,0, +3H,0 (4)

Vi vdy, pH = 1 dugc chon cho cac thi nghi¢m

tiép theo.

3.3. Ach hudmg t 1§ mol giira tdng ion kim logi
va PVA

3% e 1520

Dé khio sét anh hudmg ty 1¢ mol gn}a téng jon
kim loai va PVA, ty 1& mol (Y>+Zr"')/PVA duge
thay ddi va Ian lugt 12 176, 173, 1/1, 3/1, 6/1, céc diéu
kién khac gxong nhu phan trén. Gian dé nhiu xa tia
X cia céc mau ché tao duge ghi lai & hinh 3. Véi
mau diéu ché & ty 1& mol cia tong ion kim Ioal/PVA
1a 6/1, lugng PVA dugc sir dung la it so véi téng ion
kim loai nén khdng cdp di nhiét lugng cén thiét
cho sy 130 thanh pha Y,,5Zrog60,.
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* Pha Y,05; * Pha ZtO, K
Hinh 3: Gian d6 nhidu xa tia X cia miu didu ché & ty 1€ mol cia tong ion kim logi/PV A khac nhau;
176, 173, 1/1,3/1, 6/1
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Vi viy, trong mau ndy chi xuét hién hai pha
20, va Y;0, (cdu tric lip phuong: a = 5.26 A)
riéng r&. Khi ty 1¢ mol cia tong ion kim logi/PVA A
3/1, pha Yo15ZrosO; van chua xudl hi¢n. Thay vao
dé. nhiét lugng cia phan img dbt chdy gel chi du
cung cép cho qué trinh chuyén pha dgng thu hinh
cia Y,0, tir cdu tric Igp phuong véi héng 56 mang a
=5.26 A sang cau triic 1p phuong vin hing s mang
a=10,60 A. Khi ty 1¢ mol kim logi/PVA Ia 1/1, 173,
1/6, trén gian d6 nhidu xa tia X chi cé duy nhét dang
thd hinh tir phuong cia Yo1sZross0; aulit hién va
ham lugng pha Yo,i5Zr0 550, dat cyc dai véi ty I¢ mol
ctia tong ion kim loai/PVA 14 1/3 vi gidm xubng khi
ty 1¢ mo! ndy dat 1/6. Dicu ndy cé thé do khi lugng
PVA duoc sir dung Ia nhiéu dang ké hon so véi tong
ion kim logi thi khi c6 tinh khir sinh ra trong qué
trinh ddt chéy lugng PVA du nhu cacbon monoxit sé
khir mét phén cac ion kim loai vé kim loai (7). Tuy
nhién, trong nghién ciru nay do lugng kim logi sinh
ra it nén khéng phat hién dugc trén gian do nhiéu xa

Nguyén Dic Viin v cong sie
tia X.

3.4. Xdc djnh hinh th4i hgc ciia Yo,15Zro 502

Két hop nhimg két qua khéo sat ca cdc yéu 1§
4nh hudng trén déy, ching t6i lya chon pH = 1, ty 1§
mol (Y*'+Zr'Y/PVA = 173, nhigt 43 a0 gel 1a 80°C,
nhi¢t dd nung 12 750°C trong 2 gidr 1A didu kién t4i
wru dé didu ché méu nghién ciru. Thanh phén pha ciia
méiu ndy dugc xdc dinh trén mdy Siemens D-5000
vl kich thuéc bé mft cia hat dugc xéc dinh bing
kinh hién vi dign tir quét. Két qua dugc ghi lai &
hinh 4 va 5 cho thiy, mlu duge diéu ché & didu kign
i wu c6 thanh phan pha duy nhit 13 Yo,sZrs0,
(hinh 4), véi kich thuéc hat < 100 nm va phan bs
déng deu (hinh 5). So sénh véi két qua thu duge khi
str dung phuong phép dét chay nitrat-xitrat dé ché
180 Y1.Zr0p (x = 0 dén x = 0,9) (1], nhin thiy
phuong phép dét chéy gel c6 sir dung PVA cho hat
nano c6 kich thudc nhé hon.
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Hinh 4: Gian d6 nhiu xa tia X cua mau diéu ché & didu kién t8i wu

Hinh 5: Anh SEM ciia mu didu ché &
diéu kién t8i uu

4. KET LUAN

Bﬁng cach khao st anh hudmg cia pH cita dung
dich phan img, ty 1& mol giira ty 1§ mol
(Y*+Zr"")/PVA, nhiét dé nung, da tim ra didu kién
16i tru dé 1éng hop dung dich rin Yo,5Zro50; don
pha cé kich thudc nano 1& pH : 1, ty 1 mol
(Y'+Zr"YPVA = 173, nhigt d tao gel la 80°C,
nhit 46 nung 12 750°C trong 2 gid. Két qua nghién
ctru cho thdy da thu duge dang thir hinh tir phuong
cua Yo1sZropsO; voi kich thuéc hat < 100 nm va
phén b6 ddng déu.
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