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Abstract 

The synlhcsis and structural characterization of Zr02/Yo ijZroH50i93/a-Al203 nanocomposite by gel combustion 
method using polyvinyl alcohol as a fuel were described in this paper The preparative procedure of this nanocomposite 
was controlled by using X-ray diffraction, scanning electron microscopy, electron dispersive spectroscopy 
measuremcnis. The results revealed that the termpcrature of only 750°C and time of 2h required for gel calcinations to 
obtain the nanocomposite comprised of ZrO; (Baddelcyite), tetragonal Yo isZrogsOigj and a-Al203 with average grain 
size < 500 nm and high homogeneity were significantly lower and shorter than those of conventional preparative 
procedure The crystalline phases and chemical composition of the obtained nanocomposite are comparable with those 
of conimmercial composite 

Keywords: Zr02/Yoi5ZroB50| c),/a-Al203 nanocomposite, polyvinyl alcohol, combustion method. 

1. MO DAU 

Trong nhirng nam gan day, he vat lieu tren ca sd 
dung djch ran Y|_,Zr,02 (0< x <1) da thu hut dugc 
su quan tam nghien ciru ciia cac nha khoa hgc tren 
the gidi do cac irng dung phong phu ciia chiing. Cu 
the, chiing cd the dugc irng dung de lam gdm chju 
nhiet dp cao, lam ldp phii chiu nhiet, xiic tac bay lam 
dien cue trong cac pin nhien lieu dang ran ... [1-4]. 
De tang cudng han nua tinh dan ciia bien hat ciing 
nhu do ben ciia he vat lieu nen Y|_,2r,0j, mpt trong 
nhung giai phap bien nay la che lao vat lieu td bap 
ciia Y|.,Zr^02 va AliO? [5-8|. Hien nay vat lieu td 
hgp nay da dugc mgt sd nudc tren the gidi thuang 
mai hoa, thi du nhu LB Nga. Mac dti vay, cho den 
nay, theo hieu biet cua chung tdi, loai vat lieu td hgp 
nay dugc dieu che hoac bang nhCrng qui trinh phirc 
lap [6] hoac doi hdi nbigt dg thieu ket cao [7, 8] va 
dang thii hinh ciia dung dich ran Yi_,,2r,02 (0< x <1) 
thu dugc thudng la lap phuang [9]. Sd dT nhu vay la 
vi dang thii hinh tu phuang ciia 
YixZr^Oj chi ben virng trong khoang nhi?l dg tir 
1200^ dan 2280°C [IJ. Tuy nhien, ngudi ta da 
chung minh dugc rang dang thii hinh tir phuang cita 
ZrOi pha tap cd the tdn tai ben virng d nhiet do 
phdng khi kich thudc hat nam dudi mdt gia trj tdi 
han nhat dinh trong thang nano. Chinh vi vay, hien 
nay van de che tao vat li?u td hgp ciia Y|.sZr^02 va 

oxit nhdm d nhiet dg thap bang cac phuang phap 
boa irdt dang dugc nghien ciru nhieu tren the gidi. 

Dua tren ket qua phan tich thanh phan cau true 
cua mau vat lieu do LB Nga che igo va tren ca sd 
phan tich tai lieu chiing tdi dinh hudng nghien che 
tao vat lieu id hgp ZrOVYo.isZro.ssOi.gs/a-AbOj bang 
phirang phap ddt chay gel PVA sir dyng lam mang 
ngan trong buong di^n hda de tien tdi thay the san 
pham nhap ngogi trong tuong lai. 

Ddi vdi cac qui trinh che tao vat lieu bang 
phuang phap ddt cha> gel PVA, cd nhieu yeu td anh 
hudng den vi?c nghien ciiru de che tao vat li?u gom 
xdp nhu pH, nhiet dg tao gel, nhiet dg nung, thdi 
gian 1̂ 0 gel, thdi gian nung.... Trong khudn kho bai 
bao na> chiJng tdi trinh bay ket qua long hgp, nghien 
ciru anh hudng ciia nhiet do nung va xac dinh dac 
trung cau true ciia vat Ii?u td hgp 
ZrOj/Yo.isZro.ssOigs/a-AhOj che tao bang phuang 
phap ddt chay gel six dung polyvinyl ancol (PVA) 
lam nhien li?u. 

2. THUC NGHIEM 

2.1. Hoa chat, dung cu 

Cac hoa chat ban ddu dugc su dung de che tao 
vat lieu td hgp Zr02/Yo.i5Zro.g50|.93/a-Al203 bao gdm 
cac dung dich A1(N03)3, ZrCNOj)^, Y(N03)3, axit 
nitric va PVA deu cd dg s^ch phan tich. 
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2.2. Tong hgp v^t lieu 

Trong bai bao nay, chung tdi chgn hudng tiep 
can che tao ba pha rieng re cd trong miu da thuang 
mai cua LB Nga la AI2O3, Yo.isZro.gsOi 93, Zr02 de 
lam ca sd de che tao mau mong mudn bang phuang 
phap ddt chay gel PVA. Do cac pha rieng re nay deu 
cd nhieu dang thti hinh va sir tdn tai ciia cac dang Ihii 
hinh nay phu thugc manh vao nhi^t do nung nen d 
day chiing tdl tgp trung khao sat anh hudng ciia nhi?l 
do nung len ket qua ciia qua Irinh tdng hgp vat lieu 
de thu dugc mau che tao cd dugc thanh phan gidng 
nhu mau ddi chirng do LB Nga che tao. Cu the, ty Ic 
moi kim loai/PVA la 1/3; nhiet dg tgo gel 80°C; pH 
ciia dung djch dugc chgn cd dinh cho cac qui trinh 
che tao tirng pha rieng re. Dung dich dugc khuay 
cho den khi gel trong sudl dugc tao thanh. Mau gel 
thu dugc nung cac nhiet do khac nhau trong 2 gid 
trong khdng khi. 

Tir ket qua ciia viec khao sat qui trinh che tao 
cac pha rieng re d tren, chung toi l̂ ra chgn qui trinh 
vdi nhiet dg nung thich hgp de dieu che mau 
nanocompozit. 

2.3. Phirang phap nghien ciru 

Gian do nhieu xa Roughen cua cac mau nghien 
ciru dugc ghi tren may Siemens D-5000 (CHLB 
Dire), birc xa CUKQ vdi budc sdng k = 1,5406 A, 

Viec ghi anh hinh thai hgc va phan tich thanh 
phan nguyen td ciia cac mau lan lugt dirge thuc hien 
tren kinh hiSn vi dien tu quet (SEM) S-JED-2300 
(Nhat Ban) cd gan bd phan tich phd tan sac theo 
nang lugng va EDS. 

3. KET QUA vA T H A O LUAN 

3.1. Khao sat nhiet do nung de thu du^c pha 
Yo,,5Zro,850i 

Mau Yo i5Zro850i,93 dugc diSu che vdi ly le moi 
(Y^^+Zr''̂ )/PVA la 1/3; nhiet do lao gel 80°C; pH 1; 
gel dugc nung cac nhiet do: 650°C, 750''C, 850"C va 
950°C trong 2 gid. Gian dd nhi6u xa Ranghen ciia 
cac mau cho thay dang thii hinh tir phuang cua 
Yo,i5Zro,a502 bat dau dugc phat hien vdi mau dugc 
nung d nhiet do dSO^C (hinh 1). Khi tang nhiet dd 
len 750^0, do lugng nhiet toa ra du cung cap cho 
pha Yo,,sZro,850i,93 d dang thii hinh lir phuang phat 
triSn ddng nhat va dang hudng, tat ca cac vach nhieu 
xa cua pha nay d6u xufit hien thay vi chi cd mgt sd 
vach vdl mlu dugc nung d nhiet dd dSOT. Khi tiep 
tuc tang nhipt dg nung thi kich thudc hat ciia vat lieu 
tang nhung dang thii hinh tir phuang ciia 
Yo,i5Zro.830|,93 vin la pha tinh the duy nhat tdn tai 

Nguyen Birc Van vd cong sir 

ngay ea khi nhiet dg nung dat 950°C. Do dd, de thu 
dugc mau cd chira duy nhat dang Ihii hinh lir phuang 
cua Yo.i5Zro.850|,93 d dieu ki?n tdi uu nhat ve nhiet 
dp nung, chiing ldi chon dieu ki?n nung d 750°C 
trong 2 gid. 

l-Iinh 1: Gian do nhieu xa Ranghen ciia mau 
Yo ijZro,a50|̂ 93 nung d nhiet dp khac nhau 

3.2. Khao sat nhiet dg nung dc thu duoc pha 
AljO, 

Mau dugc dieu che d cac dieu kien la ly le AV 
/PVA 1/3; nhiet do lao gel 8OT; pH tao gel la 1; 
nung gel d cac nbict do 650^0, 750"C, SSOT, 950^0 
va lOSCC trong 2 gid. Tren gian dd nbieu xa 
Ranghen cua cac mau tren cho thay kbi nung mau d 
650°C chua thay ximt hien pha k^t tinh, khi nung 
mau d 750°C va 850°C thu dugc cac dinh dac trung 
duy nhat ciia a-ALO; (hinh 2) Khi mau dugc nung 
d 950''C va 1050''C quan sal thay ngoai pha ket linh 
ciia pha a-Al203 cdn cd xuat hien pha y-ALOs. Vi 
vay, nhiet do 750°C da dugc lira chgn de tdng hgp 
a-AUOi. 

'\Sl::j^ 

Hmh 2: Gian dd nhieu xa Ranghen cua mau '\l2Oj 
nung d nhiet do khac nhau 

file://'/l2Oj
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3.3. Khao sat nhift dg nung de thu du^gc pha ZrOi 

MIU Zr02 dugc di6u chS d pM 1, nhiet dg lao gel 
la 80'C, ty Ip Zr''VPVAl/3. Dung djch dugc khu^y 
cho den khi gel trong suot dugc lao Ihanh. Mlu gel 
dugc dem nung mau d 450"C, 550"C, 600"C, 6_50"C 
va 750''C trong Ihdi gian 2 gid. Ket qua do nhieu xa 
Ranghen cho thay cac mau nung d 450"C chua xual 
bicn pha tinh the, khi nung man d 550T bat diiu xuat 
hien cac dinh dac tiung ciia nhung chua rd rang, khi 
nung mau d 600"C thu dugc cac dinh dac trung cita 
ZiO: don pha dang lap phirang (hinh 3). Khi nung 
mlu d 650"C vii 750"C Ihu dugc cac dinh d;lc Irung 
chii yeu ciia ZiOi dang Badclcil. 

Tdng h(rp vgt U?u id hgp... 

dugc thuong m^i hoa do LB Nga che t^o va (b) dugc 
ch6 t&o bang phuang phap ddt chay gel PVA 

Hinh 3: Gian dd nhieu xa Ranghen ciia mau 
ZrOi nung d nhiet do khac nhau 

3.4. Xac dinh cau triic, hinh thai hpc va Ihanh 
phan vat lieu to hgp Yoj5Zro,850|,93/a-Al203 

Ket hgp nhirng ket qua khao sat ciia cac yeu td 
anh hudng tren day, chung tdi lira chgn pH I, ty le 
moi (Y"'+A|- '̂+Zr"'*)/PVA 1/3, nhiet do lao gel la 
80**C, nhiet dg nung la 750''C trong 2 gid la dieu 
kien che tao mau nghien ciru. Ket qua phan tich 
nhieu xa Ranghen cho thay mau dugc dieu che bang 
phuang phap dot chay gel d dieu kien da lira chgn cd 
thanh phan pha Ihu dugc tuang tu nhu mau do LB 
Nga che lao (hinh 4 a va b). Cu the, ca hai mau v^t 

.̂1 j 1 ^ 1 

Hinh 4: Gian dd nhieu xa Rannghen ciia v|it lieu td 
hgp Zr02/Yo,isZro.850],93/a-Al203 vdi mlu: (a) da 

^ • S ; 

Hinh 5: Anh SEM va phd EDS ciia vat lipu td hgp 

Zr02/Yo.i5Zro,850]_93/tt-Al203 vdi mlu: a) da dugc 

20 
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thuang m?i hoa do LB Nga ch6 tao va b) dugc che 

t^o bang phuang phap dot chay gel PVA 

Bang 1: Thanh phan nguyen td cua mlu viit lipu 

td hgp Zr02/Yo.i5Zro,8sO,.93/a-A!203 che tao bang 

phirang phip dot chay gel PVA 

Nguyen to 

Al 

0 

Y 

Zr 

Phan tram khdi luong, % 

Mau che t^o 

26,44 

36,17 

1,08 

31,83 

Mau thuang m^i 

LB Nga che t^o 

25,24 

35,56 

1,03 

30,16 

li^u td hgp deu chua pha Zr02 (Badeleit), pha 

Yoi5Zro.850i,93 va pha a-A^Os (Corun) vdi kich 

thudc h^t < 100 m va phan bo ddng deu (hinh 5a) vk 

cd thanh phan nguyen to nhu tren d bang 1, hinh 5b. 

So sanh thanh phan va cau true ciia vat M̂ u td hgp 

Zr02/Yo,isZro.850[.93/a-Al203 che tao bang phuang 

phap ddt chay gel PVA thay rang chung tuang lir 

nhu mau do LB Nga che tao. Nhu vay, bang each sir 

dung phuang phap ddt chay gel PVA cd the thu 

dugc vat lieu td hgp bao gdm pha Zr02 d dang 

Badeleit, pha Yo,isZro.850i,93 cd cau triic tii phuang 

va a-Al203 (Corun) vdi nhi?t dg nung va thdi gian 

nung (750°C trong 2 gid) thlp hem dang ke so vdi 

cac phuang phap khac [9, 10]. 

4. KET LUAN 

Vat li?u td hgp Zr02/Yo.i5Zro.850i,93/a-Al203 

bao gdm pha Zr02 (Badeleit), pha Yo^Zro.gsOisj va 

pha a-Al203 (Corun) vdi kich thudc hat < 500 nm va 

phan bo ddng deu da dugc ch£ tao bang phuang 

phap ddt chay gel PVA d pH 1, ty le moi (Y^'+AI^' 

+Zr''*)/PVA 1/3, nhiet dg tao gel la 80°C, nhiet dg 

nung la 750''C trong 2 gid. Vat lieu to hgp thu dugc 

cd thanh phin pha tinh thi va thanh phin nguyen td 

tuang duang vdi san pham da thuang mai hoa ciia 

Lien bang Nga. 
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