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TOM TAT

Trong nghién cuu nay, chung toi sw dung
phirong phdp dong két tia két hop véi nung két
khoi dé ché tao sit zirconia (ZrO,) pha tap chat on
dinh yttria (Y,03). Phé Raman va nhiéu xa tia X
(XRD) cho thdy khi ham heong tap yttria tang thi ti
¢ gitta pha monoclinic va tetragonal giam. Gia tri

nguwdong cia yttrium khoang 0,5 % wt, mau sir c6
dé cimg I6m nhdt (khodng 14,5 GPa) va kich thwée
hat ~0,2-0,5 um. Két qua danh gid sw gia héa cho
thdy sw gia héa chi xay ra sau 5 h dau tién khi mau
tiép xiic véi hoi nuede (6 134 °C, 2 bar) va sau dé
hau nhu thay d6i khéng dang ké.

Tir khoa: sv zirconia, pha tetragonal, sy gia hoa, do cung

MO PAU

Zirconia c6 nhiéu dic tinh ndi bat nhu ¢6 mau
trang duc, khéng chi c6 do bén kéo cao, do cing
cao, khang an mon t5t ma con 1a mot vat liéu tuong
thich sinh hoc [1], vi vay no dugc st dung nhiéu
trong y hoc dic biét 1a trong nha khoa. Vé cau tric
zirconia ton tai & ba pha: monoclinic, tetragonal va
cubic. O khoang nhiét do phong va 1170 °C,
zirconia ton tai & cu trdc monoclinic. Vi nhiét do
tr 1170 °C dén 2370 °C zirconia c6 cau tric
tetragonal, trong khi d6 pha cubic dugc hinh thanh
tai nhiét do trén 2370 °C. Sau khi gia cong va tuy
thuoc vao qua trinh ha nhiét, pha tetragonal chuyén
thanh pha monoclinic & khoang 970 °C. Hé qua cua
qué trinh chuyén pha nay Ia sy gidn no vé thé tich
khoang 3-5 % chinh diéu nay tao ra cac vét nut va
gdy trong ceramic [2]. Qué trinh chuyén pha tir
monoclinic sang tetragonal xay ra ¢ nhiét do
~1170 °C, trong khi qua trinh chuyén pha nguoc lai
tir tetragonal sang monoclinic xay ra trong sudt quéa
trinh ha nhiét & khoang nhiét d@o giita 850 °C va
1000 °C phu thudc vao ning luong bién dang. Vi

vay, Vviéc tao ra zirconia pha tetragonal ¢ nhiét do
phong hau nhu khong thé thuc hién duoc. Dé cai
thién van d& nay mot sé oxide nhu yttria (Y,03)
[3], ceria (CeO,) [4], magnesium oxide (MgO)
[5]... dugc pha vao zirconia nham duy tri cau tric
tetragonal ton tai & nhiét o6 phong sau khi thiéu
két [6].

Trong nghién ctu nay, ching tdi khao sat anh
huong cia ham lugng yttria va nhiét do thiéu két
Ién cdu tric ciing nhu tinh chat co 1y cua sir
zirconia 6n dinh bang céach pha tap yttria.

VAT LIEU VA PHUONG PHAP

Quy trinh ché tao

Quy trinh ché tao str Y-Z gom hai giai doan:

Giai doan 1: Ché tao bot ZrO,/Y,0; bang phuong
phap dong két tua. Pau tién, ZrCl, duoc hoa tan
trong nudc cit 2 lan va khudy tr biang may
Hotplate Stirrer & nhiét do phong tao dung dich
trong sudt. Sau do, mot lwong Y(NOj3)s.6H,0 Vi
phan tram khéi lwong tir 5 dén 15 %wt duoc thém
vao dung dich va tiép tuc khuay tir d& mubi nitrate
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tan hoan toan. Tiép theo, cho NHj (ti 16 NH3:H,0
14 1:1) vao hdn hop trén cho dén khi pH cua dung
dich bang 9. Ly tdm dung dich thu dwoc két tua co
mau tring duc. Ly phan két tia cho vao ta sdy va
sdy ¢ 65 °C trong 5 ngay. Tién hanh nung mau bot
& nhiét do 1000 °C véi téc d6 nang nhiét 1a 150
C/gio va u trong vong 1 gid bang 16 nung VKM
1400.

Giai doan 2: Mau bot duoc nghién, ray va ép
thanh khdi véi luc ép 37,5 tan va thiéu két & 1200

0C, 1400 °C véi téc @6 gia nhiét 150 °C/gio va
trong 3 gio. Két qua thu duoc cac mau khdi co
dang dia tron c6 mau tring duc voi duong kinh 12
mm va day 1,3 mm. Cac mau voi thanh phan khéac
nhau duoc ky hiéu nhu trong Bang 1. Ngoai ra, dé
thuc hién phép do d6 bén ubn cua vat liéu yéu cau
mau phai co kich thuéc 1on do d6 mot vai mau
khi co6 duong kinh 90 mm va bé day 1,8 mm ciing
dugc ché tao (dugc ky hiéu 10Y-ZF).

Bang 1. Ky hiéu cac mau khdi

Tén mau Tilé %wt
Y(N03)3.6H20:ZrC|4
5Y-Z 5:95
8Y-Z 8:92
10Y-Z 10:90
12Y-Z 12 :88
15Y-Z 15:85

KET QUA VA THAO LUAN
Pic tinh céu tric caa vat ligu

Nham xac dinh thanh phan va d¢ tinh khiét cua
mau, chdng tdi tién hanh do phd tan xa ning luong
tia X (EDX). Két qua do phd EDX & céc vi tri khac
nhau cho thdy mau 10 Y-Z nung ¢ 1400 °C hoan

T T T T
o 1 2 3 4
Full Scale 785 cts Cursor: 5668 (4 cts)

toan tinh khiét, ngoai Zr, Y va O khong cé cac
nguyén to tap chat khac trong mau. Piém dang luu
y & day la mic do ham lwong tién chit
Y (NO,)3.6H,0 sir dung la 10 %wt so véi ZrCly
nhung thanh phan phan trim cia nguyén t6 Y
trong mau st chi chiém khoang 0,5 % wi.

Hinh 1. Phé EDX clia mau sir 10 Y-Z dugc nung & 1400 °C
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Chuing t6i str dung phuong phap phé Raman, nhiéu xa tia X (XRD) va SEM dé nghién ciru cau tric cua
mau st di ché tao dugc. Hinh 2A trinh bay phdé Raman cua cac mau khdi dwoc nung & nhiét d6 1200 °C.
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) Hinh 2. (A) Ph6 Raman ctia cdc mau Y-Z vdi cic ham lwong pha tap khac nhau nung ¢ 1200 °C.
(B) Ti s0 tich phan cuong do gilta cac dinh cua pha monoclinic va tetragonal. Hinh nho: Puong cong pho thuc nghiém
va duong fit pho cua mau 5Y-Z

Trén phé cia 5 mau déu xuat hién cac dinh dic
trung cho pha tetragonal tai s song 261, 329, 471,
556, 611, 636 cm™ va cac dinh dic trung cua pha
monoclinic & cac vi tri 218, 302, 348, 379 499, 535
cm™. Két qua tinh ti sb tich phan giita cac dinh cua
pha monoclinic va tetragonal theo ndng do yttria
dugc thé hién & hinh 2B. Dit liéu cho thay khi ham
luong tap tang tir 5 % dén 8 % wi, ti s6 nay giam
dang ké va hau nhu khong thay di trong khoang

ndng d6 8 va 10 %, sau do tiép tuc giam nhe. Diéu
nay cho thidy ti 1& gira pha monoclinic va
tetragonal (t/m) c6 thé duoc diéu khién bang cach
thay d6i ham luong tap yttria.

Pé dinh lugng ti s6 t/m, ching t6i sir dung di
licu XRD két hop véi phuong trinh Garvie va
Nicholson [7]. O day, ti | pha duoc tinh bang céch
str dung tich phan dinh (111) cta pha tetragonal va
cac dinh (111) va (111) cua pha monoclinic:

I, (111)+1,, (11T)

m

Trong do:

X 12 phan tram monoclinic.

I, (110)+1,, (11T)+1,(112)

Im (11100 1a dién tich dinh tht nhat cua pha monoclinic.

I (111) la dién tich dinh thir hai ctia pha monoclinic.

1((111) la dién tich dinh cua pha tetragonal.

Hinh 3 la gian d6 XRD cua mau khdi duoc
nung ¢ 1200 °C va 1400 °C véi cidc ham luong
yttria khac nhau. O ddy, chi c6 su xuit hién céac
dinh ung voi mat mang (111) (111) cua pha

monoclinic va cac mat mang (111), (200), (220),
(311), (222) cua pha tetragonal. Piéu nay chang to
trong mau khong hinh thanh pha tinh thé trung
gian hay cta Y,0s.

Trang 234



TAP CHi PHAT TRIEN KH&CN, TAP 19, SO T6- 2016

= _ o B
) = Tamea = 1200°C = T e = 1400°C
E| g Q =
alcs 5 gz W (®)
FhEsS | 8 =
Lk JW LR Muﬂ b 15Y-Z @
_ ﬂ e|EEx m &
=} —~ == o =
: } > S5 ey
A o, ‘LM . J‘WJW o~ uh 12Y-Z Z J‘ PVS J \' o
©- ~ s \ A)J N -
L] < o]
& E‘) 12Y-2
5 g
A L A . 10Y-Z ©
Mu b .Mt o 8Y-Z N
DA A, . " M NI W 5Y-Z i . . ‘ lPY— Z
20 30 40 50 60 70 80
T T T T T o
20 30 40 50 60 70 80 2-theta ()

2-theta (d0)

Hinh 3. Gian d6 XRD ctia miu sir zirconia (ZrO,) V6i ham luong tap yttria khac nhau dugc nung 1200 °C (A) va 1400
°C (B)

So sanh gitta miu 5Y-Z va 8Y-Z trong Hinh 3
nhan thiy cuong do cac dinh dic trung cua pha
tetragonal kha thap va cac dinh nay tré' nén chiém
wu thé trong cac mau c6 ham luong yttria cao.
Hinh 4 biéu dién ti 1¢ pha trong cac mau di ché
tao. Két qua cho thay ham luong tap cang nhiéu thi
pha monoclinic cang giam va pha tetragonal tang.
Pha tetragonal cua mau pha tap 5 % dén 8 % ting
manh tr 33,5 % dén 64,8 % va khi nong do
Y(NO3;);3.6H,0 tang trong khoang 10 % va 15 %
thi tbc do tang cham hon (69,7 % dén 81,5 %). Két
qua nay cho thay c6 mot gia tri ngudng cua nong
d6 tap anh huong dén ti 1¢ giita pha tetragonal va
monoclinic va trong qua trinh thiéu két su c6 mit

cla yttria d3 han ché su chuyén tir pha tetragonal
pha monoclinic khi nhiét d6 mau giam dén nhiét
d6 phong [8]. Vai tro 6n dinh pha tetragonal bang
cac ion yttrium lam giam tinh trang qué tai oxygen
xung quanh ion zirconium va do d6 lam gidm nang
lwong bién dang lién két vai oxygen. Sb lugng pha
tetragonal tang khi tang ham lugng tap ching té
rang yttria khuéch tan nhiéu va nhanh vao zirconia
[9]. Két qua nay hoan toan phu hop véi nhitng két
qua nhan duoc tir phé Raman. Pdi véi cac miu
duoc thidu két & 1400 °C ciing nhan duoc két qua
tuong tu, nghia 12 ham luong yttria cao hon thi
phan trim pha monoclinic thdp hon.
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Hinh 4. Ti 1& pha monoclinic va tetragonal cua cac mﬁ}l v6i ham lugng tap yttria khac nhau
dugc nung ¢ 1200 C
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Chung t6i ciing tién hanh do SEM dé nghién
ctru anh huong cua nhiét d6 thiéu két va ham luong
yttria I&n cdu trdc cua sir Y-Z. Két qua do SEM thé
hién ¢ Hinh 5 cho thiy ddi véi mau 10Y-Z dugc
nung & 1200 °C kich thuéc cac hat khoang 0,1-0,2
pm va phan bé déng nhat. Tuy nhién, van con ton
tai cac 16 x6p giita cac hat v6i nhau. Khi mau duoc
nung & nhiét do cao hon (1400 °C) thi kich thuéc

L )

10Y- Z 1200 °C (A)

A

SElI 10kV WD9mm S$540 x15,000 1pm

cac hat ting (khoang 0,2-0,5 um), bién hat rd rang,
cac hat phan b dong nhat va khéng con céc 16
x6p. Riéng mau 12Y-Z nung & 1400 °C xuét hién
cac hat c6 kich thuéc lon hon 1um, kich thuéc va
hinh dang hat khong dong nhat lam cho cau trdc
mau khdng con tinh lién tuc. Tir két qua nhan dugc
& trén cd thé dy doan rang tinh chat co 1y cua mau
sir 10 Y-Z la tét nhat.

10Y- Z 1400 °C (B)

C

SEl 10kV WD9mm SS40

x12,000 1pm

Hinh 5. Anh SEM ciia mau A) 10Y-Z 1200 °C, B) 10Y-Z 1400 °C, C) 12Y-Z 1400 °C

P bén udn va dp cirng

Chung t6i tién hanh khao sat do bén ubn cia
mau 10Y-ZF bang phuong phép ba diém uén. Do
cing cia mau nay khoang 8 GPa. Duya theo tiéu
chuin do d6 bén uén ASTM C1161[10] mau dugc

gia cong khdi thanh cac thanh nho theo tidu chudn
A (mm =2 x 1,5 x 25). Gi4 tri do bén ubn trung
binh ciia mau 13 192,5 MPa.
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Hinh 6. D6 bén ubn cua mau 10Y-Z FS

Ngoai ra, chiing t6i ciing tién hanh do do cing Vickers cia cac mau bang hé Vickers hardness tester
VHT 2. Két qua do d6 cing theo ndng do yttria va nhiét do nung duoc thé hién & Hinh 7.
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Hinh 7. D6 clig cia cac mau Y-Z duoc nung & 1200 °C va 1400 °C.

Két qua cho thiy do cing cua mau luc dau
tang theo ndng do tap yttria va dat gia tri cuc dai
khi ndng d6 Y(NO;)s.6H,0 la 10 %wt, sau d6
giam dan. Theo li thuyét thi zirconia khi c6 cau
trdc cubic va tetragonal s& c6 d6 bén co hoc ding
tinh theo cac phuwong cao hon so véi cau trdc tinh
thé monoclinic. Khi ham lwong tap tang tir 5 % dén
10 %wt thi ti 1€ pha t/m tang, do d6 d6 cung cua
vat liéu sir ting. V6i cac mau c6 nong do tap cao
hon (>10 %) mac du ti 1€ t/m ciling ting nhung do
su hinh thanh cua cac hat ¢6 kich thuéce 16n va hinh
dang hat khong ddng nhat dan dén pha va tinh lién
tuc cua cAu tric (nhu trong két qua do SEM), chinh

didu nay lam cho do cung cua vat liéu giam. Hon
nita, khi mau dugc thiéu két & 1400 °C céc 16 x6p
khdng con, mat d6 cua su ting 1én do do6 do cing
ciia miu ciing ting va dat gia tri cao nhat & ndng
do tap 10 % wt, sau do6 giam dan. Do cing cua
mau 10Y-Z 16n nhét va c6 gié tri 14,53 GPa.
Khao sat kha niing gia hoa caa si

Pé khao sét sy gia hoa cua zirconia ching toi
thuc hién gia héa nhan tao nho noi hap [11]. Noi
hip hoat dong & &p suit 2 bar tai 134 °C trong 5
gio (theo tiéu chuan ISO 13356:2008) twong
duong v6i khoang thoi gian 15-20 ndm cta sy gia
héa ty nhién.
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Trén co s ndy, ching toi tién hanh khao sat su

gia héa cua mau 10Y-Z (thiéu két & 1400 °C) trong
khoang thoi gian 5 gio va 10 gio. Sau khi thuc hién

qua trinh gia hoa, tién hanh phan tich XRD va
SEM. Két qua phan tich XRD duoc thé hién ¢
Hinh 8.
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Hinh 8. Gian d5 XRD ctia mau trudc va sau qua trinh 130 hoa 5 gio va 10 gio

Sau qua trinh gia hoa 5 gio trong méi truong
hoi nuéc, vi tri cac dinh nhidu xa van gitr nguyén
va khong xuat hién cua dinh méi, nhung cuong do
tuong dbi cua dinh (111) ddc trung cho pha
tetragonal giam. Két qua tinh todn cho thay sau khi
gid héa 5 gio trong méi treong hoi nuéc 134 °C,
&p suat 2 bar, phan trim ciia pha monoclinic ting
tir 33,5 1€n 42,5 %.

Qua trinh chuyén pha tir t—>m dan dén tao ra
ng suat, luc dau 1a & bé mat vat liéu noi tiép xdc
véi hoi nude do d6 sé tao ra cac vét nit vi mo & bé
mat vat liéu, sau d6 s& lan truyén dén bén trong

SEl 10kV  WD10mm S$S40

mau do thé tich tinh thé cia pha monoclinic I6n
hon pha tetragonal 3-5 %. So s&nh anh SEM cua
c4c mau vat liéu ceramic 10Y-Z truéc va sau khi
thir nghiém 5 gio va 10 gio khong thay vét nit vi
md, ma chi cé cac manh v& nho trén bé mat mau.
Diéu nay cho thdy chi mot phan nho cua pha
monoclinic chuyén sang pha tetragonal nén khéng
tao ra tng suat du 16n dé gy ra cac vét nat. Cau
tric cua st sau khi gia hda 5 gio va 10 gio hau nhw
khong khac nhau. Két qua nay hoan toan phu hop
dit liéu XRD & Hinh 8.

X15,000 1pm  —
204

Hinh 9. Anh SEM ciia miu st 10 Y-Z sau khi tiép xac véi hoi nude 5 gio (A) va 10 gio (B).
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Do su chuyén pha t—>m chi xay ra nhanh trong 5 gi¢ dau tién tiép xdc véi hoi nude va sau d6 hau nhu
khong thay d6i, diéu nay lam cho d6 cing cua s giam tir 14,53 GPa xudng 11,53 GPa sau 5 gio gia hoa

nhan tao va sau d6 giam khong dang ké (Hinh 10).

14.53
144

124

104

Do ciing (GPa)

Mau ban diu

nude trong Sh

11.53

Mau tiép xic hoi

11.14

Miu tiép xic hoi
nude trong 10h

Hinh 10. D6 clmg ctia mau 10 Y-Z sau khi thuc hién qua trinh gia hoa nhan tao

KET LUAN

Str dung phuong phap dong két tia va nung
két khéi, ching t6i di ché tao thanh cong su
zirconia pha tap yttria c6 mau tring duc va khong
thim nugc. Mac du trong mau van ton tai pha
monoclinic (~28 %) nhung d6 ciing cua st van dat
gia tri lon (~14,5 GPa). Gia tri nay bang véi do
cing cua cac st hién dang sir dung trong nha khoa
nhu Lava, Procera...Két qua phan tich cho thiy do
cing cua st khdng nhirng chiu sy anh hudéng cua
nhiét d6 thidu két, ham lwong yttrium ma con phu
thuoc vao kich thugc hat. Giad tri ngudng cua

yttrium dé miu dat d6 cang cao nhat 1a 0,5 %wt.
Két qua khao sat sy gia héa cho thay do bén cua
mau tng Vvéi thoi gian thyuc té khoang 30 nam. Cac
két qua budc dau cho thdy day la vat liéu trién
vong c6 thé tng dung vao nha khoa.

Loi cam on: Nghién cuu dwoc tai tro boi Pai
hoc Quéc gia TP.HCM (PHQG-HCM) trong
khuon khé Dé tai ma s6 C2015-18-18. Nhom tac
gid xin chdn thanh cam on sw hé tro cia Phong
Thi nghiém Vat liéu ky thudt cao, Truong Pai hoc
Khoa hoc Ty nhién.

Investigating the effect of yttria contents on
the structure and mechanical properties of

Zirconla ceramics

e Nguyen Ba Ngoc Linh
¢ Hoang Van Dung

e Tran Thi Thanh Van
University of Science, VNU-HCM

ABSTRACT

In this study, the co- precipitation method and
annealing process were used to prepare the yttria
stabilized zirconia ceramics. Data of Raman and

XRD showed that an increase of yttria doping
leads to an decrease of the ratio between
monoclinic and tetragonal phases. Howerver, it
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existed a critical concentration of yttrium at which
the highest value of hardness was about 14.5 GPa
and grain sizes of 0.2-0.5 um. An investigation of

low temperature degradation

indicated that

theaging process only occurred in the first 5 hours
and then virtually negligible changes.

Keywords: zirconia ceramics, tetragonal phase, degradation, hardness
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