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At S Ae3tH e Aol 718t At (Conrad 5, 2007; Kelly b
= /\gﬂ]yﬂﬁ}/\% /K]U]/H §}6L7<4 o};@

AR AH F4 oA 5 3t AT HA (brittle)©]
=3 JAFAET e TAME JHA 2 Y aE5-AgE FREY 4
T, 7IAA Ars SEIAT 54 Foje v W Fygor HH3
Au A doe]l AdE 4= At (Zarone %, 2011). uwhEhbA AwjAdo] H
ok X8 Fgas At fste] v AskE Mgl Eo] Al

At Fek~-Agrg el IPS Empress 2, =2t~ 25 Algb=l ¢l In-Ceram

Alumina®} In-Ceram Zirconia % Procera Alumina 5©°] AF& &1 9l A

g AR RN FRE A Tl A&str]de 7AA BEAe] ofy R
atthar @) (Rekow 5, 2011). FH<toli= CAD/CAME o] 43 u7 %
Ak el A 2sop 8ol A7 Z—ﬂéﬁ At} (Santos 5, 2013). #
2ol 19699 ASow 88 Aew AVfHEASH, 1990 deoll

#& X 2E (endodontic post)= X]F}%Qi ALEE 7] AlZFsle] A=
Aty 50] (core), AF-Algtl 3 (all-ceramic crown), Algb=] B 3l1%]
(bridge), 148§ He}7l (bracket) ¥ IZTES X5 (abutment) &
Tt Emm Qe A8Ha glon, HITode AU Hedo] 7
¥l CAD/CAMe.2 533 oo 8w /Hd=k Al%e] 75384
g0 2o AgH= IA 75kl Itk (Piconi®t Maccauro, 1999;
Chevalier, 2006; Denry$} Kelly, 2008; Koutayas %5, 2009; Ozkurt®t
Kazazoglu, 2010).

Garvie 5 (1975)& tpokdt s4A (allotrope), SHFAF< @A A

= 2 glAlo] E AF-H o] (phase transformation) 52 #2310}
Exo] A7} (steel)Q EAI §AFEIS] A2 F LS “ceramic steel” ] B}
1 &t AEF@Yol: xo uEl wAA A (monoclinic, m=¥), 4

o)
O
W)

[e5

A (tetragonal, t—3) 2 JWAG7A (cubic, ¢ & 37FA Ao
EAgt. =5 AZ2FIYokeE &8 F ”47L3}3: Ao A EAE=
o] (¢t~ Wow o] PAHo] xEg

ANE & F FAl o} (CaQ), vF2u Al o} (MgO),

B> o?L fr
rﬁ rN

iin

_N_
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o
s
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Jr
g

m\! OET:,
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7Vt 2 e cAdol el b3t ol WAl Ad-dolrt A
H A23Yol AZAE dS F A, olFolAl yttrium-stabilized
tetragonal zirconium polycrystal (Y-TZP)o] X380 5 F=2 ALE
ATk Y-TZPY ==74%+ 900-1200 MPaol™, 3¥Q14d -2 9-10MPa/

m>P2 AFu A Agtee] 2w, 2lE-thol e Ao EA AlehEle] 3wl
A% =i st} (Manicone &, 2007; Kelly2} Denry, 2008). 43+ Y-
T7P= Ag;q]x%ﬂﬂ_l,:_ O_/,:s}oq _,—izgxé E"JUE /\]_Q.O}L H]E7]_ .3_71]
< 7Fskal Y} (Bachhave} Aras, 2011; Agustin—-Panadero &, 2014).

A3 FEEY] e A #HA wg- Fastth (Vichi &
Yoles X348 HEEE AEste
1]

A AEE WA e @

O

’

=, o
o

9

e

= A H2FYole] "ol R?Qi’ A= gl
ol A XA A= Ax A T MAE ’_‘uq =
Yol &= (block)

S

=
HEE RAT F YR 2

Al

- 24 gl (coloring liquid)S W& EFA)8H7] %=
SAIRE oY et {4 A 2ol EE A GASo oigh FRe FR
2 e/MHER JA g dv /A ] AYotE Alztets WS =
A T 7HAR 271 A2 ol o] vl MAA (colorant)Ql =5 4F

2 gk A 74 A2sYet &5

MzZ A= "ol 9t} (Cales, 1998; Suttor %, 2004;

S o] &3t 7t 55 P4 EA wEt bggs Age
Al s A 4 Jrhar stk (Bell, 1978; Bell, 1993; Anusavice &,
1994; Cales, 1998; Hill %, 2000). Eppler (2012)°] o3} w=ghAl2

T
e

zirconium vanadium baddeleyite [(Zr,V)Os] lead antimonate

pyrochlore [Pby ShoO7l, ¥% M-S chrome alumina corundum [(AlCr).Oxs]

-";rxﬂ-! _k::l 1



I+ manganese alumina corundum [(AlLMn):Os]l, 22 iron hematite

[FeoOsl, ¥ A2 victoria garnet [3Ca0 - Crs03-3Si0-], 3] A2 cobalt nickel
periclase [(CoNi)Ol, 3}#+212 cobalt aluminate spinel [CoAlO4l, H2}
A2 cobalt lithium phosphate [CoLiPO.] 59 5<% At3lEEo] Agy
AR ARG Qvkar g 2Ey FYo} o] F5 kst

2 1 =
S Htste] BEES Axse WHe AZ23dol iy 34 AstE
2o A o] oHs AF A2F F wdd HNx A A
Ae & slem VIAE EAe] Astd £ sl Mz FoE 98k
A7M 34 AR ES §4 NE23yole FAEe Ao JE&FS
FA gou, FIRAEE ﬂw AEzzol ®rd o5t v Aow
Hirgo} A& s A7tRE §4 A2adele] J)AH 54

ol
1o,

> gu

o b
>
i?i
i
o

S AJFEFS TS & dva dod (Shah &, 2008; Aboushelib 5, 2012;
Aktas 5, 2013; Kuroda 5, 2013; Zhao, 2013). Y-TZP9] 43 7]
A B ARAA A7), -8 sAY] ER TF 53 s o

% 8 Whee Axd 44 A2zt

| ;

A 84 (crystallographic) =5 "] Al 724 (microstructural) &2 gk
< ol 71A|A 5Ae] WstE & Uk dE B9, FUE 55 AbsE
< AARAYA A7)l S = 7 Ao AEZFYolo] kA (stability)
< AAaA7IE FAPE Al (monoclinic) 2473 @Ado] &olsiA @ 4 3
A "ok ¥k R AAg A 23YolE: A folo] HAAIA FA4
A23Yots & WS HA Az 2 & F/H F L 5
mrel S Pk s AxE AEdE 5 e, B JEe 55
2bstE H7bel o W HTh st M Ado] shesk Aol

i gtk (Yun E, 2010; Oh &, 2011). 124 Hjerppe & (2008)2 2
Gob AzE 248 AAE 4 Azaiorsl
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) 947+ A=

WA A 2ol MEE Fofatr] fdte] HA golow Al A}
Ha JdE AE AFE T A2 NEE A FY 8Y 6FS
of A+g3ldtt. 4% (AQU, BRU, DMA, LAV)?] A gole g
2 AE (Fe, Th, Mn, Cr, Ni, Er )& AZA}7F MSDS (Material
Safety Data Sheet)ol] ™At # 2 RAI®F INCO] A g0+ 74 AE
of et BEE AASHA & vk A=FYol AW 3Y-TZP £
(Acucera, Korea)® U238 555 A ZA3 o] AFESEITH

o

O

Table 1. Coloring liquids used in this study

Code Materials Main component Manufacturer

10 % HCI, polyethylene glycol, Zircozhan,

AQU Aquarell iron (III) nitrate nonahydrate Italy

1,2-propanediol, terbium (III)

BRU BruxZir chloride, manganous sulfate, Gh{(}g\g@ll,
chromium (III) chloride
ferric  nitrate  nonahydrate, Dmax
DMA DMAX nickel (II) chloride hexahyd- Kofeay

rate, DW

LAV Lava plus HCl, erbium chloride, DW, 3M ESPE,

polyethylene glycol USA
. - Genoss,
RAI Rainbow unspecified
Korea
NG | [neceram YZ 1 pecified VITA,
coloring liquid Germany
—_ 6 —

= |
g\_l-\.

S K |



2) AT W
(2-1) % 24 Az o}

3Y-TZP % (Acucera, Korea) 15g2 A& 15mm 2HJdH~ 7 =
co Wi 132 ZHAoA 15tone®E ¢HS 71 g, 2 A2 27,000
psi®] CIP (cold isostatic press) F=S 7Fste] 433 Ald 70 ME A
goldrh. AP green state A 2F Yo} E5& HA7|ZEd @i 7tgs)
o] 970 Coll A 2417 FrAl8lE o BE 42743 AHS %3

7 A9EG 10709 ARE AzAelA A Bl wet 2
golo] 93] FASte] AN F Aol Aule] EW HY Fo
e Bz AAR g8 Az A¥Ad we s AxAAY. 5

gl ste] Fit 2AE X2 FZ Yol H%
13} cleansing firing (600 ColA] 3 #3F 71
Azgstel 700 Tl A 531 A4 #A-S AA S

Table 2. Application procedure of coloring liquid to zirconia

Code Dipping Time Dry time

AQU 5 sec 45 min under the infra-lamp
BRU 5 min 2 hrs

DMA 10-30 sec 2 hrs

LAV 2 min 2 hrs

RAI 2 min 3 hrs

INC 2 min 2 hrs

-7 -



(2-3) H& &7 A=23Yo}

A AL A Aje] wep 24 gAs AR5 iy FE A4 A=
Yol AHE H7|Z (Eco-therm ET, Neobiotech, Korea)ol| A 2 A7t
E 1,500 T7AA 7Rdskel 2417 A7 v, 7= el A 27k
WZAANA HE 243 X230l A|AS AZEY A gale A

]

4

AN

il

R84

&3t ] ‘i’éS Al Fdd Ad R or FHlskY r:ﬂz; (CTL) o=

["O

(a) (b) (c) (d) (e) (f) (g)

Fig. 1. Zirconia specimens after final sintering with application of
coloring liquids: a) CTL, b) AQU, ¢) BRU, d) DMA, e)
LAV, f) RAI and g) INC.

(2-4) X-A 314 X (X-ray diffraction analysis, XRD)

gk A2 Yol AlAd A w5 At o A 23Y
T 22 AAN A & g2lst7] fete] X-Ad 3]

XRD; D8 Advance, Bruker AXS, Germany)® +4]3}%t}.
(20)2 20°eA 70°= 3t i, 0.01° SAHTACRE L3

AR XA 88 EAS A

O:
it
¥ N

A AL Azael AW §F A¥ AL mHY A Al
W3 FE&-Age $EE D RAze) A
H,

ARl & AT Y e i
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4vol% ZAF g9 100 S 250 ml & o] dfoldx fFElgr)o ¥
i 80+3TCTE 7Hdst thi AlAS AAAAT AHE 22 &7 ¥
Bata, 80+3 T2 &27]o] 16 A17F Bsto] Aol &8 24 8
NG B AN §E53 F& o2, F, A=ZFIF ol (Zr),
AE o]& (CrY), YA o] (Ni¥), & o]& (Fe¥), oln]g o]& (Er),
g7k o]l& (Mn?), IEE o] (Co™) % EHE o2 (TH) %

ICP-AES (Optima 4300 DV, Perkin Elmer, USA)Z ppm (mg//) ©@$ =
TSP o HFo R &&= 74 949 BA4S #Iske] ppb (ug/)
Gk B2l 7bE3sk ICP-MS (Elan 6100, Perkin Elmer Sciex,

USA) #4& A3

A Ael@ A2mcl AR A gy e RS WA SR
of DN BN F A AL AGsE YRS FA%T Yt

ISO 7491:2000 (Dental materials — Determination of colour stability)el
wEl AASA Y. A3d AlEeY At dFuE XY (folDZE 2o =
=& 2713 (Fig. 2), YA ARk "o =247 el 2 Suntest

CPS+ (Atlas, USA) XA 7} A8 (accelerate aging) *] ]33 th.

pol

‘:. ‘ & _‘
,; : A

Fig. 2. Specimens for color stability test (One-half of the specimen
was covered with aluminium foil).



‘:_%/\]Zi%tﬂ, =F AVJOI gk A 25y 2
S dobr 7] 9l8ke] 24 A1%E, 48 AIRF B 96 AT A&
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SAstAT. A SAHES A% FA2S A S Uiy g8 e TE
o= &t CIE® ISO 7I=arAeA dw Fde 2 AR5 D65 (6,503
°K) 29E& AFE3to] Agdkxrg AlA W29l SCE (Specular Component
Excluded) ==& ZFAstdth  7FEAIE Aol o9& A ¥t (4E)+=
O Aoz AXEAT. AE = (L LY + (a7 —a»* + (b - b1V
A7l A ol HAL 17 el =FH Ald 5 S s 9u|s
aL, oA "2 o] =EHA e AW BeE A g
gt A AAdelA 53] o]} S HH g FEUAE
Aom, Adgae] FAH F94d<S Student-t test® Newman-Keuls

multiple comparisons test (p=0.05)% 7533
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o] XRD #4]
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SEEIRE

CTL

2theta
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2theta
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2theta
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8 8 g &
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8 3 g & ©

2theta

Fig. 3a. XRD patterns of experimental groups (CTL, AQU, BRU, DMA).
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2theta
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2theta
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8 3 < &
(%) Aususjul snnejey

2theta

Fig. 3b. XRD patterns of experimental groups (CTL, LAV, RAI INC).

_12_

"\.
1



of

.

St A3+ Fig. 33 2ok 2 &AS A &elA] &2 gzl CTLY
d5-ol= AWAA  (tetragonal) 274 I3 (peak)”7} 30.18° 34.64°,
35.17°, 50.17°, 50.59°, 59.30° % 60.05°0 A4 FZEHJom, A LS A
&3 A9 (AQU, BRU, DMAMW s 43 a7t B3y
R, 22 AR AdES el 371 92 e 23N HsE B
3 ols T2 BEHA okt (Fig. 3a). %3, LAV} RAIT
o] XRD ¥=a% thx 3’Jr frolst AolE Holx| kAN INC 9| 4
& 282304 o]EF (Y) ¥ Art #FEHAT (Fig. 3b).

Y

4
K

o]

r\r

Table 3. The concentration of elements leached from the sample for
experimental groups (unit: ppm=mg//)) using ICP-AES

Groups Fe Cr Mn Ni Zr
CTL 0.00836 nd nd nd nd
AQU 0.03201 nd nd nd nd
BRU 0.02951 nd nd nd nd
DMA 0.01245 nd nd nd nd
LAV 0.01978 nd nd nd nd
RAI 0.01249 nd nd nd nd
INC 0.01791 nd nd nd nd

note: nd = not detected
detection limit: Fe, Cr, Mn, Ni = 0.01 ppm; Zr = 0.05 ppm.

AHEE 4vol% ZAF 8 Fa 7] (80+£3 Tl 16 AF &
ZA171 89S gdes 859 AES ICP-AESY ICP-MS=Z 43t
A¥= Table 37 40 A2ttt A o] 7Fsdt i 949 HA F
T7F ppm @91 ICP-AESE A48t 3¢ BEE AdaoA Fe 94y
AZHJEY, 53] AQUT I BRUT I %& Ferl A& A (Table

3. UE 55 AE dAELS ICP-AES Agdv e 4 A (&l

_13_



w2} 0.0l ppm =+ 0.05ppm) Wwo] AEE A FS Aoz HAL

gt |
o] #& AEEC 24 FEIE §5H AS AT & AT (Table
4). EE AFTAA A2l AdAstAR] Y davt vEF AEEHA
=g, INCite] 4% 353ppbE 7HY =& 7S Hoom XRD 24 o)A
E INCZol A e 22 o] EF (Y) =27} ##HAY. =3 24 &9
qEo® Hol= Mn ¥ Ni 94k v HEHAY. LAVE RAIR o

M= m e Er 947 AEFEden, DMASH LAVl A= vl@e] Co
Aa7r AEFFHAJY. g2 35 949 vuse] Crdas Aioez
B dol A=HA =, BRUT A 78347 ppb7t A &% 1AL, INC:
A& 74.34ppb7F &= ATk

[

Table 4. The concentration of elements leached from the sample for
experimental groups (unit: ppb =ug//) using ICP-MS

Groups Y Er Cr Mn Ni Co Tb

CTL 2.21 nd nd 1.75 1.68 nd nd
AQU 1.67 nd nd 1.21 4.28 nd nd
BRU 2.22 nd 78847 1.01 2.65 nd nd
DMA 1.69 nd nd 1.64 877 0.35 nd
LAV 1.46 0.57 nd 2.20 9.32 0.28 nd

RAI 1.44 0.05 nd 0.65 2.11 nd nd

INC 3.53 nd 7434 095 2.36 nd nd

note: detection limit = 0.1 ppb.

2 dvolos 22 gl Wil e7] (80£3T)elA 1641 &
247 te A"e A AS (CIE L'ab)E S4¢ A3 Table 59%
2tk 8% A"l e Ade] A A% @ ws 24 w1E e

_14_
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Table 5. The color coordinates (CIE L*a"h") of experimental groups
before and after the chemical solubility test (16 hrs)

I e b
Groups
before after before after before after
CTL |746+0.3|746+02|-20+0.1|-1.8+0.0| -46+0.2 | -4.7+0.1
AQU |719+04 | 71.4+£0.2 | -3.0£0.0 | -28+0.0| 2.7+02 | 2.3%0.1
BRU [69.6+0.1 |69.2+0.0|-1.8+0.0|-1.6+00| 14+0.1| 1.1+0.1
DMA |719+0.2|71.6+03|-24+0.0|-23+01| 6.6+01| 66+0.3
LAV |700+0.1]69.8+0.2|-1.3+0.1|-1.1£0.0| 41+0.0| 4.0+0.0
RAI | 732+05|732+02|-15+0.1|-14+02| 89+02| 88+06
INC |704+02]701+02| 3.0+0.2| 29+0.3|24.8+0.2|248+05

Table 6. The color coordinates (CIE L*a"h") of experimental groups
before and after the chemical solubility test (48 hrs)

Groups
before after before after before after
CTL |737£03|741+01|-21+£01]-1.8+0.0|-49+0.1|-5.0+0.1
AQU |712+04|70.7+02|-31+£00|-29+00| 23101 | 21+£0.1
BRU 69600 |693+0.1|-19+0.0|-1.7£00| 16£01| 1.2+0.1

_‘]5_




-2.2%0.0

-24+0.1
-1.1+0.1

72.3%£0.2
-1.3+0.1

-14+0.1 | -1.3£0.1
3.6+0.1

72.6+0.2
68.7+0.3
37+0.3

68.9+0.2
736+0.3

69.6 + 0.2

LAV
74.0+04

70.0+0.5
o

=R

I

SEsh AlRte] A Wl
7] (80 £3 C)oll A 48 A[3F A
9]

B o
He
A A ke 16 417
stglow], A WE (4E) e 039-093 WA=
WAtk Bof 2GR EEAI

sttt (Table 6).

g gwel A
olstk A Wsle TWEE A ekt
able

<0.05), sQtow -

¥
ou, b
| we Awel
45~ BRUY 4F 3ol 161= 7}
, INCi2 1.16, DMAT 2 1.01, AQU
o) Aol 7k AN
o

&
#x
e B

SAlE A7
3
[e)
o
| RshE HolA] ekttt
b*

1] a7t
Table 7. The color coordinates (CIE L'a’h”) of experimental groups
with
-44+0.1

=
Do
>

*

5t
a
-4.8+0.0
2.8+0.2

with

-1.7£0.0
2.7+0.2

without

Hol A
=) A
without and with exposure of light after the accelerated
without
-1.8+0.0

-2.8+0.0

L*

aging test for 24 hrs.

with
73.7+£0.2

-3.2+0.1

without
68.9+0.6

Groups

73.3+0.1

CTL

68.4+0.3

AQU
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BRU

DMA
LAV
RAI
INC

65.8£0.1
69.4+0.5
66.6+0.0
71.5+0.1
68.1£0.3

67.2+0.2 |-1.6+0.0
70.2+0.7 | -2.8£0.6
67.0+0.1 |-1.4+0.0
724+£0.1|-1.3£00

69.0+0.3 | 29+0.6

-1.3+0.0
-2.2+0.2
-1.1+0.1
-1.3£0.0

28%0.2

25%0.1
7.3+0.2
3.8+0.0
9.7+0.1
26.4+0.0

HaAE AT GANA ABE A
B7bel7] §lake] A AIHE 24 A7, 48 4]

5 AFE

g Are] Frhstew A WE JEE 7
I

FHdS HolA skt

Aol ghe

Color difference (AE)

=45t 4 W8 (UE)E Aeredsd

—
(&)}

124 hrs
R 48 hrs
I 96 hrs

Experimental groups

23k A gko] A Wsle] Fi= J

Fig. 4. Color change of experimental groups after the accelerated aging
test as a function of treatment periods.
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V. &2 4 1%
Aesol #uel A, Eeby, AF ¥ OE 34 28BS Arbsu
AdAsh FAE Az Azmdeld HMF & okw @k (Calés,

1998; Shah &, 2008). Al2}=le] A A (ceramic colorant) 2% Yh2 %
e AEEE = 2+ cadmium sulfo-selenideS A€ shH thE-2 oA A
st 55 AbstEo] A Al vk (Swiller, 2005). Bell (1993)2
| wel alumina A A, cadmium 22 A, gold
A, lead ZFAA, Gd 7] AstE (AFAstES 4 HAstES 4
A =3 -A A E S @A) silica ZA A, tin 2 A, titania Z+
1 FE5AsE 2 A zine 2HA Al 2 zirconia 2HAY A|
F 11 T2 E/Fst9tt. Eppler (2012)+= 27434 (crystallographic)
Tz wet Al ZAAA S EFs7IE s
=5 kst A
W7l dojd
=; = B9, H7ts AAAE 23 ARAES s AY A2FY
of 24dA 2715 F7HAA A2<¥E3t (low temperature degradation)
r T %+ monoclinic 2% A= &olaAl & + Ut
Yan & (2008)2 ZAA= PrOp 3 CeO, %= 3Y-TZP el 7t
st A2y ote] AANAN = YIS TA ¥ AR 9 Ao
AR A zs A 5 gk dgdrh. Kaya (2013)S ZAlA e
Fe;03 %5 3Y-TZPoll 7tsto] Aoz H8o] 7hsd 4 A=
FYotE Axs 4 vkl AT 2 =AM s A 2F Yol A
&otA oS txatd Al ZARe] A Aol whel 2 gos A
A XRDE 243 Ay INCH S A9e AgdatolA] dz=d
U3 XRD I a7F #&Eo 23 2449 A4 o]y monoclinic 2
Ao zo] 4-Ho] (phase transition) &< ¥WEEA &ror} INCT
oAt 2 gefo] QR o FAYE olEF (Y) A7t dHFEHIA=
ol A Zsiole] A-Ho] s wAAA TR Wetes & F glddh

4
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Romer & (1994)2 A Z3Yolo]| 3 ERF A3ES
1 mol% ]O}i A7bete] v AMxE AT F v sl 3
ERF 94 FolA ZaAYug (Pr)e Ld@lx-24 vedrg (Nd)-<
?iﬁa}*ﬁ AbebE] e (SM)2 =@, BHl (Th)2 &% meh-L /x| A,
O]Ei’\]ﬁ Dy)2 2 =a4 Zn|
o

, =8% (Tm)S =4

(rare earth oxide)

S

12

(transition metal) &l A s

A Z2FYolol H7bgk & At e Y AT A ok A
AdE & vt sk¥ T Suttor & (2004)2> X & A 25740}
dFujte] ZAS 9]8te] Pr, Er, Fe, Co, Ni ¥ Cu 59 5% 4
Sk7EA] o]k (0.001 - 15 wt% A %) -3t 22 &odo #3 &
(Coloring ceramics by way of ionic or complex containing solutions)&
m oo FE3kdth Shi 5§ (2014)2 3Y-TZPeol 0.09mol% Pr& % 7tst
of QAAFAC] $HF £4 AzIolE de + AT FAAR

0

A e 55 dEew 745 A7 Wi %5—?
HH
RN

BBl
mlo o O T 1

kR

M

ool &=2 A5 AETH HHAA (safety)oll £A7F 2 5 A=
ofyel A7t A bAA (stability)s FAsk=H wAl7E 2 = A
a2t Xli}% Aebeiel AbgE= F Ao sheb kA W A S
of &3 A= A fle= Aol

& m=aollA FAekA] btz (CTL)O A A= L7 gkl 74.6,

a e -20, bake -46019 =, A & (A2)S A& Ao
A5 9712 JeEllleE LT#E 606 - 7327 #asteE A4S HYgow,
a & -3.00A4 302 A Qv WEE HolA FUo, ppke
1L1olA 2482 xeMo] Frtsls S Bk A AL&sk 24
g4 AFELS BF A2 AZXE AT & Jdvz A, A AR
Abell A AA g R A =23 otel] 83 A= AFed web A

d Azxe] F AolE BATh
Akg Aty s FHor AW Aguz dHA o
Fe ARroR FAE AH As (EAY, SHa-Aey, dFHY
g Azavol 5)o 33hA b T

o
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A AR FoA Na K, Mg, Si, Al 2 Li 59 &5 §&€ F dvh

sko} (Anusavice, 1992; Jakovac &, 2006). X 3}-& A|z}=]e] &&=
#3&l %= (chemical solubility) B7} WHS =4 FF=F24<¢ ISO 6872
2008 A1 A AlEkaL =], el AMEE 4 e X HE AlgH e H
0 Sall=s Ao 94 A& E-o wt 100 - 2,000 pg/cm? W=
TFAE 3t Chai & (2007)2 3&<2 A =3 Yo} (In-Ceram Zirconia,
In-Ceram 2000 YZ Cubes, Cercon)E WAoo 2 ISO 6872:1995¢] u}z}h
3let4 Sl E H7Fek A3} In-Ceram Zirconia®l £3]%+ 320 + 474
ng/cm?, In-Ceram 2000 YZ Cubes¥ 516 + 704 ng/cm?, Cercone 38 + 35
pg/em’® B ISOOIA AA G 21E whEEte A elle 5
EAZE flvkar sl ey AESHA kA S Hrlkstal AR
A g Al S ol A5 M e &alHe AR oy
== A §E59E g Fagkd 1o digh A e BA &
AAolty, webA A H(E AN EEH = Aol I FUre
Fod Aoz nolt

Kl

I R A1

Kukiattrakoon % (2010)2 &4 A& (Vita VMK 95), ¢Fvy £
MY (Vitadur Alpha), ¥W/F24-73t3 2 A (IPS Empress Esthetic)
2 B3} Mg (IPS emax Ceram) 55 thdst f7]14F &9 (G-
AL TRl E T2 WAl T2 W 4% 2Ahel 24 A1ZE 96 AlZF 2168
S Eds %7\17?’_1 AHE EDXE A8 A3 4F 9o AHst= Alztol
T4 AR ol Hasidva i
3 %9 x=Z3Yo}l (Denzir, Denzir M %
Cercon Base)E 4vol% Z4Hg (80 T)oll
ICP-Ms® #EAste] &9 &5 &3 23 Mg, Al Fe, Cu, Zn,
Pb, Zr 2 Y 59 &% Aol AFHALH, A=2F ol &3l
Denzir7} 0.7 ng/cm?, Denzir M 1
em’e 2 w9 yvektbam &t Oh % (2013)2 3 %< &% (Cr, Mo
2 V) dAstEE Axzg ZHAH ZHS A= 3ol (KZ-3YF AC, Japan)

TA §EAT 2AGAE

8ug/cm® @ Cercon Basex 0.7 ng/

of Hgd fA4 Azmote] JAH S0 YALRYL B A
A4 gole Agqel wet AN 4ol o 4hE P AT, A
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1=
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=

)

o}

= AA 7,

o & 74.34 ppb7t A=

w14

T2 gl oy DMA
o] Co 3}

o] Witk BRUw Y F8 AE&o=

5]

iy

A Arom wol Ag

2 &
=)

=2

}

9
T

=

ol A

1—6} 9} E]— Er
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=

[e)
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=

keramik) & to® A bEAS H7lstl =, D65 daylightE A&
T AEFH 4500 W A= o} (Xenon arc) 7} F2d 7FE5AE
Q1 Weather-O-meter Ci3000+ (Atlas Electronic Device, USA)E ©]
ko] 100% 5=t 37 C oA 100 A1 Al HS Agsk & A
stE 54353 7HEAY AR A XA A= Al S 300 AlRE TFEA
' AYE 45 Oc’: el 19 gk Aok AR 29E 45 T
t}a kTl Razoog & (1994)2 A8 =4 2% (Ceramco®} Procera)
< o= 100 A%, 300 A1ZE, 600 A1ZE 2900 Al TF 7FESAIE A 2] st
At S Hrtekd e 271 100 A1ZE ool ot A ®istrh %
gt sk, Ertany} Sahin (2005)% X8 Algbale] A Wl
100 AIZE A 7FESAIE At stolxe Agdvtst das 95 7 v
i kATl Heydecke & (2001)2 X8 &Fnvh Algk=lQl Proceral
Hyolg 2AdES &9 AHS 7FSAR A<l Weather-O-meter
c13000+oﬂ%1 300 A1ZF A g v A RG-S S, A W
(AE)v= B 370|382 Ao wrEdvtet Avg woria &t
= 2

N

2:3 OFO

A

acs

S5e AGAE D Ad o A ARE S A A= (1) G
Gola A et FAS R, A% A AF (4, B) e 2T Ada
3}—5— P wovkn shged, BE gel F7hs wdely Aol o

(o
-

Aolghal FAsIH T B =wolAe= 7FEAIE A A]Q] Suntest CPS+
(Atlas, USA)o A t}ekst = HE 24 A3, 48 A%
2 96 A1 Al skl A7 Al gkl

2 AE F7RE A el 2 43S FA @

[-‘_1

A
s grbshge, Aas

Shah & (2008)2 €3 3Y-TZP AlH&
wt%)e] ZA g (A& O}H]E]O]E, As dste 2o

of HAF T 1350 CollA HZE A2Axgste] A Lo wA %,

: 4
x, 24 9 ALLd S Tt 9L WA Asmel 4
ool AAT ASNE FAT & e AR A WstE ngov, @
FRAAE o] Fihste] FRPws gasdvtn At A4 §
oo ri Azmole] HE Aze] JTL FAW, PA AL f
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SARE Qe 3Y-TZPY Mz 43S Atd, AFES 489 3
ol AFe FE FAF m MAAOE J e FaHT b3
e Zrlse Fe nAty Sgon, NARE GREe A5F A4S
ol a gel Wak mrk pgtel W wel Watste]l AET A§F B

nth © ge edx el AARUGL o9

Pecho & (2012)2 Alge] Aold iy IPS emax ZirCAD (Ivoclar
Vivadent, Liechtenstein)% 2438 7zCl1v3 #ZA &9 CL2 (Ivoclar
Vivadent)& &3 & AZ3 ZC2ve] A A4 (CIE L'a'h)E =As)

1, Lava Zirconia (3M ESPE, Germany)& 42243 LV1v-3 24 &
o) FS3 (3M ESPE)E A &3 & 443 Lv2e A AFE SASGE
g, A2z Yo}e] ¥FEE % (translucency)= Ab&e] Aold S iAlgd 4

KeN

= ]—_-_—cﬂ—u]—z‘sl. 7re Eo] ]U]— 7(41:1]—7(40] Az = 1;}01:‘]— 7‘0—&4[ %oﬂ

BA -

32

=

)

h

A g3kl fFALSHAl AT = JEF ofx Mg Fojrt 2

Atk Tuncel & (2013) A &HS 227U ofo A&

Yol FEEo MtEY S 245 4= Qlva st
Aboushelib 5 (2008)2 A2z Yo}o] =2 A| (coloring pigments)S

A7hstw A=syol 727 wiskd ¢ Q7] el vyl A

o] AS fEiA 7€ WA FHE g2 WA 2osta AR
Aktas 5 (2013)2 2} A =23 Yo} (ICE Zirconia =+ Prettau Zirconia)

7 vy ol®] ZA-A ] AFS SHEA oFsiA 7] A o, tiuk vy
ojg TAY Ao o] A2 ofste] Ado] Fogt IS F F
Jttal 39tk Kuroda & (2013)% Vita In-Ceram YZ coloring liquid
9} IPS emax ZirCAD ZA] g2 X318 2234} (Kavo Everest)
o 7AIE EA FostAl U JgS FH gt 93, Lima
5 (2013)% #HA 8- (Vita In-Ceram YZ coloring liquid)< X 28 A
2} (Vita In-Ceram YZ Cubes, Vita VM9 Base Dentin % Vita VM9
Effect Bonder)®] =37 %ol &S +4 Z=rhal sdoh

Weld @Al AFoR FAHL A 4 g Al A=y
obel A gt AAX Azsh fAF K4 A2molE AEAH AH
AR 5 glom, A8 A4 goo F5 ¥ FEol AMA F4
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—ABSTRACT-

Evaluation of leaching components and
color stability for colored dental

zirconia with various coloring liquids

Soo-Hwang Seok, B.S.

Department of Dental Biomaterials Science,

Graduate School, Seoul National University

(Directed by Professor Bum-Soon Lim, PAD.)

The increased aesthetic requirements and demands of patients
have resulted in the developments of coloring liquid for zirconia. As
coloring liquids were consisted of several metal oxides, components of
heavy metals could be leached out and it deteriorated the color
stability of zirconia. There were few research on these topics. The
objective of this study was to evaluate the leaching components from
the zirconia colored with various coloring liquids and color stability of
the colored zirconia after accelerating aging with light and moisture.

Commercially avaliable six coloring agents (A2 shade) were tested.
Four coloring agents (AQU, BRU, DMA and LAV) specified the main
components in their MSDS, but two coloring agents (RAI and INC)
did not specify. 3Y-TZP powder (Acucera, Korea) were used to
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prepare the disk-typed pre-sintered zirconia block. After application of
coloring agents to pre-sintered zirconia block according to manufacturer’'s
instruction, final sintering was performed. XRD analysis was done to
detect formation of any secondary phases and phase transition of ziconia
due to the addition of coloring agents. For the chemical stability test,
ISO 6872:2008 was adopted and analytical equipments (ICP-AES and
ICP-MS) were used to detect the leaching components. ISO 7491:2000
was adopted for the color stability test. After accelerated aging treat—
ments, color coordinates (CIE L*a"h") were measured using spectrophoto—
meter and the color differences (4FE) between light exposed section and
non exposed section were calculated.

Effects of coloring liquid on the microstructure of zirconia were
not observed using XRD analysis, however, small peak of yittrium
(Y) was observed in INC. In CTL and all experimental groups, Fe,
Y, Mn and Ni were detected after the chemical stability test using
ICP-AES and ICP-MS. Small amounts of Er, Co, and Cr were
detected some experimental groups. The test of chemical stability in
acetic acid solution did not affect the color stability of the colored
zirconia (4E = 0.06 -0.69). After the accelerated aging treatment for
24 hrs, lightness (L") and a° values showed the increasing behavior,
but b* values did not show consistent changes. Color difference (4F)
of CTL was 0.56, 1.61 for BRU, 1.26 for RAI, 1.16 for INC, 1.01 for
DMA, 0.60 for AQU and 0.52 for LAV.

Key words: zirconia, coloring liquid, color stability, leaching

components, accelerating aging
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